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The Design of Lumber Producing Machinery
gtobert E. Keller

Submitted to the Department of Mechanical Engineering

on May 20, 1957, in partial fulfillment of the require-

ments for the degree of Master of Science.

Opportunities for the use of new methods or machines

or the improved design of existing machines for the conver-

sion of logs to lumber were studied. The object of the

work was to devise machire s which would in some way be bet-

ter by being either more productive, more useful, more sal-

able, or cheaper than the machines in use.

The principal result of the work is the proposal of a

mechanical system of lumber grading. Grading is done in or

ler to make maximum utilization of lumber. Reliable grad-

ing allows structures to be built using optimally-sized lum-

ber since large "unsurity" safety factors are made unneces-

sary. The strength of lumber is affected mainly by the size

and location of knots and splits and by the slope of the

grain. These quantities have been related to the strength

ratio (the ratio of the strength of the imperfect piece be-

ing graded to the strength of a clear specimen of the same

wood) in research at the Forest Products Laboratory, and it

is this information which makes mechanical grading possible.

The proposed machin~

cells to ldentiry knots.
are manual.v determined.

uses the output of rhotoelectric

The slope of grain and check size

The measurements which are necessary vary between types

of boards according to their use; systems of relays provide

the correct information signals to the computing part of the

machine. The signals are voltages and are varied for defect

position corrections with sets of appropriately valued con-
iuctances.

The machine uses ansl-

putations, but many «igi.

methods for the necessary com-

~1isions are also made.

Electronic elements “save been held to a minimum because

of the rugged condition: 7ailing in sawmills. In addition

to the sensing elements, &gt; machine mainly consists of re-

lays, resistors, and the lumber handling apparatus.

As it is proposed, the machine would operate at lumber

capacities of one linear foot per second, which would be

enough to handle the output of the largest mills. Approxi-
mately four men would be required for the same job. Parts

for the device have a total cost in the neighborhood of

$7000.



The three important potentialities of the machine

are that more reliable grading would be possible, more

uniformity in grading between mills could be expected,

and financial savings would be significant.

A simple device for the continuous sharpening of

saw blades was also proposed, but an empirical design

method seemed necessary, so the idea was not further

developed.

The study of wood, lumber, and sawmilling which led

to the proposed design is presented in the latter part of

the revort.

hesis Supervisor: John BE. Arnold

Associate Professor of Mechanical
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INTRODUCTION

The machine for lumber grading which 1s described

in the next three sections of this report is a result

of ¢ very general study of the problems associated with

the conversion of logs to lumber. The work which led to

this result is included in the appendix, and that section

forms the actual "Introduction" to the work.
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LUMBER GRADING

The defects in wood reduce the usefulness of differ-

ent pieces of lumber by varying amounts. A reliable measure

of the usefulness of a piece of lumber, according to its

defects, has been determined through research at the Forest

Products Laboratory. The results of this research have been

presented in such an orderly, mathematical fashion that the

mechanical grading of lumber can be envisioned. A machine

to accomplish that task is developed on the following pages.

The actur ~r~ding of lumber depends on more factors

than the streng™ 1 proverties slone: however, the strength

propertie «+ form the basis of rr”. grading systems and are by

far the most important considerations.

The strength grading system which has been developed

is accomplished in the following steps:

divided into categories by its cross sectional size accord-

ing to the kind of use to which it will be put. (2.) The

defects, such as knots and splits, are measured by very

specific procedures according to the effect the defect will

have for the type of stress which occurs at the defect.

(3.) The size and position of the defect are used to deter-

mine from tables the amount by which the allowable stress

1s lowered below the value for a clear specimen of the same

wood. This quantity is the strength ratio and is defined

as the ratio of the allowable stress in the piece being

craded to the allowable stress in a clear specimen.

[In general, the effects of defects do not accuimlate;



the allowable stress is simply a function of the "worst"

lefect in the board. A thorough description of the grading

procedure is necessary for an understanding of the proposed

machine since the steps made by the machine must be equiva-

lent to the ones specified in the grading procedures. The

tables of research data have been approximated (quite closely,

however) with rather simple equations, and the device uses

these equations in it~ grading wrocedure.

here are three tvpes into which lumber is divided ac-

cording to use. They are:

Joists and planks, which are two to less than five

inches thick and are four or more inches wide. These

boards are graded for bending stress about either

axis.

Beams and stringers are rive inches or more thick

and eight or more wide. The loading on this cate-

sory 1s assumed to be bending on the narrow face.

Posts and tiuwbers are square pieces with sides of

five inches or more. Posts and timbers are loaded

mainly in axial compression.

The defects which are considered for structural grad-

ing are knots, slope of grain, shakes, checks and splits

(which are similar), decay, and density. The last two items

are not quantitatively evaluated as are the others. Decay

Ls not permitted in the structural grades; extremely light

veight pieces are also prohibited.

[he measurement of knots is exactly specified for



sach type lumber as follows: For jolsts and planks, knots

showing on the narrow face are measured only if they do not

appear on the wide face and are ne asured as the distance be

tween encasing lines along the axi:l direction of the board.

Knots which occur on the corner of the cross section are

measured as the minimum of the distances from the corner to

the axial encasing lines on either face. Knots occurring an

the wide face only are measured as the average of their max-

mm and minimim diameters.

nots on beams and stringers are measured as follows:

Knots showing on both the narrow face and on the outside

one quarter of the wide face are measured as the smallest

diameter which shows on the wide face. Knots showing on

the narrow face onlv are measured between axlal encasing

lines, as for joists and planks. Corner knots are also

measured as under joists and planks. Knots occurring on

the wide face only are measured as the minimum diameter.

The size of anv knot on posts and timbers 1s the aver-

age of its maximum and minirmm diameters, except knots on

the corners which are measured as for joists and planks.

[ have made a translation of the wording of the speci-

ficatlons on knot size as a function of the place of the

«not in the beam. In the working specifications, for ex-

ample, the functions are given as the maximum dlameter per-

mitted for knots at the end of the board is twice the value

at the center of the board (in a given stress grade.) My

set-up of these relations involves translating each knot



size to its equivalent at the center of the beam. In

the example the knot size at the end of the board would

be multiplied by one-half to determine its equivalent size.

This transformation is made in order to facilitate the use

of the simplified equations which express the strength

ratios as functions of the knot size at the center of the

bea.

The equivalent knot sizes are given by the following

rules: Measurements of knots which occur in the middle

third of the length of a beam are used directly. Outside

this region the size of knots on the narrow face and on

the outside of the wide face 1s multiplied by a factor which

lecreases linearly with the distance from the one-third

point, so that sizes at the one-third point are multiplied

by unity, and sizes at the end are multiplied by one-half.

Sizes of knots along the center line of the wide face of sa

board are not changed. Knots which occur off the center

line are multiplied by the factor of unity at the center

and whatever factor 1s applicable at the edge of the board.

This last function is three dimensional and is formed of

nearly plane surfaces, trough-shaped in the middle third

and tending to a tent shape at the ends. (See Figure 5.)

No adjustment factors are used for posts and timbers

since their loading does not vary the stress over the sec-

cione

10)



Allowance 1s made for detrimental groups of knots

by giving them equivalent sizes. In joists and planks

the sum of the sizes of knots which occur on any face in

the middle half of the length when divided by four and one-

half is the equivalent knot size. For besms and stringers

the sum is divided by four. In posts and timbers the sum

of knot sizes in any six inch length when divided by two

Ls the equivalent knot size; also in any sir 1nch length

owe ecual knot sizes must be added instead of considered

separatelv

Qn lire whic" neravion «0 the wood tn The plene
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times the devth of the board. Check lengths are measured

only to three times the width of the board from the end.

Vhen checks are nearly opposite on perallel faces the sum

»f their sizes is taken. Splits are measured in the same



nanner.

a

joist

2
ryra’tIra

 - y= © Menent

“ient

Nie a or

-~

—-~

lop: “roin mmc

LEN Cpe

M2 made over

© value- In

“he lov: ~£

' the length.

 rFructural

&gt;a. -
= T

cG™

bee

thi

3”

“im Lal

at one

}
=~

nc sa 15 nr 3nD CC 1 he Y
[

A NL 1 strengths;

sonsidered onlv if nrreservotivys treat-

men’

fer:

ne -

tab?-

of-helobe

tabl ~~

forvwa-

3

Afr pura n--board type, de-

OMe ‘+ etrength ratios is the

wy nre~ent time with

**netions 7 the Sifferent

mathematical structure of these

 2 grading seem like a straight-

tion. I: menewrl. the strength ratio tables

nay be trensformed into linear functions with slopes deter-

mined Pr boerd widths (however. in a nonlineer but nesrly

hyrevoholic »eletionship). The eguation which determines

crede
1

aT

wher~ “he grade

vne .-lope of line

vhe equivalent knot size

“termined by an equation c¢f this form,

where M is the slope
w is the board width



a, b, and ¢ are constants determined by

the type of board and face and

type of measurement.

