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Originsl Working Plan Adopted

Origihal plans involved the conduct of drilling and plan-

ing testgs and determination of the physical proverties of the

cularly those of specific gravity

o
‘—l .

wood materlisl machined, »nar

-

and hardness. No hardness data was actuaslly obtained. However,
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the gpecific gravity of an
key to celculation of all physical proverties of the material
involved, hardness included. This, of course, means that all
physical properties of normal wood are largely functions of

specific grevity. Future Work may well involve the actual de-
termination of hardness, emploving established standard tes
methad s for the purpose rather than by calculation, this offer-
ing the possibility of closer correletion. with machining proper-

ties than offered by specific gravity.

Standard Test-piece Adopted

In accordance with the original working »nlan adopted, it
was deemed advisable to conduct all tests on end-matched mater-
ial. A test-piece fifteen inches long, forinstance, could be

-

first subjected to tangential and radia

=

planing, this followed

by longitudinel, radial and tangential drilling at both ends of

3

lv_J.

Tthe test piece. The centrel, unaltered nertion might then be

-

used for determinstion of specific gravity, hardness and for
further drilling tests. & test-piece cross-section orf 2&" x oLt
| would meke possible the removal of 1/4" in tanéential end radial
planing, leaving ample room for numerous holes, say 3/4" in

-

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



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 propérties of wood by the U.S. Forest

Products Laboratory.

Moisture Content of Woods for Machinsgbility Tests

In conditioning the material for machinability tests, a
constant=timperature-humidity room wes available, controlled
at 70° F and 65% relative humidity. Every test-piece used re-
mained in this room for three or more months and was at abso-

lute ecuilibrium moisture content when tested, or 12.5% plus

or minus 1.5%. kost species stabilized within 1% or le ss of the
theoreticel 12.5% value. Machinability studies, made on woods

at this particular mecisture content, were enpropriste in rep-
resenting an intermediate moisture condition. This particular

ne of the conditicns esdopnted for standard

e}

value also rulfills
teste for physical properties at the U.S. Forest Products Lab-

-

oratory, so that hardness and 5ther physical oprope rties, de-
termined under standard conditions in connection with the
machinabilityy studies, may be directly referred and compared
with physical data already established.

One particular division of future studies will seek th
relationship between wood moisture content and machinability
for various wood-working onerations. However, many other div-
isions for study of wood machinability may be conducted at one

particular molsture content which may well be apnroximately

6%. Much wood me¥ is warked in this condition because of the



fact that lumber stored within meny heated build (65 to 750F)
stabilizes at spproximately 6%. Taking advantage of this phe-
nomenon, use of & egonstant=temperature-humidity room could be
avoided.

Qn the other hand, air-dried wood material, or kiln-dried
lumber, stored for a long period out of doors, will stabilize
between 12 and 18%, devpendent unon season and locality. Select-
ion of moigture content for machinebility studies, therefore,
may be dependent upon Tecilities available, but for unlimited
work,the advisable conditions dictated by the wood molsture

content - machinability study must be followed.

Summary of Reasons for Adooting g Test-viece of Given Standard

Specifications

Selection of 2" x 2" x 15" as the standard size of test-
specimens, and some of tle—r casgons therefor, have already been
mentioned. These and'other of the more imnortant rezsons are
summarized below:

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

|,l .

snecimens than with larger sizes.

(2) Difficulty of procuring many wood species‘iu thickinesses
exceeding 2% to 2&".

(3) Small'specimens make poseible shorter moisture condit-
ioning Time required.

(4) Possibility of dsing test-pieces of suall size on a bench

Joilnter with direct motor drive, avoiding slippace and losses

of the belt type drive.



(5) Multiple use of a single test specimen, providing end-

O

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

ndard tests for physicel vropertie
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Machinability of kietals

Professor 0.W.Boston, et the University of liichigan, in
his tests designed to determine the machinability of metals,

has used various methods for estabd
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ratings, simultaneously recording Rockwell snd
ness figures for each test-piece, these being excellent indices
to the nhysical properties of the metals concerned, ruch the

o

Ty of

QJ
[N

same as specific grav wood largely controls the paysical
properties of that material. Professor Boston's tests include
measurement of:

(1% Torcue end thrust developed in drilling.

