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Machire Boring of Southern Pine

By

Charles W. McMillin and George E. Woodson !

INTRODUCTORY SUMMARY

This bulletin delineates the factors aflecting erque, thrust, snd hole
quality when southern pine (Pinus spp.) wood iy hored by muchine,
The dawt are from a comprehensive stuely evaluating the seven wood
and machine variables likely w prove most significant in commercial
operations. Holes were made with brad-point bits of four common
types (fig. 1). The variables were bit dinmeter (0.50, 1.00, and 1.2%
inches): spindle speed (1,200, 2,100, and 3,600 rnn); chip thickness
(0.0, (L020, and 0.080 ineh); wood specific gravity {less than .52
and more than {.55); moisture content {Iry and wed); depth of hole
(L 2, and 3 inches); and horing divection (tangenuial, radial, and
longiwudinaly.

! incipal Wood Scicutist and \Wood Scientist respectively, Southern Forest Experi-
ment Station, USDA Forest Service. '

F--521702
Figure 1.—Bit types: A, Spue machine; B, doublespur, double-twise; €, Flatcut, double-
twist; {3, double-spur, single-twist, solid-center, ALl bits had brad points,
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For all boring directions, neither thrust nor torque differed with
spindle speed when chip thickness was held constant. In cross-grain
beoring, thrust and 1orque did not difler bewween the radial and tan-
gential directions.

For both cl't‘oss—gr:iin and longiwadinul boring, torque increased with
increasing biv diameter. Tor a given diameter, it increased with chip
thickness and was greater in wood of high rhan ol low specific gravity.
In general, worque ncreased with depih of hole for 0.50-inch bits but
was vnrelated 1o depth for Luger bits. For meost bits, torgue was
greater in dry than in wet wood when samples were bored across the
grain,

Thrust increased with increasing bit diameter {except in the longi-
wadinal divecuon with the Hat-cut bit) and was greater in wood of high
than of low specific gravity. L was also greater in dry than in wet
samples. For LO0- and 1.25-inch bis of all wypes except the {latcut bit,
thrust decveased with increasing depth ol holes. In general, thrust was
positively correlated with chip thickness.

The torque and thrust requirements for each bit type and dizmeter
are sumntirized in table L The values Hsted are averages for all spe-
cific gravities, moisture contents, chip thicknesses, depths, and spindle
speeds. The table shows that worque was generally fess and thrust was
greater when boring across than along the grain. For most combina-
tions tested, torque and thrust were least with the ffat-cut, double-twist
hit.

Hole quality {smoothness) improved with deereasing chip thickness.
For chips of constant thickness, it was unaffected by spindle speed and

Table 1.-~Torgue and thrust yequivemenis when boving with four types

of bils
i bype 0.50 in. diam, 100 in. dimm. 1.23 in. ddinm,
and diveerion “Torque” Thiust Torgue  Thrust T-.';i'-.f.i.i-lc_‘-T.I_t.i-'.t‘l-.‘;ut“

In-the !.bs,m HIRHTH fb"-— fli‘”)';:. Lhs,

St machine bit

Along 5.8 A7 45.06 N6 772 1R300
Across 15.0 731 0.9 1973 524 I¥rE
Daubile-spur, deahle-twist
Along Lo . 185 46.7 0.0 14 2.3 143.2
Acvoss L L 19.3 0.6 373 1501 454 I8
Flat-cut, ths hle-nwise
Along L 130 322 0.2 15.2 348 408
Acioss Lo 18,4 6.0 20.3 0.2 86,4 5.3
Dauble-spur, single-twist,
solid center
Along A I 1 677 51.2 "nis 8.0 1323
Across ... . 23 VER

HER) 120.6 16.6 6l




wood specific gravity. In general, the single-twist, solid-center bit yielded
holes of poorest quality when boring along Lhe grain. Across the grain,
quatity was inferior when holes were bored with the fat-cut bit,
although torque and thrust were minimized,

GENERAL CONSIDERATTONS

Machine boring is 2 common operation<whenever dowels, rungs, or
screws are requived in assembling wood components. Bored holes are
also necded for bholied connections it poles, crossarms, trnsses, and
structurzl beams. The quality of 1he boles may #ilect product perform-
ance and their rate of production influences manufacturing costs.

World litermure on wood machining is digested in a book by Kach
{1964) and in abstracts by Koch and McMillin {(1966a,1), Koch (1968,
1978), and MeMillin (1970). Though research on such operations as
savring and vencer cutting has been pursacd vigorously, these reviews
disclosed few references on machine boring. The southern pines are
used Tor a variety of purposes thit require bored holes, but, with the
exception ol two recent publications by the present authors (MeMillin
and Woodson 1972, Woodson and Mcenliilin 14972), no datn ave available.

From the stanidpoint of machinability, second-growth wood of the
major southern pines is indistinguishable by species. Variation in spe-
cific gravity is wide, and the ranges for the four species are similar.
A value of 019 {green volume and ovendry weight) is sometimes stated
as a general average. The data from the present study may be taiken
as applicable (o wood of all four species: longleat (Pinus palustris
ML), loblolly (P. tarda 1., shorileal (P. echinata Mill), and slash
{P. elliottii Engelm. var. clliotiii).

Holes nre usunlly bored in onc of three primary directions illustrated
in figure 2. The power required to rorate and advance the bit ean be
resolved into two components—torque and thrust. Generally, worque is
greater and thrust is less when boring is done along the grain (longi-
tudinal direction) than across the grain (radial and tangential directions),

Torque is related to the parallel tool force component of i 1e lips
and, o a lesser extent, to torsionzl forces everted by the spurs and
brad. When horing along the grain, the lips cut perpendicular o the
long axes of the tracheids, Tn ¢ross-grain horing, by contrast, tracheids
are cut in a plane parallel to their axes. Since tracheids are stronger
when severed in the perpendicular direction, greater torgue would be
expected when boring along rather than across the grain,

Thrust is related chielly to the force required 1o advance the spurs
and brad into the work. The normal force exerted by the cutting lps
is usually small. Along the grain, the spurs separate fibers parallel to
their fong axes. In cross-grain horing, the spurs cut in a dirertion which
continuously alternates belween the parallel and the perpendicular
axes of the fibers; thrust forees arve consequently increased.




GRAIN
DiREC\TION
2

N

TANGENTIAL

LONGITUGINAL

Figure 2.—Designation of the main Doring divections,

Both in the text and in the appendix, the experimental data me
reported only as torgue aud thrust. Torque values may be converted
1o horsepower by the cquation:

nT
63,071 &
where: P = Horsepower required ag the spindie
n = Spindle speed, rpam,
T = Torque on spindle, inch-pounds

P =

Power required to advance the bit is not included in the equation,
but ravely exceeds a {raction of w horsepower, Thrust forces arve impor-
tant chiefly hecause of the strain they apply to bits and other com-
ponents ol the spindle assembly, The equation also ignores no-load
idling losses of the motor and spindic assembly.

Im some applications specific cutting energy is of chiief concern, since
it cxpresses the efficiency of the cutting action. 1t may be calcalied
from the equation:




T

k= (3,988,861 )N D? @
where: E. = Specific cutting energy, kilowatt hours per cubic
inch of wood removed
t = Undeformed chip thickness, inches

N = Number of cutting lips per revolution
) = Bit diameter, inches

EXPERIMENTAI DESIGN AND PROCEDURE

A fuctorial experiment with three replications was designed with
seven viriables:

BiL diamerer—0.50, LU0, and 1,25 inches

Spindie speed—1,200, 2400, and 3,680 r.pau.