In order to relate these equations to the original measure-

ments, I will give the equations for equivalent knot size.

On joists and planks end beams and stringers

 [1+ 1.66 2K where k = equivalent knot size
CR Ww (for knots on wide face)

distance from center line

of board to center of knot

board width

a factor determined by the

ratio of size at the center

for the same grade, which

is approximately 0.0.
a function of board length

that varies linearly fron

1/2 to 1 in first third of

the length, remains at 1

in the middle third, and
returns to 1/2.

SE where S

S mw

BP -

knot size on narrow face

measured knot size

same as above

here is no correction applied to the knot Sizes 1n posts

and timbers.

The effect of shakes and checks on the horizontal shear

strength of joists and planks and beams and shakes 1s given

OY:

3 = 100 (1 - g) where G 1s the grade

d is the check or shake size

w is the board width

[he effect of slope of grain on the strength ratio for

sxtreme fibre in bending is:

3 = 100 (1 - 3 ) where G = grade
3 n=20g-1

Rs

where = - slope of grain



The effect of slope ¢” grain on compression parallel tc

the grain is given by:

15g = 1
= 100 - BP = =

G=1 (1 T3 ) where p 5

he complete operation of grading has now been stated

in mathematical terms; translation of the mathematics and

the measurement requirements into machinery rollowse.



DETAILS OF THE MECHANICAL GRADER

The critical elements of a mecnanical grader will be

the sensing devices. Devices capable of identifying three

Jjuantities are necessary. The quantities are:

Knots, which differ from their surroundings by

3 Cnlor.-

Dd 2 flectivity.

H ~dness.

»=2tion ¢¥ grain.

Temeity

2 :

"hemical structure (often).-

All physical quantities affected by above.

Checks, shakes, and splits, which are defined by the

lack of material in an otherwise solid body. There

sre so many differences between a void and solid that

a listing seems unneccessary and a formidable task.

Direction of grain, which is determined by the

average orientation of the tracheids. (lian norma lly

observes this quantity by the difference in color of

spring and summer wood, which form in the grain di-

rection.) There is the least differentiation between

this quantity and the surrounds of any of the quanti-

ties to be measured.

The most obvious characteristic of a knot in a board

igs its differing color; this is the quantity which man nor-

1a1ly uses to identify knots. A similar sensory ability is



avallable 1n mechanical elements in the form of photo-

slectric cells. The strong light difference signals which

can be produe-

cells seem t

h-~ nay luniber meke the use of such

direct and rellable means of me-

cnanical kne

The feo

layer c-1"

znd thermo
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iest. mach

snd each 1

In order t« --

1

ls necesgsarv
m

t
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Wtoe 1" avo ilcnlz 2 barrier

TANI if1ihea nhotonmltipliers 3

oo.

NN o Ea
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r~1L1l 1s tne

ryote “he sturd

Stout,

rposure.,

nny?tifL i cat 1i0n

“amplifier

combi mation ~

Er am” ""-&gt; which

is the simplest end »obablv oss rellable 1s the barrier

layer cell wi” sensitive, balancing-type relay. The

suggested to alev operates effectively on the pnoto-

‘rmore, it is mecnanically quite sturdy.cell ci”

The ~-- truction of tne relay is simllar to a mo-

tor; tne

ture, The

~rmansnt negnet field and a rotating arm-

ermaturs of the very ssnsitive relays is pivoted

in needle bearings. In operation the relays are given two

signals end swing to the direction of The aexinum.

For use in the luber grader a threshold value of volt-

age will be applied to one side of the relay, and the photo-

ell output will be compared with this value. Adjustment

yf the threshold value will probably be different for each



cell because of manufacturing differences. The threshold

mist be further variable to account for different types of

lumber or variations of reflectivity among pieces. These

adjustments mist be incorporated in the first model of the

machine and ar~ indicated in the circuit diagram for the

knmot-sensihg cell. Figure 1. It is hoped that these adjust

ments could be eliminated from production models when em-

pirical, statistical data on knot and board light reflectiv-

ity variations became available, If the variation between

boards is found to be high, the adjustment of the threshold

source value might have t~ be controlled by another cell

ociving e signal proportional to the average reflectivity

off th- board.

'h~ sensing ~f svnlits in wood cannot be done easily

vith licht metering because of the small area of the split.

I'he discontinuity of the surface seems to offer the best

possibility for sensing. Several systems were considered,

among which were measuring the flow of air under @ essure

on the wood surface, the local density of the material, the

motion of a feeler gauge, and the conductivity of the sur-

face when wetted with salt solution.

None of these were felt to be completely acceptable;

the last would work, but an improved method 1s desired.

Nith this sytem the surface of the board would be sprayed

vith a salt solution. Pairs of electrodes would then con-

tact the surface. A voltage would be applied across the



slectrodes, and the resulting current, if any, would be

sent through a sensitive relay. When the electrodes span

a split, the resistance is infinite, no current flows, and

the relay would open. The arrangement of the electrodes

is shown in Pigure 2, as is the necessary circuitry.

Ihe operation of split measuring might be accomplished

while the slope of grain is being messured, which is before

the board starts to move past the knot-sensing elements.

Since a reasonable amount of time 1s available here, the

slectrodes may be "scanned," and a considerable saving made

in signal and sensitive relays. The necessary circuitry is

very similar to other circuits in the machine, and it is

not detailed here. The signal relays would be of the latch-

ing type and would be released after the board starts through

the machine.

This salt water and electrodes method of check sensing

is not attractive; if offers no advantage over manual measure-

ment. The most likely system at the present would use manual

split measurement, since it is actually a rather simple oper-

ation. Automation of the operation can be considered when

a more suitable sensing means is found. Manual check measure-

ment is assumed for the overall design at this time. (See

Figures 8 and 9.)

ne measurement of slope of grain involves considerable

integration since the variation within a board can be consid-

srable and the cues to direction may take widely variant

forms. At the present time, no mechanical means of measure-

ment has been devised which would be either simpler, more



reliable, or cheaper than manual measurement. Another

compromise of automation is suggested at this point, and

manual measurement of the slope of the grain is included

in the design.

In order to determine the type of board and, there-

fore, the correct mode of defect measurement, the width and

thickness of the board must be determined. These measure-

ments are also necessary to the grading computations.

Peeler gauges or photoelectric off-on swltches would do

the job equally well. For the sake of continuity and me-

chanical simplicity, the light cells are used. The deci-

slon as to board type is mede directly at the thickness and

vid th measuring relays. The necessary circuitry is shown

in Figure 3.

The circuitry of the knot recording relays is the most

complicated of all the circuits in the machine because more

flexibility is demanded of it and more informetion is hand-

led at this point. A review of knot-measuring techniques,

as presented in the preceeding chapter, shows that this cir-

cuit mast: (1l.) differentiate between corner and interior

knots, (2.) provide "encesing lines" signals (notice that

the extremes of a knot may not become obvious to the machine

at the same time,) (3.) provide area signals, (lL.) provide

adjacent corner knot encasing lines signals for comparison.

Furthermore, it must allow for more than one knot occurring

on the same face at the same cross section of a board.

The necessary circuitry is shown in Figure LA, and



an example of the signal routing for difTerent knot loca-

tions is given. The circuit is capable of handling two

knots occuring on the same face at the same time; however,

this number coula be increased with more complex, but ana-

logous, circuits. Notice That two signal relays are neces-

sary for each knot-sensing unit; one 1: energised only while

Che sensing unit is over a knot and is used for arca signals,

the other has a short memory and remains closed as long as

any of its neighbors are closed. This allow: encasing lines

to be determined if they do not occur at the same tine.

When the knot has been passed by all the sensing elements

which intercept it, the "memory" relays open as a group.

As has been the case in many other machines, the over-

simplification of certain decision criteria has resulted in

"optical illusions in the sensory experience of the machine.

[hese 1llusions are best described pictorially, and that 1s

done in Figure 6. The effect of these illusions on machine

operation is described in the Discussion Chapter.

The signal which is handled by these circults 1s essen-

tially a variable current which results in a proportional

voltage signal across a resistor in the output section of

che circuit. The current is regulated by attaching a resis-

bor to each signal relay, as shown in Figure 5. Since the

resistors occur in parallel, the current is directly pro-

portional to the number of resistors in the circuit and,

sherefore, to the knot size.



(The signal resistances must be large compared to the re-

sistance of the rest of tne circuit.)

