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ri-°s wol: wasc? ln~ed uO Ub. r' 1oi ry, s&CL:Z +

ruethad vhereo b-7,,my wood r cle~ s -,t be subjected to . st and.

aret a~china, bit~r tes t, the r. s lt of icli w1ould be exore c-e~
as a' ~ahiabil y r'atii.g rilot te tS 'Y Cor1'dct :d shoi i

drl 1  jm Methodus to be 7 oorw c'um ed to thec detei-ii~natio n of

riac i iinbility of oods, wihile riore e7-1 ens-V v i"or- irna-czts t± ±e

-olaning Method to be ad-,-- -ra 1y: -cited to the Tur-po se. Zile~1

,oortance of c:lo107ins; cuttn n. -nle s su~ted to tho p1laniC. of

various -w-ood 7ne ci e~ sat even _ oilsture contents is st-re ssed be-

o cue of its direct bear n~ in obto.irn :ni cuvality Surf ace

filsh anct iuuzcrtanoe i n e& b1 l ii2 c o rrect -Lhnabil its; rt-

cnjs.

~i'±C Ur: : ©_ ti, 1_ : :&Gr c- vio '. l -rt __ _

during the conduct of tests desicned to invc te the c ss=-

bl~ ty of eventUually estab1'liing, a stL-.darc. *et1,0 for rar -ing

allci corslparifLg, tn.& m-achining 'CIO 3erries of various v -od Szecies,

these exoressee ini StEndardL units. 'i iC e m "Uachinabil ity! thien,

refer "- to theC. 'ofirtlve e -se or C ."fi culty involved in-- cUttiilc

or cdt ri: i't 2  eof cany vwoCl -aoa cturt Trw

inig - rocess, nie referre. tc 1 C'ti U-.......

ice tion or the v.ord naohin.<l'_itF _ro r..lsdb erence to a

particular 21 ;Iiiiing or v ooa- worincg o eration. This we h~ave: the

Liescrk--tive ex'opressionS ' t tachinabilit , in p -aninc" and 11^.cin-

rtay, oz '-iay not rov to be the case.
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Original Working Plan Adopted

Origihal plans involved the conduct of drilling and plan-

ing tests and deterinhation of the physical propertie s of the

wood material machined, particularly those of sipecific gravity

and hardness. No hardness data was actually obtained. However,

the specific gravity of any normal wood of any species is the

key to calculation of all physical oroDerties of t e riaterial

involved, hardness included. This., of course, -meanss tat all

physical pzroperties of normal wood are largely functions of

srpe cific gravity. Future work L-ay well iirolve the actual de-

termination of hardness, emprloying e stablished standard testing

ethed s for the purpose rather than by calculation, this offer-

ing the possibility of closer correlationwith machining proper-

ties than offered by specific gravity.

Standard Test-piece Adopted

In accordance with the originallworking plan adopted, it

was deemed advisable to conduct all tests on end-matched malter-

ial. A test-piece fifteen inches long, forinstance, could be

first subjected to tangential and radial planing, this followed

by longitudinal, radial and tangential drilling at both ends of

the test piece. The central, unaltered partion might then be

used for determination of specific gravity, hardness and for
I

further drilling tests. A test-piece cross-section of 2I" x 2+"

would make possible the removal of 1/4" in tangential and radial

planing, leaving ample room for numerous holes, say 3/4" in

diameter, to be drilled at either end of the 15" test-spe cimen



leaving, in turn, a central, unaltered portion, 2" x 2" x 8".

This is the standard test-piece size adopt ed for determination

of several physical properties of wood by the U.S. Forest

Products Laboratory.

Moisture Content of Woods for Machinability Tests

In conditioning the material for nachinability tests, a

constant- t im erature-huidity ro om was available , controlled

at 700 F and 65% relative humidity. Every test-piece used re-

mained in this room for three or more months and was at abso-

lute ecuilibriun moisture content when tested, or 12.5% plus

or minus 1.5%. Lv-ost species stabilized within 1% or le ss of the

theoretical 12.5% value. Machinability studies, iade on woods

at this -particular moisture content, were enpropriate in ret-

resenting an intermediate moisture condition. This ?articular

value also fulfills one of the conditions adopted for standard

tests for physical properties at the U.S. Forest Product s Lab-

oratory, so that hardness and other ph rsical propeirties, de-

teriiine& under standard conditions in conne ction with the

machinabilityy studies, may be directly referred and compared

with physical data already established.

One particular division of future studies will seek the

relationship between wood moisture content and machinability

for various wood-working operations. However, many other div-

isions for study of wood machinability may be conducted at one

particular moisture content which may well be approximately

6%. Much wood Yeg is w&rked in this condition because of the
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fact that lumber store d vithin many heated buildings (65 to 750F)

stabilizes at approximately 6%. Taking advantage of this -he-

nomenon, use of a constant-temperature-hu-idity room could be

avoided.

On the other hand, air-dried wood naterial, or kiln-dried

lumber, stored for a long period out of dooms, will stabilize

between 12 and 18%, dependent upon season and locality. Select-

ion of moisture content for -machinability studies, therefore,

may be dependent upon facilities available , but for unlimited

work, the advisable conditions dictated by the wood moisture

content - machinability study must be followed.

Summary of Reasons for Adotinq a Test--ciece of Given Standard

Specifications

Selection of 2 " x 2j" x 15"p as the standard size of test-

specimens, and some of the reasons therefor, have already been

mentioned. These and other of the more impo rtant ressons are

sumarized below:

(1) Greater chance of selecting cle ar and straight-grained

specimens than with larger sizes.

(2) Difficulty off procuring i7any wood species in thicknesse s

exceeding 2 to 2$".

(3) S all spe cimens make p-os; sible shorter ro ist ure condit-

ioning tinie required.

(4) Possibility of using test-pieces of small size on a bench

Jointer with direct motor drive, avoiding slippa-e and losses

of the belt type drive.



(5) ultiple use of a single test specimen, -provid ip, end-

matched -aterial for each test (That is, the drilling, plan-

ing and standard tests for physical properties alread-y ett-

ioned).