Undeformed chip thickness—=0.010, 8.020, and 0.030 inch

Wood specific gravity {ovendry weight and volume at 1044 percent
moisture content)—Less than 052 (avg. 0.48); more than 055
favg, 0.60)

Moisture content—Dry (avg, Ml pereent); wet (vg, 78.0 percent)

Boring {feed) direction—Tangential, radial, and longitudinal

Depth of hole—1, 2, and ¥ inches

The iour bic types were designated s spur machine biy; double
spur, double-twist; flatcot, doubletwist; and doublespur, single-uwist,
solid center. Al but the Hatemt bit bad outlining spurs extending
below the cutting Hp. In this bit, side Hps severed the end sutface of
the hip simuluineously with the cutting actien of the horizontal lips.

AE By und brad poins, W-ineh shanks, two cattng fips, and 4-inch
twists, ‘They were surchased directiy from the manufacturer and were
representitive ol his production stock, In generul, they were used in
the condivion received, adthougl some minor imperlections were cor-
recied by hand honing. Schematic drwings and geometrical specifica-
vons are provided in figures 3 through 6. Geomcirical specifications
are based on o 83pereent sinple of the hits used,

RBits were changed lov cael veplication, and only 12 holes were
drilled with eaclh hit, Thus, eflects associated with ool wear and varia-
tion hetween Bits of (he same type were minimized.

Five thousond board feet of rough-sawn southern pine 4 by 1's were
kitnadrice (o approximaiely 12 percent moisture content and aceurately
surfaced on four sides to 314 by 814 inches. They were then crosscut
to Jorm abowt 8500 514-inch cubes; only rlear, defect-free wood was
aceepied. "Fhe cubes were placed on stickers with end grain exposed in
aoroom wmaintrined gt 60 percent relative humidity and 73° Tl Tans
assured adeyuiice adr circulavion throughow the stacks unul the sam-
ples reached comtant weight, A Z-pereent sample of the wtal popula-
tion indicared 1l moistare cantent averaged Wi pereent: the stand-
ard devintion was 055, Avernge volume of the cubes wias 69380 cc.
with a standard devintion ol G.71.
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Symbol Definition

Bit dismeter (D) in inches

Figurc

Rake angle, degrees

Sharpness angle of lips, degrees
Sharpness angle of spurs, degrees
Clearance anglce of lips, degrees
Bracd height below Tig, ok
Height of spur below lip, inch
Spur length at root, inch

Bit radius, inch

Effective radius of point, inch

0.50 1.00 1.25
20.2 1.3 18.6
54.4 60.6 61.4
a7.3 5.1 36.3
15.4 10.1 10.¢
L1¢ .20 .20
.03 .10 .11
.21 .53 .62
.250 .500 .625
.07 .09 L1t

3.—Spur machine bit. For this bit, o, fi, and y were measured at midpoint

of the bit radius.
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Definition

Rake angle, degrees

Sharpness angle of lips, degrees

Sharpness angle of spurs, degrees

Sharpness angle of side-cutting
spurs, degrees

Clearance angle of [ips, degrees

Skew anglie of lips, deprees

“rad height below lip, inch

Height of spur below lip, inch

Spur length at root, inch

Bit radius, inch

Effective radius of point, inch

7

>®

Bit diameter (D} in inches

0.50 1,400 1,25

30.6 33.5 31,8
44.9 45.6 47.7
31.9 29.6 28,7

33.2 32.4 35.9
.6 10.9 i0.4
18.2 14.8 i2.%
L11 .21 .22
.05 .11 .12
.23 .45 .55
.250 . .625
.08 .14 .14

Figure 4.—Doublespur, double-twist bit.




Symbol Definition

Rake angle, degrees

Sharpness angle of lips, degrees

Sharpness angle of side-cutting
spurs, degrees

Clearance angle of lips, degrees

Skew angle of lips, degrees

Broadd height below Iip, inch

Bit radius, inch

Effective radius of point, inch

Bit diameter (D) in inches

0.50 1.00 1.25
25.6 35.7 33.3
45.1 40.9 42,7
31.1 35.2 33.7
15.3 13. 4 14,1
17.8 13,2 10.9
.13 .23 .24
. 250 .500 .625
.08 .11 L12

Figure 5.—Flat-cut, double-twist bit.
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Definition

Bit diameter (D) in inches

by

T

Tg

0.50 1.00 1.25
Rake angle, degrees 30.0 27.4% 31.8
Sharpness angle of lips, degrees 47.8 51.6 46,1
Sharpness angle of spurs, degrees 29.8 28.2 27.8
Clearance angle of lips, degrees 12.2 11.0 12,1
Skew angie of lips, degrees 15.5 12,8 11,7
Angle of lead (spur to lip meas-
ured at circumference}, degrees 151.5 148.3 152.3
Brad heipght ‘clow lip, inch _10 L22 .23
Height of spur below lip, inch .04 .12 .12
Spur length at root, inch .25 .46 .58
Bit radius, inch . 250 .500 .624
Effective radius of point, inch .09 .13 .15

Figure 6.—Double-spur, single-twist, solid-center bit.
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Because the blocks were essentially uniform in moisture content and
volume, it was possible to place them into specific gravity classes by
weight. Those weighing 400 g. or less were classified as low in specific
gravity (0.52 or less) while those weighing 420 g. or more were desig-
nated as high in specific gravity (0.55 or more). All specific gravities
were based on computed ovendry weight and average volume at 10.4
percent moisture content.

The samples in each specific gravity class were then assigned to the
radial, tangential, and longitudinal boring directions by visual inspec-
tion of the end grain. Half the samples in each resulting factorial
combination were selected at random and maintained at 10.4 percent
moisture content. The remaining half were soaked in water-filled hold-
ing tanks.

Holes were made in random order with an especially designed
research boring machine {(fig. 7). A 5-horsepower, synchronous-speed,
3,600 r.p.m., alternating-current motor with timing belt drive assured
constant spindle speed. Speeds were varied by changing the diameters
of the motor and spindle pulleys. The spindle rotated in 2 hydraulically
operated quill assembly, and a flow-control valve (compensated for
temperature and pressure) was used to maintain accurate axial feed

I

F—521703
Figure 7.—The boring machine, with oscillograph at left. Techuician in the center
is collecting chips.
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speeds. The feed speed was set and monitored by an electronic timer,
actuated by a photosensitive relay system at the beginning and end of
a 12-inch stroke.

Specimens were clamped in a vise attached to a strain-gauge dyna-
mometer designed to isolate the thrust force and torque exerted on the
workpiece. The output of the dynamometer was charted on a twe-
channel oscillograph having a frequency response of 100 Hz. A photo-
sensitive relay system momentarily actuated an auxiliary pen on the
oscillograph when the tip of the brad was engaged in the work at
depths of I, 2, and 3 inches. A typical recording is illustrated in figure
8. Torque and thrust were calculated at each depth by applying 2
calibration factor to the average pen deflection over a l4-inch length
of the oscillographjc trace. The dynamometer and recording system
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Figure 8.—Typical oscillographic recording of thrust and torque during boring.
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permitted accurate measurement of torque to 0.25 inch-pound; thrust

wits accurate to the nearest pound.