Bv correct manipulation of these signal resistances,

the "place corrections” can be made at this point, removing

rhe necessity of a formalized computor. Since tne resistors

occur in parallel and therefore experience the same poten-

rial at all times, it is convenient to think in terms of

conductances; thereby the relation between these signal con-

trollers and the signal becomes more direct. It would be

helpful if a simple conductance control could be devised to

vield the desired correction surface as a function of the

board width, length, and position in the mechine; however,

this investigation did not find such a simple answer. The

reciprocal relation between resistance and conductance is

the main complicating fector in this case, but it shares

its glory with kr. Kirchoff's set of manners for electrical

sircults-

The solution which is proposed is a stepwise approxi-

mation of the actual correction surface, which is accomplish ed

by switching appropriately velued resistors into the signal

regulation position at the correct time and for the pertain-

ing board width. The theoretical correction surfece and its

approximation are pictured in Figure 5. Two automatic act-

ing, multi-position, rmlti-bank switches end a large number

~f resistors are nesded for each face; however, these items

ore not expensive and are simple and reliable. The neces-

sary switching is straightforward and is not described in



letalil. An idea of the operation is given in Figure 5.

Ine switching of the correction conductances must be

based upon the position of the board relative to the sensing

elements. This cguantity is determined by two measures, the

width of the board end the position along the length of the

board relative to the sensing elements. The board width

hes already been determined, and an appropriate signal is

available. The position along.the length can be given as a

function of time since all boards move through the machine

at a constant rate. The length correction will be switched

in by a stepping relay (one which moves a space every time

it receives a pulse.) The timing pulse will be generated

by a drum with alternating meke-break contacts spaced around

it so that a pulse occurring at fifteen equally spaced in-

tervals in the travel of any board may be obtained. The

drum will be driven by a synchronous motor.

The corrections and switching circuits have now been

developed so that all the necessary signals are avallable

for computation. There are two operations necessary to the

neasurements which are more than siuple digital choices.

ne first of these is knot-area measurement and will be ac-

complished with commercial analog computer integrating cle-

nents consisting of a resistor in series with a high-gain

omplifier which is peralleled with a capacitor. The inte-

grators must be controlled in the system so thet they re-

burn to zero (possible by shorting the capacitor) whenever

he input signal becomes zero. (Another set of integrators



mist sum over the whole length or helf the length.) The

second nondigital operation which is necessary 1s the choice

of a minimim measurement when a knot occurs at the corner of

a plece. DBy using &amp; balancing relay, povered by slight

drains on the size signals, the minimum (or maximum) of two

signals may be chosen.

The outputs of the measuring devices are available at

2 number of different places. It is a simple matter to con

nect the desired readings according to board type to the ac-

cual grading mechandisil.

The "computation" of strength ratios is no more after

211 this preparation than putting the resultant voltage sig-

nal through an appropriate resistor, which may be done, &amp;gain,

vith simple switching operations controled by board type.

The couiputed stress grades, wnich appear as voltages,

act upon the grade recording device which 1s a servo-mechanism

turning a gear proportionally to the input signel. The servo-

secnenisio must be ratcheted so that at the end of the board

the gearhas been turned proportionally to the mexiimum appear-

ing signal voltage, not the sum. The maximum signal voltag

is seen to be equivalent to the miniimm grade; no signal

voltage and no rotation of the servo or gear would result in

ao grade of 100. An amplifier of the voltage signals 1s nec-

sssary to the oneration of the servo-mechanisi.

gince various output signals appear at meny points and

only the maximum is of interest, and only one can be handled

by the servo-mechanism, some method of choosing the maximum

of a number of voltages is necessary. A system of balancing



relays, such as used for comparing corner knot dimension,

can accouplish this feat. The arrangement of these "maxi-

mizers™ is given in Figure 7,

Requirements in the grading procedures for the sum of

knot sizes in the middle half of joists and planks or beams

ond stringers and in any six-inch length of posts and fTim-

bers are satisfied by using four more integrators, one for

cach face in joists and planks and in beams and stringers

ond one to start integrating every one and one-half inches

for posts and timbers. The impulse timer will be fitted

vith a timing control for operation of the integrators when

posts and timbers are measured.

he computation of stress grade as 1 function of slope

of grain is simple and is described only in mathematical

terms. The effects of splits are hardled in a similer man-

nar.

The physical setup of the machine could essuue many

forms; a general idea of the arrangement 1s shown in Figure

0. It is iwportant that all the knot-sensing elements op-

crate on the same cross-section of the piece in order to

prevent the necessity of more memory units; a drawing of

now this is accoaplished is also given in Figure Q.
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FIGURE 2

LLECTRODE SPLIT MEASUREMENT

ELECTRODE ARRANGEMENT
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FIGURE 3

BOARD TYPE DECISION C/RCU/T

CLOSED ONLY WHEN PHOTO-

ELECTRIC CIRCUIT INTERRUPTED
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Nm CLOSED FOR UNINTERRUPTED

PHOTOELECTRIC CIRCUIT.
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2. NOTICE THAT THIS LINE
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EXACT SIZE SIGNALS ARE ALSO AVAILABLE IN THIS

CIRCUIT : THICKNESS AT THE COLUMN GF POSTS

LABELLED B, WIDTH NOT INDICATED HERE, BUT

IDENTICAL 7O THICKNESS CIRCUIT.



FIGURE 4A

INOT SIGNAL REZAY CIRCUITRY

O——O0 CLOSED AT ANOTS

O---=-0 CLOSED AT CLEAR WOOD
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PLACE CORRECTION CONDUCTANCE BANK 1

EXCL ANAT ION
[ SIGNALS OF KNOTS WHICH OCC ON CORNER OF BOARD

APPEAR AT (DO. (EXAMALE , RED CIRCUIT AT LEFT.)

2. S/IENALS [ROM INTERIOR ANOTS APPEAR AT © oN THE

LEFT AND (3) ON THE AR/ISHT.

THE CIRCUIT AT LEVEL @ PROVIDES THAT ALL RFLAYS

WHICH THROW OURNG A SINGLE AINOT REMAN (LOSED

UNTIL THE KNOT [5 COMPLETELY SURVEYED, THEREBY PRO-

VIDING A MEASURE OF THE ENCASING LINES.

J MNOT SHOWN 1/5 THE AREA MEASURING CIRCUIT, WHICH 1S

IDENTICAL TO THIS LFXCEPT LEVEL @ 15 [LIMINATED

LEVELS © AND (J) ARE UNNECESSARY ON THE WIDE
FACE SINCE EMCASING LINES GF INTERIOR HINOTS

ARE NEVER MEASURED THERE.

THE RED LINES DENOTE All LIVE CIRCUITS DURING THE

SURVEY OF A CORNER AND INTERIOR ANOT:

THE PLACE CORRECTION BANK [5 VARIABLE, AS SHOWN

IN FIGURE 5, NOT FIXED AS SHOWN MERE FOR

SIMPLICITY.
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FIGURE 48
ANOT” SIGNAL RLLAY COL /ecU/T

(ROR SINGLE SENSING ELEMENT)
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FIGURE 5

THE PLACE CORRECTION
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FIGURE 6

"OPTICAL ILLUSIONS “

EE
THE ACTUAL BOARD
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WHAT THE GRADER “SEES”

EXPLANATION (ALSO SFE “DISCUSSION”)

1 okay

2. okay

3 okay

| SLIGHT ADDITION TO AREA MEASUREMENT
ENCASING LINES NOT AFFECTED.

5 CENTER ANOT NEVER RECORDED.

6. CENTER KNOT NEVER RECORDED

[LARGE CENTER KNOT SHLIT IN Two,

MAIN EFFECT ON AEA MEASURE

8 LNCASING LINES MEASURED AS SINGLE kNOT.,

AREA MEASURED CORRECTLY.

7 MACHINE EXPLODES



FIGURE 7

MAXIMIZING CIRCUIT
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FIGURE S&amp;S

THE OPERATIONAL BLOCK LHEAGHAM
(SEE NEXT AGE FOR DESCRIPTION OF ELEMENTS )
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OUTLINE OF THE ELEMENT

FIGURE 8
FUNCTIONS FOR CLARIFICATION OF

The check size element 1s operated manually and pro-

duces an output of voltage which is proportional to

check size (a).

The thickness and width measurements are made by in-

terrupting photoelectric circuits, eppropricte switch-
ing produces voltage in only one line of a multi-channel

&gt;utlet (b) and (c).

The length measure.ent operates identically to the
thickness and width device andproduces a similar out-

out. (4d).

The slope of grain measuring is done manuelly; a volt-

age proportional to the cotangent of the slope mst be

produced (e).

The board-type circuit uses the width and thickness

measures to determine the type and pm oduces an output
»f power in one of the three possible lines (f).