I-achinabilitv of Metals

Professor 0."W.Boston, at the University of 1:+ichigan, in

his tests designed to determine the machinability of metals,

has used various methods for establishment of machinability

ratings, simultaneously recording Rockwell and Brinell hard-

ness figures for each test-piece, these being excellent indices

to the -physical properties of the metals concerned, much the

same as specific gravity of wood largely controls the physical

propert ies of that material. Professor Boston's tests include

measurement of :

(11 Torque and thrust developed in drilling.

(2) Component forces on a planer tool.

(3) Energy absorbed in milling of metals.

(4) Drill penetration under fixed load and rotation speed.

(Test found to bear no constant relationship to each inabil-

ity cratings as determined by other methods) .

In machining woods, it is readily seen that the drill test

is the only one of Professor Boston's methods for rating machin-

ability that may be directly applied to test s on woods. Howeve

obvious variations of his methods present themselves, these

being planing, sawing and turning.



1L investiga-ti on of crillinr ;Lnd melanin,, s_-ossible

f o r t h e r a t i n - 9 a o ,n aO b 1 L t, s o fc~ v - -o o d -,ol -e h

lieu. fo 1.e , en on sand, and °~iving. greatest -oromise

of~~- f~r~~il resles

P r s ' , o - Q !tean d t r u s t d e v e l o ,) i c ~ z o f _ e t 7l c-

in d iillir 7tdies involving ':ood. : < ter'ations viere made i 2

order t ,at tie ver,- lov torsue -:_d tiru st forces set uni~ n

dr'illins wood -;-,l t be :m~ue n uo l r~~c1~

be rather tooorl7 suited7 iC thi z ry. = zlh t

ratim -s I'or Many wood so0ec-es. _Figure: 1 I Il, !1ich

are fairly accurate reproductions of th-e original _'r-ahs auto-

xat ic :lly recorded, -make _ any o f tme di sadv ant ag es evidenit .

Figure I , re ,re sentat ive of r adi-al cldlli~zg tests :m ade

on t o ola, :cluvely hognogeneous species, illustrates

the:~stuif o _ rets obtain'_, ,, criiin of severnI

hoLIo1§ EnrEous' sc-CE^. _,rocsox=<iwlv th 1 C1'_riwE of results obtained

fro 'sxiy identiezl rues of tis c;_lib~er on each te;-t-niece,

would be suitable for thde i achinability rating. s'inus th;e -Doss-
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aeconsideration is iM_-ortant since troi~ical 7_peci es ill prob-

bOly be introduced in abunidance within the e:: decade or two ,

and the machining qualities of nearly all are rvacti c l 1 un-

known a.t n re se nt .

Rkadial drilling must be c~rilo -ed if unifoi~a re sult t are

to be se cur : c, ortangential dr-ill iii- of even the ,-lost ho-m-o

genous Speci es introduces 1=arl-ea variation- -in tr]cue -:7n'

thrust as the drill ooint an-rd cutting edges advance thfrowc

wood material of varying density; that is , frori g rov~rt i ri -ng

to arow th ring and \th 1_n i ndividual njohrings (srri n' _-nd

su?- zer wood) . ;;hen s ring' a~rd suxL.ier wrooc_ re nar'edily con-

trasted, great variations- in tor ue adthlrust are developed

ential dr-illing. The ef-l-ect -ay be seen byr refe siring to

<YL.II. When drilling :: ring-porous hardvr:od, ~ ,cashl,

the v,_r; ations -gave n even grreater _cnli tude than h~a : Uecn

noted ire cornection -Cith Douglas fir.

True radial nenet rat ion in d1rilling 1-'akes -possile th-Je

elim-ina.tion of e: tre1ne torcue and thutv riations, tms be-

ing acco-rml Iished' by drilling of food mlaterial of riven averae

density. tloiwever, true radial inenetration_ is ?possi ble only

through a sr-:all )a rt of tile c,-=illinl st ro-e , an_-d nrovided that

thie rovrWth ring s are of almost mcUrm' ct uiforii17ty.

rigure III -)rc sentea_ _in or__ r to~v l c a 2~e

effe ct of inc re _sed drill 1,,)onetratioln ui -te . InCId 1 t 1ly , the



S' . 1 « - J T 1 : - A " -xi - - r ' - . . - " rti
-" 

y.f i1

-~

r. -- ' I"_ 

._ -r t- a 1

;4' -v ; -- 2: - i 
-4-t*' '1, 0 f trN - --

r " _ - -}- - . .

-V~

" . . It .4 - r" _ f . .t t -_- 
0 1--.



1 ~ ~~~~~~~~ ~ ~ ~~~ _ g- lK-"1_- '- "Y y y _. - _ _ -T
_ 1 - _ - 1 ' _" " . f y j> .- r " "- 'f.: L a - . - ._ -" _ _ - _ _ -

-~ IT

ALW _ tol- -w

-i~. 0 __ ____

"~~~~~~A : -- - y -l

747. -17

W -- 4-0

I-l

iie ]Iw

i.} 4 i I4 -4 - -t I-- ._-._- _y '.._- _ J.-m- . - _ - ' ..

'~ ---- ,--4 - fitiL.L

i - " ' -V T ̂  . .i - -- T . t " - - - r ie - " ̂  _ - - -- _

Q. © 7 tj -I l -- '



rotation of the drill. The -erf ect cent ralizati.on required to

produ~ce a line Free fo~time effe ,cts o f vibratior is siriost

i-,o ssiblec to realize.

ThPe difficulties involved i este~bliszn vaciiiibility

ratin g s fro-, t o rcuie and tru_,t GvPa es =EcO r: i u Cjr l ing J

arc- readily a.-'re ciated. In -addition to a -{e i oftiue riffi cult -

its already -uettioned_, rgr i ndinof d rill Jto0a tG.!ThirC} S?1ar-y-
n ess Twound be e eeciall d ai ffi cult. iow-'ever, tGhe iiet hod lay

;ci.Love USef ull, esecially 1trif >ach1inab1i11t y rat ngs esoa ;lihed

fr ,radial dril ing dta rybe cOrryelated with rati s estab

1l s--ed by other -'c fining oerationis. The ni-bthod i s Sir 1 e ca d
f'ast , once th-e ai 'LYrcuu s!iay beentlset uL. Ti 'is also trueP of

t!,,e planing set-u;:, to b d 6scribed later, but use of -D d-ri-1-

ing iethod ti-outld "ro baUly ?Trove lo St advant,-. eous on tale ex-

tre~nely dense t ropi cal S'ecies, ,?rovided tlhat Suffi ciecnt acc-
uracy is obota inabl e.