It was not practical to evaluate hole quality at each of the three
depths where thrust and torque were measured. Rather, surface smooth-
ness of the entire hole was rated by visual inspection. A smooth hole
was rated 1, a very rough lhole was rated 8, and intermediate holes
were ranked as 2. Thus, the smoothest holes had low numierical ratings.
Figure 9 illustrates representative surfaces for each boring direction in

wet and dry wood.

LONGITUDINAL

12

F——5200E88
Figure 9.—Surlace quality rating (smoothness) for the three principal boring directions.




The data were interpreted by analysis of variance at the 0.01 level
of probability. Interactions were evaluated by Duncan’s multiple range
test (0.01 level). All following discussion is limited to differences thac
proved statistically significant and were of practical importance.

For a given undeformed chip thickness, observed values ol torque,
thrust, and hole quality proved substantially unrelated to spindle
speed. Individual means in both text and appendix tables are therefore
averaged over all three speeds.

When spindle speed is fixed and chips of a given undeformed thick-
ness are Jesired, it is necessary to select the proper axial leed speed, as
calcutated From the equatiom:

[ = tnN &
where:

{ = Teed speed, inches per minute

n = Spindle speed, r.p.m.

N = Number ol cutting lips per revolutian

t = Undelormed chip thickness, inches

BORING ALONG THE GRAIN
Torque

Torque requirements for each of the four bits are detailed in tables
15 through 18 of the Appendix. Since torque did not vary with spindle
speed for chips of a given thickness, the values in the tables are aver-
ages of 9 observations (3 replications and 3 spindle speeds).

Table 2 compares the torque demand for cach bit type when the
data were averaged over all levels of depth, moisture content, specific
gravity, chip thickness, and spindle speed. As the table shows, torque
increased rapidly with increasing bit diameter; the trend was curvi-
Tinear. With 0.50-inch bits, 1orques were essentially the same [or all
types. However, for hits 1.00 and 1.25 inches in diameter, the flac-cut,
double-twist, hit required least torque.

Table 2.—Torque requivements for boring along the grain

Diametey, inches

Bit type 0.50 1.00 1.25

Inch-pounds

Spur machine BT . e e X 45.6
Doublespur, doub]c me ............ Jereearesare e e nen e e e A 50,1
Flat-cut, double-twist . P 6 40.2
Double-spur, single-twist, soI:d ccnlcr ISR I/ 8 51.2




In applying this and other summary tables, as well as subsequent
tabulations of interactions, the reader is cautioned to recognize the
possible effects of other study variables. For example, the torques in
table 2 are valid estimates (for engineering applications} for chips of
mean thickness, 0.020 inch. Since it will be shown that rorque is posi-
tively correlated with chip thickness, torque demand will be less than
the value in the table when 0.010-inch chips are being cut and greater
when chip thickness is 0.030 inch, '

Because of the number of study variables and because of numerous
differences in the level and natare of interactions between bit types,
it is necessary to analyze torque separately [or each type.

Spur machine bit

By analysis of variance, torque differed with all study variables
except spindle speed. As the values in table 3 show, torque increased
with increasing diameter for all depths and moisture contents. For a
given diameter, torgue did not dilfer with depth in dry wood. Average
values were 14.1, 48.6, and 79.0 inch-pounds for the 0.50-, 1.00-, and
1.25-inch bits, respectively. In wet wood, torque increased with increas-
ing depth when the 0.50-inch bit was used. Figure 10A-B shows that
chips formed in dry wood are [ragmented into small particles while
those formed in wet wood are larger and remain relatively intact
(McMillin and Woodson 1972). Probably the rise in torque with
increasing depth in wet wood is associated with difficulty in exhausting
such intact chips from small holes.

Table 3.—Torque requirements when boving along the grain with a
spur machine bii

Bit diameter and Moisture content
depth of hole Dry Wet
Itiches Inch-pounds

0.50 inch

b 12.9 1.9

2. 4.6 164

. R 154 23.1
1.00 inch

| - 48.6 415

2. 487 426

k 48,5 48.7

78.1 70.8

79.8 76.3

79.2 79.0

14




ALONG THE GRAIN ACROSS THE GRAIN

F—B52704
Figure 10.—Typical chips formed when boring in two directions at two moisture
contents. The scale shown in A is applicable to B as well; the scale in D is applicable
to C.

As the following tabulation shows, torque did not differ between
specific gravities for holes bored with the 0.50-inch bit {avg. 15.6 inch-
pounds). With the 1.00- and I.25-inch bits, torque was substantially
greater in wood of high than of low density. The magnitude of the
difference was greatest for the 1.28-inch diameter bit.

Specific gravity Chip thickness, inch

Bit diameter Low High 2.010 0.620 0.030

Inches Inch-pounds

0.5¢ 141 17.1 10.6 15.3 21.0
LOO 39.7 515 32.3 46.1 57.8
1.25 64.6 899 56.3 78.2 971

Torque also increased with increasing chip thickness for all bits, but
the slope of the relationship increased with diameter.

15




Double-spur, double-twist bit

For this bit, torque varied primarity with diameter, chip thickness,
and specific gravity.

Specific gravity Chip thickness, inch

Bit dimneter Low Figh 0.610 @020 0.030

Inches Inch-frounds

6.50 117 15.3 1.1 13.0 i6.4
1.00 43,9 56.2 0.8 48.7 61.7
185 61.7 824 52.0 6.6 88.3

The tubulation shows that torque increased with diameter for wood of
all gravides, With the 0.50-inch bit, wrque did not vary with density
(avg. 13.5 inch-pounds). With the 108 and 1.25-inch bits, torgues were
greater in wood of high than ol low density; the difference was
larger lor the 1.25- than for the T1.00-inch bit. For a given diameter,
torgue increased with chip thickness; the slope of the relationship
increised with bit diameter. Additional analysis showed that the slope
of this relationship also was greater in wood ol high than of low
density,

Flat-cut, donble-twist bit

The flatcut, double-twist hit resembles the double-spur, double-twist
bit except that i lacks outlining spurs. As with the double-spur, double-
twist bit, torque diflered with diameter, chip thickness, and specific
gravity. Significant differences associated with moisture content and
depth were small,

Torgue mcreased with increasing biv dimmeter for wood of all spe-
cific gravities. Tor a given diameler, torque was greater in wood of
high than of low density; the magnitnde ol the difference increased
with bhit dinmeter. The slope ol the positive relationship between
torque and specific gravity was greater in dry than in wet wood. Torque
was also positively corrclated with chip thickness; the slope of the
relationship incrensed with bit diameter,

Specific gravity Ghipp thickness, inch

Bit diameter I Fligh 0.0140 0.020 0.036

Inches {nch-pownds

0,50 11.9 153 R 13,1 18.8
1.06 356 417 270 2.9 5.6
i.25 168.0 62,7 A0t R4 5.2

A small bue significant increase in lorque with increasing depth was
detected whe'. noring wet wood with the 0.50-inch bit. Average values
were 11.7, 14.2, and 156.4 inch-pounds for 1-, 2-, and %-inch depths,

16




Double-spur, single-twist, solid-center bit

Torque increased with diameter for wood of all specific gravities.
For a given diameter, torque was greater in wood of high than of Jow
density. It also was positively correlated with chip thickness; the slope
it the relationship increased with diameter. Torque did net differ with
spindle speed, depth, or moisture content,

Specific gravity Chih thichness, inch
Bit dinmeter fow High 0010 0.620 0.630
Inches Inch-pounds
0.50 11.2 20.8 11.5 16.6 244
1.00 43.8 h8.6 37.7 535 62.3
1.25 62.7 83.2 h4.3 732 n.4
Thrust

Thrust requirements (in pounds) for each of the four bits studied
are detailed in tables 19 through 22 of the Appendix. As with torque,
analysis indicatesl that thrust did not vary with spindle speed when
chip thickness was constant. Values in the tables ave therefore averages
of 9 observations.