The impulse timer produces fifteen equally-spaced
pulses during the movement of a board through the

machine (g); it pulses every inch and one-half of the

board length or closes a circuit during the middle half

of the board length (h) according to the board type (f).

The correction surface adjusts the conductances of the

signal relay circuits (k) at each impulse from the
timer (g) according to board dimensions (b) and (c).

Nocorrection is made when the board type is posts and

timbers (If).

The knot signal circuit produces voltage mroportional
to instantaneous knot width at (@) or (-., voltages

oroportional to the encasing line distance for corner

mots at OD or (k), and voltages proportional to the
encasing distance for interior knots at @ or (Jj).

Only one corner of the four-cornered display is indi-

cated here. The knot signal circuit is also set up to

tap the signal circults at the appropriate places for
various diminsions of boerds.

J.

LO.

The minimizer selects the minimum dimension voltage (m)

for adjacent corners (k).

The integrating unit determines the average of maximum

and minimum diameters; the output is a proportional

voltage.



11.

L2

1?

11.

1 5

The second integrating unit sums knot sizes over given

lengths of board es controlled by the impulse timer (h);

the voltage output is proportional to total size.

Application of the grade factors (the greding equatiors
ofthe first section of the report) is simply multipice

tion by a constant determined by board type (f) and di-

mension (kt) and (c).

The selector chooses the measurements which are approp

riet- tr the tyoe of board being graded (f).

The maximize» chooses the maximum of the outputs of the

8 &gt; Je

™- cmplifier mmltiplies (0).

16. The grade printer is a servo-mechanism controlled by

(s) which prints grades below 100 as a linear function

of the imput voltage.



FIGURE 9

THE PHYSIQUE

ANOT7 SENSING ELEMENTS
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DISCUSSION OF MECHANICAL GRADER

Air estimate of the total cost of the machine compon-

sent summari-e7 $n the table on page lO. Representative

retail’ md ~

err sed when available: prices ~f special

items wir e~timated. Tr
wR aw

high or low. "sgumins that wae" ould hh constructed

for twice the msr' rt nr : Approx-

imatelsr 77 ° #2 +he use of

the gredr PY
ro

2m-Si

*

vv hoards per

minut: arys “waders, &amp;s8suil-

ing et Toman LE ally (No

exact 77 cmq
iy ~~imate 1s more tnen four

nen. ) Or Ny
a

TE “le,

fhe. = " ~herent ir» the machine, 8s indicated in

Figure « tnd to cause it to neglect certain defects which

occur ° unusi:  natterns. ror the case of a knot neglected

because 2 ireluye” ~ betweer two other knots the effect is

not important feo hend’» stresses if the inner knot is not

mich larger than the outer ones since the outer Knots are

much more destructive. For compression, however, the neg-

lect of a large centered knot might be serious. The changed

form of a corner knot which occurs at a large angle to the

=cdge of the board should have no effect since only the nar-

row dimension is desired and this should occur on the adja-

cent face for this type knot; the extraneous separate knot

which appears to the machine would nornelly be small, and its

soniputed effect should be less than that of the parent knot.



Ihe approximation of average dicmeter from area which

ls used 1s quite reasonable; however, tne use of average

diameter for minimum diameter (in beam and stringer measure

ments) is rather poor, but results in e lower than neces-

sary grade and therefore a "safe," though wasteful, error.

The step spnroximastion of the place correction surface cen

be made well within the accuracy limits - © the machine and

#ill have . ne~?"~*"1r “ant on the res Thing grades. The

size cf the “nis has drfinite effect

on the gC cure -+ or Eaolricil data are necessary

for &amp; fins. c¢™--~*%- “tim

TC wre A Db: szant to be ¢ble to measure the slope of

one grain enc cneck si- eutomaticilly if just to grant the

device ¢ degree cf continuity, but no sviteble methods were

devise32

Fa-m - "rT C7 stidon could be made ® ths defect pos-

ition cer= “cng could be mde continuously and in &amp; single

tempt 7 that tro ation failedprocedure

there wr "rea vies rather

challen- Comer

A

Eos heen men-

tioned I~ . should

be brousht oi Some knots ev thy Tor as the sur-

roundin~ wood. Some knots have centers which are the sane

color as tae surrounding wood. (Fortunately, some knots

re dark black and most are =t least dark.) Tnere are

solutions to these di“ “iculties, but such refinements seem



out of place at the present.

There 1 “me important consideration that should be

brought out a- that ts of tho basis of this design--the

suggested gro? © ~tice., Af 7%
£ — *

 RTL the »pocedure

ls arrange “or humen use usin”. ~rrma
~

m3 gion for de-

fect ident“ tion. With mechine “ra-human senses are

possible. zn  move detailed calen tions may be made with-

out losing gr +t amounts of time. Therefore, it seems ap-

propriate tr r~oview the design, consider the wood research

data, and th» Tnereased potentialities of the mschlnes; and

in this wav to attempt To revise the mechanical grading pro-

cedure so that strength ratios would be predicted more ac-

uratelvy and directly

The direction now--and these scr. yy suggestions for

"further work''--scems to be:

Test the knot-sensing cpparatus. Information on

Lts operation for different kinds of wood and knots

sould be valuable, as would data on the sens =" ity

and reliability of the device

q

J

Develop new concepts of split and

grein measurement.

Develop the detailed design.

Build end test working model.

Apply for patent.

Sell the patent rights.

perhaps slope of

Buy new Jaguars for girl friend and her roocm-mate.



SUMMARY OF COSTS

lLtem

Photoelectric Cells

Balancing Relays

Recording Relays

Integrating Elements

Servo Amplifier

Servo otor

Synchronous Timing Notor

iechanical Structure

liiscellaneous Relays, Switches
snd klectrical klements

lotal

Number

1110

140

230

\

RR
%

)

J

25

05

9

0

Total

Cost

1120

2800

1.100

200

25

20

50

1000

1000

57615



A PROPOSAL FOR Saw SHARPENING

One of the highest paid jobs in « sawmill is that of

the filer or saw sharpener. There is an art to the work,

and the competence of the filer is one of the main deter-

minants of successful mill oneration. The maintenance of a

band saw blade includes thr -~~~2ratirns: sharvenlng, swag-

ing, and tensioning. Sharm "©

taining the form of the sav ftaeth rn’ i" is done with

files and templates. Swagin~ ~~ the saw teeth provides that

the cut be wider than the saw blade so that the saw can mow

through the wood. and i~ accomplished by bending alternate

teeth to different sides or bv flattening the face of the

tooth so that I~

band saw blade i nee~scrmr to keen the blade running smoothly

 reed ~m than the blade. Tensioning a

on the guide wheels. and i: dene by working the metal with a

nammer. A blade must be sharpened more frequently than any

of the other operations; in a large band mill the blade will

be changed several times during a day's operation to provide

for sharme—ing.

Manv mills, mainly the smaller ones, use a circular

saw for the first cutting. The sharpening requirements are

mich the same, but the problem is somewhat simplified by tle

ise of removable teeth in many of the circular saw blades.

Could the sharpening operation be simplifed or mini-

mized? There are several changes that might be attempted.

The most desirable state would be the elimination of the



the necessity for sharpening frequency, i.e., longer

blade life. Another direction which might be taken would

be to simplify or somehow improve the sharpening opera-

tion.

Some possible means . UC scconplishing these results

vou. ' be:

Lower the blrde wear. possibly by:

a. Refter tooth design.

jo

C -

i

3

-~

ke

3S.

WT ore
Ath oySf agent.

Be +  aw material.

Tooemtos or gpecilal mer ~tenance of teeth.

entimum cutting cord itionse.

Taco ve 7” 1 hardening methods of saws.

femoval cf impurities from logs.

Provide for continuous sharpening while saw is in

operation. This might be accomplished by using twc

nodes of cutting such that the wear would tend to

cancel out or by providing an artificial wearing de-

vice which would tend to sharpen the blade.

Eliminate the sharpening problem by using some ot-

her means of cutting or of lumber manufacture.

Devise a fast-acting sharpener which could operate

wich the blade still on the machine.

me emphasis here has been on the "sharpening" aspect

of saw maintenance, mainly because that is the most time

consuming and seems tire most likely to yield to mechanical

solution.



There is some work being done at the present time on

most ¢* *he possibilities lor lowering blade wear, mainly

in th metallurgical field. Some research has been done on

the problem of tooth design, although the literature is

rather scant. As far as I know, no formal testing of cut-

ting agents for use with wood has been done; this is a pos-

sibility, althon~’. since wood is normally sawed under water-

saturated cer” *ons. It might be suspected that little more

could be acmmtak 7

Elim

of thi +

consid

would Tr

filing mac

’

= YT am .  ~~? died Ta other parts

“itnuetls shervening scheme will be

Lon

“7 that continuous sharpening

dede . “tae “= te oroblem than an automatic

vr ginen 0 continuously sharp blade would lower

saw power roar-*wements., result in better sawed wood, and

youl” ~~ 7

 Lia

-

1d better saw 1°f2,

~eneral feelings that I have about sucn a device

ire thege”

I+ should be extremely s imple, since + must operate

at high speeds and should not require continuous

maintenance.

