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S .Abstract ‘
R o4 The lnl'luences. of various factors on the mechanics of wood cutting by a
_ spring-supported, rtncally osclllatmg frame saw are examlned These mclude
a ! K R . 2 - !
: ’ Lo sa,w tooth pltch tooth gullet depth and capncrty, saw blade overhang, oscrllatlon
P4 ., t
S frequency and amplltude and log feed speed | - . .
- !l'[ A.‘ ' '—- - e . . . s ‘ ) -. e g j'... ;u‘,, . . o=,
'/." ’ o The effrcrency and effectrveness of the cuttmg process are dependent
. : :l . o . . .‘;~ N W e B N c
P prrmarlly on the relatrve path of—motron taken by each tooth through the wood S
\\\/ e @g sawmg, thus itis the tooth traces upon whrch tTJe attentlon of thrs study is L S
ARy o : .focused. The facto'rs listed sbove: govern the shapes of these' traces, and thus it is .
/ o the 'determirlation of optlmum- values for_some of these ..factors_»vliigh_is_the—main—n—;%
Foo N e ) : ' o DR
Bl objective here. -~ ¥~ ' S I L

For the purpose of tooth trsee annlyses, a computer-program has been

e

detyeloped‘\vhieh ,when_coupled -with‘plotting facilities, nllows the user- to View a

T set of srmulated relatrve tooth paths The program mcorporates features whlch . ‘

y t st

,1 ST accomodate the other than normal klnematrc characterrstrcs of the plate sprrng. . i
’ ; ) supported sash, and combmés tlrese influences thh ‘those of the factors listed - *- \
2 - PR { 4 L BRI
Seni above. Most lmportantly rt allows for the rntroductlorr ol' a non-constan log. feed' S -

speed l‘unctlon,. specmcslly one whlch combmes a constant wrth as usordal -

(LN

_Portron.\'- S
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‘ ' ) ,’ ) T . v
} A det.aifed analy‘si_s‘: of thf prqduc’e?d' ﬁlots :vith a view to ;o‘lut,ibn to inherent
’“ - 'sash saw proble'rr;s comprises the finz;l ﬁo;tibn of ¢his paper. From specific \
v observations and assumptions Wjth regpect to the mechanies of cutti;mg of the s":w(‘ I\JT
. . Et;dth, ;imultane'm’n.s_equati_ons'afe‘-.lde%loped and sol,v;d for three gystem’ variixb'lps. o ' &l‘
. ' 3 Final_ly, conclusions are ;ir.'a\'vq— .z,md recorﬁmend;atio\xis mg(ie \‘\;Rh Fespect to the K \
' e - development. of a-more efficient MUN (Memorial Unive.rsi.ty of *Newfoundland) :
_ _ Sash Saw design. g - o o K SRR ’
P . : . " '1,
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Chapter. 1
INTRODUCTION

1.1. SAWMILLING MACHINES - A BRIEF HISTORY . :

Saws in all forms thfoughout\\the ages have served one specific purpose; to |

alt{af ‘the cross-section of 2 log from its natural round form to a sliape, usually.

a
-

square. or rectangular, better suited to the constructidn'project at. hand. .’I‘-he

' edrliest saws known to man were reciprocating blades made from flint. * Later, .
. ‘. . . I . N . . . ‘ - - ’ .. .
“bronze blades were used, specifically in Egyptian hand saws, pulled in one

direction only because of the lack of stiffness of the soft. metal. Over'the éenturie_s

' larger saw types evolved, more efficient and compljcated and requiring‘ more %

: v . ‘ »
power, in most cases of the animate type. In the pit saw method of producing

boards and planks for example, A.log sat horizontally over a pit while two men,
one in the pi‘t and one above, pulled the blade up and down. eThe log was shifted
forward when necessary as the sg.\i'ing.progressed (see Fig. l-l)l. The process.was
: _l‘);ackbregking' and the lumber produced was relatively inaccun‘ne in terms of

. - . - ’ : . ' e
straightness and uniformity of thickness. - - ¢ ,\:} . : L

- PR,

. . RN B S
Over a period of time machines evolved in which blades were mounted in a o

frame or sash, guidéd mechanically in réci.prbcation for gre‘atel" precision, -
Similarly mounted multiple-blades enabled the production of multiple boards with .~ ..

-~ ' - T . 1- . <l'~',':'




o S L M
STl e

~ Figure 1-1: Pit Saw

f .o ° . A .

- —

a smgle puss of the log through the sash® Such saws ha.ve actually been in use [or

-

cer Developmg in’ the meantlme however were the two other staples of. the .

sawmlllmg mdustry The first; the crrcular saw, was patented in 17902 The

earIy ones had blades four feet in dlameter and three—elghts of an’ inch thlck

Modern crrculer ‘blades can be much larger in dlameter, wrth thlckmesses of 5/16

inch_ to 3/8-inch. The -second'development, introduced in 1890’s, was the band

saw, in which a toothed, endless belt of steel runs between two. tensioging gu'ide

wheels, Modern band saw blades have very minimal thicknesses, as low as l~/3§

. ‘ . . *
@ t o

inch.

K

-

All thrq'e machines have inherent advantages‘a.nd disadvantages.. The

_ circular éarv is the cheapest to purchase and install and is e'xtr;e‘mely rugged',_ and

. ', '\.. 1. o s et . .
‘therefore requires -mmlmal skrlls i orstratlon and mamtena_nce. However,

geometry dlctates the necesslty of a relatwely great blade thrckuessdor cuttmg

+

The band Saw produces a much thmn r kerl‘ and can sustam great log feed rates

! through hrgh blade speeds. Howeyer lt ls dll'flcult to operate in. gang format and

s s

i a.ccuracy and durablhty, and thus a hrgh wastage to producﬂ’on ratro is 1nev1table. _ “ a

- B
o




thus only one board or cant is normally produeed during a single pass. “The
modern sash or gang s w*ﬁf;i;l;e is a messwe piece of machmery, requmng 1'
A lmmepse moulfﬁlﬁ;:atlons and sophlstlcated counterbalancmg, as a heavy T
| rigid frame is regulred to maintain the numerous blades in equal high tensmn_. Its l.
p‘rimar? advantaée Js its low wastage level per blade, comparable to that of the
band saw, while beirig able to produée accurate, multii)le boards at a rcasonnble

rate. As well the blades are usually simple and easy to mmntam und/or repln.ce

with minimum productron downtlme.

. , L3 -
The followmg sectron elaborates on the pros and cons of the various saw “f:';
a ooy “'\. ‘types as' a prelude to the’ development of the MUN sash saw. > R

. g . L

1.2. BACKGROUND TO THE PROJECT

«

- o : Studles performed dunng the 1970's mdrcated that about 1440 reglstered -

sa_.wmills existed in the provirlce of Newfoundland at the time, mqst of which were

push-bench mills with large diemeter' circular blede;. As' such, they are ext.remel);_'

- e a wasteful of raw matenals and energy, due to wide ‘kerf cuts and large plamng
- allowance, for leck of precrsron in cutting, Such obser’vatlons were noted\durmg | | ,

B . an mve_stigatlon mto,&’__ﬁe mdustry by"J. W. Church and L. M. Zeidler, \glrose

- Newfouﬁdland _conditions"3 Such a machme to be com etmve with exlstmg

PR . ! ) ’ ’ i ‘ . =
ta . echnpment had to be reasonab[e in pnce, energy efﬁclent nd easy to install‘and Co

o maintain, apd thus mvolve a fairly low level of teehnology -

© u

Ly
e .-




axrd connecting rod ‘arrangement. The lull'strol(e travel in these machines is. l'asirly' L

_accurate sawmg are necessary. Heavy rigid sash.frames are common, with masses
“oscillition frequencieé between 300 and 400 cycles per minute, combined with long. * -
. connectmg rods, whlch can themselves welgh 250 kllograms The end result is the

. portable plece of machmery which must be mounted on an’ unmense concrete" L e

. l'oundatlon up to as much as 100 cublc ‘etres m volume. In the Swednsh

- * j '

-

the Federal Canadian Forestry Service, a pro;ect. was initiated in"August, 1979 to

‘ devclop an xmproved sash saw, ie; one which would retain the advantages inherent

Lin the sawing method while reducing or ellmm?tmg the negative aspects. 'In
tailoring the design for Newfoundland qperations, specifically for the'sawins of
relatively small diameter logs, a more radicalsash suspension and drive, through

which the design objectives could be reached, was realized.

‘Contemporary sash saw designs generally incorporate a simple sash -

travelling in vertical oscillation within vertical ghides, driven by a motor, crank,

B SN
Inrge, to accomodate massive logs. ° The long sash ’trzwel dlctates long free, or”

Ny

ungulded blade spans, and thus hlgh bladisloads to mamtarn proper tenswns l‘or

o

which can reach” 400 kilograms- in Swedish - frame saw"designs. With typical

N,

. .
1 . »
. -

strokes and massive frames, the 'inertia forces can reach 20 tonnes in the

. 3

my N
E3

l‘lrst mp.Jor dlsadvaﬁtage of the contemporary frame saw...lt isa masswe, 'non-_

» - ?

sawmllhng commumty, laws dlctate that these saws be outside a set resrdentlal

proxrmlty, due _to hrgh .generated norse and vrbratron levels. ,Multrple- saws must'

bc oporated. out of phase. or at dlfferent speeds, to prevent superlmposed'

-

v1bratlonal elfects.' As well tho concrete mountmg foundatlons must not be.

]

connected dlrectly to bedrock through whrch vnbratrons could be transmltted to

the surroundmg countryslde



Y

-

+

- v

The second disadvantage of the standard sash saw design is also a

consequence of large sash and connecting rod masses. Large forces and thus high

)

power are required for high acceleration and decelleration during normal

’

operating oscillation rates. In some cases complex and expensive countgrbalancing

equipment is incorporated, the driving of which requires some additional power.

1

The final problem with 'the conventional design is a eonsequence of the

actual sawing motion. In band sawing each individual tooth will make a complete

cut tlir.ough a log, t‘rom top to bottom, rem’oving a strip of material whose width®

\

isa functlon of the rate at which the Iog is fed mto the blade (see Fig.. 1-2) The ‘

-

most efficient and economlcal feed as realized when the volume of removed ..

'mat'eria;l Qatches the volume inside the tooth ‘gullet', into which it m’ust be siored’
d - . T % ' .

e

while the tooth remains inside the log. A similar situation exists with the circular

. -
s . - - “

blade, where each tooth cutsi' an arc-shaped strip of a width dependent agein on

the'log feed rate {see Fig. 1-3)1. In both cases the cut material is expe'lled when-

- . . N oo -

the tooth leaves the log.- In sash sawing however, due to the stroke reversal, a

S
.

tooth may or may not make a complete pass through a log, depending on its

position an the blade relative to the log. Thus a todth will ‘not have the

N

opportunity to dump its respective cut material unless it completes its cutting

- ’ " . Y

stroke after exiting.the log at the bottom. " As well, it will not likely remove a >

continuou'sv strip of material iﬁ any cese, as the’ reciprocating motion. of the blade ‘

leaves an n-regular erf shape behmd after a cuttmg stroke. Thls 1rregular shape
)
also mduces back-cuttlng, or the dnvmg of the backstdes of the teeth mt.o the kerf

I

durmg the retum stroke, Back-cuttu;g éan ,cause undue wear on the teeth, as

- .

well as-produce gn additional energy drain. . . ; o
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The MUNu sash saw in lts presént form (lllustrated in the photographs of L

Flg 1-4) thrOUgh makmg use of the property of torslonal ngldlty in parallel oo

“ plates, has all of the advantages of the ga.ng sa.w, and few of lts dlsadVantages.



» P . "

No precision guides are requlred‘.) co\ntrol the motion of the frame. Instead ol' .

‘

using massive flywhéWnergy nee‘ded to assist in the reversal of the frame's
» e, R ;
motion at the end of each stroke is stored as potential elastic energy in defleéted

plates (see Flg 1-4 and 2-1) ThlS type of suspensnon provides sul‘l‘nclent stiffness

to resist lateral and torsmnal dellectlons ldurmg sawing. In tuning the drive to the

na.tural frequency ol‘ vibration of the plate spring system, energy mput is requ[red

only for the actual sawing, and to ‘overcome some small internal da.mpmg and'

-

L4

. , B , .
wmdage_ losses. Thus connecting rods need not be unre'asonnbly massive. In

designing the saw for;the-cutting of srnalllzr loés stroke lengths are sntaller,. as are

.the blade free lengths. Thus the sa.sh ne d not be so rigid, as lower hlnde loads

.

should be required for accurate cuttmg The end results of- these modlflca.tlons :

are much lower vibrational effects, negligible noise, and much lower power
. ‘ o .

requirements. Combined with the minimal wutaée of. thin.b'and-saw‘type blades,

the MUN sash saw is an attractive, innovative piece of equipment.

A

The last design ‘consideration, the: one explored herein, is the final

dlsadvantage of the' frame saw; back-cuttlng effects. In convenfional de'sign‘s no

)
\

standard acceptable approach to the problem exists. In simpler mathmes and i in .

the early Years of frame sawmg, saw overhang, or an inclination of the blnde from._

the ‘vertical was normally 1ncorpo_rated. It will be shown in this study that

O\terhang alone is not a complete .solution. In more complex machmes such as
) Kokums Figure-8 model shown schematlcally in Flgure (1-5), the frame “ends

“travel i in paths as suggested by the, name, so that it is contmuously swmglng wntlf&\
) res_pect to the vertical plane . This allows the teeth to pull out and away from.

' ‘the kerl at ‘the end of.a cut. In other models, such. as Esterer's ‘Vollgatter gang







. -

- ) Y

saw, overhang is combined with an oscillating or intermittent log. fe‘ed speed to

[y

reduce or eliminate back-cutting®. ) o .

. \.

~-Due to fr’q_rge mounting constnctlons in the MUN saw, swmgmg of the l'rame
is not a practl@l’ﬁblutlon. It is the final combination of overhang and variable
‘log feed which has been evaluated. The ‘following section introduces the approach .

Y

taken in this study towards that goal..

. Upper Upper guides : __ B a i
slide block T .