Table 4 compares the thrust requirements for ecach hit type when
the data were averaged over all depths, moisture contents, specific
gravities, chip thicknesses, and spindle speeds. The table shows thrust
force increased with increasing diameter for all types except the flar-cut,
double-twist. For this bit, thrust averaged 39.4 pounds. Thrust is prin-
cipally a function of the force required to advance the spurs and brad
into the work. Since the flutcut bit does not have outlining spurs
(Agure 4), its advantage was predictable,

Table +.—Thrust requirements for boring along the grain

Diameler, incheg

Rit type 0.50 1.00 1.25

Pauitds
Spur machine Bie .. o R A 1 i01.6 152.0
Double-spur, double-twist ... e e BT 114 1432
Flat-cut, dauble-twist ... ... . o e et . 8232 45.2 40.8
Donble-spur, single-twist, solid-center ..l 67.7 (B ] 1823

Spir machine bit

By analysis of variance, thruse differed sith all soudy variables exeept
spindle speed. It incrensed with dinmeter {table 5), and was consistently
greater in wood of high than ol low density. For the 0.50-inch big,
thrust was greater for 3inch-deep holes than for holes 1 or 2 inches
deep. However, the trend reversed for the 1.00- and 1.25-inch bits;
thrust was less for 3-inch holes than lor holes 1 or 2 inches deep.
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Table 5.—Thrust requirements when boring along the grain with a
spur macling bit

L Specific gravity
Bit diameter and

depth of hole Low High
Inches Pounds
0.50 inch
$8.1 516
436 R7.4
52.1 67.6
922 1214
1) 1155
84.9 104.7
1.25 inch
| SO 128.3 189.7
2. 127.9 1904
k] 1179 157.1

With the 0.50-inch bit, the analysis for torque suggesied that chips
tend to clog the futes when holes become deep. I the chips cannat he
rapidly removed from the hole, an increase in thrust woull he expected.
With the ).00- and 1.25-inch bits, little clogging vccurs. However, fric-
tion between the surface of the hole and the severed chips exerts a
force coniponent that tends 1o lift the workpiece and hence causes an
dapparent decrease in thrust. The [ifting effect is greatest in eep holes,
since the total areas in contact increase with depth.

As the tabulation shows, thrust was greater in dry than in wet sam-
ples. It also increased with increasing chip thickness, although the
effect was slight.

Moisture content Chip thichness, inch
Bit diameter Dry Wet 0010 0.020 0.030
Inches Pounds
0.50 58.3 45.0 41.5 49.7 653.8
1.00 128.1 5.0 98.8 100.8 1053
1.25 148.8 119.2 1411 156.3 158.7

Double-spur, double-twist bit

For this bit, thrust increased with diameter for wood of all specific
gravities and moistute contents. For a given diameter, [orces were
greater in wood of high than of low specific gravity, and greater for
dry than for wet samples. These differences became greater with
increasing diameter.
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Specific gravity Maisture content

Bit diameter Low High Dry Wet

Tnches Pounds

050 308 5o 55.4 379
100 94.1 TRR.¥ 127.3 95.5
1.25 110.7 166.7 168.2 117.1

Thrust was unreliated to depih lor the 0.50-inch bit, but with larger
bits it was less for 3-inch deep holes than for holes T or 2 inches deep.

Depth, inches

Bit diameter 2

Inches Pounds

0.50 16.G 470 46.3
1.00 1153 114.8 4.0
1.25 1509 149.8 129.8

Flat-cut, doulile-twist bit

Although diameter proved a significant factor for the flat-cut bit,
the data in Appendix table 21 suggest that the trends were weak and
inconsistent by comparison with those l[or other bits. When averaged,
over all other study variables, thrusts were 82,2, 45.2, and 408 pounds
for the 0.50, 1.00-, and 1.25-inch bits, respectively.

Thrusts were somewhat less in wood of low than of high specific
gravity, and less in wet than in dry samples.

Specific grauvity Moisture content

Bit diameter Fow High Dy Wet

Inches Pounds

0.50 26,6 7.7 35.2 25.1
1.00 41.4 49.0 53.1 312
1.25 36.6 454 49.8 31.7

Double-spur, single-twist, solid-center bit

For the solid-center bit, thrust differed swith ali variables except
spindle speed. It increased with increasing diameter for all depths.
For the 1.00- and 1.25-inch bits, it was less for holes § inches deep than

for holes of 1 and 2 inches. Thrust was unrelated to depth for the
0.50-inch bit.

Depth, inches

Bit digmeler 2 3

Inchies Pounds

0.50 69.9 68.6 64.6
1.00 [153.9 113.2 104.7
1.25 138.2 157.2 120.6

Thrust increased with chip thickness in dry wood but was unrelated
to thickness in wet wood.
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Moisture conteni

Chip thickness Dy Wet
Inch Pourds
0.010 101.5 87.2
0.020 124.1 LEE
0.830 1317 846

As with the flat-cur bit, forces were less in wood ol low than of high
density, and less in wet than in dry samples.

Specific gravity Alaisture content
Bit diameter Low High Dy Wet
Inches Pounds
0.50 54.0 81.4 76.1 59.3
1.00 94.8 127.7 129.2 93.4
125 110.6 1540 1519 112.7

Hole Quality

The quality of holes (rated with respect to smoothness) hored along
the grain is summarized in table 6. A rating of 1 indicates a smooth
hole; a rating of 3 indicates a very rough hole; 2 is intermediate (figure
9). It smoothness of the machined surface is of primary importance, the
bit or bits having the lowest numerical ratings should be given pref-
erence. If minimal (hrust and torque are desired, the flat-cut bit should
be selected if the numerical ratings for hole quality are similar.

Although not shown in table 6, the data generally indicated that
hole quality improved with decreasing chip thickness, Quality was
unaffected by spindle speed (for chips of a given thickness) and wood
specific gravity.

‘Table 6.—Hole quality vatings for boring along the grain

0.50 in. diam. 1.00 in. diam. 125 in. diam.

Bit type Dry Wet Dry Wet Doy Wet
Smaothness rating
Spur machine it . oo, 1.6 25 1.2 2.1 1.4 22
Double-spur, double-twist .. P B 2.3 1.6 26 1.6 22
Flat-cut, double-twist ..., 1.6 26 1.7 2.2 1.5 2.1
Bouble-spur, single-twist,
solid-center bit ... peierar e 2.1 2.9 1.6 26 1.6 246

BORING ACROSS THE GRAIN
Torque
Variance analysis fevealed that torque did not differ between the
tangential and radial boring directions, nor did it differ with spindie

speed for chips of a given thickness. The former result is in agreement
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with the findings of Goodehild (1955). The analyses here are therefore
based on data pooled [rom the radial and tangential directions and
the result considered as boring across the grain. Thus, the values for
torque listed in tables 25 through 26 ol the Appendix are averages of
18 observations {3 replications, 3 spindle speeds, and 2 directiens).

Table 7 compares the torque demand by bit Lypes and diameters—
the values are averages for all depths, moisture contents, specific gravi-
ties, chip thickngsses, and spindle speeds. As the table shows, torque
incressed rapidly with diameter [or all wypes; the trend was curvilinear.
With 0.50- and 1.00-inch bits, there was little practical difference
between types. Among the 1.25-inch bits, the flatcut, double-twist bit
required the least torque.