It would not have to maintain a perfect tooth shape

at all times, but it should offset the effects of

wear

he operation or safety of the saw mst not be im-

oalred by the machine.

his continuous sharpening will in effect be wear on



the saw tooth. There are three basic requirements to be

satisfied if the desired effect is to be accomplished.

They are:

L. A wearing material must be provided.

2. There mast be force and motion between the wearing

nieterial and the tooth.

3 The material must be guided S50 cne correct place on

the tooth.

Any material capable of removing steel from the face

of the tooth would qualify as a "wearing material." A list

hese includes:

L. Any grit, such as enery, diamond, etc.

2. Sharp edges, such as files, knives, etc.

3 Chemicals, such as acids.

1. Plame.

force between ole LTOoOoTHn and material might result

from:

2,

~ “ference in velocities.

T*Iference in pressures.

Damping.

Gravity.

5. Coriolis acceleration.

5. Forces from sawing in log.

Ine material might be carried to the tooth by:

An air or liguid jet.

2 o solid binder materiale.

3 wn mechanical device.

here are many possibilisicn here--an acid grease



smeared on the tooth face, a hail of gritty particles

striking the tooth, a plastic rod with grit embedded in it

being sawn. end quite a nunber of other plausible comina-

tions. In c¢~7-» to maintain the most mechanical accuracy

in the sha -t~~ pcveration, T chose = mechanical device to

material, and since foros and velocitycarry the cuit

can be easi™ develrned between the blad and meterial with

such a system.

sither ¢ grit cc» °° azurf ~~» making contact with the tooth

faces The evtremelv high velocities cf +™ ~aw hlede, around

10,000 feet mer minute, demand that +
PY

he extremely

simple in 1t+ operation, and the ide. - rthe~1 of some

sort seems the most likely to accomplish that end.

Tho ~ronosed "wheel! would be very similar tn a gear,

nd the action would be similar to « rack and »minion. The

trouble witli such ¢ system 1s that the shave of the sawtooth

prevents ¢ ~~or-t-mo gction, and that there would be no mo-

tion of the cutting surface relative to the tooth. The so-

lution to this condition is to incline the axis of the wheel

such that the teeth would come in from the side, move across

Ehe cutting surface, and leave from the other side; all

Chis happening while the blade and the wheel were in rapid

motion. The inclination of the wheel would force the cut-

cing surfaces to be specially shaped so that the sharpening

would occur straight across the tooth face. A sketch of

che proposed gadget is shown in Figure 10. The problems

vhich would probably cause the most difficulty in the per-



fection of this sharpener would be:

The determination of the correct wheel diameter.

Large diameters would require less shaping of the

wearing surfaces and would tend to form a more per-

fect plane on the tooth lace. A smaller wheel would

be more easily handled, less disturbance to the saw-

ing set-up, and cheaper.

Determination of the correct damping. The dynamics

of the proposed device are complicated. The damping

mist be enough to insure the wheel meeting all the

teeth, which may be slightly unevenly spaced, and

it must «1lso provide smooth, not bouncing, contact

between tne saw blade and the sharpening surface.

[oo large damping would be an unnecessary waste of

energy and would cause unnecessary wear on the sharp

ening device.

Choice of the correct wearing or sharpening surface.

Ine surface mst be chosen such that the cuount of

vear at the saw tooth is not too greet, nor too small.

nd the sharpener itself must withstend tins wearing

pffect of its action.

Allowance for blade motion pervendicular to tne saw-

ing path must be made. During sawing the blade moves

in end out on 1ts guide wheel, and vibrates in its

flat plane. Becszuse of the flat face of the sawtooth,

she in and out motion can be taken by design of the

shape of the cutting surface by allowing for longer



than usual blade faces.

fect the operation.

The vibration will not af-

This device 7
  °

 nem fora hest ft weanle- oT, sharpening

surfaces av yet =with emtvl 0 33ed abrasive particles.

Anco T= ~wtremeT ic" yeloclties involved

end * ~ae

Tonk? oabont the ara Tali hw of the oro-

posen “a
—

 vw metre anent TF Fhgt te Af

sue”
s

ma

vn © anecicl low spe
1

Fi conditions, maintained

fc sh times, would be necessary ft» utili~e the potential

of thi- gadget.



FIGURE [O

THE CONTINUOUS  SHALLPLEINER
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1 PPENDIX



I'HE PROBLEM STATEMINT

The purpose of this section is to review the original

problem statement and to expand and redefine it and with

the help of the new information to determine some very spe-

2ific problems associated with the overall one.

From a moment's consideration it can be seen that a

problem stated in "point to point" terms is a highly con-

strained one. One of the early rcalizations of this work

vas the recognition of thut quality in the original prob-

lem statement. I had stated for a problem "Improve the con

version of logs to lumber." Now I would like to list the

two other types of parallel problems and to point out the

necessity in a two-point problem of giving the boundary

points a reasonable degree of flexibility. The need for

[lexible boundaries became extremely apparent in the early

vork when the problem invariably reverted to "How can wood

oe sawn." The single point problems are:

L where could wood material be used?

2 From what can building material be produced?

lhe original problem can now be restated "How can the pro-

juction of building material from wood be improved?"

A decision was necessary here between these three types

of problem statement. They are equally important, and all

seem sultable for this study. The two-point statement was

chosen because of its similarity to the original statement

and because it seemed the most likely to be involved with

machinery and gadgets. The value of stating the "utiliza-



tion" and "implementation" problems is simply in inrc»~asing

she awareness ¢“ the problen' situation.

ast “ramework of the present system “ie many

problems whos solution would be &amp; valid, if liuilted, answer

0 The main ~roblem. It was in search of these mr obleams

that section C Process of Lumber Nilling, was written.

The resulting im oblems will be explicitly stated here.

The. are many transportation problems; the items in-

7olved ar

Le

2

2
~

~~

 un vorest to md  site.

1 storage to first operation.

PR

 f1itches. from headsaw to resaw.

"uuber. between resaw, edger, and trimmer.

5 cer Tnmber. frown machines to sorting operation.

5 yh “reen lumber, to drying area.

any handling roblems arise in the milling ovrocess. The

naln ones arr

“recline and unstecking logs in nonpond storage.

Loading the log onto the carriage.2.

3. id justing and turning the log on the ce—'age.

I Stacking the lumber for drying.

[he cutting of wood 1s . 3
J TearY Fig che operations

Zo

 lf Mp

A

J.

3

|

wt

Ja

Cutting off the log ends.

Breaking down the log.

Resawing.

Edging.

rimming.



iiaste occurs in many of these processes and must be

iis posed of, or preferably, utilized in some way. The waste

consists of:

I

2

3.

Le

Qawdus Te.

Timings and edgings.

Re~t and wood with bark on it.

IL: ends.

[here are several processes where decisions made by

nen are central in the process and are iuportant to the ef-

ficiency of the mill. Among these are:

Head sawing, resawing, edging, and trimming. The op-

erator must decide where the cut is to be made. There

are more possibilities in the head sawing, while the

srimming and edging involve a reasonably limited se-

lection.

Grading, which is governed by » pr &gt;t
J

~ reasonably six

ple rules.

Sorting, in which primarily simple decisions are in-

volved.

he maintenance of equipment provides all the usual

problems; however the maintenanc: of saw blades is one of

the most difficult problems in the mill. The men who per-

form this job are the most highly skilled and the highest

paid of all the mill workers.

his sketch of woblems does not feign to include all,

or even most, of the probleuws concerned with sawmilling,

out the majority of mechanical problems are stated.



Some of these problems are being vigorously attacked

ln research and developement programs, and therefore lose

some of thelr charm for a project like this. Among these

are: utilization of wastes and debarking of logs prior to

cutting.

Other problems in the group, such as most oi the con-

veying processes, have been studied in rather general terms

and better solutions already exist than are in use. 1 do

not mean to say that even better solutions do not exist and

would not be worth finding, but they might take longer to

find than improvements to semi-neglected, traditionally-

accepted processes.

Fo work on all the yw oblems which were mentioned would

be impossible. Therefore, with the general requirements

&gt;I reasonable virginity, uniqueness, and personal appeal,

the following statements were used while trying to cover a

Ceirly broad range of problem levels:

How can the conversion of wood to lumber be improved

(the original, overall problem)?