4
slide block ‘
bl il .
i Crankshaft :
q—l " . -
' 3
"..Figure 1-6: Kokium's Figure-8 Frame Travel . -

R




1.3. OBJECTIVES OF THIS STUDQY,

A project to study in detall thrkllrematlcs of mg‘tnon of the Grame during

- ‘ opcratxon was mltmted in the fa}l of 1983 as a top1c of graduate research in
mechanical engineering design. Detailed’ literatpre\s)earches indicated that no such

: . study had ever been dochmented, specific to a frame- sawing situation. With no
obvipus starting point for the research,. the onu; lay in the development and

- substantiation of novel theories relating primariiy to the MUN sash sawing

-

concept. The Material contained herein therefp;e relies very little upon and refers
. T N . a
very seldom to background material. ' . '

AN R . L}

L]

motion of the individual saw teeth with respect to the material being sawn, and
. the use of the developed equations in the determination of optimum sawing

'parémeters. The first step towards this goal is a geometric and dynamic analysis

. - ‘of the platc 'spring' "support system of the saw, through mechanics of solids -

~

L prlnclples and vibration analysis technlques These lead to the development of a

computer program which produces traces snmulatmg the relatwe paths of

.,

individual teeth as they cut their way through a log during the sawingl process.

e s e . . s . .

h The trace shapes are governed by"inp.ut. values of the system variables in questi’on:;

. log feed spced parameters; saw blade inclination, and tooth and g‘uliet geometrical

. factors. y,

!
o - . e . '

~

“The second part of this studjf" is the detailed hnalys‘i's of the generated trages.

The main Tocus i is upon the shape of the face of the advancmg log, or kerf: prohle

s o : The principal objective here is the qualification and qt_lantific'ation of the -

at dlf ferent pomts in the sawmg cycle From a superpos1tlon of kerf shapes upon '

.
s




“oe

. the traces, 1t is possnble., to determme the shapes and amounts of material reml}ved

' -

by an individual tooth. The kerf shape also indicates possible poinfs of
. L ¢ ’

-
o

2

dnterference of the tooth during the non-s'awing upstroke, as well ag the clearance

a;v§ilable for advance of .the log. ® - '

ts

After assignment of some system objective valuessmthe end result is the
< z

N ~ . . C e - o f
derivation of system equations, solution to which provides niimbers for the

’

variables'in quest»ion\ Thus the obje'ctive' of opt'lmizing the cutting action of the

»
. B

saw, through determmatlon of optlmum system-parameters is reahzed Note that.

throughout this paper1 ‘the British system’.of umts is employed as this is the form

in which material__properties, tooth charactefj‘gtlcs, sawmg stroke, etc, ‘are

3

ex;;ressed. The final results however: are shown in SI units primarily, and -

) - * R 2 - - ’ ‘ - ' N "
secondarily in British units. - , . : .

-




-~ situation s’ 1Ilustrated in Flgure (2-1), v(t) bemg ) sinusoidal- shaped tlme-based

Chapter 2
- COMPUTER S[MULATION

~

Four geometric and/or dynamic characteristics of the system are involved in-

the. development ol' tHe computer ‘program, lis;ted as A.l in the appendix, which
_ stmul plats t.he relative motlons vol' the saw blade teeth. These, includé the

V

J

verucal and, horlzontal dlsplacements "of the saw b[ade cantilever support system,

> .7

the frvquency of oscllla.tlon of the cantllever plates, the Iog feed function speclflcs

aud t-he saw blade and set—up geomgtry. Each topic &lll be explored an.d. -

discussed in this chapter _ - ‘ -

. "2, 1 PLATE DEFLECTION ANALYSIS

e
- 2 ~ ——

As dlscussed the saw operates by means of osclllatory dnsplacements of flat

plate springsyin the vertlcal dlrectlop', within maximum amplitdde hmlts The

\

fuﬁctlon of fx’equency 'w " As shown in Flgure (2-2) a vertical dlsplacement 15
l’

'.accompamed by a honzontal dlsplacement A:z:(t),_ giving the a.tta.ched blade- ‘

: mountmg sash a - natural cgrvagll path of -travel. It is this shape which m,ostj g

dist'mguishea the cutting action of this mechanism from ihat of a standard frame

~

Saw, It is also the reason that the cutting mechamcs must be strlctly exammed

- 9

+ ' . .

-and evdluated

'
- .o




\‘(' N P 4
; ' ' o
i ' 13
i - ‘ I Y e N
[ . ——
) ’,’.:/:"/M’ l "
S —_— - ' L L
. ' e
* e
- *
C— -:_,"";_:: :\_ -
- e T
N —_— . J
MA . \Pﬂ - ‘
. ' ' v’ y o
- & 2 s ) .L';
1! | \
- ' Figure 2-1: * Sash Mounting - Side View
PN :f;\i
“ .
. \ )
"\ ] . .
) ' ) “« ' N
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L " . The rigid ¢lamping at both ends of the plate give;i-tlie_deﬂectec_l shape shown

T in Figure (2-2). The boundary conditions imposed, as functions of thé horizontal S
T . Lo ' - o . ’ . . . L [ EAT
distance from the left-hand end, are thus: o BN
| ‘ - ‘ - [ ¢ ‘ P
gt ,H S l R vl T




‘ |\-‘ : ‘J*‘:‘:{E
14 :
v(0)=0 '
' dv (0) = 0 ‘ —-
R dz )= "
dv ;
(L =o. ‘ 2y
’ d?v ! T-
~ . —(L/2)=0 ,
dz’ ] ] .
i

where the first- and second derivatives‘ of vertical displacement represent

- e .

r’espectlvely the slope slope and curvature at a pomt on the beam. The free-body
: .
diagram of the plate system is 1llustrated in Flgure (2-3), with positive moment

' eeznventlon as shown. For an apphed ‘end load, assumlng symmetry ‘bout thie ‘- - :f-;
° wnidpoint; | ’ . B
VN _ | L.
- T My=M = L ; (2.2) "
- . .9 N
| | a | | | Y .
- Figtxre 2-3: - Plate Free-Body Diagram ] oo M
Aﬁdlstance ‘2’ from the teft-hand end, equatmg tbe!sum of the moments to zero, . '_ -




: . ©(28)
. i )

5 ¢

PL . . .
M+ Pr — 'T-—O

. v
. L [} dﬂ -
. Krowing that (for a beam e]emept){): M = El —:-i- : . .
. . , * . dr” ~ )
d%v “

Integrating once: . ‘ : ' ' ‘ )
. Pz PLz ¢, md - R
L 2 Ty TYiT L IR (28) ©

r » N ;
, . From the second boundary condition; C, = 0. Integrating again - ' 'ﬁiﬁ“’?:
* P«*> PLz? ; . .
e + 2 + C, =Elv (2.0)
¢ ‘From the first béundary “condition; C, == 0. The deflection of the beam at any .

: . $
" point along its length is thus given as:

: q
| o) == = =), | o (27)

.G

. o v )
. ° ! ' ) . co [N

.. - 3
In hd . -~ ’ PL ’

T e em— ~ e : 2.8 C e
SR °T el , : R A
A value ol‘ horlzontal dlsplacement for a given verhcal dlsplacement ‘v' can be - | ,
~ : obtalped l‘rom. the beam elastic curve,lwhlch from Equatlon (2.5) above is: a, o "-‘-f
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- ’ - - ) = . ‘ .
. . 16 i ’
s ' - ¢ N
N ! - ; ~ N
N N - ¢ . .
k ‘L o 4o _PLz Pz’ - 29) :
, - . dz 2 2 ' ' 2
- § X ‘-:
. . From Pythagoras’ Theorem, the length of the infinitesimal curve ‘ds’,.shown . “
- An* Figure (2-4) is given as: ' z
v ¢ a "
. e - :
RS ' ' ‘da=\/d1:2-|-‘.‘dv‘2 \ AP -
. & , ° ' - ! '(
’ or: _ ‘ . _ . | :
. - K , -Aa vt » , . . ‘\ ‘
' == Vi (avyde)? " - (210) © | 0
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- ‘ds’ being approximated as a strajght segment. Kuowing that the length of the. . |: <
| ; . “neutral central plang of the plate remains constant for any deflection shape, and o
. - ' : ) = ! , . : . 9 . " ';
restating Equation (2.9): . : . T e o
. 4 " - ' r&

NE
2

. LR Y
SRR




JE - A S S TR S
PP I L L P O DU IS ¢
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' 17
dv K L 2 . , vy | ’, | i
o= Klz - =9 S : | (2.11)
t
-

awhere:
K | . : ) —

~ 2EI ' (2.12)

After substituting (2.11) into-(2.10), the length of the plate, through integral.

summation, becomes: o LT
. B - _
N L =/ U+ (dv/dz)® dz - - L
. - Ja Ll
1] N z ) ' . : \-‘ »
i L= f "1+ [K(Lz — z9)]° dz : -
. ' 0 . I : y
™ ' |
- = f VUK - 9K2L2% + KA 4 1dr (2.13)
0 ' .

.

where 'z, ' is the' horizontal span of the plate under a reasonnble s'tu.te of

L B

dlstortxon The difference between the constant curve lengt.h ie; the undistorted

_horizontal span ‘L’, and the upper mtegral limit zL is the amount of end

i
horizontal displacement coincident with'a specmed end vertical dlsp!acement v

-
-~

of the plate, ' : 2

"

)

To detérmine ‘z) ' for a specific 'v', Equations (2.3)—and (2.12) ar.e‘firstl used o

~

= to express 'K’ in terms 9f ‘' o ' -
K=-=" o 2a)

Qo L3

~ - .




' Equation (2.13) thus becomes: a -
. 7, / 38v%zt  720%2%  360%2° :
=/ . - + + 1 dz- (2.15).
) 0 L6 L5 L4 ) .
° . ' . e f/ N * .‘ N
L . # It should be noted that this entire method is based upon mechanics of solids -

~ theories, whicl~assume small deflections’in beam elements. This situation does

-~ - . R . N

not fitr_cle:irl.y within those limitations, as plate elemehts.rather'than beams are

: ’, " involved, arrd the n_)aximurh end iie[lectioniis 3 inches flor“ a plate length of 40 _'

-

inchee‘, or ﬁb'out 1 irr 13. Non-linear behavior in terms of‘ deflectiorr versus load
o may normally be expected in such srtuatrons, but the sole concern of thrs analysrs
B A geomotry All a.spects of power and load are 1gnor‘ed Stlffness factors ‘E' and

. ‘I, Young's modulus and bending moment of inertia, also cancel out of the final

M .,

expressi.on.,' negating the effects of stiffness variation. between plate and beam

£

“elementy: Assuming that the shape of Figure (2-2) remains accurate, Equation .

4

:;*1.’ - (2.15)"describes accurately tfﬁm'é‘s vertical and horizohtal geometry. :

.
.

Due to the crank drife of the ;xm{mg mechanism, the plate end deflection - . ..

varies from harmornic motion slightly during operatfdn, and has been taken as2:

CK%in %t) o
.CR? .=~

ST () = CKeos (w) + CR(L — A ~

e . . L .
; . \-

whlch is speclhc to the case where the crank is moun\ted above the drlven member

(2.16)

-

(as in the exrstmg equlpment) The actual set-up is lllustrated in the photograph







90 .. R
where vfu/2) would be zero for perfect harmonic motion. The deviation will tend

o . to zefo at the extremes, where w? = 0,7,2x,... A’ comparison between harmonic
AT . R . - . ,

../’ . ' . )
motion, and-this‘specific crank drive motion is shown in Figure (2-6). The stroke .

top; midpoint, and bottom positions are located as shown.

) L .
® :
- s
: B TOP ' ’
o ™
i fe
5 “ ®
v Y
X =z
- O
- -
38,
$e
N Sl
e -
... . “ .<
o O e
, T = N
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‘ Ld
> a ™
N BOT .
( \ ®
¢ \ ®' 1 1 . 1 )
T .
9.90 °.26 \_,,é 2.12 .18 * . '8.24 9.380 )
TIME C(sec>
Figure 2-6: Crank Drive/Sinusoid Deviation
It should be"fﬁrther ﬁoted that due to some horizontal motion of the plate ‘
L end and therefore of the crank rod to sash. connecﬁon, Equatlon (2 16)stlll is:not

L]
-

i

i ~"?horizpntizl .displacement of .th'e pla,te end, and the comparat_iw)qu long crank rod

absolutely preclse. However, the maximum horlzpntal dlsplacement will occur at

"4 '. the extremes, "where the crank rod should be vertlcal The ‘expgcted ‘small

.36.

g een




combine to produce a very small angle with respect to the vertical, and thus.

minimum vertical positioning error. At the vertical midpoint, where the error of -

E) ——

Equation (2.16) is greatest, the horizontal displacement of the plate ¢nd, and thus | '."'-v:'_
the equation error, are zero. The displacemeﬁts given by the crank drive equation
can now be used to provide more accurate results from the caleutations of plate

span values.

The form of Equation (2.19) is 2 type of elliptic integral, the exact solution

of which ‘would require considerable time and effort. As it is the i)urposc_a of this -

- . t M . * . . . :’1
. analysis to develop a computer program for saw blade motion simulation, a
’ ’ N ' . . E

. solution through - computer. numerical integration, though approximate, was

- -, -
e e Cesl e T
AT TR e A L -

deemed both coh;renient and adgqg'a,tefy a¥:c'ura.te. In this ¢ase the final nurﬁe‘r‘icat
-value of the integral is known, while the upper limit is to be determined. The
procedure used to calculate this horizontal SL;aﬁ thus employs an iterative step
.~and check value, with an assumed initial ‘z; ', as shown in the flow chart of Figure
(2-7). For each successive new #sumed £ a.Astalilhdard fourth-order Runge-
Kﬁtta method is used to evaluate the integral7. The number of intervals assumed .
(representmg the number of stnps of mcremental lcngth below the deﬂectlon L
curve) gives a eompromlse between accuracy and computer time employed 'Fhe
flow chart ShC‘)WS the procedure followed in the generation of values for an entire
sweep of the piate, from v(¢) ="+3.0 tol-S“.O. At each incremental time ‘nAl" an
e end deflection v(t) is caleulated necording to the crank drive equation described

. .. above, and a corresponding a:L(t') oufput after the epsilon check is satisfied.

. L. .
-
[ . R . .

.. . . N .
At this point, the vertical deflection and correspondlqg horizontal span for a

» Iy . - . . ?

AR ) oLk 2 e o .
R A N B TR R
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Co Flgtire 2-7:  Flow Chart for Plate Deflectipn Data Generation
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specified number of time points have been generated and stored, to be refefenced

later for addition of log feed and tooth offset influence values. The frequen'ey ‘w

shown above was”determined beforehand, in the manner to be discussed in- the

LY N

followiné section.