(2) Component forces on a planer tool.

o

(3) Energy absorbed in milling of metals.

(4) Drill penetration under fixed load and rotat

l_h

on speed.
(Test found to bear no constant relationship to machinabil-

ity watings as determined by other methods).

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

e

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

- .

ability that may be directly applied to tests on woods. Howevey

l—l.

obvious variations of his methods preselt Themselves, these

being planing, sawing and turning.
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The difficulties involved in estebliching machinability

ratings from torgue snd thrust values recorded in Grilling,

nrove ugeful,

this possibility, graphical comparison of repeat runs were made
on a single test-piece, under giveén rotation and feed speeds,
using four dirferent types of dri’ls, the wood-bits beine fitt-
ed with brad point to eliminate the forced and uncontrolled

feed secured with the screw point:

(1) Standard machine bit with inscribing cutters (double spur).



(2) Acme machine bit designed to bore thoroughly seasoned

higkory, oak, hard maple etc. Cutting edges Tomm an invert-

' . .
ed V, easily accessable for re-sharpening, and no inscribing

holes in hard and soft woods. Very similar to a stsndard

metal-cutting twist drill, excent that the point angle is
more acube for pursose of free feed. The twist provides mo

1

clearance for chips and no lands are nresent as on the ne

cutting drill.

(4) Stendard machine twist drill.

gigned for wood-boring, and heve similar turust requirments

given speed of rotation and advance. It would anpear

irills
ially

Tthet twist

type drills would rave a far greater life,before necessity

b X

re-gsharpening, than wood Dbi

t
ily dulled and sherpened with difficulty. However, 1t has been

suggesbed that continued drilling would alter the comparatlv

when using newly sharpened edges. Recording of torque and

thrust in drilling would probably be anvexcellent means Tor

the making of such comparative arill-life studles.

.

o

<

rilling efficliency of bits and drills that have Dbeen observed

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

casew, and minimizesg the tendency of the wood to split, partic-

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



the boring of deep holes. These adventages are more important
than the disadvantage of rapid drill dulling in many classes

of work.

Although many test Puns were made, no further time will
be spent.in their consideration. The drilling method seems in-
ferior to the planing method, which is to be described, for the
establishment of machinability ratings. Then too, rétings

£

established by driiling tests, may d

b

"Ter frowm ratings derived

e

from other wood-working overations, as by pnlaning and sawing.
As such, the drill rating 1s pertinent when drilling only is
considered, but probably would not rank in importance with

planing machinabllity ratings or those established in sawing

-

tests, 'should a relationshin be discovered.

Planing Tests

'he standard test-piece size adopted as 2&" x 22" x 15"

makes possible planing tests on a small bench jointer. Advant-

belt slippage and reducing nower losses.

.(2) One-quarter horse-power motor overates at or near peak
efficiency @uring most plankng tests (0.005 to 0.01™ cut at
23' / minute).

(3) Low raﬁge watt-meter (0 to 750W), of high sensitivity

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

—

single phase cutterhead drive motor.

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

(O



(4) cont.
Planing cuts made on practically every test-pliece reguired
power ilnputs ranging betwern 200 and 600 watts, this involv-

ing variation in motor efficiency of only vnlus and minus 4%,

.y

Efficiencies were considered in 811 calculations made for

Y

powercconsumption in planing.
(5) Use of a gnall bench jointer would be desiredble for pern-
anent set-up designed to rate the machinability of any test-

plece or new specles coning in. This would

planer was Tound necessary for
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rating the machinability of several classes of woods (To be

nter:

!.J.

Disadgantages in using a smell, beach type jo

e

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

e

of hardwoods at high feed gspeeds.

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

OQ

unable to accomodate a long test-piece.

Conditions Adopted for Planing Machinsbility TeSbS

ests about to be

ct

Following are the standards adopted for the
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 0.0R" maximum used

No deeper cut is possible on the denser hardwoods with

feed speedsat 23' / min. when a small jointer is used.