Table 7.—Torque requivemenis for boving across the grain

Diameter, inches

Bit type 0.50 1.00 1.25

Iuch-frounds
Spur maching bit . et e e e et ey 15.0 309 52.9
Double-spur, (Iouhl{: t.wzst 19.3 373 454
Flat-cut, douhle-twist 8.4 283 36.4
Double-spur, single-twist, solid-center ..., 12.3 331 46.6

Spur machine bit

Torgue demand increased with increasing diameter for all chip
thicknesses and ar aill depths (table 8).

Table 8.—Torque vequivements when boring across the grain with a
spur machine bil

Bit diameter Chip thickness, inch

and depth of hole 0.010 0.020 0.030

Inches Inch-pounds
0.50 inch

7% 19,1 140

9.3 14,3 185

12.7 20,8 26.7

S 222 304 39.0

222 30.9 384

228 a2l 398

| OO 35.6 53.1 65.8

36.6 54.1 67.5

36.4 57,0 63.5
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For a given chip thickness, torque was unrelated to depth tor holes
bored with 1.00- and 1.2b-inch bits. Averages for the 1.00-inch bit were
22.3, 31.1, and 39.1 inclh-pounds for chips 6,080, 0.020, and 0.030 inch
thick. Corresponding values for 1.25-inch hit were 86.2, 54.7, and 67.6
inch-pounds. With the 0.50-inch bit, torque increased with increasing
depth for all chip thicknesses; the slope of the relationship was greater
for thick than for thin chips. As shown in figure 10C-I), chips tend to
remain intact when bits are cutting across the grain (McMillin and
Woodson 1972). With the 0.50-inch bit it is probable that the rise in
torque with increasing depth is associated with difficulty in exhausting
imact chips.

Tor a given diwmeter and depth, torque increased with increasing
chip thickness; the slope of the relatjonship was greater for large than
for small bits, Further, the positive cffect of chip thickness on torque
was greater in wood of high than of Tow specific gravity.

Torque differed with moisture coment and specific gravity.

Muisture content Sprecific grauity
Bit diameter iy Wet Low High
Tnches frch-pounds
50 13.83 16.8 15.3 16.7
1.00 359 27.8 279 33.8
1.25 55.6 50.1 47.7 58.1

Wilh the 50-inch bit, slightly greater torque was needed in wet than
in dry wood. With the 1.00- and 1.25-inch bits, the trend reversed and
tovques were less for wet than lor dry samples. For all diameters,
torque was greater in wood of high 1than of low specific gravity.

Double-spur, doulle-twist bit

Yor this bit, all variables except spindle speed were significant in
cross grain boring. As tible 9 shows, torque increased with increasing
dinmeter amd wag less in wood of low than of high specific gravity.
With the (L.50-inch bity, but not with larger bits, torque increased with
depth in samples of both gravity classes. For wood of low gravity, torque
averaged 83.9 and 41.2 incvpounds for the 1.00- and 1.25-inch bits,
respectively. Corresponding values for wood of high gravity were 40.7
and 496 inch-pounds.

Table 9 also shows that torgues were less in wet than in dry samples.
With the 0.50-inch bir, hut not with larger hits, torque increased with
deptlt indry und in wet wood. Torques for the 1.00- and 1.25-inch bits
averaged 39.40 and 506 inch-pounds in dry wood and 85.6 and 40.8
inch-pounds in wet woad.
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Table 9.—Torque requirements when boring acvoss the grain with a

doublespur, double-twist bit

Specific gravity
Rit diameter P gravity

Moisture content

and depth of hole Low

High

Dry Wet

Inches

0.50Q inch
0.2
151
23.8

35.1
34.1
32.6

414
41.3
41.0

Inch-pounds

11.7
199
33.5

40.7
38.6
3.6

5.4
50.5
49,7

As shown in the following tabulation, torque increased with chip
thickness. The slope of the relationship was greater for the larger bits.

Chip thickness, inch
0.030

Bit diameter 0.010 0.020

Inches

0.50 15.3
1.00 31.2
1.25 348

Ineh-pounds
19.7
86.8
45.9

229
44.4
55.7

Analysis also indicated that the slope of the relationship between chip
thickness and torque was greater in dry than in wet samples, and
greater in wood of high than of low specific gravity.

Flat-cut, double-twist bit

In torque demand, the flac-cut bit resembled the double-spur, double-
twist bit. Table 10 shows that torque increased with increasing diam-
eter and was less in wood of low than of high specific gravity. For 0.50,
but not for larger bits, torque increased with depth. For 1.00- and
L.25-inch hits, it averaged 26.4 and 33.7 inch-pounds in wood of low
specific gravity and 82.2 and 39.1 inch-pounds in wood of high specific
gravity.

Table 10 also indicates that for 0.50-inch holes, but not for larger
ones, torque increased with depth in dry and in wet wood. In dry
wood, it averaged 27.7 and 36.0 inch-pounds for the 1.00- and 1.25-
inch bits, while in wet wood values were 30.9 and %6.8 inch-pounds.
Torque was unrelated to moisture content.
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Table 10.—~Torque requirements when boring across the grain with a
flai-cut, double-twist bit

o Specific gravity Moisture content
Bit diameter and
tdepth of hole Low High Dry Wet

inches Inch-powds

LAG inch
128 142 12.0
16.1 1949 171.2
0.2 28.0 26.0

268 2.4 28.8
268 42.6 27.9
23.9 317 26.3

34.4 a0 573
342 3%.5 364
g5 38.0 314

Torque increased with increasing chip thickuness, but the slope of
the relationship was least lor 0.50-inch: bits.

Chify thickness, inch

Bit diamefer 6620 6030

Inches Inch-pounds

.50 it 18.5 21.7
1.00 206 0.0 373
1.25 27.8 364 45.4

Doulble-spur, single-twist, solid-center bit

For the solid-center bit, torgue differed with all study variables
except spindle speed and depth. 1t increased with increasing diameter
for all chip thicknesses. For a given diameter, it became greater as the
thickness of chips increased.

Chifp thickness, inch

Bit diqmeter (020 2,030

inches Tuch-ponunds

0.50 9. 125 153
100 ‘ 240 100
1.25 5 47.7 567

Further analyses indicated that for u hole of given diameter (lie slope
of the relationship between ¢hip thickness and torque was greater tor
dry than for wet samples, and greater for wood of high than low
density,

Torque was consistently greater for wood of high than of low spe-
cific gravity and greater [or dry than for wet samples. The magnitude
af these differences increased with dizmneter.
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Specific gravity AMoisture content

Bit diameter Low High Dry et

Inches Tueh-porends

.50 13.6 14.1
1.60 368 36.2
1.25 50.8 520

Thrust

Variance analysis revealed that thrust did not differ between holes
bored in the wangential and radial directions, The analysis was there-
fore hased on poeled data from the radial and tangential divections
and considered as boring across the grain.

In the poeled analysis there was some evidence that, for chips of a
given thickness, ;thrust may be slightly greater at 8,600 rp.m. than at
1,200 r.p.m. To cut chips of a given thickness, the feed speed must
increase with increasing spindle speed (equation 3). A possible reason
for the greater thrust at h.zh feed speeds may be that the strength of
woad increases with rate of loading. However, trends within interac-
tions were inconsistent and for this reason, and because differences
were smail, it was decided to neglect effects asseciated with spindle
speed.