2.2. PLATE VIBRATION ANALYSIS

4

The entire sash supporting structure can be considered a ‘space frame' in

the serrse that its flex1ble plates have two dimensional properties, as opposed tz/,
beams, w1th one dlmenswn in the ax1al dlrectlon‘ Four of these plates, of an

¢ »

acetal resm with the trade name ‘Delrm are mounted in closely spaced palrs in
o ../ A ©

horizontal- planes (in the undistorted mode).. One‘ pair above and one ’uelow

o

- support the sash or frame into which are mounted the straight band-saw section
’ . ] ' s - : .

blades.

. \ - . ! () - : ° - : i .
The frame is driven in\ vertical oscillation as discussed above by a motor-

c.l-tank mechanism, anproximating the motion described by Equation (2.18). As
one outstanding feature of this 'dev‘ice is tne reduction in po“‘/.er consumption
through ‘the use of plate spring mountings to alternately store and expend
deflectlon energy, it js desued to determlne the frequency operation at which

this cycle is most effic;ient. Thls is of course the resonant frequency of the system,

at which minimum -input force will return maximum deflec‘tlons. In this section

. .

various methods -are employed, from -basic approximations to computer

algonthms, to determine the frequency of the first, ‘and assumed only domlnant

mode of vnbratxon, that which has the deﬂectlon shape shown i in Flgure (2~2)

"

5

".
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2.2.1. Simple beam-girder approximation

The system may be analysed in simplest terms as a mass ard spring, -with

]

the natural frequency of vibration approximatéd by:

‘", A

W= \/‘E . | (2.17)

where ‘&' is the stilfness, or spring constant of the system, in force per distance
) . 4

units, and ‘m’ is the system mass. Here, ‘w ' is the natural and, since damping is

-~

ignored, the resonant frequency. In this, and the, subsequent methods of
. . R . . ] -
frequency ahz}lysis used, one single plate will be considered, asstming a lumped

mass of one-quaiter of that of the sash' mounted at its ‘free’ end.

.
.

The stiffness ‘k' of one plate is defined as the force per unit deflection, or:

k=~ | - C(2.18)

w

For a rectangular beam element, the stiffness is, from Equation’(2.8):

@

12E1 .

k=—§- . ) LT (219)
where: . .

o s - /“ 5
Ibeam = 1_2- ' ‘ (2'2(_))

. For beam. dimensions L = 40 in,, h = 0.5 in., b = width = 19 in., ‘T is

L]

calculated to be 0.1979 ind. However, it is normally assur?ed that plate elements
. R . ." . . . [ s ’ 1 . .

PO - A 1 - - -,
. .- .

as

D




> * " 95
have greater stiffness in bendjng than beam elements, although the point of

transision between the two is not-clearly defined. For plates, the flexural rigidity

‘D’ replaces the bending moment of inertia‘I',and is givén, per unit width, as: |

h3 . 2 . ’ - -
| L — ‘ (2.21)
- C12(1 — ) B -

\
where v = Poisson's ratio = 0.35 (for Deigin). For width 19 in . meé == 0.2255

in!. The plate elément is thus abotit 14% stiffer than if assumed to have beam
characteristics. ,Re&:llacingr ‘T in Equation (5.19) by the above value (with E =

- 4.1(10%) psi for delrin):

SR 12(0.2255)(4.1(10%))

‘- ‘(40)‘*

O

=17.339 Ib/in . °

~ ~ »

Use of Equation (2.17) in. the form shown ,infers that the plates are massless,

N

. ‘m’vl‘)ein'g. contributed by the sash frame only. For r.xow, thig will serve to provide
te s " first a rough approximation. The weight of the simple single-blade mounting sash

: cu;rently in place is.unknown'; it will thl;s be assigned an arbitrary value of 10
. pounds. The ‘m' for Equation (2.17) pér plate is thus:

= 01y (—2 !
s =% ( ?(32.2 l't/sz) “(12 in/ft

)

—

. .
(] o . - LY
. ° !

- "= 0.00647 b—s%/in

-




oo

1*.339
nl 7 7 0.00847

~ = 5L.77 razi/s

= 494.3 cycles/min
L]

The shortcomings of this method are many. The assumption of massless

spring elements i a gross underestimation, as 4 plate of the size in ‘question has a

“weight of about 19.5 pouﬁds. Any. a'dditienal mass will affedt a deerease in the

frequency of a system. As well, the pOSSlble non-]mearlty in ela.strcnty of the plate

v

due to large deflections may affect the dynamrcSr in a way whlch is difficult to

predict. The later problem is beyond the scope of thrs study, but the former is
- resolved through the method to follow. |

- . '

) 2.2.2:,Impr{pved beam-glrder approximation '

An improvement on the-above method is the inclusion of the distributed

¢ . S

mass "of the plate with that of the sash frame, to give an _‘effectivé’/’mass to be

used in Equation (2.17). To.begin, a separation of variables gives a generalized

d'is‘l;lacemént, for any point along the beam®:
. ' \ '

uzt) = w(z)ut) , . . (2.22)
where ;b(n:f 'is a ‘shape function’ for 'tl:e defleeted plate, and v(t) is the ‘genéralized

drsplacement parameter. For the gnven boundary condltrons of Equatlon (2.1), the

shape functlon can be obtamed dlrectly from equatlons derwed prevrously Bemg |

L4
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unitless, and attaining a maximum unit size, the shape function is expressed as the

ratio of the general displacement to the end deflection. From Equations (2.7) and

-

(2.8): ' S o - - Lt
) [PLz%/4 — P3/6/EI . .k
I) = = 4
‘ L) PLY/12E1 - -
3:1:2_ 273 -
=— - — (2.23)
L2 L3 — N
S g 6 | |
- The effective mass from distributed inertial forces for a slab or.plate is®: -
my = /}‘(m.(z,z)[w(x,zn)]z_d){' . ‘ ,
vL — > [ . e ) ~ l:
=/ oXv(z) dz - (2.24)
/0 F I
where:" . ‘ T a { , v
p = plate mass density ' ey
X == cross-sectiondl area o
L = plate length . . -
ot :

o~

T\}\g second form of Equation (2.24) is valid when no bending occurs in the ‘z'
N\ . . .

direc\ﬁgn, or across the width of the plate ‘in this case. Thus:

.
\ - - .. ]
.
.
. .

\ Cod 0 5 4.6 . '

AW - .rL gzr® 122> 4z L ! .

fﬁ\l =9 X ( — —5 -+ -—-—6 ) dx . ° .
o L! L L .

(L ogp o 2y
= X5 iy

~p—
3




For L = 40 inches, p = 0.000133 ib-s%/in*, X = 9.5 in% m; = 0.01872 Ib-s/in.

The total effective mass of the system may now be approximateﬁd- as:

' - .
.. . A . mejf == ms + m] [y A ) //(
C = (0.00847) + (0.01872)

.

= 0.02519 lb~s%/in | 5

- The ifproved frequency approximation is thus: : C

-

= v/17.339/0.0251

= 26.24 rad/s .

e

= 250.5 cycles/min

it should be noted that due to its distribution, only 37% of the actual plate-

mass is combined with the lumped end mass, but is has the effect of dropping the J
s . .

frequency estimate by almost 50%. Error here may again be_attriB‘hted to the

g

- . + stiffness and mass should provide an estimate as accurate as can be expected from

' .. * ‘ ’
o "~ hand ealeulations.

~ N s

lincarity assumption of plate deflection. However, the integral formulations for




‘SBH;I‘G’, or ‘stretching and be

2.2.3. Computer frequency analysis' °
. 5 : . .
As a final check, the pla'te is _a;xalysed thﬂrougl‘l a GTStrudl (Gcofg_ia T;:CRT.
Structural Design Language) routine. In this finite element ﬁ'pproach, ille membér
is manually subdiéded into appropriateia};//s:haped and‘ size‘d' elements, ‘each of

which is assigned specific mass, spring, and.dzimping _values-bnsed upon input

boundary conditions and mechanical prbperties. Solution of the resulting matrix

e 7T e

equation(g) provides frequency values for the s;pqcified moy es of*vibration?,

ot . [y
t : .
Three¥ifferent element division” types wefe tested initially, each more

compléx than the ,previoﬁs; It was-assumed that/ since this is a ‘finite’ analysis,
b . . A ° . . . \‘ .

i
c

the closer. one approached an ‘infinite’ an_aly%sis,

’ & _
become; hence the dramatic increase/{

modulus and Poisson values are_as uged dbove. The'elements are assumedz.type

ﬁlﬁl?ﬁybrid triangles with six degrees of freedom’.

Also to be consistent with the Jabove analyses, only the first, natural frequency is

e R °

pursued. The sash wefght i lncluded as an. 1nertml mass added for ‘'z’ and

directions, to the two free-end nodes in each case, 4 node bemg the pomt of

LY

* connectjon of any two or. more element. corners. The value of (2.5/2) pounds is

-~ »

. “ : ' -
expressed in mass units of ‘lb—s2/in' to conform with assumed units. Damping,

both external and internal, has been assumed negligible.’

9 - . i

73 - B . . -

Figures (2-8) to (2-10) illustrate the element’ dfvision schemes employed in

the initial analyses. The fourth division type, lllustrated in Figure (2-11), was

“tested after noting a dramatic j Jump m‘\the frequency output frof the third run as

‘ 3

the more-precise the result would”

the number of elements. You'ﬁg'sw

a.
>




. compared to the first, two.
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Figure 2-8: GTStrudl Plate Division #1

Figure 2-0: GTStrudl Plate Division #2

.

.
~

Flgure 2-10: GTStrudl Plate Dmslon #3

L

P

e

An exammatlon of llterature pertarnmg to the

?algorrthm, and dlscussrons wrth other users revealed that‘ there is a trend toward

: round-off error bmld-up as the tnangular elements become more acute. The 1deal
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element is therefore an equilateral triangle, a division type not” practical for N

rectangular plate. Close approximations are the near half-squares of Figure (2-11),

Here,‘ the sash mass is distributed among the three end nodes, as (2.5/3) pou._nds-

] .
- ) each. ‘ :
- e ‘ : -

=

“Figure 2-11: GTStrudl Plate Division #4

" Table 2-1: Frequency Outputs from STRUDL Runs

Prog. #‘ "# of Elements 4 of Nodes ° Freq-(cyc/sec) Freq (cyc/min)

\

A2 16 Y ' 4.116003 " 946.07 Lo

. - A3 20 20 4.103624 246.22 i
Ad 44 44 | 4407518 . 264.45 _ g
AsS . 4 31 4.074682 244.48 ;

£

Yl

- ’ -~

Combutef programs (A.2) to (A.5) show input commands and corrgspondiﬁg_'_

outputs for all four cases. The frequency results. are listed in Table (2-1). All L

~ figures seem to validate the accuracy'of the hand 'c‘alculated value. of 25((/'5"'
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cycles/min. - Although none hit this \ialue exactly, AAnd the trend may even be

towards convergence in the other direction, all fall within the general region. For -
¥ . . 3 L

reasons of simplicity,’ a value of 250 cycles/min. will be used in the computer

simulation program, and in all caleulations to follow. As the actual sash mass is

undetermined as mentioned, the analysis will be performed and conclusions drawn

pei-ta.ininé specificg.ll< to the kinematicé,% independent of the frequency " of /
AN vibration, but apelicable to a_ll future stiffness conditions. ' - |

B . v . . - -
a - \ 3, ’

2.3. LOG FE‘ED_INCORPOR,ATIZ)N

L

The computer program must generate data pomts representmg the posxtlons o ‘,
o . S e o
! e of the saw teeth tlps relatlve to a foed reference pomt on- the log Thus at any

glven time, the log feed effect 'is mcluded as a 51mple subtractlon from the curve
data points- genereted as descrlbed in’ Sectlon (2 1) While the feed is expressed in

units of distance  per time, the amount subtracted is a distance, which is the net’ -A -

Do horizontal amount the log has'tra.velled at time “I”. The subtraction is far

4, -

convenlence, the log movmg to 'the rxght ca.uses the relatwe posmon of the blade

“to shilt S})-»the left or in the negat:ve dlrectlon. The distance is simply the o o

mtegrnl ol' the feed l‘unctlon l'rom t=0tot =T The log velocntx is expressed in

generahzed terms as:

V,=A+Rsn(wt+0) = = @25 g o
. . thus:
‘S'f=;AT+-;cos(-wT+9__)+:coso L . o (2.26)

. 4',' RN . “.‘ . ...- - . It S
_ y'\'here ‘Sf is. the net diéplat!ement at‘ time ‘T’. The values of the feed parameters

. ‘A, R and ‘0' are mprut durmg the program run. .

%
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2.4°SAW BLADE AND MOUNTING GEOMETRY
Thé.blade geomet:,ry comes into play only in the positiﬁning of the traces of |
teeth in relation to the centre tooth, ie; that one which begins its cut at the top of
' six inch deep log _and ends its stroke at the bottom face. As the tooth tips lie
along‘a gtraiMe, the only import.ant georlxetrical consideration is the tooth
pitt;h A‘P’, or the gpacing between adjacent tips. The mounting speciﬁcation to be
considered is the angle of inclin_ation"‘ﬁ' of the blade l'ro-m the vertical, normally
referred t.o' as ‘overhaﬁg'.' 'Bott} “P' and '#' will be shown to. have imp‘or‘tnnt
influences on t:l.le 'effic;ency of.th; system oper;stfon. |

»

i Figure 2-12: Saw Blade Overhang and Pitch

e

_ The .two {factors indicated in Figure (2-12) determine. unit offsets in

. horizontal and _vertichl"f)ositioz_ling for a tooth immediately adjacent to"the centre

, : _ | . _ \
- reference tooth. These will be quantified in a later section. | e

+ s . .
) -

. i

All facto;-s.: involved in' the generation of the‘simulat"e,d. tooth traces“hAav;e' :

i)

o now. beendiscusséd.| The rgsuiting computer progrihi'is. sho‘;mir; the appendix as

. . ’

%

¥

1
3
[




34

c (A1) A discussion of its internal logic is not to be -included here; its
.comprehension is best left as the respoﬁ.sibility of the inirestiga.tor.. It should be
“ - noted that the program was developed through and used on the Digital PDP\

11/60 system, and thus the inclusion of both data generation gﬁd plotting- —

ve

commands in a single program was possible. Some resulting tooth trace plots are |

.~ shown and discussed in the following chapter. ‘ .
. \,\ -~ . R . 1]
: ’ . /
| 1 ‘ ! *‘ ) .
- - \

)
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Chapter 3 . .