7(5) An approximate 0.605" was bermed to be a light cub.
(4)‘WOOd of all species was planed at a moisture content
of approximately 12. 5% zor reasons already explained.

(5) A cutting angle of 10° was selected as being best sult-
ed to the planing of the pafticular species investigate a,
among which hardwoods and conifers of intermediste hardness
predominated. Corresponding clearance snd sharpness ang gles
were 35° and 45° for the parbticular knives and cutter-head

used.

Cutting angle used in the planing of any wood at given
moisture content is nprobably the most imnortant variable in
the planing operation when cuality of surface finish 1s of im-
portance. A method is suggested, in a section to follow, where-
by machinability of any wood species i1s rated under conditions
producing best possible gurface finigh. Table I is an aid in
'Suggesting cutting angles thet should be employed in the pnlan-
i T t

ing of cértalin woods at varying mois

to Fig

C"?

ure IV will make the identity of the terms cutting,

clearance and sharoness angles evident.

Difficulties Encountered During the Uond
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Extreme difficlty was had in obtaining satisfactory em-
J o

pirical data for purposes of study of machinability in planing.
Conditions were such that a méuh worn bench jointer had to be
used, this being the only direct drive planer available. Tinme

for conduct of tests was also very limited aite
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of three months required in collection and conditioning of tThe

-

woods used.



TABLE I - Recormended Cutting-anglss .

Recormendations of -~~~ Lkisnufacturer "A"a -===~ Hanufachturer "B"s

Specles "Green"” "Alr- "Kiln- "Wet" "Dry" "Bone-
drieda” d4ried” ry"

Ash, curly 200 15° 100
Ash, plain 360 10 o°
Basswood 25 25 25 30 20 10
Beech 25 25 20 20 10 0
Bireh, curly 25 20 18
Bireh, plain 25 25 20 20 10 0
Cherry 25 25 20
Chestnut 25 25 25
Cottonwood 25 25 28 30 30 20
Elm, hard 25 28 20
Elm, soft 25 25 25 30 20 10
Gum 25 25 20 20 20 10
Hickory 25 20 15
rmahogany, plain 25 25 20
l‘ahogany, figured 25 20 15
l.aple, plain 25 25 20 20 10 0
liaple, birds-eye 20 15 10
Oak, plain 25 25 20
Oak, nuartered 25 20 15 30 20 10
Syc=more, plain 25 20 20
Sycamore, otd. 25 25 20
Walnut, black 25 25 20
Walnut, Clrecassianks 20 15
Poplar 25 20 20 30 20 10
Cedar 25 28 20 30 30 20
Cypress 25 25 25 30 20 10
Fir 25 25 20 30 20 10
Hemlock 25 20 15 30 30 20
Larch ’ 30 20 10
Pine, yellow 25 25 20 ,
Pine, white 25 25 25 30 20 20
Redwood 25 25 25 30 20 10

Spruce 25 25 25 ’ 30 30 20
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ALTERATION OF CUTTING ANGLES
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ne method of altering cutting angles by back-honing, ill-
ustrated by the two cuts at the right, is by no .sens idoal,
4ltering the sharpness angle as it doss. Use of extra cutter
heads, holding knives at the recuired angle, eliminates the
changing sharpness angle. A block provided with means of au-
Justing the knife angle would accomplish the same purpose.

Soge flexibility is provided by using a'reversed knife, as
is seen in changing from & 30°cutting angle (upper lert) to
a 0? cutting angle (lower lerft).

’




Extremely desirable daoa concerning the dulling of cutt-

er knives during test_runs, as determined by plening of controls,

was entirely lost when nower consumption readings for test
runs became varlao1e toward the Jatter part of the work. Poor

condition of the Jointer made itself evident in this manner

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

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

ered during satisfecho ory test runs. All doubtful data has been

discarded.

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

ations attatched to this varticular study.

Representative Planing Test Run Series

A& planing test series on a single test-specimen always
involved five passes "with the grain" and five "against the
ra)

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

ustretion see Table IT.