Tables 27 through 36 of the Appendix give thrust requirements for
ail bits. The values are averages ol 18 observations (3 replications, 3
spindle speeds, and 2 directions).

Table 11 compares the thrust requirements for each bit when the
data were averaged over all variables. As in boring along the grain,
thrust increased with diameter lor all types except the flat-cut, double-
twist bit for which the average was 57.8 pounds. Diameter by diameter,
the flat-cut bit required less thrust than the other types.

Table 11.—Thrust requivements for boring across the grain

Diameter, inches

Bit type 1.00

Pounds

Spur machine bit X 127.3
Double-spur, double-twist . 188.1
Flat-cut, double-twist ..., .. B GG.2

129.6

Spur machine bit

By analysis of variance, thrust differed with diameter, depth, specific
gravity, chip thickness, and moisture content.

As shown in table 12, thrust increased with increasing diameter for
all depths and specific gravities. For a given diameter and depth, it
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Table 12—Thrust requivemenis when boring acvoss the grain wilh a
spur machine bit

Specific gravity
Bit diameter P B ¥
and depth of hole Low High

Inches Pounds

0.50 inch

| AZ.0 773
2 e 0.5 818
- OO 70.3 101.1
1.00 inch

| 1181 157.2
2 o 104.7 1501
b SR 100.3 141.6

155 .4 220.8

147.0 1.3

18] 128

was consistently greater when boring wood of high than of low density;
the magnitude of the difference increased with dinmeter. Analysis also
indicated that the slope of the relationship between thrust and specific
gravity was greater for dry than for wer samples. The table further
shows that thrust increased with depth for the 0.50-inch bit but
decreased with depth for larger bits,

As seen in the tabulation below, thrust was greater [or holes in dry
than in wet samples; the magnitude ol the difference increased with
bit diameter. Thrast was also greater for thick than for thin chips, and
the difference increased with bit dinmeter. Analysis also indicated that
the slope of the relationship with chip thickuness was greater in wood
of high than of low specific gravitsy.

Maisture content Chijy thickness, inch
Bit diameter Dry Wet 0010 0.020 0.030
Inches Pounds
0.50 808 65.3 56.9 75.7 846.6
1.00 158.3 6.3 111.2 124.0 j46.7
1.25 218.4 137.2 1379 188.3 207.2

Double-spur, double-twist bit

For this bit, thrust increased with diameter in dry and in wet sam-
ples (table 13). For a given depth and diameter, thrust was less in wet
than in dry samples; the magnitude of the difference increased with
bit diameter. With the 0.50-inch bit, thrust increased substantially
with depth; with the 1.00- and 1.25-inch bits, this trend reversed and
thrust decreased with increasing depth.
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http:tabulati.on

Table 13.—Thrust requirements when boring across the grain with a
double-spur, double-lwist bit

Lo Moisture content
Bit diameler

and depth of hole Dry Wet

Inches Pounds

0.50 inch
bl
119.0 75.2
1675 105.2

183.0 1124
172.0 105.0
163.0 08.9

229.83 132.7
2195 130.8
210.1 1225

Thrust was greater in wood of high than of low density; the size of
this difference increased with bit diameter.

Specific gravily

Bit diameter Low High

Inches Pounds

0.50 80.8 120.4
1.0¢ 111.9 166.2
1.25 145.2 2044

Analysis also indicated that the slope of the relationship was greater
in dry than in wet wood.

Thrust increased with chip thickness, and the magnitude of the
difference became greater with hits of large diameter.

Chip thickness, inch
Rit dinmeler 0.0i0 0.020 0.030

Inches Ponnds
0.50 834 105.1 1113

1.00 109.3 140.6 167.3
1.25 140.5 176.9 207.0

Analysis further indicated that the slope of the relationship between
thrust and chip thickness was greater in dry than in wet samples; it was
also greater for wood of high than of low density.

Flat-cut, dowuble-twist bit

For the flat-cut bit, thrust was unrelated to diameter but was less in
wood of low than of high specific gravity and less in wet than in dry
samples.
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Specific gravity Moisture content

fit dinmeter Low Fiigh Dry et

Inches Pounds

0.50 424 69.1 71.8 40.2
1.00 50.0 704 ik 440
1.25 1%7.0 (7.5 71.3 432

For the 0.50-inch hit, thrust was unrelated to chip thickness (avg.
56.0 pounds) bul for the larger bits, it increased with chip thickness.

Chip thickuess, inch

Bil digmeter 0.0i0 0.020 0.030

inches Pounds

.40 5. Ah4 566
R¥4] ;. fifLn 74.8
1.25 i n{.9 G670

Double-sprr, single-twist, solid-center bit

For this bit, thrust increased with diameter for all depths. For 1.00-
ad B25-indh bis, iU decrgased with increasing depth, but wus unre-
lated to depth Tor the 0.50-inch bit {avg. 78.1 pounds).

Depth, inches

it ciameter 2

}_Hd! es o Paunds
0.50 TG 71.9 Thy
1.00 136.9 120.8 121.9
1.25 178.6 1657 155.3
For a given diameter, thrust was greater in wood of high than of
low density. The dilference increased with diameter.

Specific gravity

Bit diameter FLow Fiigh

Tuches Pands

0,50 603 25.0
1.0 102.7 15G.4
1.25 158.6 1902

Analysis also indicated that the positive effect of density on thrust was
rreiter in dry than in wel sumples.

Thrust was less when samples were wet than when they were dry,
and the difference increased with biL dimneter.

Muofsture content Chip thickness, inch

1t dinmeter Dy et 0010 0.020 0.030

Inrhes Pounds

0.50 00.0 531 57.% .2 87.1
1.00 158.6 1.4 98,2 146.0 144.4
1.25 2004 1213 LAh.¥ 168.1 190.9

28




Thrust also increased with chip thickness, Analyses further indicated
that the slope of the refationship between thrust and chip thickness
was greater in dry than in wet woed; it was also greater for wood of
high than of low specific gravity.

Hole Quality

Table 14 summarizes the quality (rated with respect 1o simootimess)
of holes bored in the tangential and in the radial directions. Where
smoothness of the machined surface is of primary importance, the bit
or bits having the lowest numerical ratings should be given preference.
For cross-grain horing, the Bat-cut bit yiekled holes of inferior quality,
although torque and thrust were minimal. Where low power demand
is required, holes ol poor quality can be expected.

Although not shown in table 14, the duta generally indicated that
hole quality improved with decreasing chip thickness. It did not vary
with spindle speed or wood specific gravity.