SAWING OPTIMIZATIQN

\
In thi§ section it is intended to determine valyes of the system parameters

S

for which the opération. of the ‘eflch saw s most elflicient. This will be

accomplished\through the separate apalysis.of various portions of the overall
P s o

relative motion, and the assuﬁ]ptidn of specific dbjectives for each portion.

"3.1. EQUATION GENERATION ' o

To modify the relative sash motion by varying the System parameters, it is

first necessary to develop the actual equations of motion. By means of the

7 A A

computer simulation progra'm described in the previous section, d'ata for plate end
de[lectior_l, in both horizontal and vertical directions, were generated thrqugh the
numerical 'intggra__tion of the integral curve equation of the deflectéd plate. To
o_I_)tgin a us_gable eéquation rel‘ating horizontal displacemgnt to vertical deflection,

that same data is uséd here in a. curve fitling program to determine the -

coefficients in an arbitrary equation of selected order. ‘ -

"

<> ‘Data for one single ‘sweep’, as described above, is used. Trials with least

squares fits for polyhomidl hpRroximations yielded very unsatisfactory results; for
any.. order of equatiot. However the seemingly periodic nature of ‘the curve’

!

‘indicated that a Fourier fit may be more appropriate. In'a Fourier series




approximation, the trigrometric form of a function f(v) defined in the interval (-l

¢ “ to l}is given as’:

N | - .
- f(u)—--—+z:acos——+z sxn—— ) (3.1) o
: ' =1 n-—l

-

where 'a'O is an offset constans, while a, and bn are the Fourier constants to be L

~

determined.

The -curve to be fit is of the shape shown in Figure (3-1) below. Iis SRS

symmetry about the z-axis suggested that it might be best represeﬁtéd by an.

‘even’ function, consisting of cosine terms only. :I‘o sirﬁpli.f)f the calculation.v.,, ;he_

data was normnliied, & ‘z’ set to zero at the endpoints to eliminate the offset.

The included computer progr'am (A.6) uses a matrix forr’nula.ti‘on to de.teriﬁine th‘e'
: o required Fourier coe}ficients, solving simultaneous equations equai in nurr;ber to’
;' , \ | the dats points input, the coefficients bein.g ~the variables. All‘manageable series - .
orders, up to'n = 10, h’ere explored. The sums of the squares of the. deviances of
: ‘ . the Fourier approximated '}alu~es from.input v'alule-s were compiledeor each set of
o : - output coefficients, and are listed in Table (3-1). | ) .
ST N
- A comparison of \to | error for all casgs showed that no significant - -

[ - s ™
P (

reduction occurred ‘as the number of terms increased even dramatically, with no

EPEEFN

'- o _convergence immin'éﬁt. g Thus 'greater'complexity was in no, way justiﬁed by

greater accuracy Tlns mdlcated that a series thh ]ust. four terms would prove

- both sumt:lently accurate and’ easﬂy manageable for future work. The plqt of - " .

»
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) 3 *  VERTICAL EXCURSION .

Figure 3-1: Plate End Deflect;iorll - Curve Shape

Table 3-1:" Fourier Order vs. Compiled Brror .

Order{n) Error (7 ¢%)

0.19570000

0.00094082

0.00006145

0.00006057

0.00006058

0.00006 145

0.00008045

0.00008050

0.00006020 ~
0.00006008 -

O 00 =1 DU o W=

[y
=]

IS A

. - S \ \ . L.
- Figure (3-2) shows a comparison between the act’u/ai (numerical integration} data

":1'.. v and that output by the final Fourier equation:

A

.. A

. w 2nv
z(v) = — 0.08232 cos (=) + 0.30243 cos ().

31y ) 4rv
— 0.09804 cos (Té-) + 0.01173 cos (T2—) ' - - (3.2)

'.. .\\':

. . v
. . . Y
W N LR
2 : PP S ’ .
3 IEVEY . N
e v RN
AN " “ ﬁ N 4




e T .
The overall tooth position is thus described by a combipatién of the above, and

- terms répresenting the "results of log feed and tooth and blade angle offsets.
J ¢ - )
Again, all positions are relative to an arbitrary log reference point.

NUMERICAL INTEGRATION ‘CURVE\
. _ \ — .

b ] .
7

FOURIER EQUATION CURVE

HORIZONTQL DISPLACEMENT

|
|

—_—

VERTICAL EXCURSION '

Figure 3-2i Fourier Curve vs. Original Curve

In the [ollowing sections, attention is focused separately on the two modes of .

‘ motion, of the blade "

1. The downward, or cuttmg stroke, for which the objectlve is to
determine appropriate values for the feed and. blade set-up parameters

~ which will allow sawingdt - ma.xlmum capacity;

)
|
!

oo - 2, The upward, or return'stroke, for .which .the objective is to bring the
' blade to a point at the top of its stroke from which the most effective ‘
cutting stroke can begin.. At the same time, it is desired that the S
Y backsides of the teeth not be driven into the advancing log face, ' ‘ ’

o From analysls of these, and exammatxons of generated tooth trace glots, the

system parameters will be established and the governing equations_dévelo ed.

. .
»~ ) ~ . -










L~
X

. o4l

and unwinds from the shal‘t. ol‘ the drive disc, and in passing through a series of

pulleys moves a sliding block and roller down along an inclined surface (ol
adjustable slope) bolted to the trailing edge of the feed board. Slx complete
revolutions of the dnve disc (or six cutting/return strokes) moves the sliding block
along the entire vertical depth of the incline, advancing the travelling board and
sandwich a distaoce governed by the slope of the incline. Fhus a feed per cutting
stroke or, 'assuming a set l‘requenc;r for the existing.mechanism, a feed speed can

: LS
be determined or input for a specific test run.

A series -of photographs were taken at various points in both cutting and

return strokes for various arbltrary feed rates. Pictures were selected and

included- where appropriate in the sections to follow to justify assuroptions made '

/"concerning the relative motions of the saw teeth.

3.3. DOWNWARD STROKE ANALYSIS

The.important considerations in the analysis of the cutting stroke will be:

-

1. Toath gullet capacity, ie; the: volume of sawdust and/or wood chips
which can efficiently be gathered ‘inside’ the tooth during the cutting
cycle, and dumped out after the tooth has exited the log;

2. The wood expansion in passing from solid to waste material, expressed

as-an ecxpansion factor 'EF’, the ratio of produced sawdust/chip
volume to original solid wood volume.

The complicated geometry of -the gullet, and associated identifying terms,

are shown in the illustrations of Flgure (3-5). The possnblllty of a srmple -

mathematical solution to the’ pro;ected area of any gullet was ruled out l‘or

~ obvious reasons. Thzs value was. determined manually, t.hrough the use of fine’

-

» -
NG
. by
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graph paper. In the second illustration, represénting the existing gullet, fully |
included squares counted as whole units, while those cut by the curve were

counted as half units. For the gullet shown the area was determined to be

approximately 180 mm?,

— e — e —

Gullet
area

Haook or Pitch or
i rake angla toath spacing

Clesrance

.| Depth

Figure 3-6: Gullet Nomenclature and Area Determination

- N
’

Wood expansion factors were listed in the reviewed literature as anywhere
in the 1.5 to 3.0 range. Williston, in. a gullet loading discussion, quoteé 70%, or

. an 'EF’ of 1.43, as a rule of thumbl®. The appropriate value for any given

' sitnation dépends upon speéific wood characteristics such as density and moisture
content, and on the sawing operation, which determines the relative amounts of
sawdust and chip material produced. A value to be used in this g.nalysis will be

selected léter, as- other factors come into play which have not as yet been
" considered. _

ol [ -

-
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&

A’secondary consideration is the relation between the clearance nng[e of the

tooth, as shown in Figure (3-5), and the blade inclination ‘s’ It is obvious that

_ inclines which approach the clearance value would severely restrict the tooth's

' ability to cut into the wood\face. Upon calculation of ‘4’ values, this aspect will

be reconsidered if necessary. \__,/( \

L

3.3.1. Area calculation

a o N N ) .
A representative tooth trace, as produced by the computer simulation -

program described in the previous section, is shown in Figure (3-8). It serves to

»d

illustrate the mechanies of cutting for a near ideal situation, for log feed values

which may répresent a desirable production _rate.  As a diagnostic tool it is

invaluable, as it shows the actual. wood ‘slices’ cut out by the °iridivi;:lu;11 tééth, the
wood profile left after a cutting:stqu;e ('supe‘rimposed), and the amount :;nd <pqin.ts
of interference to be expected on the return stroke. On the plot, the horizqnt;l
axis galfges the'plate-end vertical ;leflection, ie; the excPrsion of the entire saw

blade (the centré tooth travels between the limits +3.0 and -3.0 'inches). The

trace of the adjacent lower tooth, that one which immediately precedes the centre )

tooth in the cutting sequence, is shown with the .appropriate offsets in hoth

horizontal .and vertical directions (to be discussed). Both - traces cover iwo

complete cycles; fwo cutting and return strokes. Theif v;lill prove to be suflficient -

in,the development of the system equations.

The single hatched area represents the profile of the kerf remaining at the

end of a cutting stroke, aséuming. that the wood retains the shapes of the paths of

t

the individual teeth affer their retractions. Note that rather than a continuous-

e
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above. Note that the cross-hatched area on the plot is bordered on the right by
the trace of the lower tooth, which has just previously made its cut, and on the

left by the trace of the centre tooth as i{ cuts through individual ‘ledges’ of the

jogged kerf profile. ,Tl&area thus consists not of one continuous strip, but rather

of one thin wedge-shaped portion, resulting from the truncatior of the first ledge
¢ncountered by the tooth, and a lower, nearly continuous portion (léss one thin

notch).

Sih"(;'e a six-inch long strip is not cut out by any one tooth, the area |

‘deter'mination_w,ill not consider the,totaiispace’between two adjacent tooth traces.

Rnther; the-area will be obtained'by iniegra'tions of the the two curves ozer an.:

. 'ndjusted shortcr sectlon “This sectlon will represenb the combmatlon of the two

arens descnbed in the preceding paragraph Assummg that the thm wellge Just‘,

fills in the missing notch of the lower shaded strip, thg limits will be taken as the

vertical boundaries of that st'ri;;, ie; -3.0 to +1.0 inches,

In cases involving different parameters, for instance greater blade angles ‘4,

the starti'ng points of cutting may occur at 'less favourable positions. The example

trace only indicates the type of cut "desired, begmmng at the highest possible

pomt Once values have actually been determlned and -assigned to these

RN

vannbles, new traces will be generated and the cutting geometry re—evaluated

w
-4
&
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3.3.2. Integration of centre tooth trace equation

Equation (3.2) expresses the horizontal displacerhent of the ‘free’ end of the

distorted plate. Combined with the typé of feed discussed, as expressed fn ' . ‘ R .tli
Equation (2.25), thg equation of relati position for the centre tooth is given as:-
\ i ~ ' ' .
v v
z (v,l) = — 0.08232 cos (-1—2) + 0.30243 cos (-E-)
. v ) N
. — 0.09804 cos (—) + 0.01173 cos (—) N
4 . 3 \ . \
) . / . T ‘ ' " -
S | = [ 1A+ Rein (ot + 0 d (3.3)
’ ] . .
o The ‘integgé.l term represerts the displacement at the time in question due to'the .; -
forward motion of the log! Tts sign is negative;' as discussed.

The first integration of the feed terms gives the feed net displacement

function, as before:

¢ R .
/ [A + Rsin (ut + 0)] dt = |AZ ~ = cos (at + [}
0 : : '

4

R R '
= Al — = cos (wl + 8) + 'J.COS 8 (3.4)

-

_ Integrating the first four terms of Equation (3.3):

O : -

et LD
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| L2 008232)sin (22 + 2 (0.30243) shn (22
el < | = — (. )sin (72) + = (0. Jsin ()

2 (0.00804) sin () + > (0.01173) sin (=) |12
~ ~(0.00804) sin () + = (0.01173) sin () |30

/ B — 0.30588 in® .

)

AT

This area represents the space between the curve described by Equal;ion (3.2) and .

the vertical axis, between the prescribed limits. The area under the curve of
4 o : T
Equation (3.3) will be a combination of this area and that under the curve of
' Equnt'ion (3:4), the log feed net displacer"nent, since the two are superimposed.

' ' While the feed terms represent an absolute displacement at any time ‘¢’ in

;1 ':_:; | o - inch ynits, the varjable unit involved is still seconds, rather than inches of vertical
: _’ displacen;ent. The i‘nteg:ation would thus yield an answer in units of in-sec,
rather thzin in? as desired. To rectify the situation, the relation between vertical
displacement -anci time will be‘ assumed to be (ignoring Ymotor-crank induced

error):

AN . . R _

v == 3.0 cos (wt)

or:
E-". Coe " . t . l -1 v - . ) ‘ : -
. 0 , =, 5. (3) . (3.5)

- . Y e 4
> - 1 . . A . . n
. . » —_-

Using the ﬁrigno_metric relatioq for cos (A+B), the feed terms expand to become:'

e

4

Rcos ¢

w

) . " R L - . "
o —AlY ;[cosacos (wt) — sin 8.sin (wt)] —
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Introducing equation (3.5), the area under the feed curve becomes:
‘ . A4 = A 1.0 ‘lvd Rcos ¢ 1°v L Ddy -
: fc-—-—w/_:mcos (3) v+ /; (= ) dv
Rsin ¢ 1.0 2 : o '
- f 1 — v*/9dv - . ¢ (3.7)
- —3.0 6 .
oy (coswt = v/3 ; sigut = \/1 — cos 2wt = \A — (v/3)%)
;'; o ' . ¢ . ' . )
‘ _ Integrating and solving: : T o ;
A v N TV Rcosa v
Afc=|—-(;[vcos l(-) ~ 3V1 — 02/9]+ (—— v)
Rsmo v [—“" /3)
v*/9 = 1 —3.0
. .
r; -' \ [
S : ‘ o A Reos ¢ . Rsif 0
= — —(7.8273) — —— (5.3333), — ——— (1.1125) . (3.8)
- . w W w v '

Thus, the total area under the curve zzéq)'between the assumed limits, for w =

26.18 rad/sec as calculated, is:

A, =03950 — 0.2000A — 0.2037 Rcos 8 — 0.0426Rsine - '(3.9)




T:'_—'""" - 77 3.3.3. Integration of adjacen\t tooth trace equation .
‘ v

Equation (3.2) again gives the basic horizontal displacement of the beam end

due to its vertical displacement. In addition, the tooth being considered here is
offset in both the horizontal and vertical directions, due to the tooth pitch ‘p’ and
blade angle ‘8", as illustrated in ngure (2-12). The offsets are as illustrated in
Figure (3-8)' below, where ‘T’ and “Ta' represent the tips of the centre and

adjacent teeth respectively.