-

Reaction on Test-pilece During Planing Investigated as a

Possible Meagns for Rating Machinability

The column headed "reaction" in Table II refers to the net
force required to feed the test-niece into the cut at the rate
of 23 feet per minute. It has been obtained by deducting the
force recuired ftm feed the test-piece across the planer table
(frictional resistance) from the toal force required for the

feed during the planing operation. The method is unsatisfact-

ory in many ways, most important of which are:



TABLE II - Typical planing test run series

Speciesg: Bald oypress )
Specific gravity: 0.52% (at 12% moisture content)
Planing: On a truly radial surface
Width of cut: 2.23"
Finish obtained:

With the grain: Very slishtly wo;}y

Against the erain: Very slightly wooly

With the grain Arainst the zrain

Reaction Watt-meter reading Reaction Watt-meter reoding
During run Idle During run Idle

1.5# 250 watts 94 2,757 255 watts 102
1.0 240 92 2.5 260 | 110
1.5 250 91 2.5 260 110
1.75 245 90 = 2.5 245 108
1.75 240 90 3.0 255 105

Av. 245 wetts Av. 255 watts
0.045" / B vasses : 0.0385 / passes

€0.009" av. depth of cut = 0.0077 av. ¢e~th of cut



(1) Unsteadiness of reaction forces indiceted on the spring

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

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

ion of the spring balance. .

(2) One-guarter vound scale divisions on the balence used

were too rough for the accuracy necessary. Smaller scale

divisions would aggrﬁ%ate the unsteadiness of (1).

=~
(3) Dirficulty in obtaining an accurate frictional velue.
Generally then, the method is unsuitable as a substitute

Tor watt-meter readings obtained Dy use of such an instrument
in the cutter- head drive motor circuit. A refinement of th
method used in obtaining reaction values, eliminating the osc-
illating motion of the gpring balance prior to stabilization,
and indicating small force 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-

celving tables make the latter difficult.

lculations for Power Consumption in Planing

Pregentation of a second tynical test run series, illus-
trating the excellence of results obtained in radial and tang-
ential plening of the very non-homogeneous species white oalk,
will also serve to illustrate the method used in calculating

power consumption in planing (see Table III).



TABLE III - Typical planing test run geries

Specles: White oak (hhartwood). Width of eut: 2.23"
Srecif. grav. : 0.697 (at 12% m.c.) Rings per inch: 21

Plening: Redial minus 5¢.  Tangential minus 15°.

Radiel Planing Pangential Planing
Watt-meter Readings
With grain Against grain With grain Againet grein
During  Idle During Idle Durineg Idéle  During 1Idle
TUn. run. - run. run.
370 97 355 98 350 98 400 97
385 98 375 - 100 380 95 410 96.
388 89 365 100 3958 95 410 06
390 98 370 98 410 95 400 95
380 96 75 97 390 95 405 95
390 97 360 87 380 94 400 | 9B
380 97 360 98 395 94 400 1°15)
330 e7 375 38 385 94 410 95
390 97 350 - 98 390 o4 405 85
. 380 a7 370 98 385 94 290 9B
330 95 370 97
375 o7 360 95
4595 4385 3870 2830
383 watts av. 364 _ 387 393
21.7W/cu.in./min. 31.28 37.6 36.8
0.1285" by 0.1250" by 0.1015" by 0.1050" by
12 passes, 12 passes, 10 passes 1C passes
= 0.0107" av. - 0.01042" av. = 0.01018" av. = 0.0108" av.
Finish 0K Finish 0K Finish 0K Finigh 0K

Calculation of Average Power Consumption in Planing

Sum total wattage x efficlency (at average wattage)
WIdEH of cut x totel depth of cut x feed speed (276" /min.)

= watts per eubic inch of material removed per minute.

From the foregoing tangential planing series; planing against grain:

3.930 watts x 54.4% efficiency _
S T ¥ 0 T080" & S7E™ 7 min. © 06-8 watts / cu.in. / min.