~Drill 1np; tests, wit h v toqte andL tirust values a..uton acall

recorded, show T ior1e oro-mise of being usefuvl in dr ill-t y- ee ff-

ieilcy' ratings algd tool-lf-e studi es. In or±der to100iraesti rye
thi±s p-ossibility, graohical corim)arison of -re peat rus w ,ere _ade

on a single te st-; i ec e, under aiven rotation and feed smeds,

using four different types of dri,ls, the wc'od-bits be i ng -f itt-

ed with brad point to eli milnate the forced and uncontrolled

feed secured wi,;th the screw point:

(l) Standard --machine bait with inscribing cutters (double spur).
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(2) Acme machine bit designed to bore thoroughly seasoned

hibkory, oak, hard maple etc. Cutting edges form an invert-

ed V, easily accessable for re-sharoening, and o inscribing

cutters are present, as on the Standard macine bit.

(3) Taper-head machine drill Suited to the boring of shallow

holes in hard cand soft woods. Very similar to a standard

metal-cutting twist drill, eXcep t that the point angl e i s

more acute for purpose of free feed. U'The twist provides amore

clearance for chips and no lands are present as on the metal-

cutting drill.

(4) tandard machine iwist drill.

It has been observed that newly sharpeneci twist drills

bore with much the ssxe freedol as do sharp bits es.ecially de-

signe d for woood-bo ring , and nave siml .ar thrust reo uirment s with

given speed of rotation and advance . It would appear t1hat twist

type drills would 'ave a far greater 1ifebefore necessity of

re - sharm ening, than wood bits delicate cuttin e dge s, e as-

ily dulled and sharpened with .difficulty. However, it has been

suggested that continued adrilling wo uld alter the comoarative

drilling efficiency of bits and drills that have been observed

when using newly sharpencd edges. Recording o torcue and

thrust in drilling would probably be anQ excel lent means for

the makilng of such comnparative dtrill-life studies.

The wood-bit, of course,, provides a smoother 'ore in some

cases, and minimizes the tendency of the wood to split, -partic-

ularly in end-boring. Use of the wood bit also makes possible



the boring of deep holes. These advantages are more important

than the disadvantage of rapiid drill dulling in many classes

of work.

Although many test tuns were made, no further time will

be spent .in the ir consideration. The drilling method seems in-

ferior to the olaning method, which is to be described, for the

establisraeht of ma chinability ratings. Then too, ratings

established by drilling tests, may differ from ratings derived

from other wood-working operations, as by planing and sawing.

As such, the drill rating is pertinent when drilling only is

considered, but probably would not rank in importance with

planing machinability ratings or those established in sawing

tests, should a relationshio be discovered.

PlaningTests

The standard test-piece size adopted as 2" x 2--" x 15"

make s possible planing tests on a small bench jointer. Advant-

ages that may be claimed in using such equipment are:

(1) Direct motor drive through fle ible coupling, avoiding

belt slippage and reducing poti'er losses.

(2) One-quarter horse-power motor o-erates at or near peak

efficiency during most planing tests (0.005 to 0.01" cut at

231 / minute) .

(3) Low range watt-mater (0 to 750W), of high sensitivity

(5-watt scale divisions) may be used, accurately indicating

power inputs to peak load when using a 1/4 h.p., 3,400 r.p.m.,

single phase cutterhead drive motor.



(4) cont.

Planing cuts made on practically every test-piece required

power inputs ranging between 200 and 600 watts, this involv-

ing variation in motor efficiency of only plus and minus 4%.

Efficiencies were considered in all calculations -iade for

)ower consujrpt ion in planing.

(5) Use of a snall bench jointer would be desirable for feri.-

anent set-up designed to rate the machinability of any test-

piece or new species coming in. This would be parti cularly

desirable if more than one planer was Found necessary for

rating the machinability of several classes of woods (To be

considered later).

Disadvantages in using a small, bench type jointer:

(1) Shallow limit to depth of cut permissable in the planing

of hardwoods at high feed speeds.

(2) Jointer feeding and receiving tables being short, are

unable to accomodate a long test--piece.

Conditions Adopted for Planing Machinability Tests

Following are the standards adopted for the test Th out to be

described and some of the reasons for their selection are given:

(1) Power feed at a uniform 23? / minute.

No faster feed than 20 to 25? / min. is possible in plan-

ing the denser hardwoods when using a 1/4 h.p. cutter-head

drive.

(2) Cuts of about 0.01" maximum used

No deeper cut is possible on the denser hardwoods with

feed speedsat 231 / min. when a small jointer is used.
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(3) An appro irnate 0.005" was termed to be a light cut.

(4) Wood of all species was planed at a moisture content

of approximately 12.5% for reasons already explained.

(5) A cutting angle of 100 was selected as being best suit-

ed to the planing of the particular spe cies investigated,

among which hardwoods and conifers of intermediate hardness

ppredominated. Corresponding clearance and sharpness angles

were 350 and 450 for the particular knives and cutter-head

used.

Cutting angle used in the planing of any wood at -'iven

moisture content is probably the nost irmortant variable in

the planing operation when cuality of surface finish is of im-

portance. A method is suggested, in a section to follow, where-

by machinability of any wood species is rated under conditions

producing best possible surface finish. Table I is an aid in

suggesting cutting angles that should be employed in the olan-

ing of cdrtain woods at varying moisture contents. Reference

to Figure IV will make the identity of the terms cutting,

clearance and sharpness angles evident.