-

el
. LOG TRAVEL

Figure 3-8: Tooth Vertical and Horizontal Offsets
iy ) ‘ . : . . - s L

ra

The a:‘-offsét may be introdt;ced directly into the eq?xation for z (v) simply as
an addition to Equation (3.2). ‘The v-offset however is dealt with as a chapgé in
,éhé limits of integ;ation, as a dilferent portion'o[ the curve described by Equation
o o (3.2) is being considered..' The .I."eegl factors .will'retain 'the same time limits as ~
.above, as the amount of horigo'ntal_‘ advance d.ue to log feed is the same for both

O simultancously cutting teeth. . o T

»

At this point it is observed that five indep‘endént variables have surfaced; S
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the three feed combonents ‘A, ‘R, .and ‘¢’, and the two blade parameters ‘p' and
‘8'. To obtain del'ini'te values for all would require the solving of five independent
equations simultaneously. However, the present situation does not lend itsell to
producing five equations; from exhaustive tooth trace and.cutting mechanics

examinations it appears that only three equations can be derived.’

\

-
Based on existing conditions, it will be assumed that ‘p’ has a value of 1.25

inches. At a later point in this analysis a value will be assigned to *¢', directly

from empirical examination. For future cases, where-ﬁ different pitch ﬁmy be

determined to be more desirable (or more readily available in standard blade

stock) the analysis can be altered where appropriate to determine new system

' parameters. The gullet area detefmined from Figure'(3-5) will thus remain valid.

The offsets of Figure (3-8) now become: B
T, = 1.25 sin 8
= 1.258 ( for small 8)

v, == 125cosf§ . (3.10)
1.25 (forsmall g)

.’

The overall horizontal position of the second tooth is thus:

, v’ . '

z (v't) = — 0.0823 cos (—) + 0.30243 cos (—)
o 12 6

. v’ ) 7'

— 0.09804 cos (T) + 0.01173 cos (?)

' R R : ’
_ +1.258 + [—-At + = c03 (wt +8) — = cos 4] (3.11)
’ S J

-

° :\
v .
v
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( where v' = v 4 v, = v + 1.25)
The new limits of integration are therefore:

at v=10 v =225

-3.0; v'=-175

at v

Integrating the first five terms of Equation (3.11):

-~

2,26 ' . '
/ v [ — 0.08232 cos (—) + 0.30243 cos (—)
—-1.75 12 8

.

[ [

m T
~ 0.00804 cos (1) + 0.01173 cos (—) + 1.258 ] dv'

— (0.24444) — (—0.20757) + 58

= 0.45201 + 58

 The feed components will be integrated in the same manner as above.
However, the relation given in Equation (3.5) is valid only after the incorporation

of the ol‘féet factor vy, ie;

- v == 3.0 cos (wl) — v,

= 3.0 cos (wf) — 1.25

or.

, -
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1 —1,v+ 125 :
t =-cos " (———)
w 3
Lot Y
' — cos (3)
Thus, the form is the same as shown in Equation (3.7), with v’ replacing v, and

limits as above. « \

The area under the feed curve for the second tooth is calculated to be:

4

' A Rcos 6. . L
. Afa = - :(5.9174) - -—w—(3.6667) . g \
Rsin ¢ : '
- T(l.2204) ’ (3.[3)

+

Thus, the total area under the curve z _(v) between the assumed limits, for w ==
26.18 rad/sec as calculated, is:

-

} a

-Aa = 0.45201 — 0.2260 A — 0.1401 Rcos ¢

— 0.0466 Rsin ¢ + 58 (3.14)

Therefore, the area between the two curves over the given area is a function of
* * ’.,

the blade angle, and the three feed parameters:

1.0
Ato; = /; 3.0[4"},(')) — z (v)] dv

‘= 0.0562 + 58 + 0.0730 A + 0.0836 Rcos ¢
‘ ~ 0.0041Rsine . (3.15)
AR g:"" o oo '

4 . .
- e - *
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Note that for effective sawing, ‘A, ,’ must be somewhat less than the gullet

capacity. .

L)

3.4. UPWARD STROKE ANALYSIS

The important considerations in the analysis of the return stroke will be:

1. The amount and points of interference of the back edges of the saw
teeth with the kerf profile remaining after the cutting stroke; .

2. The return of the blade to a point horizontally suitable for the teeth
to begin an efficient cutting stroke.

In the previous section, an equation was derived in which the gullet capacity

could be related to the amount of material cut out by-“a single tooth, expressed in

terms of four system variables. In this analysjs, also of the motidﬁ of a single

tooth, two more equatlons are denved which express system restraints in terms of
S .

the same four yariables.

3.4.1. Interference assessment

- As discussed above, the factor which most adversely effects the opefation of .

_'; ' conventlonal sash* saw equipment seems to -be ‘bacl‘uttmg An examlnatlon of

S

the example tooth trace of Figure (3-6) reveals some interesting aspects pertmmng

- to thls sub]ect N

'As briefly touched upon, the kerf proflle remammg after a cutting stroke is

13

not a smooth curved edge. lnstead the multiple teeth leave a Jagged mverted- oy
3 '
“ tooth shaped pr hle An exammatlon of any tooth's upwar‘d path (for th& mput

' pa;am 'e used) shows that it w1ll mterfere only wnth the most immiediate ledge o
. t
p.nd_~-completely clear t.he rerr_mmder of th_e~ profile. 'This upper ‘clearance is so

great that it appears that this may be true for any case where the parameters are * .
Lo - . . ' '! L . . S - . B
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overhang alone, which serves mainly to réstrict interference wit‘h the remainder of

the kerf profile.

The vertical position of the ledge tip ‘v’ is directly related to the tooth pitch™
‘p’, as this is the distance se‘parating adjacent ledges. The length of the ledge
section (vertically) is ho“.:"evcr slightly longer than ‘p’ due to the notch geometry.
A direct measurement from Figure (3-6) givesm distance as approximately 1
5/16 in, or 1.3125 inches. The vertical position is thus (-3.0) + (1.3125) — -1.0875
inches. f{ecalling Equation (3.5), the time value for this point in the downward

-stroke is:

L g -LesTs
=t T ) S
== 0.08282 sec ) -
{
The time for a complete downward (¢t upward) stroke (for v = -3.0 in.) is
calcula%é'&%be: : .
e T - 1- _1(—3.0) .
=t K —— .
T N T AR S

E

"= 0.12000 sec

L)

" The time value for the point on the upward stl%ke isthus: » ° .. o
L : -~ } . N i - . . *




s . v

- (o.1éooo)‘+ (0.12000 — 0.08282)

= 0.15718 sec C

Recalling Equation (3.4), left in time mode for convenience, the interference is:
I = 2(0.08282) — r(0.15718) *

R
= ~ A(0.08282) + — cos [(0.08282) + {]

~ R ' S
 +A(0.15718) — —cos [(0.15718)w + 4] . : Lo

~ .

For w = 26.18;

R 1='-o,'d7436Ar-o.ossrstnb | BN 3 ()

r X ‘e
. a

This therefore defines the distance that each tooth has been forced into the tip of.
the most immediate ledge, at the end of the aSsurned period of back-tutting.
At this pomt it is obvious that the phase angle ‘6" will have a srgnlflcant
. effect_on the amount of mterference to be expected The purpose of mcludlng a.
phase lag at the start (or phase advance dependmg on the point of v1ew) was to T

allow for the provrsron of approprlate amounts of log travel durmg specrflc periods

, of the strokes F\F thrs case, minimum ‘I' will be realized when ‘0 has a value of

| 1r/2 thus the perlodlc portlon of the feed is a cosine functlon rather than a srne

[

\ Thxs value wrll be kept for consrderatron durmg the final evaluatxon of the .

\

eqnatrpns derwed in this chapter. = P L.
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3.4.2. Return stroke assess’ment

It is essential, for efficient cutting, that the points of the teeth return to

.positions from which the next cutting stroke as déscribed above cgn begin. If the |

log' does not advance enough during the return stroke, the teeth will miss the
L] .

upper ledges and begin their cuts at points somewhat below the desired levels:

More impor.tantly, an opportunity for additional log advgqnce is wasted.

Conversely, excessive advance will cause the back edges of the. teeth to be forced

into the kerf face before the upsiroke is complete.

-

An examination qf the example tooth trace of Figure (3-6) shows that while

.

fairly .efficient cutting will occur for the given conditions, there is-etill room for -

~ .

improvement. The blade appears to .b.e‘ doing no cutting during_ the first _'f"

'
o - 3 '

distance of its 'dowﬁstroke, which will be the case regerdless,'due to the slope of
the notches.in the profile. There does however appear to be room for an increase'"‘:

in the travel of the log ddrin’g the upstroke. Theﬂideal situation would be to bring'

each tooth tlp‘ back to a point where it is Just touchmg the kerf face at the

‘l.

. respectwe uppermost ]edge,, 'and subsequently begin cutting into the ledge

\mmedmtely below. 2 , ' : ‘
Points-to be noted before continuing are: '

L The slope ‘of ‘a lme drawn through the points. of the ledges is -

equwalent to the slope, or angle of lncllnatlon of the bla.de, ’." o

2. The. ‘loop at- the top .of the trace indicates that the tooth advanees
horizontally ‘a_significant distance during the first instdnt of its
downstroke, due to the smusondal nature of its vertical motion. )

3 The pltch value of 1.25 inches does not dmde evenly into the assumed :
‘maximum log. depth of 8 inches. Thus, the top ledge is mcomplete, ?:%d
the tooth wnll not begin its descent from the txp of ledge




"some space is available due tothe incomplete top ledge.

The second consideration indicates that if the blade teeth are brought back

N

to pojnts at which they are just touching the kerf face at the tops of their strokes,
they will be driven into the face slightly during the slow reversal of -vertical

motion. Conversely, the third consideration shows that if the return is based on a

line passing t‘hrough the points of the lques, interference should not ocecur, as
: : K

The amount of horizontal advance allowable during the upstroke of the .-

blade can be related"t_o vertical position and blade angle as (from Fig. 3-6):

»

-

Advange = (6.0 - 1:3125) sin g - ' o 4 |

. = 4.88758 (for small §) ‘-.' : . '(318)

Ngté that-the return starts at the point of maximum baék-cutting int’érfex‘encé, as
‘ " " -~ . . I_ ' 1 Ay
discussed above, and ends at-the top of the stroke. The difference in horizontal

~

position between the two points is to be equated to the allowable advance,

4.688758, to produc’e the third equation. - ] - :

At the top of the stroke; from Equation (3.3):

"

—



61

. £ =0.2400sec, v =+3.0in ;

T 3 3r
z(v,t) = — 0.08232 cos (-1-5) + 0.30243 cos (?)

- 3 3
- 0. — 0117
09804 cos (4) + 0.01173 cos (?

»

R R
— A(0.24) + —cos [(0.24)w + ¢} - = cos

\

= ;[cos‘(2n)cos ¢ — sin (2r)sin 6}

R )
— —c¢osf — 024 A
744

= — 0.24A

At the point of maximum interference: ‘ S,
¢t =0.15718sec, v=—1.6875in; ¢

) —1.6875x
z(v,t) = — 0.08232 cos (—-—1-2-—-) + 0.30243 cos |

—-1.6875n

: ~1.868751 ,
— 0.09804 cos (T—) + 0.0I173 cos (
R ' R’
— A(0.15718) + —cos [(0.15718)w +48] - —eos/

-

= 0.09134 — 0.15718 A —~ 0.05968 Rcos ¢
+0.03158Rsins : :

-

' Eqﬁatihg ‘thie difference to the allowable advance gives the final equation:

& . -
. R - .

-—1.68753')'

(3.20)




lj:t, ‘ ' . - : 1 Tk .
- . 8 :
\
v - \
' : Adv = 4.68758 :
v
i . = 0.00134 + 0.08282 A - 0.05968 Rcos ¢
| . + 0.03158 Rsin ¢ ' (3.21)
' 3.5. EQUATION SOLUTIONS - INITIAL ;
In summary, the three simultaneous equations derived are:
Ll  (3.I5) Area.== 0.0562 + 5§ + 0.0730 A -+ 0.0636 Reos 6 — 0.0041 Rsin ¢
L.+ (3.17) Interference = 0.07436 A" — 0.06316 Rsin ¢ | . -
. (3.21) Advance = 0.00134 + 0.08282 A — 0.05968 Rcos 4 + 0.03158 Rsin ¢
f.‘_: ) ‘Before sofuiipn_= is possible, it will be necessary to.dispose of one variable; as
. 1t appears thaf the source of eqﬁations has been exhausted. As well, numerical
T " values must be assigned to ‘Ares’ and 'Interference’ (‘Advance; is assigned the
value determined above). - ' . . ., -
ot 3.6.1. Variable réd_uction A - . ‘ L
‘ S - An examination. of the mathematics of the three equations indicates that it ST
would be most advantageous to -dispose of *¢’, to _a!léw a solution through simple

matrix algebra. How_evé.r,’i the effects - of this factor on the system Characterisi;ics‘-

mu_st." fi;r\st, be explored. :
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The value of ‘6" has a mojor influence on the amount of interference

occurring, as indicated in Equation (3.17) sbove. A valueof /2 will reduce 'I' to -

a minimum. To a lesser extent, ‘9" influences the maximum afrerage log feed
speed possible, as shoyn in Equation (3.15) above. Reducing the last two factors

of the equation to a minimum allows the value ‘of ‘A’ to reach its maximunm, ie;

0.0636 cos & — 0.0041 sin 8 = min ' R (1 844

A simple observation shows that the gbove will be minimized when '¢" is

somewhere near ‘r',due to the weighting of the cosine term: At-r/2, the value is
. . \ y
quickly a\pproachihg zero (it reaches zero iﬁ 86.31 degrees).

4

The third equatlon gives the net horizontal displacement occurrmg as the
blade returns to the top of its stroké. A value of 7/2 for ' lmpllcs that mnmmum

log velocity occurs prec1sely at the bottom of the downstroke, while the maximum

h

occurs at the top of the upstroke, as shown m Flgure (3-11). The log is thus

accelerating through the return stroke and deceleratmg through the cuttlng

stroke. The latter.would be desirable, as it may prevent the teeth from cutting

into the wood at an improper angle. ‘The Yormer will be inconsequential, unless

the blade tends to interfere with the upper portion of the ker( profile on t;he.

upstroke.