~Planing with the grain:

- 3,870 watts X 54. efficier -
?fﬁI“’gao.isfg“ x§§?§"‘]cii§?y = 87.8 watts / cu.in., / min.










ner unit volume of maberial remove( decrezces a2t 2 less

ranid rate as the denth of cut exceeds 0.010" snd ig less

when the chip removed becomes cuite thick.
(4) It is possible that power consumption per unit volune

of wood removed Dy plening, with and against the grain, are

1

number of passes in the onnosite direction on the same test-
piece (the condition would not be so marlked when deep cuts

are made). Since planing effic iency ingreases with depb b of

cut (Fig. V), the planing series against the grain will

yield an average figure of lower Dower oonsumption per unit
volume of wood material removed. Reference to calculstions
Tor white oak in Table III will reveal power conswintion
Tigures slmost egual for planing with and against the gorain,
this indioating thiat the direction of the cellular wood el-

ements was almost parallel to the planing surface.



5) Curves drawn, representing power consumption in planing,
] i S i -1- 2 5

s

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

%
curves "parallel™ to adjacemt curves.

J
*m-'- s . a1 s o0 B

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 made with the cutter knives newly shairpnened;

ct

that is, planing series numbers 1 to 19 inclusive. Deensr cuts
» £ > s 3

or series 21 to 34 inclusive, made immedistely following the
light cut series, do not show x 1aried narallelism, the slomne

of curve segments depending uvon the snecies considered. Wote

O

-

hat these seguments sre not at all parallel to the correspond-

W

ing segment of the "complete™ curve for yellow ponlary the

planing series Tor the latter species being made with very

p—t
[N
=
»
b

sharp knives. For dul rect, after completion of 19 plan-

)

ing series on 19 species, compare the curve seghént Tor yvell-

0

Ky

ow poplar, labeled 19, with the corresnonding segment of the
complete yellow novlar curve. The flat portion of the curve,
typical of lighter cuts, 1s seen to be M"lowered" as the knives
become dull. As would be expected, power consumption ver unit
vo lume wobd material removed increases simultaneously, so that

4

the two effects cause the curves to be dignlaced in two dir-
ections. In the case of Fig. V, the movement is dovmward =nd
to the right. Another possible effect of dulling of cutters,
as suggested above, 1s alteration of curve slopé Tor DOWeTr con-

sumption curves, especially those represéenting cuts C.010"

and deeper.



(7) That machinability of & gilven wood species is not entirely

governed by its specific gravity. In fect, for some snecies,
- such as Douglas fir, western hemlock and black cherry, spec-

ific gravity is very misleading, end not at all indicetive of

.

machinability in pleaning.

-

() The relative position of each curve is representative of
the comharative machinsbility of the wood 1t repregsents and
under the particular test condit ions employed. It is nossible

=

that comnarative machinability retings may be altered for aifi-

erent woods in respect to one another if test conditions are

changed.

Consistency of Machinability Ratings Hgtablished at Varying

Denths of Cutb

Fig. VI makes use of the same data as was employed in the
construction of Fig. V. Intervolations have been made 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 ¥ig. VI, power consumption is plotted against specific
gravity and shows the partial independence of machinability in
planing with respect to specific gravity of the wood. bata

&

gathered to make possible the drawing of a complete curve, as
seen for yellow poplar in Fig. V, viould make for more accurate
result s and eliminate the necessity of using the interpolation

method mentioned above. The granhis vresented in Fig, VI are

imnortant in that rating of commarative machinability of woodg

"







is seen to be rmuch the same when the cut &s either 0,005" or

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

the two depths of cut is widely difrferent® The points plotted,

representative of wvarious species, have been coanected by lines
merely to indicate the posgsibility of relationship betweén
specific gravity and machinability in planing, with species
classed by groups, and to separate the points represcntative

of shallow and deep cut. Classification of species by groups,
according to their machinability, may be governed by one influ-
encing factor indepen&ent‘of specific gravity, the latter also
exerting an influence. It 1s also apparent that wood structure
of given tyre does not exert a unifdrm influence on the machin-
ability of given species. Both coniferous and hardwood mater-

ial, forinskénce, may fall into a given machinability class.