Difficulties Encountered Durin the Conduct of Planing Tests

Extreme diffilty w'as had in obtaining satisfacto ry en-

pirical data for purposes of study of nachinability in planing.

Conditions were such that a micuh worn bench jointer had to be

used, this being the only direct drive planer available. Time

for conduct of tests was also very limited after the passage

of three months reauired in collection and conditiorning of the

woods used.



TABLE ,I ."Rec ormiende ct t nn s~
Reao~mendations of hMnut~trrA~-- aufacturer "ABll 2 3

$peoies

Ash , curly
Ash, plain
Basswod
Beed.
Birch, curly
Birch , plain

Cherr
Chestnut
Cottonwood

Eim, hard
Elm, soft

Hickory

" r en Ai O ~d ried" dried "~

3O00

try ?

100 0200 10

25
25
25
25

25
25
25

25
25

2.5

25

25
25

25
20

25
25

25
25

-ahogany, plain
1 1 ho gangy, f i g re d

Maple , plain
M"'ale, bird s-eye

Oak, plain
Oak, n uart ere d

Sycamore , plain
Sycamore,: ntd,

215
25
20

25

25
25
25

25D
25

20

25
20

25
15

25
20

20
25

25
20

20

25
25

20

100

25
20
15
20

30
20
20

20
10

10

20
25

25

20
25

20

15

20
15

20
10

20
15

20
20

20
15

20

20
25

20

30

30

20

30 2 0

20

20

10

10

10
0
0

20

30

10

20

0

10

W'Ialnut , black 25
Walnut , Cirocass ian25

Poplar

Cedar
Cyrests

25 30

30
30

30

25
25

25

25

20

30
20

20

50

10

20
10

10

20

10

Fir

Hemnlock

Larch

Pine,0 yellow
Pinewhite

25
25

25
25

25

20
25

25

30

30

30Redwood

3pzuoe

20 10

225 25 3255230 0 20
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the method of altering cuatting angles by back -hon in, i ll-
ustrated by the two outs at the right, is by no ijefl8 id al l
altering toe sharpness ale as it does. Use of extra* cutter
heads, holding knives at the required anle, elimainates the
Ohanging sharpness angle. A. bloeck provided with mieans of au .1
justin the knife angle would accomplih the sam~e purpose.e

,o;e flexibility is provided by usingC a reverse4 knife, as
is ssen in changing f'rom a 30° cutting angle (upper left) to
a 0O cutting ale (lower left).



I13,

EJxtremely desirable data concerning the dulling of cutt-

er knives during test runs, as determined by planing of controls,

was entirely lost when Dower consuroption readings for test

runs becme variable toward the latter part of the work. Poor

condition of the jointer nade itself evident in this manner

and was, in fact, the cause of all difficulty encountered.

However, that data actually presented in this paper was path-

ered during satisfactory test runs. All doubtful data hasbeen

discarded.

It would be well to bear in mind the unavoidable limit-

ations attatched to this particular study.

Representative Planing Test Run Series

A planing test series on a single test-specimen always

involved five passes "with the drain" and five "against the

grain" for a single setting at given depth of cut. For ill-

ustration see Table II.

Reaction on Test-piece During Planing Investigated as a

Po ssible IvIesns for Rating Machinability

The column headed "reaction" in Table II refers to the net

force required to feed the test-piece into the cut at the rate

of 23 feet per minute. It has been obtained by deducting tie

force required tn feed the test-pie ce across the planer table

(frictional resistance) from the toal force required for the

feed during the planing operation. The ,:,ethod is unsatisfact-

ory in many ways, mo st important of which are



TABE Ti-alninrunseries

species: Bald cyp~ress

8pe iiic gravity: 0.52-3 (at 12%o moisture content)

Planing: On a truly radii surface

Width of cut : 2.23"?

Finish obtained:

With the grc4 in:Very sli. htly x;10ly

Aainst th-e rgrain ery slight ly WooI Y

v'vit h t he
Reaction Watt-meter

During -run

1.*5ff 250 mwatts

1.0 240

1 5 250

I 7245

1.o75 240

Av . 245 watts

zra in
read ing

Idle

94

92

90

Ai-ainst the r-rain

Durngrun Idle

2 .757 255 watts 102

2. 260 110

2 .5a260 110
.52465 106

3.0 255. 105
Av. 255 watt q

0.0385 /pse

~0,0077 av . de~th of cut

0,045" /5 tse

W 0. 00911 av. depth of cut
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(1) Unsteadiness of reaction forces indicated on the spring

balance used. The short duration of the test, when using

a test-piece only 15" in length, does not permit stabilizat-

ion of the spring balance.

(2) One-quarter round scale divisions on the balance used

were too rough for the accuracy necessary. aialler scale

divisions would aggrivate the unsteadiness of (1)

(3) Difficulty in obtaining an accurate frictiona value.

Generally then, the method is unsuitable as a substitute

for watt-meter readings obtained by use of such an instrument

in the cutter-head drive motor circuit. A refinement of the

method used in obtaining reaction values, eliminating the osc-

illating motion of the spring balance prior to stabilization,

and indicating small for-ce units with accuracy, may offer a

solution. However, the difficulty in obtaining a true frict-

ional value still exists. Difference in level of feed and re-

ceiving tables make the latter difficult.

Calculations for Power Consuimotion in Planing

Presentation of a second typical test run series, illus-

trating the excellence of results obtained in radial and tang-

ential pIaning of the very non-hoitlogeneous species white oak,

will also serve to illustrate the method used in calculating

power consumption in planing (see Table III).



TXE~~ri -Typicl ani14.&test 2

Spe cie s: White oak (hhartwoo1) .
Srn-ecif. ry.:0,697 (at 1-%"r;, .

Planing: Radial minue 0.

Radial 1aning.

Width o out: 2.23#1

Rings per inch: 21

Tangential minus 150.

Wiatt -meter leadingS

with grain Against grain With &ain _xintgri

During
run .

3'70 97
385 98
385 9 9
390 98
390 96
390 97
380 97
380 97
39-0 97
380 97
380 95

375 97

38*3 watts avr.