Since the minimizetion of interference may "be the most important

‘con_s_id.er.ation in the optimization, and other factors will come into play through

which the average feed speed may be increased, a value of rr/2 for ‘' seems most

__--’""

approprmte - 0Of course, this. assumpt:on» wnll be re-evaluated through tbe'

exammatlon ol' new plots for values to be calculated
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Figure 3-11: Log Velocity vs. Sash Position

3.6.2. Asélgnx_nent of objective values

»

From Figure (3-5)- the gullet area was approximated as 180 mm?, or 0.2790

in?. The appropriste expansion factor ‘EF' can only be-accurately d}atermined ,

Y

th_roughl,’considera‘tion of all factors involved in the cutting process, as discussed (/j):

[

e e

nuniber‘bl‘ considerations W_e‘re taken into account,:, }
1. Only one tooth makes a complete cutting path' through-the wood; ell |
, other teeth cul:i out a comparatively lesser amount of material.-

2. The assumption of the volume of ‘the cut,:or more specifically the
. léngth of the cut, was slightly on the conservative side at the start.
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amount of swaging of the teeth (to be discussed later), to possibly
provide a greater effective gullet area.

4. All assumptions and calculations have been based on the maximum log
depth of 6 inches.

5. For Newfoundland operations, sawing will involve mostly softwoods
which, being less dense, should have expansion factors near the bottom
of the aforementioned range.

On the negative side, part of a ledge occupies each™gullet at the eﬁd of a
cutting stroke of all but the centre tooth, which breaks through the wo_od at the
end of its stroké. Since all other teeth are assumed to cut o,_lcfsser amqunt_ than
that of the centre, this effect should be negligible. All other considerations
indicate that the area analysis has been on the c.onservé.tiv'e side. For this reason,
an ‘EF’ of 1.5 vs"ill‘ be used in the formulation. Assigning the value of /2 to '¢',

‘Equation (3.15) becomes:

0.2790
1.5

= 0.056 + 58 + 0.0730 A — 0.0041 R (3.23)

Again using ¢ = %, Equation {3.21) becomes:

0.00134 == 4.68755 — 0.08282 A —~ 0.03158 R : (3.24)

g e o e

Finally, Equation (3.17) becomes:

[ = 0.07436 A — 0.08318 R (3.25)

{

Solution now ‘requires that a value be assigned to ‘I'.' Of course, zero interference

<
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is most desirable, but this would requiré a temporary reversal of the forward
motion of the log, as ‘R’ would exceed ‘A’. Any fluctuation in the velocity of the

log'will create a vibrational force function in the horizontal plane, as mentioned.

2

Conversely, with excessive interference, the teeth will tend to pull upward on the

log at each ledge slope, incressing the(sawihg power required and causing undue
, .

wear on the blade. As the teeth are driven into the faces of the kerl profile,

internal vibrations will be set up in the horizontal plane anyway, in this case in
the form of a sharp jolt at the beginning of the return strokr rather than in a
more gentle sinusoidal pattern. On the positive side, some compression of the

wood should. be poé'sible, making some degree of interference tolerable. ~ The

ar'n'o'u‘nt‘ will depend on tlie wood's mechanical properties and the sample condition

~

at the time of sawing.

3.5.3. Matrix solution of equations .
Computer program (A.7) solves the simultaneous equations -through . the
Gauss-Jordan elimination method”. Table (3-2) below shows variable solutior'xs, for

a range of assumed interference levels. In the last iine of the table, ‘R’ is assumed

zero (le, constant velocity) and the mterference is calculated rather than assumed.

r

. . . '.‘ -, ! i
Plots shown in Figures (3—12) and (3-13) are tooth traces for the calculated

_values indicated, 1llustrat1ng minimum -interference and cpnst‘ant'veloqity

conditions reépe'ct,wely. “The cross-hatched areas, assuming that initial

-

a.ssumphons concernmg the specxfics of the cuttmg actlon are cot'rect represent:

the wood volume’ cut out by the centre tooth as before. ‘ L

PN

LTt
“ab gy




Table 3-2: Parameter Solutions - Initial

[mm(in) A mm/sec (ips) R mm/sec (ips) g deg Plot #

0.000 4.204 (0.1655) 4.950'(0.1949) 1.359 (3-12)
& 0.127 (0:005) 4.509 (0.1775) 3.297 (0.1208) 1.348
0.254 (0.010) 4.811 (0.1894) 1.643 (0.0647) 1.333
0.381(0.015)  5.113 (0.2013) -0.013 (-0.0005) 1.320
0.508 {0.020) 5.418 (0.2133) -1.666 (-0.0656) 1.307
*0.381 (0.0150) 5.113 (0.2013) 0.000 1.320 (3-13)

*calculated :

; ' o S :
Examinations of the calculated values and associated traces bring to light

-

: some important considerations:

: \ : ,
1. Calcuilated ‘8" values are very>low, which justifies assumptions made in
‘ the previous sections concerning offset values and efficient cutting o
‘ angles. o
2. The ‘top of the return path ‘of the‘first streke clears the kerf profile by
a slight margm as predlcted

3. Calculated maximum allowable velocities are extremely low. At an
average speed of 5.418 mm/sec (0.2133 m/sec) (the maximum above
assuming a, fairly high interference level) it would take more than six
minutes to maKe a complete pass through a two meter long log.

A . ‘ 4. The -assumed allowable gullet atea of 0.1860 in? ', after taking into
S ) . .con51derat|on ‘EF", is reduced initially by about one-third through the
oo ' ’ geometry "of the two adjacent p]a,te deflection curves, ie; lntegratlon of

the curves between the assumed lithits-gives 2’ value of 0.0562 i in?, "\
o A "J * . ) A
‘ 5. The avallable gullet area.}é further reduced substantially by the ‘54’
Lo tefm. of Equation (3.23). "For an angle of only 1307 degreed (the - |

HREE :mmlmum calculated above), the reduction is in the order of 0.1140 in?.
' Theteflore, conSIdermg both the blade and curve geometry, the gullet-

o L A ‘ " area remainjng to be accounted for by the log feed is only 0. 0158 in?
1 ' L In other words, most of the space avallable for removed materml

" . " N .
. . v - . . . .

" . | . H 1Y
. R -
) ' L]

-
L 3

S e -,
.
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would be ehmmated even if the log remamed stationary during the

o _ cuttmg st{oke : . :

L , 6 The range speed ‘R’ becomes negatwe as the mterference passes that .
TT— ~ value listed on the last line of the table. This indicates ‘that the phase .
" : - angle 0"ha.s become —90°; with the maximum log velo¢ity now SRR
S occurmg at the bottom of the stroke, and the minimum at thg top. * .7,
Vn . : Thls, in conjunction with the previous gbservation, indicates thaf log. .. . Sl "
. . " feed is more p]ausxble durmg the return stroj(e than during the cuttmg
e stroke for, the present small gullet capaclty C _

' 7 Reducmg ‘8" 'to a. very small value would not lead to any great
. advantage, as this ‘would greatly testrict the amount of feeding .
"o allowable during’ the return stroke, to avoid interference with the kerf .
e face at the top of the stroke. ' PR
8. The initial a.ssumpt}ons made concerning the sizes and shapes of ‘the
. ' arens,cut out, as shown in Figure (3-8), are proven invalid by the tooth
S - traces. It appears that- cuttlng does not begir at the first ‘ledge’, but
rather at some lower point, depending on the feed values involved. .

N T . B - . . .
. 9. Although the equation expressing the area between the curves for. the
A N ', - assumed limits is correct, it does ‘not -accurately .reflect the area .

© removed by the centre tooth. For the extremely ‘low..feed rates
. calculated, the area between ‘the curves over the range of integration -
e . . does’ not fa]l wholly within the area of the remaining kerf (single
R ' . hatched aren). Thus, the expression for enclosed area will include an ‘
. ‘ amount of open space.along with kerf prohle space. Equating this to . -
e : the-tooth gullet area therefore induces a large degree of conservatism. s I
‘.\".. ‘ ?‘ . " N ‘ l o . Y . Ta -
SO o ‘: S In. light. of these new observations, particularly the la'st two, new
T assumpuons wnll be made regardmg the area(s) of the centre tooths cut.
L ' P oL ,
unnhon (3 23) will be renssessed to better rel‘lect the true sntuatlon, while - © .

i

. A)
=
¥

ae

-

M - . R of . , Y

quntlons (3 24) and (3 25) remam vnhd

7
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. © 3. 8 EQUATION SOLUTIONS RE-ITERATION ‘ o :
, Equatxon forms developed in Section (33 1), wxll be used dlrectly in this
s ‘] . 'l.'
revnsed nna.]y51s, with ‘simply the introductlon. of n'ew ~]lmlts .of mtegrntion. SR e
* & ’ - :
Assummg that sawmg begms at . the next lowest. ledge, a.nd thnt oncc ngam a .
wedge-sha.ped portion and a SOlld st.np less a wedge slice are cut, the upper hmlt. -
/ * becomes ~0.5 in:- The lower. hrmt remains -3.0 m‘. R o K 4".-'- “w
| From Equation (3.3), the constant area under thehstationb}y curve portion
' P of z (vl) is 0.2007 in®. From Equation (3.7). the area under the feed curve is
o ha " T o !
calculated to be (for § = 90°): R
r 8 R L . (
. A A es R s10 . see) N ¢
o o A= — 5 (5:5976) — 2 (0.6195) | e N
. \ .2 . . . A o - Lo
e ’ . . . . B B AR
. The total area under the trace z (vt} between the new limits {for w:= 28 =~ ° . .°
T o rad/sec) is now: - . B . ' o4 *
.._‘ . T ! P .' ) M .\nq ‘ f:',*.‘
- e A = — 02138 A — 0.02366 R + 02007 @2y, . T
e The new limits of integration for z (v,!), the adjac'ent tooth, are: :
b ﬁ"*“ . : . ¢
. o ab o= = 05, - v'=075 . ‘ ‘ .
at v= —30;- v'= ~ L75 : . AR
‘ b ’ ? ' - LA
. The fnrst fwe terms of Equatnon {3.11) gwe 0. 3058 + 3. l25ﬂ in? as the area under :
K . ' the statxonary curve. From Equation (3.7) the area under the l‘eed curve s . ;\.
.'\",.: . 9 ‘: - , , _ ‘ ) - ' , . . . . ' L ‘ :::
| e ' . 'A T R "~ e ) ’ " R vl’v‘
B e A o= - + ;.35 4) - ;-(0.?953) | \ ...(3.28) _
b



(3.29)

New solutions based on the revised Eq.uation ‘(3.3(‘)) are generated as before, and

The plot shown in Flgure (3-14) is a tooth trace for the selected values .

', ore listed in. Table (3-3). ‘
» Table 3-3: Parameter Solutlons Second Iteration
‘Ivm-m'(ix.l) A mm/sec (ip§) R mm/sec (ips) 8 deg- © Plof #

0000 B 4.240(0.1673) 5.004 (0.1970) 1.362

0.127 (0.005) 4.486(0.1766) 3.277 (0.1290) , . 1,345
0.254 (0.010)  4.732 (0.1863) - 1.549 (0.0610) 1.329 (3-14)
0.381 (0.015) ~4:973 (071058) -0.178 (-0.0070)  1.312
- 0:508 (0:020). 5,212 (0.2062)  -1.805 (-0.0750)  1.205

- *0.368 [0 0145) 4 948 (0 1948) 0.000. - ', - 13138

*calculated e T .

., \ .'t 3, .,

mdlcated :Ks before Jthe cross—hatched ares represents the wood volume cut out

‘a

by the centre tboth

)

-




interesting features: -

Examinations of the equations, solutions-and plot again bring to liéﬁt.SOnre

1. Calculated maximum a.llowa.ble feed rates are still low - the
1mprovement over the prevrous results is insignificant. ' :

"2: The ar}aa between the statronary curves over the new, shorter range' =
. has actually increased by almost double' from 0.0562 in? ¢ 0.1051. ;n .
This is'due to the curved’ nature of thEIil' paths, creating a ‘eross-over L
point above which the area is numerically negntwe - It is this negative . .-
regron which is decreased when the range is shortened, thereby -
- increasing the actual area valie. “This offsets much of the advnntnge
gained through a lesser area accounted for by the blade inclination.-

3. ‘p’ values remain low enough to still justify earlier assumptions.

-

4. The profile is aga:in cleared on the upstroke.
5. The range speed, again becomes negative as interference’values are
allowed to increase. - ) \

8. Cutting still begine at a point below thatassumed in the initial
derivation of the equations.

7Tgmn the cross-hatched area does not cover the entrre area between
the curves over the interval-in question. '

- ' ' ' .

v
4

It -is .obvious that the maximum allowable feed rate is‘ultimately limited,

. f -
regardless of the blade angle or mtegratlon range assumed. _The general

conciusronr to be made therefore 1s that glven the exrstmg blade and system‘-'

conditio_ns, high log throughput rates are an ir{npossibility. Improvement is thus
possible only through a variation of one or more of the set parareters, * -

- ‘ ]
.

An increase in the‘bscrllatron frequency of the sash frame would lead to :

L

. 1mproved feed rates, a.s ther.e is & dlrect lmear relatronshlp between the two. Thls s

‘ LIS . :
- does Ile_uiﬁe future of the maehlne, but since a calculatlon for the lnorense m'

\3 ‘. . . '-' I'. . M ‘ ~T -'.- .‘.l.

S <

o
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a,,‘.,'_ . e _ ) ‘ . IR
i feed rate for an associated frequency .increase is not necessary,. it will -not be

v ' ' - drscussed further Increased feed may also be realized through a reductron in the - : w

f “-: Co ' depth of log bemg sawn. As thrs wou]d depend on the particular clrcumstances, it

'does not pertain to the calculatrons here A change in t.he phase angle '0' may .

. prowde a- shght feed 1mprovement but would be accompanled by 1ncreasch

\ 1 vLT
PR ATS . . - . . . ’ * . N . "
LS . . . ‘ - .