Could the process of wood cutting be improved?

3. How might saw blades be maintained (an outgrowth of

the second problem)?

In searching for a solution to the overall problem, a pos-

sible answer to the following was stumbled upon,

te How could the process of lumber grading be improved?

One of the most amazing results of a study of this sort

is how the problems occur, disappear, and change complexion

28 the work goes one.



THE STRUCTURE OF WOOD

Yood occurs as a natural resource in the form of a

tree, often in a group of trees, a forest. The tree it-

self. in a rather approximate form, consists of a column,

at one end of which 1- &amp; collection apparatus, which also

secures the structure to the ground, and at the other is sa

factory-like affair which produces the building materials

for the tree. The column, or trunk, has several different

parts, which correspond with its functions of supporting

the top and acting as traraenortation medium. If the

trunk is viewed as ¢ sol rvlindrical column surrounded by

concentric layers of material the various sections can be

identified as follows- Th» sc™*’ rolumn at the center is

composed of inactive « dead - "7 +° wood and serves the

single parposs : = -vreanpt

trunk, often cont-i-ine resi run

~ ' this part of the

" enl coloring substances

is called heartwood. The Javer “i ~t outside the heartwood

is also wood; however the cells arm alive, and nutrients

and water are moved from the roots to the factory at the to

through this section. This secord layer is called the sap-

vood and also serves the function of supporting the tres.

A thin layer surrounding the sapwood, called the cambium,

is the dynamic element of the trunk. It is this layer which

forms the building materials made by the factory on top int

the elements which make up the wood. The cambium is capable

of growing as it forms new wood to the inside; and therefore.

as the diameter of the tree increases, the caunbium laver re-



mains continuous about the trunk. The wood-forming action

of the cambium during the two parts of the growing season

is responsible for the phenomenon of growth rings. During

the first part of the growing season the cambium produces

relatively large, thin-walled cells with large cavities,

the springwood. Later in the season when growing conditions

are not quite so favorable, smaller, closer packed, thick-

walled cells with smaller cavities are produced, forming

the summer wood. These two types of wood form alternating

vari-colored layers, which also have slightly different

physical properties, and under normal conditions each pair

represents one year of tree life. Just outside the cambium

1s the bark. The part of the bark closest to the cambium

serves the tree as a transportation medium and delivers the

ouilding materials produced at the top to the cambium so

that they may be used for wood construction. The very out-

side of the bark forms a protective layer for the trunk.

The collection system at the base of the tree, the root

system, also serves the tree as a base. Its organic func-

tion, however, is to collect water and mineral nutrients

from the soil. The root system is similar to the top of

the tree in that it branches out into a very elaborate net-

work, wlth the finest elements being root hairs which do

most of the actual collection work. The hairs, as the

name implies, are very fine strands about the same diameter

as a heavy piece of thread.

The amazing device at the top &lt;i the tree, which I



have described as a factory, is the crown. It is here that

the lmportant process of photosynthesis takes place, carbon

dioxide is taken in from the atmosphere, the carbon is re-

moved and the oxygen liberated. The carbon is used to form

fhe basic building material of the tree. sugar. The water

which carried the inorganic nutrients to the crown is evapo-

rated in a process known as transpiration. The sugars

travel back down the limbs and trunk and then are. converted

to cellulose and other similar products for cell construc-

sion.

Two main tyvmes of wood cells are formed, One variety,

ghich 1s laid down parallel to the axis of the trunk, is by

far the more numerous; an idealized model of wood might be

constructed of it uniquely. The second type of cell, which

sccurs horizontally, is formed by the cambium into channels

radiating outward within the trunk. The function of these

horizontal channels is to store various materials and trans-

port them and others to and from the cambium. In softwoods

the vertical cells have a length up to four milimeters and

are ninty to one hundred times longer than broad.

They have a generally tubular structure, the walls of

the tube being formed by four layers. The layers of the

cell wall might be compared to the cord structure of an auto-

mobile tire. The basic constituent of the wall is the cellr

lose molecule, which is an indefinitely long chain-like or-

ganic structure. The molecules gather into string-like

croups called fibrils, and it is the general orientation of



these strings within the cell wall which differentiates

the layers. A binding material is deposited somewhat ir

regularly throughout the structure and has proven quite

difficult to analyze, both chemically and mechanically.

The cell walls are not solid, but contain space in which

vater and other foreign substances may be deposited.

To give a general idea of the size relationships in-

volved in the cell I have computed the size of a model

which uses a one-sixteenth-inch diameter piece of string

to represent the cellulose molecule. One the average, the

strings would be approximately eight feet in length, and

the- total cell would have a length of eight miles. The

diameter of the cell would be over four hundred feet, and

the hollow running down the center would have a diameter of

three hundred fifty feet, although all these figures would

sxhibit large veriation over any real sample of wood.

The cells are bonded together by a cement similar to

the bonding material within the cell walls. This material

forms a continuous honeycomb re twork within the wood and

has been shown to be as strong or stronger than the cells

which it joins. The cells are further joired by pits

which allow water to move from cell to cell. The pits oc-

~ur both at the ends of tle cell and in the walls. They

sre not actual holes in the cell walls, but are instead

thin spots where diffusion occur repidly. There are many

various types of pit, according to whether a valve type

nechanism is ind uded in the structure.

from the discussion it may be seen that wood may



rary according to:

Types of cell present.

2.

3.

1

Sizes of the several types of cell present.

Thickness of the cell walls.

Direction of longitudinal axes of cells relative

to that of trunk.

&gt;

3

7

3

J.

Relative proportionsofthe

present.

several cell types

Mutual arrangement of these cell types.

Composition of the cell walls.

Molecular structure of the cell walls.

Presence, distribution, and nature (physical and

shemical) of extraneous materials.

10. Structure of the middle lamella.

in interesting sidelight on the basic element of the

wood cell is the fact that the longitudinal strength of

cellulose is as great as that of high quality steel.

The lumber which is produced from wood has many prop-

srties which have made it popular. The ease of making con-

nections with lumber is one of the most important attributes,

while the ease with which it may be cut into different shapes

is probably equally important. The convenience of using

rectangular shapes in our usually rectangular structures 1s

obvious; the general ease of cutting wood has been solely

responsible for the success of the conversion of a round 1g

into rectangular shapes since the process ls otherwise dif-

ficult. The ability of wood to take different kinds of de

rative and protective finishes has been partially responsible



for its popularity, while the necessity of finishing wood

has been to its disadvantage. The high strength of wood

relative to its weight is another of the truly remarkable

features about it, and anv building material which is to

compete with wood should have this attribute.

Hood has several characteristics which are undesirable

in a building material. Its nonhomogeniety i: perhaps the

most important of these. Knots, cracks, and cdd grain pat-

terns are naturally occurring defects which seriously de-

crease the usefulness of wood. Its susceptibility to fun-

sus. termites and other insects. and fire make it somewhat

unstable for structures ~~ 2 mermanent nature. The changes

which wood undergoes wi”. different moisture contents cause

many problems, two of the most serious being shrinkage and

warping.



THE PROCESS OF LUMBoR MANUFACTURE

There are many problems involved in the present gen-

eral method of lumber manufacture which seem likely candi-

dates for review.

[umber manufacture is carried on at many degrees of

refinement. The strong back of a man and an axe or saw

st11ll produce lumber amongst the sophistication and gad-

cetry of our present society, but it is the gadget:sy toward

vhich we turn in the search for the better life.

The other extreme in lumber production is the large

permanent sawmill. That is the unit to be described; how-

sver, the smaller operations serve an important function,

and their processes and needs will also be considered.

At a large mill the logs must be stored since thelr

jelivery is seasonal, while the mill operates continuously.

During this storage period the logs must be protected from

rot, and this is accomplished by keeping them wet.. The

most common types of storage systems are ponds where the

logs are simply floated and stacks where water is pumped to

the top and sprayed over the pile.

The log must then be conveyed to the sawing area when

it is to be processed. In the pond the log is handled like

a poling barge and is carried from the pond into the mill

on an inclined ramp with a chain drive or is simply lifted

out of the pond with a cable lift. From the stack the logs

are moved with a system of cables to the sawing area. This



is the first of many "conveyor" problems encountered in the

sawmilling processe.

¥hen the log first enters the mill, the ends arse sawed

0*” in order to produce a clean working surface. The log

Ls temporarilv stored, and then loaded on the movable car-

riage which will carry it back and forth past the main saw

28 1T is being broken down into nieces which can be handled

in smalle» machines for the Fin-~ cutting to lumber.