Table 14.—Quality ratings for holes bored in two directions across
the grain

Boring (feed) divection

. . Tangential Radial
Bit type and dinmeter

Dry Wer Dy Wet

Inehes Smaoothness vating

Spur machine bit
Lo ... ... . 1O L1

Double-spur, double-twist

Flat cut, double-twist

Donble-spur, single-twist, solid-center
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APPENDIX: BASIC DATA
Torque along the grain (Tables 15—18)

Table 16.—Torque when boring along the grain with a spur machine bit

0.018-inch chips  0.020-inch chips  0.030-inch chips

Diameter and depth Low High Low High Low High
of hole speciflic  specific  specific  specific specilic  specific
gravity gravity gravity gravity gravily  gravity

Tuches Inch-pounds

0.50




Table 16.—Torque when boving along the grain with « doubicspur,
donbie-twist bit

0.010-inch chips  (.020-inch chips  0.030-inch chips

Diameter and depth Low High Low High Low High
of hole specific  specilic  specific  specific specific  specilic
gravity gravity gravity  gravity  gravity  gravity

Inches fuch-pounds
DRY

050
1 98 2.6 167 I4.1 4.6 18.3
16.9 4.1 10.8 148 14.5 19.7
3 12.9 175 T i6.2 13.6 19.9

1.00
1 36.1 48.0 5.5 LEED 53.8 718
2 355 45.9 45.8 A5.4 524 725
3 33.7 45.3 428 50.6 516 68.0

1.23
H 4.3 62.3 66.0 87.6 730 167.7
2 44.9 61.0 £8.1 B9.5 ™Y 118
3 4.0 60.9 65.1 88.2 3.3 108.3

WET

050
1 6.3 8.5 10.4 12,1 14.6 16.8
2 7.1 2.1 12.3 128 140 i7.5
3 8.2 12.3 5.0 15.1 14.5 19.7

1.00
H 35.1 12.8 4.3 53.7 52.1 68.6
2 35.3 43.4 4.1 55.53 534 71.3
b 35.0 43.1 LG 53.0 53.0 70.9

1.25
1 44.0 55.3 57.0 8.6 2.2 4.5
2 41,0 594 G5 34.6 75.0 878
3 43,1 576 58.2 87 73.6 97.2
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Table 17.—Torque when boring along the grain with a flut-cul,

doulle-twist bil

Diameter and depih
of hole

0.010-inch chips  0.020-inch chips  0.030-inch chips

Low High Low High Low High
specific  specific  specific specific  specific  specific
gravity

gravity gravity gravity  gravity  gravity

Inches

fach-pounds




Table 18.—Torque when boring along the grain with a double-spur,
single-twist, solid-cenler bit

G.010-inch chips 0L020-inch chips  G.030-inch chips

Diameter and depth Low High Low High Low High
of hale specific  specific specific  specific  specific specifie
gravity  gravity gravity  gravity  gravily  gravity

fnches Fuch-fiounds




Thrust along the grain {Tables 19-22

Table 19.—Thrust when boving along the grain with q spuy machine bit

0.010-inch chips  0.020-inch chips  0.080-inch chips

Diameter and depth Low High Low Righ Low High
of hele specific  specific  specific  specific  specific  speeilic
gravity gravity gravity  geavity  gravite  gravity

Inches Pouneds
DRY
0,50
1 578 516 41.9 639 a2 VR
39.0 542 45.9 G7.4 6.2 810
45.3 547 0.8 6G6.7 a0.u a1.8
100
1 1080 1521 105.6 167.7 1164 160.0
2 101.% 150.9 106.1 142.3 [16.6 155.3
. 3 957 141.8 1011 128.1 113.3 145.6
1,25
1 120.% 2094 155.0 2544 1589 267.8
2 130.3 2122 [553.6 210.6 159.1 263.9
3 1226 186.7 1472 1983 146.7 208.3
WET
050
] 289 #6.2 25.9 7.2 35.4 45.2
2 307 40.3 367 42,6 48.4 36,0
3 800 406 5379 G630 63.7 808
1.00
1 66.3 25.0 85.4 761 717 90.4
2 66.8 8§22 H#0.8 G 0.0 80.4
3 G1.7 73.0 76.1 G5.2 61.7 7.4
1.25
| 106.0 136.9 115.6 14B.9 110.6 140.6
2 1048 136.7 1ng 146.7 106.7 142.2
3 96.4 121.4 9.4 1289 05.0 103.9
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Table 20.—Thrust when boving along the grain with a double-spur,

danble-twist hit

(LoL0-inch chips 0.070-inch chips

0.030-inch chips

Dinmeter and depth Low High Low High
of hele specilic  specific  specific  specific
gravily  gravity gravity  graviey

Low
specilic
gravity

High
specific
gravity

Inches Pannds

186.7
1833
152.8

WET

4.1
14.6
50.6

1018
[B6G.6
1413.0

1361
155.0
1211

349
RN
5.6

034
BR.3

-

fi.2

108.5
8.3
80.0




Table 21.—Thrust when boring along the grain with a flat-cut,

double-fwist bit

Diameter and depth
of hole

0.010-inch chips

0.02¢-inch chips  §.080-inch chips

Low High Low High Low High
specific  speciflic  specific  specific  specific  specilic
gravity gravity pravity gravity gravity gravity

Inches

Powunds




Table 22.-—Thrust when boring along the grain with o double-spur,

single-twist, solid-center bit

0.010-inch chips

0.020-inch c¢hips

0.030-inch chips

Diameter and depth Low High Low High Low High
of hele specific specific specific specific  specific  specific
gravity gravity gravity gravity gravity gravity
Inches Pounds
DRY
.50
1 45.3 059 G4.3 81.9 68.6 107.8
2 46.7 94.1 64,8 220 G3.3 110.2
3 46.9 75.0 £69.6 78.5 67.3 102.1
1.00
1 BO.7 130.0 106.1 177.8 1334 157.8
2 88.9 126.4 105.6 173.3 1333 160.0
3 859 115.3 100.0 16].1 150.9 15¢.0
1.25
1 109.7 169.7 136.1 189.4 138.9 199.6
2 105.3 162.9 136.1 188.9 140.0 201.1
8 95.6 143.3 129.4 188.53 128.3 172.2
WET
6.50
1 46.2 61,8 46.6 70.4 60.8 8%.1
2 50.3 50.1 1.0 63.3 . 582 90.1
3 35.9 57.3 43.4 GG.0 52.4 B6.4
1.00
1 841 114.7 91.1 115.9 86.7 105.6
2 80.7 114.6 83.3 112.2 79.4 1010
3 87.4 1014 722 97.2 68.5 87.0
1925
1 10354 135.0 102.4 1462 106.7 133.3
2 100.2 140.0 99.4 1441 97.8 130.6
3 91.1 1178 85.4 115.8 B5.0 94.4
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Torque across the grain (Tables 23—-26)

Table 28.—Torque when boving across the grain with a
spur machine bit

5.010-inch chips  0.0%0-fech chips  Q.080-inch chips

Diameter and depth Low High Low High Low Fligh
of hole specific  specific  specific  specific  specific specific
gravity gravity grovity  gravity  geavity  gravity

[ Tuches Tnnch-provnds
NRY
050 .
] 6.9 3.0 4.0 112 126 153
@ 76 9.0 HL3 153 1.1 i7.2
) 3 9.5 2.1 14.6 2.6 18.5 26.9
1.00
1 223 288 388 8.7 433 482
2 294 246, 30.5 378 7.3 4hR
3 22.3 28 4 9.5 973 573 43.6
1.25
i 353 41.4 517 63.7 62,6 796
2 4.7 42,6 RiG 3.3 62.8 8.9
3 342 404 4.0 fn.1 62.3 78
WET
0.50
1 82 ki 8.8 s 122 158
2 111 8.7 14.5 19.2 20.2 26.3
3 3 1556 12.8 21.3 26.9 5.1 1381
1.00
1 175 252 23.0 29.3 318 359
2 18.1 19.4 24.1 313 327 315
3 3 19.3 20,4 6,7 343 36.0 42.1
125
1 30.1 358 44.0 53.0 53.8 67.0
35 377 48.8 548 7.2 14
3 33.1 EYRY 50.8 h8.2 G20 75.0
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Table 24 ~—Tovgue when boving acvass the grain with a dowble-sper,
dondile-faist bit