S ,mterference. o . \ I . St

.7 The remaining pirameters to consider are the blade geometrical factors of

_ pitch ard gullet area. The first is directlyincorporated into the derivations °
. 4 . . v A A -
Lo " leading to the three governing equations, and thus an exploration of its effect on

feed rates would involve considerable alterations.” An initial empirical

examination of standard tooth.profiles shows that gullet area is somewhat related .
to pitch, and thus g'reater allowable feeds might realistically be expected‘with

;'* . 'great'er pit'ch values: ' However, an mcreased pltch would increase the honzontal '
. L}

, -

offset between teeth- (1e, the ‘g’ factor), and thus negate -a proportronate nmountA '

r, N o('_ the newly gained gullet area, A greater pitch would_also raise the point of

-maximum'iriter['erence, as scrlbed m Sectlon (341), and thus mcrense._‘

mterference by 1ncreasmg the log advance during the mrtral perrod of upstroke. A

lesser prte*h would lessen the avallable gullet area, but also lcssen the horlzontal '

offset and the mterference.. L, A /

. .
-~ .\ N ) s .

' <t . .
Lo Co o . o ‘ . L T J ' ' . k, "
.',‘ . ’ ) : ~ . c'\‘_N ’ \ L. o, . K

. . . . . . .t . ..

3 IR 1}; A more feasible approach at thrs time, ls the consrderatron of greater gullet, -

}

ok A 'dreas for saw blades wrth pltch as assumed throughout the analysis Thls is- -

o ’ ' v

detailed in the l’olldv‘vm\g sectlon.-‘At g later time, cxtr.anéous to thrs study, the .
R oot : e

RN . . ) .
i . 2, .

- combined effects of smaller pitch values and’deeper gullets will bie exammed.




3.7. EQUATION SOLUTIONS DEEPER GULLETS

Gullet ireas for five standard North .A.merlcan band saw blade teeth as-
shown in Figure. (3-15)10, are hsted in the adjomlng table (as estlmated thréugh
. B the method descrlbed in Section (3.3) above) Solutions to theé three snmu[taneous
equntlons for each of the varlous gullet areas (dwnded by the assumed E F.of 1. 5)'

| 'I'or a rahge of interferences are as listed in Te,b!e.(3-5). Plots for se]ected values-

as indicated are shown in Figures (3—'16)" through (3-23).

. '
L}

. Figure 3-15: ‘Sltendlar(‘l North Axneltieair:'Bahc!‘Sa‘\v Blade Gullets o

LT ' From exammuttons of the vanous solutlons and plots, a few Aeneral'

thegs . . - M .
o ~observat10ns are noted, and sorqe concluswns drawn. , o CoL




77
‘Table 3-4: ‘Gullet Areas (est.) for 1.25 inch Pitch - ;_' . o
» . ~ o, oY
Gullet Depth (in) - Gullet Area (mm®) Gullet Area (in%)
08750 - 180  0.2790: |
0.4375 203 0.3147
05000 298 0.3534 ‘
0.5625 257 . 0.3084 N
0.6250 - - 320 0.4960
1. As the gullet area has increased, so has the resultmg g’ value, but not ‘ ..

‘to a point where the original assumption has become invalid.
Considering the maximum ‘g’ listed of 3.137 degrees, or 0.0548
- radians; sin (0.0548) = 0.0547. . : '
.In all plots shown it appears that the entire kerf prohle is clcnred on
the upstroke

| 3]

3. As gullet areas increase, ‘R’ has a ter;de.ncy; to, become’ negative ‘at’ a
progressively higher rate of mterference, sand not at all for the deepest ;
gullets.

4. As expected, th?ere is -a considerable increase in the maximum |,
allowable log velocities caleulated. - Values for the first deeper gullet, -
0.4375 in., are more than twice those determined for the initinl gullet

_depth.” Slmllarly, the velocities are about-3.5 tnmes better for the
0.5000 in. gullet, about 5 times.better for the 0.5625 in. gullet, and

" more than 8 times better for the deepest, 0,625 in. gullet.

5. As before, at ‘a zero mterference level ‘R exceeds ‘A’', with ‘the
- difference becoming much grenter with the progressnon through the
. range of gullets ' L e : -

, 8. To obtam a reasonable ‘A/R' n\ti\o, which '}:vns the'fnct.or in .selecti;lg' :




,,,,,,,,,,,
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‘Table 3-6: Parameter Solutions - Deeper Gullets

_E‘ ‘. . ‘ . Py . N

Gullet (in) * . I'mm (in) A mm/sec (ips) R mm/sec (ips) B deg -
. ". TN ( ‘ . » . : . : . %“ . —
KEO S *0.000 - - 9.304(0.368) 10.955 (0.431) 1.654 -
R S 10.127 (0.005)  9.545 (0.378) 9,228 (0:363) 1.637
RN s - 0.254-(0.010) - 9.787 (0.385). ~ 7.501 (0.295) 1.621
0.381 (0.015) °10.028 (0.395) .5.773 (0.227) 1.604 _
0.4375 *0.508 (0.020) 10.269 (0.404)  4.046 (0.159) 1.587
© 0.635(0.025) 10.511 (0.414)  2.319 (0.091) 1.571
0.762 (0.030) 10,749 {0.423)  0.592 (0.023) 1.554
, - 0.889 (0.035) 10.991 (0.433) -1.135 (-0.045) 1.537
- 0.805 (0.032)  10.833 (0.427) 0.0000 1.548
' ) , N
; 7 . )
*0.000 14.785 (0.582) .17.407 (0.685) 1.971
0.254 (0.010) 15.268{0.601) 13.952 (0.549) 1.937
0.508 (0.020) . 15.748 (0.620)} 10.498.(0.413) 1.904
0.5000 *0,762 (0.030) 16,231 (0.639)  7.043 (0.277) 1.871 °
RS o : 1106 (0.040) 16.713(0.658)  3.589 (0.141) 1.837
Lo : | _*. 1.270(0.050) 17.193 (0.677)- 0.135 (0.005) 1.804
. 1,280 (0.0504) 17:214 (0.678) 0.0000 1.803
\ *0,000 31.158 {0.833) " 24.910 (0.981) 2.339
 0.254 (0.010). "21.641 (0.852) 21.445 (0.845) 2.305
10,508 (O.M.(osn) 18.001 (0.709) ©  2.272
' ) 0.5625 0.762'{0.030)  2Z:803 (0.890) 14.547 (0.573) 2.239
‘ - *1.106 (0.040) 23.086'(0.009) 11.092 (0.437) .  2.205
Do ol _ /1,270 (0.050) 23.566 (0.928) - 7.638 (0:301), 2.172
S . ‘ . 1,831 (0.0721) 24.633 (0.970) 0.0000 2.098
. *%0.000 . 34:988 (1.377) - 41.101 (1.622) 3.137
" 0.254 (0.010)  35.469 (1.398) _37.737 {1.486) ‘3.104
s . .0.508 (0.020) 35.949 (1.415) 34.282 (1.350) ~ * 3.071
. 0.6250 . 0762 (0:030) 36.431 (1.434) 30.828 (1.214) - 3.037
_ ' 1.10670.040)  36.914 (1.453) . 27.374{1.078) - :3.004 -
*1.270 (0.050) - 37.3Q4 (1.472) 23.919 (0.942) - 2.971
70,0000 . <2740

-

2,028 (0.1102)  40.731 {1.604)

>

3 D N
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L : - condmons to illustrate on the plots, a high interference level had to be
v . assuimed. When deciding on an appropriate gullet size; this mxght be
EATEE . an unacceptable situation, ruling ous the deepest gullets as possibilities.
S ) and effectlvely llmltmg the ultimate velocltles. . I

. Enough information has now been cdrhpiled concerning the influences of the

' many factors involved in the cutting"to draw some solid- conclusions, and make
recommendations on the future development of the MUN sash saw. These are
- cgvered in the next and final chapter. o
+ ’ ¢
oy
! \

=
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In general” ~generated traces drd velrdate the t ree major assumptrons

purported wrthm the text ot' the analysrs portron o thls study

" measurements obtamed from the generated traces mdrcated .that mterference

oy Y

Manual

L LI

levels a.t Ehe approprrate pomts corresponded W1th those assumed m the

- . 5.-.v cale s
‘. LS \y...ﬂ.

calculatrons._ Rough measurements a,lso showed that where the 1ntegrat10n li’mrts

: assumed Were va.hd the a,rég between the afd:’js.cent treces approxrmated the

L

the necessrty of lncllmng the bla.de from the \rertrcal to Irmlt beck-cuttmg - f"

gul]et capacrtres assumed although for the orrgrnel gullet thls aree drd not fell

wholly wrthrn the Jcerf proflle. Fmally, rn all' cases the tooth returned to the

. 'l'

correct horrzontal posrtron at the culmrna‘tron‘ of the return stroke N “-,

-

Results -rndrcate wrthout doubt that wrth the present tooth patteru, feed

K l
-

-

vrates and thus possrble productron rates are severely hmrted The rate
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P

determrnmg factor appears to be the present gullets hmrted capeelty to Etore cut e
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mat!:rral eTflclently The‘ exceedmg of the hmlt seems' to .‘ _ ‘a. 3mell part e
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'mterference. . The correspondmg horrzontal offset betWeen ad]acent teeth

. B o,
.~ . - . K s - 1,

v ." . : multlplxed by the length of the stroke p‘roduces a value whrch consumes a major
' Ry portlon of the avarlable gullet area. SR * e !,"i" \..:-;:;_
L \ _ Some dlfflculty Was expenenced in” decldmg on the most appropnate hmlts B
v -: ‘ ,Ior calculatlons ol‘ areas between adJacent tooth traces However, D cases where lj . .'

' med—lrmrts—drd—prove—veh&(w—for—the—degp

resulted These deeper‘ gullets may appear at flrst glan‘ce‘to allevrate the feed

v
. R Sy .

O restrictlon problem, but lateral strength comphcatrons ma.y arlse when the aspect

' -

JAES ~ratlo of the cantllevered tooth 1s mcreased Thzs however rs not to be drscussed

here,’ as: tooth deflectlons and any correspondmg losses in. sawmg accuracy are a.

g ) .~‘1.'~“"

of standard depths, and the plots assbmated wrth thls rpartlcular srze agree very

. ' . n*w 'w :
v NG . . .»‘uﬂ,“ ,"Q.I“"a--.‘

well w1th earller essumptlons. rﬁs -arcomparrsbn, the use of a r0f50 1nch gullet

depth wrth P’y 075 1nch prtch ln typlcel Swedrsh frame saw’..desrgns proves '

'q,., ,'r‘.s‘("‘* "f

] ,',:,‘ successful although a heav1er 'éauge of blade is normally employedu‘ LY "l

.‘2. The fu‘ture bf the, MUN Sash Saw , - r

Feed rates calcnlatecl hereln are expressed m umts of dlstance per second L
/ . ‘,\v,i*. - n‘ -

. . -, : . . X P ‘ K K

based upon a calculated rate of sash osclllatlon._ The rates may lre expressed co

-

)S- to

i O {.tj'_' gabsolutely in dlstance per stroke values wrth the maxlmmm constant portxon feed
3,00 e -

”" l

rate ol‘ 40 73 mm/sec (1304 xps) translatrng to 9 76 mm/stroke (0 385 1n/stroke)

l'or the assumed 250 cydles/sec osclllatlon rate. Thus a change m frequency
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D frrst aim . of the- current sash 5w relatedo endeavour, 1nmated at the begmmng of SRR

e b oo AT

i

. -,

ni,

.." N : 1986 Frequeucy increases rlll be reahzed through a stlﬂ‘enmg of the suspensxon,

by enther the‘addltm ol b1 ing spnngs at the plate ends, the selectlon ol a more i

surtable plate materlal or ¢ rough a comblnatlon of both Calculatlons as shown .

*

) o w1th1‘n' wxll pronde. a gulrtde ror the determmatron of sprmg constant values

approprlate.fon.annob,]ectuc‘ l'requency--...‘,_h_!-t HV‘,._,_,-- . c;_'-__ -

N " F) '.l “ N G ‘e - ‘ -~ ‘.' - . A
A . - . » +
¥: . .

T » *, Y -

The second rr\ajor»ftrea of development concerns the saw blade ltsell'

S,

. R .,41}'~ .

Equatrons developed here lead the way m the selectron of suxtable blade and teeth

v, ‘,-.__

\ PR T * s Lo

geometncal parameters‘ l—\ possxble partral solutron to the l‘eed rate drlemma m, -
0 . 4“1 ! "\'4 i oo "“"" N
the use of sprrng or. swage Set teeth 'as lllustrated m Flgure (4-1) below . In the

TN 3 4, .\‘-v N

Sprlng set case, teeth are alternately :set to enther snde of the central plane of the | ;:‘ .

"\’»J“a i,

o]

blade, for the purpose of: shcmg a path through the log wrder than the blade -

"

tluckness. The wrder cut prmndesF clearance l‘or the reductlon of frxctlonal—forces

2 ! . BRI .
, tl . .'4. . f .,.“a\

'w‘bﬂe prov1d1ng a po§51blet storage area for waste

R ,.ua W -
VR EL . P LN R I gt e ol “

materxal”" Inq a. typwal SWedlSh frame saw teeth wnth ,parameters as shown’ 'm" '- {

. K

Flgure (3 15) aré sprmg g At 0 024 1nches to erther srde, fml n- 1§ or 18 gauge blade -;

- ._._.‘..a - - m————

o

..,"f, N . : “, N ;’, "y,.‘ N

-

lengths), and cants'less t, an 6 1nchesxdeep The allowable feed i is cut to about

one-thlrd for an 8 to 10 vnch cant l'or the same stroke length11 HOWevel', s

R

dlscussed earher, tlns brute l’orce method ol’ sawmg involves hlgh energy

. BN . A .
o~ Ll P - T-
ST . .

consumptxon thh only a. odb.rate reductron }n matenal wastage (the cut wldth

1
W : i ,:,\. '
o s oad

':‘ \becomes about 1 /8 1ncl1 wT.h the comblned heainer gauge and sprrng settlng)
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FFigure '-,4-:1; ¥ Saw ’I}oo'th"- Spnnga7dSwag§ Sets“: }

Another—solutron may be the 1ncorporat10n of tooth swage settmg, 1n whlch

* : . .‘-.“;1 :l\, [ . . i
the trp of each Eooth lS lnrtmlly w1dened through sunple cold workmg between eqﬁ
,e? . L
and dle, q.nd then shaped and sharpened to the nfost efflclent profrle. Each

.’/tooth then cuts a path normally twice as w1de as the blade thlckness, when _ i

- -'shaped to the approprlate half gauge to elther srde of centre. In the present case. -\

: the cut wrdth would become about 1/16 1nch An effectlve dodbhng of the gullet

(

.o '\,
""capamty may also be reahzed except that twrce the matenal la now bemg
.‘.- — --wremoved and must—bes red whlle the tooth—xs lnsrde the cut The-—nature of the

tooth sha.pe however may allow more matenal to be sgueezed out between the

.

srdes of the blade and the WOod faces.

r\ -
\'—‘

. ‘e
Al

Fmdly, 8 Ieed mechamsm must he mcorporated to prov1de 8 feed functnon

3 T v T

" o B . N T s

. f . L . . . . e

.t ~a - . N . . - .
. e . N -

" »

\ w:th the mherent ablllty to reduce or ehmlnate back-cuttmg ‘interference. The ,
e ;-.‘3‘\‘; combmed constant/sinusondal functron solutnon assumed was 1ntended to provrde-
A 1 :

g '«-,;,.,.,f\‘for thls wnthout the lntroductron ol’ an unreasonable honzontal shakmg force..‘l: -

B




The level ot thrs force i dependent upon'the/ ctual fog mess end the acceleretlons_'.'