355
wt7 5
365
3 7 0
375
360
360
375
3150
370
370
380

Idle

98
100
100

93
97
97
98
98
98
98
97
95

During
run.S

350
390
395
410
39I0
3s0
395
335
390
385

Idle

95
915

95
95
95
94-

94
94
94

During
run.

4 00
410
410
400
4 05
400
400
410
4 05
290

Idle

97

96
95
95
95
95

364

3870

337

37*8

393

36.831.7W/cn. in. /min , 31.2

0.1285" by
12 passes,
: 0.0107" av.,

Fini sh OK

0 *125 0" by
12 passes,

S0.01042t' av.

Finish OK

0.1015" by
10 passes

-om0.0101511 av.

Finish O.

0. 1050" by
10 passesI 0.010,5#'av.
Finish OK

Calculation of Averase Power Consurrntion in Pln

Withof -cui itotal epth of cut x eed spe e 276 m n.

~watts per cuibic inch of mate-rial removed per minute.

From th foregoing tangential planing serie s; jPlaning agzainst grain:

3930 watts X 54.4% efficiency
x0,1050" x 2786 mm,

: 6.8 watts / cu. in r / main.

Planing with the grain:
,70 watts x548%efficiency..

d.1 .101-"x 2t"" f m.~ 37,ewatts / cu. in. / min.



10(ourc V involves i.IIc r_;lo tinp~ of d:6ta gatherE.C wuring
,1 T)1±1. rPn tudi es on umbr of ;lodsiecies.Li

data w~as reduced by calculati on, as in the f orco i ng examp-

le (Table III) , id Pnower consumpition eil nd a.' A.nst t-he
grain plotted tie's rat l-_f P aginstL thei r re s--ect ive ~c~

det lis of cut. 1'he order In v,,}hi ch tie tests ;,cre coaucted

i s indic ated_ b~ an1 -1= oiate filure dcco,,- anng each - air

o~ honscn~2~ t linze. 1AZ le i rw

be t've 11 ):i_1ts ~O Un f~ _out ur- iis dciiosiD

not atrue curve suchi as would. be obutained In connecting

other sp)e cies in Fl.V. i11 s curve doe s not- belnc to ti

iparticula- se1'ies a?1 B00I,1 accorc 1 ,r, l- hs not bieen naxbered
Thie tt.et 1, -m>ai >:r ~ te.t~~lo:o~

it re re sent .c in -~ ; v and :h s at U
1 e~ rn m aner mze

VTere ill Warcr conldition1.

The datc --'hiceilT' or ut nii*V s'niC,'nt

in mn~ctn~the fo'lovin 7:
(1) T he Oi're1ncyT~ ~nn, i er o rover Consur-a

mr 11ni vo11r, o v-ood 6Later2:l r&.ovd -:DZY>IE -t
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(2 ) Po wer__ :onsii-n-_tion _er unit volue u.jlreve. n

c r a e s anav r y r pLc r tVw e C , u 1 e lo w

0.QQ 0,the _rels to-D hi be]ing &a1 ost as c 1 c ofeQ

sight slope'or cus les tan 0.0033

(3) Ind i cations o Ty-tt ~&lJa . C]iC_.itowr OOf 3U tO_
V u . . o n e r u n i t v l iu n - e o f . ? a t - ' i a l r e _ o v o t c o c c r e s e s t a e s s

rap id, rate ashe ne -otPof cu e .__ e c JC0l0 n slss

than 0.020" ' the rate may imarco so be ovei toe atter lim-,.t

w'hen the \chi rem^ov ed _be com.e squt- nick.

(4 ) It is possible that -,ower coisv_?- tio9 per ui tvoiue

ofI wood riemover-,L DY r g,;. ' r gnis fl rin ,are

much the sam11e. Th.e anmle att':-ich the rrei n tersects the

planed surfa ce inmPluences the deth of cut. I lus, with any

test-piece, t& series of passes iLi -a1nn !ist rhe aan

will1 result i nthe rem-oval of ore mateoal t_.,an anqcual

number of p-asse's inthe orr_:osite 6irection on the same test-

u ie cc (he condition wvould not be so mar"k ed wh1en dep cuts

are ?mde). ince pianing eff~icLency i ncrease s it h de t i' o

cut (Fig, V) , the p1laning .series cagainst tile gra inwZill1

y-ield an average figure of lowx:er von°er coosmm ,tion -cr unit

volumvre of wood mlaterial removed. teference to ccalcultionls

for wh-is ite oak in Table III will1 reveal poer con suz,-i-t ion

figures almiost canal for planing wiYth and agai-nst the 9grin,

this indicating that thc direction of the cellular wod el-

ements wasalmnost parallel to the Iol aing sur'fce.
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(5) Curves drawn, representing power consumption in planing,

as those of Fig. V, tend to form a band with individual

curves "parallel" to adjacent curves.

*

This is especially true over that portion of the curves

representing cuts of 0.005" depth or less. In Fig. V, the

lighter cuts were 3ade with the cutter knives newly sharee ;

that is, planing series numbers 1 to 19 inclusive. Deeper cuts,

or series 21 to 34 inclusive, made i7,-,ediately following the

light cut series, do not show mar 1 ed parallelism, the slopne

of curve segments depending uipon the species considered. Note

that these segm ents are not at all parallel to the correspond-

ing segment of the "complete" curve or yellow poplar, the

planinS series for the latter spe cies being -ade with very

sharp knives. For dulling effect, after cormletion of 19 plan-

ing series on 19 species, compare the curve segfent for yell-

ow poplar, labeled 19, with the corresponding segment of the

complete yellow po plar curve. The flat portion of the curve,

typical of 1ighiter cuts, is seen to be "lowered" as the knives

become dull. As would be expected, power consuimtion per unit

volume wQad material removed increases simultaneously, so that

the two effects cause the curves to be displaced in two dir-

ections. In the case of Fi. V, the ?Oveent is d ward and

to the right. niother possible effect of dulling of cutters,

as suggested above, is alteration of curve slope for power con-

sumptin curves, especially those representing cuts 0.010"

and deeper.