iLﬂIH‘i:ﬁl.lrr’llip‘{ 0.020-inch ehips G.030-inch chips

Dismerer aue tlepih " Low [h;gli Low High Low High
of lale specific  specific specific specific  specific specetfic
gravity  gravily  gravity  gravity  gravity  gravity

fuches Inehi-fioimds
DRY
050
1 7.3 0.5 101 145 13.3 15.6
¢ 11.2 I115.6 18,1 W 0.6 27.9
3 188 387 292 391 a4 15.6
1.060
H o8B a5.1 .7 44.2 42.7 6.0
2 2R.5 358 M8 A1.3 4.8 522
3 2.8 A8 nn 37.8 4].1 s
1.25
1 847 431 A6A B1ORS) 6.8
2 IR 122 46.1 ah.8 6.3
E M5 40.9 144 55.8 67.3
WET
0,h0
1 5.4 7.3 8.0 1.2 9.4 11.8
2 E2.8 154 12.1 19.8 15.% 213
3 9.4 239 19.8 an.an 24.2 7.0
1.04
i 1.2 HENH HERY 389 36.2 45.4
2 205 KER] 241 37 36.4 4454
3 271 324 31.5 4.5 86.7 44.2
1.25
1 2.3 HER 371 414 43.2 4.1
2 286 340 357 45.1 45.0 539
3 282 33.0 7.8 42.8 A13.3 53.0
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Table 25— Torque when baring ucross the grain with a flal-cut,
danble-twist Dit

ﬂ,ﬂ”)«Ii-l‘l‘:{'l_iL"_}li]'ﬁ 0.020-inch chips  0.030-inch chips

Diamvter angd depth Low High Low High Low High
of hole specilic  specific specific  specilic  specific  specilie
gravity gravity gravity  gravity  grovity  gravity
Inches Ineh-ponnds
DRY
.50
1 R.2 9.5 0.7 12,6 ERY 16.7
2 13.6 18.2 15.0 20.2 16.5 219
3 176 3n2 19,0 8 200 3.3
1.00
| 16.8 21.3 26.5 334 33.2 44
2 16.3 204 25.2 LR 330 40.0
3 14.8 18.8 23.7 418 518 36.9
b2n
1 o260 307 33.7 411 13.8 4B.5
2 247 a2 2.0 591 414 18 8
3 23.5 288 302 330 40.0 45.8
WET
0.50
1 a2 11.0 149 15,1 16.8 20.1
2 1 5.2 18.7 141 21 246
K] ne 23.2 247 28.1
1.00
] 20.% 23.1 374 340 3.4 41.3
2 224 24 28.5 37 35.4 43.0
3 218 25 270 344 354 425
1.25
1 25.0 207 34.8 40.7 13.2 48.7
2 26,4 8.8 4.6 411 2.9 44.8
3 R 286 331 3a.8 42.4 16.9
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Table 26—Taorque when boring across the grain with donblespuy,
single-rwist, solid-conter Lt

D.Ulﬂfi;c.lrci.\ip.:‘_ _-_(.}‘UEU-inch n:hip; {.030-inch chips

Diameter and depth Low High Low Eligh iow Fligh
of lole specifie  specilic  specific speciflic specifie  specific
guvity gravity pravity ogeasity mpavity graviey

inches tocl-frovnds

13
10.0
n.g

22.6
21.7

216




Thrust acvoss the grain (Tables 27—30)

Tubde 27, Clowst when hoving aovow the goadn with a spur machine bit

o0 inch ciips ORIl chips (50-inch chips

Dsgrmeter pad dopth Low Iligh Iow High Luyw fligh
of hole speofie spedtic speeific speifie specific specific

graviny  ganiby gaving gadng o gimin gty

I Peageriels
DRY
Lh0
i 4.8 V.2 B0 HHILR T8 1R 2
o R N i, w6 [F A ]
3 RYR! ShLi il IR 867 [REXH
1.0
| 1R 1743 ULy |5 151,48 241
2 [FHERH [t 1820563 [ 1442 203.9
4 [T 17487 QLA 176.7 125 IR0
[
1 1174 AT M TERG uogg Juag
2 14l RUTI 1945 BT 207.2 3011
i [ 178 19003 KEh R 1984 MR
WEHT
50
i Ko -tk § 0.7 [N HiLB LG
g 445 4. EXN] sl e 916
3 36 Ry TUR FEVIANG] 8.2 1975
.00
! i) uny A Fid3 14328 [RERY
4 TR w7 TR [ 433 1351
3 (8.7 1e.d 95 (TR 934 127.5
1.25
i (1.9 A 1242 1709 137.5 o075
u G2 [N 1188 1827 1978 195.3
3 L] 1132 18 {742 (R 1703
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Table Y8 —Thrust when boving acvoys the grain with a dowble-spur,
donlife-trodst B

Fntjedy lh?p-‘” C 0020kinch chips 1080 inch ehips

Diameter wad depth Low 1k Lo i o High
of hole spucilic  sprat spoalc veife ae Tn speeific
grtity  mimily o grasiny g ey

inches Paunids

ey

833 o 102, LY 1157
[NERL 104 17304 Wy s 1615
1 10,7 168 1568 Y03

168154 1 IR 240 1749.7 20, 4
1070 1.5 15538 204,48 P73 U878
7K 1522 1250 TR 15330 2050

TN SR 1849.2 2n60.1 RRIR i
ISR GHn | 1811 206.1 2064 R
LIy 100 1.1 25005 2078 4014

WET

HLE B 6.5 8.3
H2G i 58.0 102.1
3.8 77, T LIGF

101.% . 1.6 1.2
IR . HAR.1 1518
81T i3, 152 1374

127.2 1136 PR 1904
[RER HIT.R | 176.40
BURS v 1086 1207 137.2
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Table 29.—Thrust when boving acvoss the grain with a flul-cul,
double-twist bit

0.010-inch chips  0.020-inch chips  0.030-inch chips

Diameter and depth Low High Low High Low High
of hole specific  speciflic  specilic specific  specific  specific
gravity  gravity  geavity  geavity geavily  gravity

Inches Pounds




Table 80.—Thrust when boving across Hhe gratn with a donblespur,
single-bwist, solid-center bit

A1 func e chips  8.020-inch chips  0.030-inch chips

Diameter and depth Lo 1inh | IR fligh Low High
of hole specific  specifie spralic speclie spo s apegific
HERVELY  gTAvily  gPAvity @iy RLRGTY vt
Fuches Porneds
DRY

050
I 5.l 78 738 1039 un.g 1222
2 8.8 825 .G HIG 781 126.7
3 67 1.8 R 1262 B4 13

1.00
1 1014 150.5 118.9 2044 15338 3301
2 8046 16,8 11,3 288 1428 2482
3 [ AU [ELIN 1236 2108 130,89 201.7

1.25
148.8 U 180.2 2047 205.0 3008
2 1514 i87.2 1777 28,1 1495,2 281.9
4 1423 a0 718 4208 186,53 265.8

WIET

0.50
1 KAt a1 EER: 6.8 b 78
2 37 A5 A0t [DERY by 780
3 3L 423 40.0 6.9 52 76.0

1.0
F0.5 a45.4 96,9 1416 .o i38.0
2 53.7 84,0 .7 1381 885 135.7
3 9.8 864 830 IR 812 1215

1.25
| GLO 1425.6 LRT1At 1538 1801 172.8
9 89.3 1231 166.6 300 193.3 1589
3 83,3 1123 1e2.e 132.2 ERR 1373
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