Allowance for Dulling of Cutters

¥ihile the curves and vpoints of figs. V and VI are repre-
sentative of various wood gspecies, they do not bear a true re-
lationshin to one another, sincé dulling of cutter knives has
not been considered in calculations meade. However, the fact
that the planing of the various wood snecies has been conduct-
ed in the same order, for the two basic depths of cut, has pre-

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

ways involve the gathering of data to permit comnensating for

the effect of dulling of cutter knives. These data would be

congidered and applied to the readings from each test made.

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



20

Tengential Planing

liost test runs were made on radlal surféoes in order that
the effect of variations in snecific gravity encountered might
be minimized. Tangential test runs were made, but the observats
ions were unsetisfactory due to the condition of the jointer
uged. This, together with the fact that calculation was not
made to determine separately the specific gravity of thé tang-

ra

entisl test strin removed, made the power consumption deta for
radial and tangential planing, even t©

n n
iece, not truly comnarable. It was thought that a machinabll-

3

ity rating, established by radial or tangential planing on thex
same test-piece, would be tiie same, nrovided the respective

fic gravity values involved were identical, but the ildent-

]_l:

spec

[$1s]
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ity, or possible relationship, remains to be egtablished. In
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any case, conditions permitting, it seemsg advi
duct all planing tests Tor machinability ratings on radial surf-

aces.

Recormendations for Future Tegts When Using Planing Methods

for the Rating of Machinability of

If it is possible to ®wstablish a relation between the
power requirements in making very shallow cuts, when using the
bench jointer, with power requirements encountered in commerc-

ial plening, use of the jointer will be decidedly preferuable.

The advantames of using small test-pleces on the bench
jointer, and operation of cutter-head drive motor at peak efi-
iciency, when nlaning such test-pileces, have already been set

forth.



=

One other advantege, not yet noted, is the small invest-
ment that will att%%ch to the bench jointer. This consideration
is particularly important when a nermanent planer set-up is re-
quired for standard rating of machinability. If use of more

then one plaq%er proves advisable, consideretion of investmant

and gpace requirement is still more important. Use of four

’—h

planer gset-ups 1s suggested 1n paragrenhs to Tollow, this as
a matter of advantage and convenience in selecting cutting

angles properly sulted to the plening of the species in guest-

a2

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

the method has its disadvantages.

Use of a bench jointer with cutter-head driven by a 1/2
to 3/4 h.p. motor will make possible denths of cut similar to

those encountered in commercial planing. The Jjointer should

be rfitted with long feed and receiving tables to properly acc-
omodate a 20" test piece, the minimum length desirable when
~employing feed speeds of 20" per minute. Higher feed speeds
Vmay be desirable to more closely simulate commercial nlaning
nractice, this regquiring larger.test-pieoes and in turn, long-
er feed and receiving tables. An sccurate device Tor ad justment
of thege table To accomodate different depths of cut ig ex-
tremely desirable. Watt-meter readingsare not uniform until

this adjustment is proverly made.

In conducting tests, the separate determination of spec-
1fic gravity of wood removed in tangential and radial planing

should be provided for. A fagt counter-valance tyne scale,



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

for the purposé.

The effect of changing cutter knife angles is the most

important consideration in any machingbility study involving

the Dlaning of wools. Guality of surface T1 nlsh is largely

P

dependent upon proper selection of cutting angle accordinze to

the species and moisture content of the wood being nlaned.

Feed speeds employed also hexert.ant influence but are of sec—

ondary importence to proper selection of cutting angles.

In conducting tests for this particular study a 10°

~

cutting angle was used for the planing of all species. Fig. IV
and Table I, presented under a previous section entitled
'Conditions Adopted for Planing Machinability Tests'!, clear

up the inter-relationships between cutting, clearance and sharp-
ness angies and give an idea of the cutting apgTes that should

] . within

be employ i T various species ¥ certsin
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molisture content ranges. It is obvious thabt the 102 cuttin ng
engle, selected for these tests, is not perfectly adapted to
the planing of any species but rather only to those falling
into a group of partiéhlar Specific gravity raﬁgé and having

certain structural meke-up.

An ideal comparison of the machinability of various wood

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

lar group of standards from which no devietion would be allowed.