The process ¢7 ~-mmi ~~ ggwing 1s verv spectacular be-

cause of the high sneed »r~il handling, and large s ize of

the machinerv and Tog.
rr

camviage must be equipped to

rotate t° log and to move the ends toward and away from

the saw
-

Th  rr

type. ©

minute. T

log, a cr’"

skied lunh

cess throm

carriage.

ried on :

largest 1 =~

“ither aeular » g band

“ori gpeeds around 10.700 feet per

vf initial breakdown of the

~-+ion, * done by a highly

Cm wa whr- controls the pPro-
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‘nerator of the

pepla tt
iy br i INVqo log sre car-

- =

Ta o ay net
TL» tC ~2vopirn.e One of the

waw materi  occurs er the 7st break-

down, where arm roximately 10 per cent of the log is lost in

sawdust, and rpproximete ~ per cent is lost when the very

outside portion of the log, having a round edge and carry-

ing bark, is cut away.



Ihe cants and flitches, as the pieces cut from the log

are called, are then sawn on sme ller machines to lumber di-

mensions. This overation is done on a multibladed machine,

the "resaw," which cuts the pieces to the required thickness,

and the "edger." which removes remaining bark and cuts the

resawn pieces to the correct width.

I'he boards are then sent through &amp; machine that has mow

able circular saws spaced at equal intervals, usually two

feet. The operator of this machine trims the ends of the

boards and can remove sections with imperfections from the

center bv putting different saws into the path of the board.

The lumber is then graded and sorted according to grade

and size. It is stacked in a special manner out-of-doors

so that its moisture content will drop to that of the air.

In some mills special drying ovens, known as kilns, are

used to dry selected luuber to indoor humidity conditions.

This kiln-dried lumber may be finished to specially smooth

surfaces or to special shapes.

There are several subordinate operations necessary to

Che milling process. Two of these, peculiar to the sawmill

industry are that the sawdust and waste wood must be disposed

of and that the saw blades, which are subject to heavy wear,

mst be maintained.

\ type of mill which is sawing a fair percentage of

che total lumber cut, especially in the south, 1s the port-

able mill. The reasons for this are that mmch of the timber

oeing cut is second or third growth, is relatively smmll,



and can therefore be handled with lighter, more portable

squlipment and that the need for lumber has forced the utili-

zation of small wood lots which could not economically just-

ify a standard mill.

The portable mills have certain problems peculiar to

their type of operation. All the operations of the large

mill must be carried out but are on a smaller level. The

equipment which is used mist be. smell. relatively inexpen-

sive, and convenient to uve The extreme of this type saw-

mill is a rubber-tirc? device that tows behind a truck and

ond which can be put “= emeration bv four men in one day.

detailed account oflL. have not attempted to giv~ |

the methods of sawmil™naras mv c¢c~ject is to look for bet-

cer means © doing th--

investigated with soe

2 ee. The steps which have been

“ntensit are discussed in more de-

tall in the appropriate chapters.



CONDITIONS ON THE PROBLEM SOLUTION

he preparation for problem solution mist include

study of three quantities. They are the desired result,

the conditions leading to the problem, and the conditions

coverning the solution of the problem. The third category

1s somewhat distasteful, since it limits the possibilities.

nese constralnts might be satisfied in a number of differ-

snt ways, and in recognition of this fact, it seems wise to

become aware of the constraints, but not to consider them

during the search for solutions. Another reason wny the

constraints must not be given too much consideration is

chat there ere often an overwheludlng number of them; and  2)

complete enalysis, listing, and constant recognition of

chem would be very narrowing and frustrating.

There are many constraints on the solution to the "log

to lumber!" problem. My study of them is limited simply to

listing where the constraints arise and wnat thelr general

nature is. The description of the basic material cen be

viewed as a condition on the problem, and There are others

concerned with the raw material. Anong them are the physi-

cal occurence of forests, the number of trees in a forest,

the amount of growth per year, the seasonal variations in

logging, the total amount of wood that is available, =nd

che laws which control the utilization of the forests.

This last category, the laws, is a condition imposed by

society and deserves a little further consideration. The

laws under which the lumber manufacturers operate are the



result of consideration for future needs for wood and for

the esthetic values of the forest. In general the laws

provide for minimization of waste in logging operations and

for the protection of certain forest areas from lumbering

activity.

fA wit the —aw material. thc “inished product sets

certain conditions on the problem solution. These have

been rather tharonghly discussed and will aot be further

consider
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~athods and that any new solution

-

+Thin the financial resources availl-

able tr

Ar

cer’La’:

which ~

power sunnlt May ~~:

TF Nn
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Tan? —-w13d ga the method

“ime "~mavdent upon

rtation facilities, con-

struction equipment and material, tools and machinery,

petroleum products, and mar— others. It is impossible

to list what the dependencies of a new process would be,

out 1t is important to realize that they must be listed

ind considered when the proposed system is evaluated.

y careful study of the future lumber market was made

oy Stanford Research Institute for the Weyerhauser Lumber

Jompany. The results of that study are of great interest



in the consideration of this problem, since they point

out how the problem might change in the next few years.

[n very brief form those results are:

The size und activity of U. S. economy will expand

by 1975.

construction, container production, and manul'actur-

ing--the main users of wood products will increase.

Increased lumber supply will be forthcoming only at

sreatly increased expense; the price of lumber rela-

tive to coupeting materials will increase.

The price of plywood will increase, paper and paper

peoducts will remain constent, snd fibre and insu-

lating board will decrease relative to coupeting

nroducts.

Domestic moduction of luuwber will increase only

moderately by 1975.

There will be a morket for &amp;ll lumber roduced, plus

increased morta,

Major inereases in pulp products, plywood, and I'ibre

J

0.

boards a

Fuel wood consumption will decline.

evnected.

There wil be little change in consunption for other

forest products.

10. Domestic requirements for saw timber delivered to

mill sites will increase only moderately by 1975.

lle The increase in all timber delivered to mill sites

vill increase by approximately 1llL per cent, owing

nainly to the increased pulp demand.



12.

1 9

I'nere will be an increased use of mill residuals

in pulp production.

Improved pulping methods will result in greater

use ©” hardwoods for pulping.

L): The major increases in the South will be in pulp;

in the West, softwood lumber and plywood; and in

che hast, both categories will increase slightly.

The final constraint on the solution has basen mentioned

pefore. and its importance to the whole procedure has been

emphasizeds That condition is the one of values, which we

bry to measure in terms of money, althourh we cannot always

accomplish ite The one overall omndition that can be put

on tne solution is that it has greater value to man than the

present solution, and we still find that a definition of

value poses a mor. difficult problem than the one we are

crying to solve, which of course is meaningless without some

neasure of vali.



a TRANSGRESSION ON NATURE

he several conditions of lumber manufacture which

cause the greatest inefficiencies and problems are these:

(1.) Rectangular shapes must be formed from essentially

circular pieces. (2.) Undesirable inconsistencies, such

as knots, splits and sc forth occur in the raw material.

(3.) The large size great weight and water content, and

the irregularity of the lc~s make their handling difficult.

Plastics.do not hsv these undesirable traits, but

thelr cost is nhirher than that of lumber, and no plastic

known has the combination of properties which are required

of lumber. The sur~rcestion has often been made to the lum-

her industry that it grind its trees into small pieces, and

then synthesize a lumber material from this pulp. The

stock answers in refusal of the suggestion are "It would

cost too much" and "We don't know how." Perhaps a method

of forming &amp; tough, strong, lumbery material from wood

crindings will be found; that would indeed eliminate the

problems of manufacture which were listed.

These thoughts all lead toward the industrial synthe-

sis of wood. Could man devise a factory to compare with

nature's tree? The substitute would depend on the same

operations--collection of carbon and other elemental con-

struction of the physical "wood" elements. We suspect,

and most scientists are convinced, that organic syntheses

are not controlled by magical phenomenon, but are the re-

sult of chemical andphysical principles as are the actions



of the inorganic universe. If that is true we can expect

to understand those principles, snd probably be able to

control their action. That would be the beginning of the

antiseptic, science fiction state of synthetic lumber pro-

duction, and although the idea is revolting at the moment,

significant improvements might be found in the material and

the process through such effort.

The amazing capabilities of the natural wood factory

(the kind with branches and shade) cause grave doubts

vnether it can ever be matched in industrial terms, let

alone the esthetic. Even among the world of plants the

tree 1s an awesone producer--its yield in seven years is

five times the amount of cellulose produced by seven con-

secutive cotton crops on the same lend, and much less helr

is required from man for the trees than for the cotton.

Considering the whole process, man gets a marvelous build-

ing material with a very smell amount of trouble.

But those troubles remain. Round logs and square

boards, knots and bumps and splits. There are several

vays, in addition to complete synthesis, which might yield

a better log. These sll amount to some degree of artifi-

ciallty and might be looked at as cooperation with nature

at a slightly different level than that of the present.