1t experlences durmg speed transttlons. /Instantaneous stoppmg‘ nnd starting,-
which WOuld be the case wnth a hesntatmg feed are’ undesrrable. However any feed'
e e ’ . "

? - -

functlon in whlch no net log. movement is experlenced durlng the bottom portlon. :

'of the cuttmg stroke and an equidlstant portlon of the upstroke would ehmrnnte

, —

the mtert'erence problem. It thls can be n.ttamed through gentle transrtlons, then.

.-

A

1t ma,y prove’ to be a more vrable solutlon. The mathematlcal annlysrs hod.

t
e

employ ed(wrthm c°‘11d then be/used to évaluate ‘the’ optlmum velocltles glven the
: S ‘ "
,_, new feed functlon pattern .;,/"'. .

A\

Through the use oZthe a.nalysrs techmques developed and the mcorporatnon

S of the tooth modnfrcan? s presented here it is- envrsroned thet a new efflclent sash
% 54 -‘f -

. Saw de91gn and subsel{uent prototype xvrll be reahzed in the neer future.,

’
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R IR e - nucnnnnh"nonunnonnnonunnunnnnn : . - =
T ‘ .~ ¢ PROGRAN #1 - CONFUTER SINULATION OF THE RELATIVE V g - .

S . ) & - MOTION OF SASH SAV BLADE YEETH DURING THE SAWING o \ . .
- . ’ m';\cutu:u- , M . . ] e
' o - nnunu nn“uonnnnnunua“uunouonou r A
woe L ) - nxmsml m:n.(:so) XDISPL(250} | .. CoL | LA S
. : oot - . DIMEMSION X(BO1),Y(501),XX(501).YY(601) e s . . Lt o e
S%T et ., DIMENSIDN H(501),V(601) :# N - - - L
. ) * .REAL_AD,ADV,ANGLE, BLDANG, PITEH, MAXINT- ' - T

PRI ' ’ . INTEGER OPTION,PI10 ° , -
K : ' LOGICAL#4 T1(T): : '
JLOGICAL®4 32(4) . . . C B . ‘
- oareas: e, . v . . . .
A " LOGICAL®4 ‘T4(7) . T : S .
© eI LOGICALeA TE(T) ot . ’ : . ST
I mamﬂu T6(8)\ ’ e, N ‘ E - SRRS
. TLOGICALSd T7(B) - - S . . c o
PIRA.OSATAN(L,0)- &' " o " - 4
. _TYPEs,'WIAT IS DELTA XELLY' a T . ) : e
R IYPES, ' (IRY, u.é"oooos)' Yo : ~ - o
o ACCEPN.DX!LL : - o T S, g '
TYPEs, 'WHAT 18 XELL CHECII wu.uz ST 1 Vo
. . TYPEs, '(TRY. 0. ooooa)' e PR : .
LACCEPT® EPSL- . i * . O
v - EPSImg/EPSL | .. " R o \ X
© L TYPER cHOW ANy mmms FOR smsons c:vum- . ‘ -
<, s TYPEA,*(TRY 50)* f.. g o o
T v ACCEPTO M- < % cTan . —_ : :
. TYPES,'WHAT IS nu;mu. B nxsrucmr VALUE (POS) I xucm-:sr o -
.+ ITYPEe,P(NCRWALLY'S 42)*" . .
Y ACCEPTs,VI. = ¢ . o . T )

RO o B! ces Ty . -
NGT . L. TYPEY,WHAT,IS CRANK AW Lbu:m (10) rx.msr-:r- : SR N T
’ ' 1YPRs, * (PRESENILY, 36.480 m' - R o ..

. Accurocx.- . R -

: St - Qupel. ) ‘, o L. e s

AR bbmsmx R <\ :

. " . - C

 STCRTI RS TETY, S . , .
! TH=2E, vPIeT/S, £ T . i . -
omm-mocos(tu)ocmu-snnm-(vmn)-(smm))uz/(m-mnvo 026 —
13 -comm S R ; . : R
- c' M W ‘_ . P o . . .-‘ .- . -
“im QT LA Bl-:r or Qm.zcuul POINTS' FOR THE PLATE END HAVE NOW BEEN GENERATED -
.7 XF1Le30.860/40.0° . - : - :
. DOIBI=1,Q T . - . L
", ' Fhcagob, T o7 L T e
28. vm-nm.tu o : oo® . '
2 CAu. NUNINT OGILL, VEE, N, ELL) N T T
AR 131 } 17¢5T RENTH.. TS LI S S s
N XELLAXELLoDELLYFAC St . o
R LR R S
- 8 e i XELLAXFLL-DXELLFAC. . o o LT

'Y

LT YRGeRAGnR. Y TrETL Lo o
e Y eo'ros .3 , ST : oo A AL T

) 3 " DEFLEI)R40, *VEE - o L , .
it XDISPLAI)edQ. dXELL - e . e
co-ie . weiTECs, e)nm.m xnmx.(n s L :
SR counlur.




HORIZONTAL SPAX FOR EACH DEFLECTION POINT HAS BEEM. GENERATED

DO351s1,Q ~

X(I¥=DEFL(I} .

Y(I)-XDISP(..(I)
CONTINUE

DO141I=1,Q,1

J=IsP _ _

K=I02¢P

Lal+3eP

X(J)=-X(1)

X(K)=X(1)

X=X (D)

Y(8y=Y) .

Y(K)=Y(I)

Y(LY=Y{I) R
CONTINUE BN : .

L

DATA FOR SEFLECTED PLATE HORIZONTAL SPAN vs, ‘DEFLECTION

FOR TWO COMPLETE CYCLES !IAS NOW BEEN STQRED. - -
70 THE-DATA WILL NOW BE ADDED QUANTITIES REL!'STIIG THE NET. b
HORIZONTAL DISPU«CEIENT DUE ‘I'O Loa ?m

.

.

Fun.ur(rr 3, mx ra.o ' o :
TYPEe, 'WHAT IS mn VALUE uwznncm "oF FEED sr:m (1n 1nlm)r'
ACCEPT» ;A
" >TYPES, *WHAT IS AIPLITUDE cmoz) oF m:n wucrtou (u 1nluc)!'
ACCEP‘I".R ;" . ‘ [ . .
MAXINT=0.07436%A~0. oaamtn i ' )
“TYPEe, 'WHAT IS PHASE Anvucs OF FEED sma FUNCTION (dogrmn'
ACCEPT® ,ADV " .
TYPE®, "WHAT IS FIGURE WUMBER AND cugzr or:rrur' S
" ACCEPTw, IFIG,GUL . : .
.. . ADZADVP1/180,
w=25.P1/3,
DO7Ixt,L, 1" - .
" 1240 12)#(1-13!? .
WIsWeT
Y(I)-Y(I)-(Wo(cos(An)-cos(Ao)-cosmhsm(nn)-smtm)
T Y(I)=Y(I)=AST . -
CONTINUE o
o ML .
'pO18I=1,N
HCIXSX ()
“2V(IET (D)
" CONTINUE _
CALL PLDTB
CALLAXIS (1. 0,1, a,' . -1..0..&.. 5 0, 1 o
CALLAX1S(1.0,1. .8 *11.,4,,00.,43.6.-1.0)
CALL DUNP Tl
"DATA T67'VERT', ‘xcu..' . nqg'.'wc,r'.'mu‘ v (dn) 0/
"DATA-T7/°HORI®, "ZONT*.*AL §*;'PAN *,’(in}*/
. CALL SYMBOL(4.6,1,1,0.14,76,0.0,24)
© CALL SYMBOL(0.G7,2.72,0. ux‘rooozo)
'CALL DUNP ¥ . L .
CONTINUE .- -t
-xao:)--a,o
. Y(Ne1)m41.5
X(Ne2)m1,0
= Y(Ne)m-1,0




nunumn--m--m.u e s v ope

e CALL STMBOL(1,8,6.4,0.21,714,0.0,28) »

|- oA oUW gy Ty - ‘ S
S DATA T2/°% CO', 'scw " tn’,eec’/ ; . ' e— ek
- T CALL STMBOL(5.76,6.4,0.20,12,0.0,18) \\ - N
o o . gmmntusuoztoowmo 6) - )
Lr. = X T GALL puMP Co b
L " CALL NUMBER(4.88,6.4,0,21,0.0,R, “(F6.4)",6) : .
' Lo . CALL D e -
- : DATA T4/°'FI0. T R TR SO O ey : -
v "CALL svmou}m\s 0.21,14,0.0,20) Yot _ e
. " - CALL puwp S . '
e . ' “DATA'TB/® "=ttt L, 'in ’ 'IM’.I' 'rhr' *ince'/
e T . CALL SYMBOL(6. ao 0. 8,0, 21 16, 0.0,20) . X
oot . yTTTTTSTTTTT O CGALL DUNP - .. - - .
oo e " CALL XYPLOT(1. 75045 3) . . et RN
RN : ’ "¢ . CALL XYPLOT(2.90,0.45,2) . .- . L ' S
Ly oo CALL XYPLOT(1.76,0.45,2) . T v - . ot
J CALL NUMBER (2. eeosozxoozo (m' mc) ot . C
) CALL'DUMP - o ‘ ) _ Ty
N CALL NUMBER(S. mosozr,oouln. " (Fs. 0'.0) ', ‘ T o oL
GALL DUNP - . . & - . . CL
*.. CALL NUMBER(8.04,0.5,0.21,0. o.nxm.-ars.n-,a) - ) o= :
CALL DI, v e R N
TYPE®, 'CHANGE TO THIN PEX AND nu t m CONTINUE! L ' S
. ACCEPT+, OPTION ‘ . - - ‘
g u'(omol.n 1)60 10 4oo T . B
. CONTINUE -~ : T S
L cm.ulz(x\rutooou) I g
L cu.L nun '

:'f\ oo

¢ LTHIS SMTION PRDVIDB FOR_THE PLOTTING, OF. ADDITIONAL BLADE
< . f!ETH THROUGH INCLUSIOR CF VERTICAL MID HORTZONTAL OFFEETS
¢

PEEY

m-z- 'WHAT 1S SAY numz ucm (0" ccx m- ‘yart) u DEGREES?®
ACCEPT+,BLDANG ©~ - A . . _ :
ANGLESBLDANG#P1/180; - - e ~ : S
“TYPEe, '"WHAT I8 SAW-TOOTH mcn (mm)r- . T R . S
ACCEPTe,PITCH . - Ty . .
180 . - TYPEv, "WHICH. TOOTH (1,2, 4, or . 5) vo YU WISH m.om:m' ‘ : .
_"ACCEPT¢ ,NBLD . el T . . :
IF(NELD . EQ. )60 10'800. *. CAUR N \i e
IFCNBLD:LT. 1)¢0 TO $00 S e ' '
“IF(NBLD.GT.B)CO TO 300 e o R
" CALL BLADE(H,V,NBLD, mcu.mu: n XX, m = : N .
Wi(N+1)n=5.0 , . ) Ny o o ‘
YY(Ne1)=d2.8 " o, ST . N~
)0((!02)-1"‘0 R ST . < | . A
YY(Ne)R-1.0 . . S SRRV Lo s
cn.l.t.moocw.l.xooou)'- . A L
CALL pUMP - . o P . : PR
. . > €0 10.180 N D
T U300  CONTINUE. Y . e e o T e T

- DATA 18/°BLAD" , 'EAAN* -ox.s Lomt e 'dt(r""ul"l o s]":
. CALL'STUBOLY. 8.8 .0, m noom o e

 CALL mni'a(s.u 6. o o 21.0 u m.mﬁ '(rs.a)' 5)1 : Coe
I m Dm '_' . . 0 '. . . M ) ) : X . -, 4-‘-
rﬂ-:o -rn mmon urm mmm\s mz v . ; L T

400




Acmr- DP'I' .

_ IFCORT.IE. 1360 10 $oo

“so101
600 STOP
’ EXD
BEGINKING OF SUBROUTINE 10° DETERMINE VERTICAL AND
HORIZONTAL OFFSETS FOR. THE ADDITIONAL m:ru DUE 10
*THE nums IICLIIIMIOI AND rouw'mcu

aoaaoanao

SUBROUTINE BLADE(H, v nm.n PITCH, ANGLE, N, xx ‘~m
DIMENSIOR XX (501),YY(601)
DIMENSION H(E01),V(501)-
po20o0r=1, N, 1. - - -
xx(n-H(I)-(s-um.n)-rncn-cosuucm)
Y*t(n-vmo(a-um.o)cﬂrcmsm(mow)

200 CONTINVE
anlma ur nuucz-xU'nA Iun:nxcu. xurmuuou sunnuur INE
TO DETERNINE wrnuxxumm THE auarzoum. spu 0F THE
nm.ncrmrum’.’- \ .

AN

SUBEUU‘I’I!IE IIUIIIT(XH.L VEE.I.B.L)
DII‘EXSID" Y(lOO) X(lOO)
HuXELL/Y :
J=t Lo
=Nel
SUI'O 0
X(J)*D OO(J—IJ‘H

< ¥{JI)asQRI(L . +(ae.-VEE"2)S(x(J)"4-2.-x(.l)usoxmuz))
L JFQLERINNGD.T0 20 . L
‘ nrutnl)cn 1020 -
o ..o IRCINTQ/2. )-1/2 )80, 40, (o
20 ‘»Anb-\’(nmla.o

2
A

* .

‘goT060 0 -
30 AI5D=Y(J)'2 *H/3.0
.-G 0 60 - '
40' *, - ADDZY(N)v4. wH/3.0
. GO0 TOB0
50 SUMSSUN'ADD
.. IF(J.CEMGO’TO eo
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