(7) That machinability of a given wood species is not entirely

governed by its specific gravity. In fact, for some species,

such as Douglas fir, western hemlock and black cherry, spec-

ific gravity is very misleading, and not at all indicative of

machinabilit y in planing.

(&) The relative position of each curve is representative of

the corn- arat ivo machinabili ty of the wood it repre sent s and

under the part icular test condit ions em1oyed. it is possible

that comirnarative machinability/ ratings mayr be altered for diff-

erent woods in respect to one another if test conditions are

changed.

Consi stencyof achinability Ratings E stablished at Varying

Depths of Cut

Fig. VI makes use of the sane data as was employed in the

construction of Fig. V. Interpolations have been macde to de-

termine the power that would be required in planing test-spec-

imens with depths of cut exactly 0.005" and 0.010".

In Fig. VI, power consumption is plotted against specific

gravity and shows the partial independence of machinabilit y in

planing with respect to se cific gravity of the wood. Data

gathered to make possible the drawing of a comlete curve, as

seen for yellow poplar in YKg. V, would make for more accurate

results and eliminate the necessity of using the interpolation

method mentioned above. The graphs presented in Fig. VI are

important in that rating of com arative machinability of ood's
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is seen to be much the same when the cut Is either 0,005" or

0.010" in spite of the fact that efficiency in planing for

the two deoths of cut is widely different* The points plotted,

representative of various sp ecies, have been connected by lines

merely to indicate the possibility of relationship between

specific gravity and machinability in planing, with species

classed by groups, and to separate the points representative

of shallow and deep cut. Classification of specie s by groups,

according to their machinability, may be governed by one influ-

encing factor independent of secific gravity, the latter also

exerting an influence. It is also apparent that wood struc ture

of given tyre does not exert a uniform influence on the machin-

ability of given species. Both coniferous and hardwood mater-

ial, forinstt.nce, may fall into a given machinability class.

Allowance for Dulling of Cutters

'Lhile the curves and points of Figs. V and VI are repre-

sentative of various wood species, they do not bear a true re-

lationship to one another, since dulling of cutter knives has

not been considered in calculations made. However, the fact

that the planing of the various wood s-ecies has been conduct-

ed in the same order, for the two basic dpths of cut, has pre-

served the relationship seen in Fig. VI. Future work must al-

way involve -the athering of data to periiit corensating for

the effect of dulling of cutter kni es. These data would be

considered and applied to the readings from each test made.

* The relationship has also held in spite of dulling of cutters.



Tangential Planing

Most test runs were made on radial surfaces in order that

the effect of variations in specific gravity encountered might

be minimized. Tangential test runs were made, but the observat=

ions were unsatisfactory due to the condition of the jointer

used. This, together with the fact that calculation was not

made to determine separatel. the specific gravity of the tang-

ent ial test strip removed, rade the power consurption data for

radial and tangential planing, even though on the salie test-

p ie ce, not truly cormparable. It was thought that a ma chinabil-

ity rating, established by radial -or tangential planing; on the

same test-piece, would be the same, provided the respective

specific gravity values involved were identical, but the ident-

ity, or possible relationship, remains to be establishe&. In

any case, conditions pe rmitting , it seems advisable to con-

duct all planing tests for machinability ratings on radial surf-

aces.

Recommrendations for uture Tests When Using Planing Methods

for the Rating of Machinability of Woods

If it is possible to establish a relation between the

power requirements in making very shallow cuts, when using the

bench jointer, with power requirements encountered in commerc-

ial planing, use of the jointer will be decidedly preferable.

The advantages of using small test-pieces on the bench

jointer, and operation of cutter-head drive motor at peak eff-

iciency, when planing such test-pieces, have already been set

forth.



k1

One other advantage, not yet noted, is the small invest-

ment that will atta/ch to the bench jointer. This consideration

is particularly important when a. yermanent planer set-up is re-

quired for standard rating of machinability. If use of more

than one polan/er proves advisable, consideration of investrimnt

and space requirement is still more important. Use of four

planer set-ups is suggested in paragraphs to follow, this as

a matter of advantage and convenience in selecting cutting'

angles properly -uited to the planing of the species in cuest-

ion. The changing of cutter-heads offers an alternative but

the method has its disadvantages.

Use o a bench jointer with cutter-head driven by a 1 2.

to 3/4 h.p. motor will make possible depths of cut similar to

those encountered in couercial planing. The jointer should

be fitted with long feed awd receiving tables to properly acc-

omodate a 20" test piece, the minimu> le ngth desirable wihen

employing feed speeds of 201 per minute. Higher feed speeds

may be desirable to more closely simulate cozimercial planing

pra.ctice, this requiring larger test-pieces and in turn, long-

er feed and receiving tables. An accurate device for adjustment

of these table to accomodate different depths of cut is ex-

trer-ely desirable. Watt-meter readings are not uniform until

this adjustment is ;prope rly made.

In conducting tests, the separate detenination of spec-

ific gravity of wood removed in tangential and radial planing

should be provided for. A fast counter-balance type scale,



accurate to one gram, located near the planer, should be used

for the purpo se .

The effect of changing cutter knife angles is the most

important consideration in any machinability study involving

the planing of woods. Quality of surface finish is largely

dependent upon proper selection of cutting angle accordig to

the species-and moisture content of the wood being planed.

Feed speeds employed also hexert ant influence but are of sec-

ondary importance to proper selection of cutting angles.

In conducting tests for this particular study a 100

cutting angle was used for the planing of all species. Fig. IV

and Table I, pre sented under a previous section entitled

'Conditions Adopted for Planing Machinability Tests', clear

up the inter-relationship s between cutting, clearance and sharp-

ness angles and give an idea of the cutting angles that should
witb inbe employed for the planing of various species t-certain

moisture content ranges. It is obvious that the 100 cutting

angle, selected for these tests, is not perfectly adapted to

the planing of any species but rather only to those falling

into a group of particlar specific gravity range and having

certain structural make-up .

zA ideal comparison of the machinability of various wood

species would, in one sense, involve the use of one pa rticu-

lar group of standards from which no deviation would be allowed.
rigidHowever, the use of such a set of standards deprives a mach-

inability rating, for certain wood species, of much signifi-

cance. For t Gnstance, wha.t would be the value of a comarative



machinability rating if the test conditions involved in estab-

lishing that rating caused impossible quality of surface fin-

ish? A cutting angle suited to the planing of white pine is

certainly not suited to the proper planing of white ash and oth-

er heavy species in dry condition.