I don't think too highly of these plans; nevertheless,

I will mention a few of the possibilities for the sake of

the record. Work is being done on the improvement of trees

for lumber production, mainly through controlled growing.

A description of the work is not necessary here.



Tne cambium of the tree--that layer just under the

bark, where the growing, or wood production takes place--

knows 1t is in a tree because of the material being delivered

to it, the pressures and temperatures about it, and so forth.

If a piece of cambium were removed from a tree, mounted on

0. rectangularly-shaped form, and the conditions of tree life

imposed on it, then we would expect it to behave as though

it were within the tree. Since the cambium layer which vas

used could be an ideal piece, free from branches and other

imperfections, the wood produced would also be clear and

ideal.. The layer could be held in a flat plane; therefore,

the growth would occur in planes, not cylinders, and the

ideal log might be produced. Some improvement in the out-

out of the cambium might be expected, since ideal growing

conditions could be maintained at all times, and the amount

of spring and summer wood could be varied at will. In a

system such as this, the growth material, the sugars, would

be collected from standing trees, mich as maple sugar is

rollected at the present time.

Consideration of the physical possibilities and eco-

monic aspects rust be made. An immense amount of equipment

would be necessary to provide the correct conditions and

naintain the necessary production. The logging operation,

sr raw material gathering, would be greatly simplified, as

yould the final production of lumber. The problems of grad-

ing, nonuniformity, and mill waste would be eliminated.

The final judgment of such a system should be made on a much



more thorough study of the process than I, using subjec-

five judgment only, have made. I have decided to search

in other places for improvements to lumber production.

lhere are a few variations of this plan which might be

more (or less) practical. If the ideal cambium could be

left on the tree so that the whole unit continued to func-

tion (the difference being that the special section of cam-

bium was made separate from the trunk of the tree, perhaps

in a special container mounted on the trunk) we might in

actuality be able to harvest two by fours.



SAWING

When the problem of lumber menulfacture is considered

vith the "log" as the basic raw material, a breaking down

operation becomes necessary, because luber is smaller than

the log. Lumber 1s produced directly from the log by saw-

ing; when the log is broken down into chips, fibres or chem

icals for later synthesis to building material, the proced-

ure becomes culte indirect. It has been mentioned else-

where that a process of producing satisfactory "lumber"

from chips, fibres, or chemicals from logs has not been de-

veloped; the pursuit of such a process would be an excellent

exercise. The other choice for investigation 1s the pro-

cess of sawing, end that is what follows. The carolce was

nade mainly because it seemed that little thinking had been

Jone on the operation of sawing, judging from the lack of

changes. over the last century; however, the choice now

seems poor, since no wothwhile results were obtained, and

the synthesis from log constituents has thereby developed

1 certain fasclinatione.

The sawing problem is rather simply expressed by the

statement, "Produce a plane surface in a solid material.”

iccomplishient of this feat should be done with a minimm

loss of material and energy.

[ff a solid metesrial such as wood is to be sawed some

one or several of the components (cellulose melocules, cells,

middle lamela) -i1l have to change in form, either broken,

removed, crushed, or separated from its neighbor. It is



obvious that such an action will reguire some form of en-

ergy. Since "sawing" requires a plane surface in the sawed

naterial, the action of the energy must be controlled to op-

erate only at desired points in the loge. These two quanti-

ties, the energy which causes failure and the control of tie

action of that energy, constitute the basic aspects of a

sawing actions the search for a better method of sawing will

be an investigation of the various means of providing these

juantities in a sawing machine.

The various types of enc&gt;oy which might:cause failure

»f the wood material are:

l.

&gt;.

)
\

1

5.

Mechanical.

Chemical.

Thermal.

Flectricale.

Nuclear.

mechanical energy is delivered to the wood in the form

of stress and would result from the resisting of the wood ®

the normal action of a gas, liquid, or solid pocessed of me-

chanical energy. Before causing such stress, a solid might

have energy due to vibration, high velocity, stress (such as

spring compression,) or height above some datum. 4 fluid

night be compressed or have energy due to flow. A ges might

11ls0 be compressed or have a high velocity.

Chemical energy would cause failure of the basic

structure of wood~--sither the cellulose ccll wall material,

che lignin binder between the cells, or both--and would act



by removing the stess-c-rrying potential of certain areas

of wood.

Thermal energy would not cause failure of the wood di.

rectly but would cause a chemical reaction or would change

the state of some material within the wood, thereby causing

2 stress or a chemical faillure.

Electrical energy might act upon the bonds of the in-

dividual nolecules of the wood, which, as in most organic

material, are "electron pair" bonds, or might produce heat

within the material and cause failure through one of the

shermal channels.

Nuclear energy- such as fast-moving atomic particles,

might also work on the molecules of the wood structure di-

rectly, or change its form to chemical or thermal energy be-

fore causing failure.

By now listing the possible means of controling ener-

zies, there would be an lumense number ol possible coubina-

tions, but many would be nonsensical, and it seeus logical

to choose some of the more promising failure mechanisus

and consider the reasonable systems for their control.

That procedure was followed, and the resulting systems

are briefly described. Some comment is made on several of

she most promising.

A vibrating blade of high frequency driven by mag-

netic field. This would be difficult to drive, have

Friction to a high degree, but there is a possibility

&gt;f a narrow cut and low waste.



&gt;. Hi voltage arcing along guiding edge of a metal

blade: It would be difficult to provide guidance

jue to space and material problems; the possibility

of low energy use and fine cut 1s good.

Cutting flame from gas delivered through flat blade:

It would be difficult to maintain regular cutting

surface, prevent fires and provide for escape of

combustion products.

A cutting chemical in liquid form delivered through

blade following the cutting action: A limitation in

the speed of this operation would be likely, and an

uxiliary material (the chemic al) would have to be

supplied.

Thermal energy using beamed electro-magnetic energy:

Ihe developement of a sufficiently fine beam would

be difficult, and cutting of thick sections would be

somplicated. This has good possibilities of a very

clean cut.

” High mechanical energy particles, such as bullets.

\chieving a smooth cut would be difficult, as would

sutting of thick sections, and reclamation of the

ased particles would present a @ oblem.

The forced moving blade, the present saw: This shoud

be in the list for comparison. It has high waste of

raw material, and rather severe maintenance problems,

hut does accomplish the task rather simply.

Nuclear bombardment with atomic particle beam. The

nigh energies involved would demand large equipment,



there would be safety problems, and control might be

jifficult. There is a possibility of high speed and

low waste.

Je

10.

11.

12.

13.

Razor style cutting with an extremely narrow blade.

Localized boiling of the water included in the cell

valls, thereby exploding the cells.

Hi pressure liguid forced in a jet into the wood.

Simple mechanical shear, as in a paper cutter.

Heat delivered by a hot wire or blade.

li. Abrasive particles in a liquid stream.

15. Localized freezing, and subsequent fallure.,

16. Chemical reaction with water of cells to produce

cases which would expend and break cells.

All these suggestions have at least some semblance of

feasibility. Any of them could be carried further into a

sophisticated design, and then to testing programs; the only

reason that this course was not followed in this work was

‘hat the time and funds for the testing work were not imme-

jiately available. One possible way to contribute something

to the science of wood cutting, since the unusual ideas

sould not be tried, was to attempt to lmprove the present

nethods.

One of the easiest means ofarriving at improvements

in things is to specify what improvements might accomplish.

and then set out to implement the improvements. That was

lone, and here are some of the things that would sawing

"nicer."

Cut other material than wood.



2. Cut lumber from poorer logs.

3. Cut lumber sections instead of only a plane.

Le Lower operating manpower requirement.

5. Lower maintenance requirement.

5. Lower power requirements.

Lower wastage.

Devise a simpler and smaller sawing machine.

Provide for faster operation.

Cut more lumber per log.

Cut more logs at the same time.

LO-

11.

1° N~gign more attractive machine.

These. for some strange reason, are specific examples of

the four criteria of ¢ better product as outlined by a

orominent machine designer; the criteria sare:

»

4

|

vo “nnctione.

+ «ny “~rat.

 =» performance level.

~em gerleability.

The process for accomplishing this improvement is

the standard: List manv possible ways and trv to work

the best inte : “=--"17"¢ solution. is wa: mentioned at

the first of this chanter. the studv 7 3-win~y had no

valuable results. Perhavs the reasons cre mental blocks

which I should recnoeni~+ and overcome bv. rThaps Just the

drabness of such commonnlace considerations gave no in-

centive. Nevertheless. some lists were made, glowered

ver, and the ideas werc Gisgustedly discarded. There

is work being done in the industry on these problems; 1



decided to search another area for problems and new solu-

sions.

“0
'
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