, : . . , rigid
However, the use of such a set of stendards deprives a mach-

"inagbility rating, for certain wood species, of much signifi-

canoe.vForﬁnstance, what would be the value of a comnarative

i



machinability rating if the test cond1t1ons involved in estab-

lishing that rating caused impossible quality of surface Tin-

I_l .

ish? A cutting angle suited to the planing of white pine 1is
certainly not suited to the proper plening of white ash and oth-

er heavy species in dry condition.

For these reasons, possibly the use of fo r Jointers,
fitted with cutters 1nrolv1nﬁ 5cv [9) 100 30°, and 30°

cutting arigles, seems advisable. Then feed-speeds and devnth
of cut may be vaeried on any one of the four Jjointers, making
s number of combinations which should be limited to avoild un-
due complic ons, and yet Berve uo rete the machinability of
any wood specles under the conditions which should be applied

.

in its planing.

Thus with any new tropical species coming in, the proper
test orocedure would be:
(1) Esteblishment of planing conditions best suited to the
species.

(2) Rating of machinability, using proper test conditions

as esbeblished in (1).

Since power consumption per unit volume of material re-
moved serves as a standard base for comparison, the rating of
machinability of various wood species, when machined under
optimum conditions, seems well advised. Conversely, there can
be 1little value in rating the machinability of. a speties und-

er test conditions which, ﬁofﬁnsﬁamce, cause poor quality

i
)

of surfacé finish or low efficiency in planing.



Thus woods of various species will fall into various

groups according to their requirements in pleaning, or other

machining operation used for comparative rating tests, and ideal

of

requirements for the machining of the species are simultane-

ously established with the machinability rating.

Indications sre, that plening tests carried out in the

of teste, should yield excellent results for rating the com-
arbtive machinability of woods. Steady watt-meter readings,
which may be obtained during the nlaning of any species, ind-
icate that the planer‘tableé are in merfect &d justment in re-
spect tc the cutter knives, and data so obtained seems to De

most reliable.

Rating of Machinability by Other than Planing Test IMethods

It is conceivable that the machinability of woods may be
successfully rated according to their response to sawing,

turning and other wcod-working operations. Sawing studies
g I g s

varticularly, qhow promise of yielding results similer in qual-

ity to those obtained during planing studies
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machingbility, and probably would be conducted in a similar
manner. 0f 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
mbthods to consider before establishing standards, much the
same as will be necessary to the standafdization of nlening

studies gesigned for the rating of machinability.

L4,



The sawing problem would involve sgstudy of relation between
saw-tooth shape, size and spacing, angle of hook, perinhersl
speed, rate of Beed, set, ton-bewel, resistance to feed, depth

of cut and héight of table above the saw axis of rotation.

With these relations established, the efrfeét of each variable

upon saw life and power consumption i1s next in line. Rapid

1
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saw dulling, perbicularly on the denger species, wil

ably meke the problem cuit e comnlicated.

Published Literature on Machinsbility of Woods and Proper

Yoodworking Llethods

Data on pnlaning and sawing relestionshins have been gath-
ered by the English Forest Producté Research Laboratory, and
the results should now be availsgble in the new Forest Products
Research Bulletin known as Progfect 16. Other foreigﬁ liter-
ature, chierfly English, German and Russian, of nossible assist-
ance, 1s listed in the bibliography fo ollowing.o The German work,

1

properly transleted, should be most vealuable.

5.
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Plate I

DRILL DYNAMOLETER
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by tordue and thrust, bear against the ends of ©

cantilever springs and simultaneously actuate re cormn,D ®e ns,

the mountings

located

Fad
<

Tor which are aotually‘lever arms with fulcrum s=o

large magnification of movement is realized. Thus

the drill dynamometer i1s nothing more then a pair of scales con-

veniently

arms make DOSSLbWG automs

arranged to automatically measure and rscord tordue
forces set up in drilling. & train of magn fjW lever-
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ves end proper selection of controlling springs determines the

L

recording range of the instrument.

‘

Fig. I, Plate II shows e general view of the drill dynamoms

111 press USC& for

from rear

or movable

Plate II is a view showing the arill VﬂaJOﬁ.t T
side. Note the wood specimen clamped to the upper

of the dynamometer.