For these reasons, possibly the use of four jointers,

fitted with cutters involving say,, , , 100s, 800, and 300

cutting angles, seems advisable. Then feed-speeds and depth

of cut may be varied on anyone of the four jointers, making

a number of combinations which should be limited to avoid un-

due complications, and yet terve to rate the machinabi-lity of

any wood species under the conditions which should be applied

in its planing.

Thus with any new t ropical sp e c i es coming in, the proper

test pro cedure would be:

(l) Est abli smient of plani ng conditions best suited to the

spe cie s.

(2) Hating of machinability, using proper test conditions

as established in (1).

Since power consLrmption per unit volumre ofi material re-

moved serves as a standard base for comparison, the rati;ng of

machi nability of various wood spe cies, when machineL under

optimumr conditions, seems well advised. Conversely, there can

be little value in rating the machinability of_ a spe ies und-

er test condit:ions w11ich, forinstance, cause poor quality

of surface finish or low efficiency in planing.



Thus woods of various species will fall into various

groups according to their requirements in planing, or other

machining operation used for comarative rating tests, and ideal

requirements for the machining of the spe cies are simultane-

ously established y:ith the machinability rating.

Indications are, that psaning tests carried out in the

future, given excellent eoui-ament and ample time for conduct

of tests, should yield excellent results for rating the com-

partive machinability of woods. Steady watt-meter readings,

which may be obtained during the nlaning of any species, ind-

icate that the planer tables are in erfect adjustment in re-

spoect to the cutter knives, and data so obtained seems to be

most reliable.

Rating of Machinability by Other than Planing Test Methods

It is conceivable that the machinability of woods may be

successfully rated according to their response to sawing,

turning and other wood-working operations. Sa.wing studies,

particularly, show promise of yielding results similar in qual-

ity to those obtained during planing studies for the rating of

machinability, and probably would be conducted in a similar

manner. Of course, other variables and considerations are app-

licable to sawing studies, but basic principles are the same.

Thus we have the study of economical and proper sawing

m-thods to consider before establishing standards, much the

same as will be necessary to the standardization of planing

studies kesigned for the rating of machinability.



The sawing problem would involve study of relation between

saw-tooth shape, size and spacing, angle of hook, peripheral

speed, rate of feed, set, top-betel, resistance to feed, depth

of cut and h~ight of table above the saw axis of rotation.

With these relations established, the effect of each variable

upon saw life and power consur!mtion is next in line. Rapid

saw dulling, pDarticularly on the denser species, will prob-

ably ake the problem nu e complicated.

Published Ziterature on Machinability Y Woods and Proper
Woodworking Methods

Data on plning and sawing relationships have been gath-

ered by the English Forest Products Pfesearch Laboratory, and

the results should now be available in the new Forest.Products

Research Bulletin known as Prog ect 16. Other foreign liter-

ature, 'chiefly English, Geran and Russian, of possible assist-

ance, is listed in tle bibliography followin. The German work,

properly translated, should be imost valuable.
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Au ht lors wriZn from the -Trap.st ions of the or:.
&%.iety for Steed. Teat iut OQ-vela .4, Ohio, Vl1. VIto
NO. 6 , Nov. I

2 a11mtan , F. (Text written, in the German largup) .

'Technologie ties Ho1~0'. Berlin, JZuiua 8ring r, 1935.

Harri s, P. (Englishi Works. En li sh Forest pro du of aseearob

L~aboratory),

' Reae areh in Woodworking!,. Tirb . Tr. Xo ur . Beet. 10 and 17,
19391 122, xxiii and xiX; also in Eingineering, 3, 135, 21,

"Woodworking Re searoh' . Tinb . Tr. Tour., 1932, 123t 843.~
AI-s in Timb. (Woodw. Mach~.), 1.932, 83, 1172; and in
?limb. News Saw.i. Enr. , 1933 , io. 1986, 42.

'Circular Saws. Their ]ffti*nt Operation'. Tumb. (Wodw.
Mah.), 1934, 84, 105.

'Woodworking Research. Effect of Variation of Cutting Angle'.
Tti.(oodw. Mach.), 1934, 661-'222,
'The Inportanee of Correct Cutting Angles in Machining'.
Ene. For. Four.,, 1934, 13, 63.

'State Re search Makes Savings in Your Sawmill'. Furniture
Mfg, , 1934, 3, 220.

'Recent Woodworking Studies'. Tiinb. Tr. Jour. Special issue,
Xune 26, 1935.

'Correct Cutting Anles Mean Pere ct Finish'. iFurniture
Mfg. , June , 1935.

Works in the Russian Language

ke shevo i.
The cutting of wood, examoined as a technological -process.
Rev, in Woodworking Industries, 1934, No. iI, pp. 62- 70.

Mango s s
Investigation of the -planing operation while working with
rotating tools. Woodwork-ing Machines and ToosBull. 2,
1934, pp. 213T279, Centval Research Institute for Meoehan-.
ical Woodworking Industries, Moscow.

Be rad shy.
The process of planing as_ de scribed by De shevo i.

Den er, P.V.
Cuittinl -g o" wrrod -. I . . cthod~s of"ucmc rct~t ;o
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forces set up by torqCue an trust, bear against the ends of the

cantilever springs and simultaneously actate recording ps ns,

the mountings for which are actually leve r arms with fulcruml so

lo cated that large magnificaio of movement is realized. Thus
the drill dynamometer is nothing more than a pair of scales con-

veniently arranged. to automatically measure and re cord torcque

and thrust forces set up in drilling. A train'of magnifying lever-

arms make poossible automatic re cording of torque and thrust val-

ue s and proper selection of controlling springs determines the

recording range of the instrument.