Planing Dynemometer

'he introduction to the section devoted to the investiga
planing as a means of rating machina ability of woods, suggesis
that a webtbt-meter, inserted in the cutter-head drive motor cir-
cuit, has served as a dynamometer Tor planing studies. Using

this method, no zllowance is made for electiical and frictionsl

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

ling between drive motor and cutter-I wead. Allowence for tiess
losges may be advisable in establishment oI standard machinablil-
ity ratings pnrovided that they mey be properly and accurately

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

ability ratings probably would De desirable to meanufacturers of

2]

planing equipment and to others who find 1t difficult to estimate

power reguirements of new machines.
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Blate IIT shows the general planing set-up employed.

(w2

o

s the 4-inch bench jJjointer directly driven by a

ct
e

I,
On the righ
1/4 h.n., 3,400 r.p.i; motor thréug_ a flexible coupling he
test specimen is shown in place at the mid-~point of the planing
pass,weighted from above by a simple brass bar ceLtrallyvlo—

cated on the test piece. At the extreme lelt 1s the worm gear

- speed reduction box powered by & 1/4 h.o. motor. Thig was used

%o draw the test pilece across the planer bable s &t unifors speed.

Using a 3/16" multi-strand steel ceble wound about the 7/8"
utput axle, used as a darum, the linear speed resulting was 23'
per minute, a value used for &ll planing tests. One end of tTine

flexible cable was attatched Tto a nalr of miniature tongs, con-

aspil the end of the test niece. The horizontal

O")

venient for

.

position of the cable terminated at the gear box output drive,

z,a;






where it wound about this axle one and one-cuarter times and -~z
dropved vertically to a heavy welght sttatched to its end. A
wire was prbvided to pull tée welght to a height exceeding the
length of the test pilece by 3 or 4". Allowing the weight to
heng while the test niece, and therefqre the cable, weag held in
place, caused the cable to wrep tightly about the gesar GLox oub-
put axle. Simultaneous rotetion of the axle and release of the
test plece pulled the latter across the roteting planer knives
at uniform speed. When the weight, oricted directly below the

gear box output drive, finally reaches the floor, the tension
& is ’ J )
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-on the cabbke is releeas movement of cable and test piece

ceases. Length of the stroke may be adjusted by limiting or ex-
tending the vertical movement of the weight attatched to the

cable end. Such a device is sometimes called a "niscer-head!.

Watt-meter and volt-meter may be seen between the worn gear

drive and bench jointer in Fig. I, Plate III.

Figs IT and IIT, Plate IIT, are selfl explanatory in showing
views of parts of the planing set-up of Fig. I seen at various

sngles.



Supplementary Figures 4pplying to Text

Comparative BEfficiency in Boring with Various Bits and Drills

Appendix Figs. Ia, Ib, Ic and Id are interesting in cox Uaflﬂﬁ the
efficiency in drilling reslized with various types of bits end
drills when drilling the same test piece undsr identical feed and

rotation speeds. Note that torgue and thrust reguirements are

q

much the seme, no matter which of the four types of drills are
used.

Only the standard machire drill, designed for metal drilling
(Fig. Id), reveals & thrust reguirment differing appreclably

from the other three typegs, tn;u due to the very obtuse point

Downu
angle. Grinding of the drill to = more acubte angle permits the
irill to feed more freely and reduces thrust reculrement con-

siderably. The effect may be noted by referring to Iig. Ilc,
where thrust has actuslly been reduced to & value unGér thab
observed when using bits especially desgigned Tor woold-boring

(Bigs. Ia and Ib).

Ic and Id was recorded when using

l._l .

Data presented in Figs I
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new Grills as sharpened by the manufacturers.

Using the drill dynamometer method, drill life studies madse

from time to time, employing various drill tTynes, would probably
prove mogt informative.
Refer to the section entitled 'Drilling Tests', contained in
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the text, for description of drills used and Tor other ai

ion.
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relstion betyeen Annendix iig: IV, »rcesntine results for a2 Tfew

"intermediate" denths of cut, and

to know that the gathering of data for the former nreccasd

of the laotter, introducing o difference due to difference in
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