Fig. I, Plate II sbows a general view of the d-riLl dynamom

et er and d rill p re ss use i fo r p iet t ests inve stiga3tinT the

possibility of using the drilling, method or rating comDa rative

machinabiiitv of woods.

Fig. II, Plate II is a view showing the drill dnamometer

fro n rear and side. Note the wood see cirmen clemed to the upper,

or movable plate of the dyn0amometer.
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an LnrL yn aro fe t e r

The introduction to the secdtion devoted to the investigation of

planing as a means of rating machinability of woods, suggests

that a watt-meter, inserted in the cutter-head drive motor cir-

cuit, has served as a dcynamomieter for planing studies. Using

thzis method, no allowance is made for elect±ical and frictional

losses in motor and cutter-head bearings or in the flexible coup-

ling between drive motor and cutter-head. Allowance for these

losses ?ay be advisable in establisiment of standard machinabil-

ity ratings provided that the- may be properly and accurately

accounted for. On the other hand, inclusion of losses in achin-

ability ratings probably would be desi rable to manufacturers of

planing equipment and to others who find it difficult to estimate

power requirement s of new machines.

Fig. I, Plate III shows the general planing set-up employed.

On the right is the 4-inch bench jointer directly driven by a

1/4 h.p., 3,400 r.p.m. motor throug.h a flexible coupling. The

test specimen is shown in place at the midoint of the planing

pass,weighted from abote by a simple brass bar centrally lo-

cated on the test piece. _t the e-treme left is the worm gear

speed reduction box powered by a 1/i h.p. motor. This was used

to draw the test piece across the planer table s .t unifori speed.

Using a 3/16" multi-strand steel cable wound about the 7/8"

output axle , used as a drum, the linear speed resulting was 931

per minute, a value used for all planing tests. One end of the

flexible cable was attatched to a pair of miniature tongs, con-

venient for grasping the end of the test niece. The horizontal

position of the cable terminated at the gear box output drive,
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where it wound about this axle one and one-ouarter times andr

dropped Vertically to a heavy weight. attatche& to its end. A

wire was provided to pull the vight to a height exneeding the

length of the test piece by 3 or 4". Allowing the weight to

hang while the test piece, and therefore the cable, was held in

place, caused the cable to wrap tightly about thefgear box out-

put axleV. Simultaneous rot ation f the a-le and releas of the

test p i ece pulled the latter across the rotating planer knives

at uniform speed. When the weight, oriebed dir-ectly below the

gear box output drive, finally reaches the floor, the tension

on the calle is released and movement of cable and test piece

ceases. Length of the stroke nay be adjusted by limiting or ex-

tending the verti cal movement of the wei ght attatched to the

cable end. Such a device is sometime s called a nigger-heaad"

Natt-3neter and volt-meter may be seen between the worm gear

drive and bench jo int er in Fig. I, Pla te III.

Figs II and III, Plate III, are self explanatory in showing

views of parts of the planing set-up of Fiig. I seen at various

angles.



Lu13lementary Figures Applying, to Text

Comparative Efficiency in Boring with Various Bits and Drills

Appendix Figs. Ia, Ib, Ic and Id are interesting in comparing the

efficiency in drilling realized with various types of bits and

drills when drilling the same test piece under identical feed and

rotation soeeds. Note that torque and thrust reauirements are

much the same, no matter whic h o the four tyes of drills are

used.

Only the standard wachinm drill, de Signed for metal drilling

(Fig . Id) , reveals a thrust requi~rent differing appreciably

from the other three types, this due to the very obtuse point
point

angle. Grinding of the drill to a more acute angle us rrit s the

drill to feed more freely and reduces thrust recuirewent con-

siderably. The effect may benoted by referring to Fig. Ic,

where thrust has actually been reduced to a value unddr that

observed when using bits especially designed for wood-boring

(Figs. Ia and Ib).

Data presented in Figs Ia, Ib, Ic and Id was recorded when using

new drills as sharpened by the manufacturers.

Using the drill dynaoeter method, drill life studies name

from time to time , employing various drill types, would probably

prove mo st info -riat i ve.

refer to the section entitled 'Drilling Tests' , contained in

the text, for description of drills used and. for other discuss-

ion.
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'The relati onshi-9 betwe n torue e-m-d thlru t devclo~ec in drill-

ing with increased feed speed at given rotation was susgestec-_ in

connection v ith radfal c' li ng of cmlo 'i rnoplar in Text fg

III. nc .1 .r series for tnr mrti i drillin~r of t_ it ='ecles

is seen oar re 'er-r to Ai-mendix fir II. NotLe the var-_.tior _n

torque duc to chan;-e in spoe cific gravity as thle drill oint and

cut i11--edges -Dd m f ' roth rill to rO. riG.

fQlenoyCurv x"17 C utte=r-hem Drive 0to

>p.1 . lII rene^scnt _ ilu - ' ci e-i c- c r~vc _ J_:~ to i Si<-

Ps pha,_e, 54 00 r. .n., 1/4 h.-,. riotor used in directly c.n-ving

e 4-" bonco> Jointer einiyooyed for planer Lacinbility tc its.

.. maminat-ion will shovi that ef i_-c ie nc vanied on!-, -)lu s and zinus

F4% when1 dra-.ing f ro-- 200 to 600 watts. Mvost o)lanii passes devel-

o-ed. loads reoui rind fro:-i1 300 to 500 xzmts inout. 'ercentage

effi ciency, corresionding to avlruage wia ,ta- e cdrui7 is aiL-jied

~.lcalculati ois involving tike rov.er consumntion ^.r cubic

inch of \,iooC ' ; ' 31a r= VecCL iv ='1 nil for ex arnles, See

cext Wa-bleS II !' II _1d =coupnln.it,_ c l 1_'=ti1s.

tt -n~cl' of i~mhof Wit _- 3Ot:er -'o,mtonUi

rower cou 0 IS ioLn 1 trend §r &:it lis c,-1t bc-tx~ecn .07" and

lowv 0. Coo" r.)r ?1d 3'~. 'lm ( m:v .1) ctc.i 2Cr L
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