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COAL-CUTTING FORCES AND PRIMARY DUST GENERATION
USING RADIAL GAGE CUTTERS

By Wallace W, Roepke ' and Jon I. Voltz?

ABSTRACT

The Bureau of Mines determined coal-cutting forces and primary dust
generation of four styles of radial gage bits as used on end rings of
continuous mining machines, Direct comparisons for reference were made
with two widely used conical plumb-bob types having 60° and 90° (nom-
inal) included tip angles. The cutting forces for all of the gage bits
were similar to those of the 60°-tip plumb-bob bit, All bits except the
RAD-3 gage bit generated similar amounts of primary total dust at shal-
low cutting, but during deeper cutting, the awmounts varied and the gage
bits produced as much as 2-1/2 times the dust produced by the 60° bit,
This seems atypical since past experience has always shown differences
in dust generation at shallow cutting. The specific energy was more
like that found previously with other bits, since the values were spread
at shallow cutting but became nearly similar at deeper cuts. The 90°
bit and the RAD-3 gage bit are not recommended for use except in ex-
tremely difficult cutting conditions where dust and forces are of sec-
ondary importance. The choice among the remaining four bits can be made
on the basis of dust, energy, forces, or cost, as circumstances dictate.

1Supervisory physical scientist.
2General engineer.
Twin Cities Research Center, Bureau of Mines, Minneapolis, MN.



INTRODUCTION

The Federal Coal Mine Health and Safety
Act of 1969, with revisions in 1977, was
enacted to ensure more healthful and
safer working conditions for miners. The
Bureau of Mines coal-cutting research
facility at Twin Cities (MN) 1s examining
fundamental aspects of the cutting sys-
tem, including generation of primary dust
causing pneumoconiosis in miners and ig-

nition of methane by the frictional im—~
pact of <cutting bits used on continuous
mining wmachines (CMM's). The cutting
system 1s defined as the cutter-mineral
interface area with all 1its variables,
e.g., forces, speed, cutter geometry,
bit~mounting geometry, and wear. It has
become obvious over the past several
years that the cutting system directly
affects the economics and design of the
"total system,” which is defined as all
areas of the operation, from the mine

face to the preparation plant, which sup-
port the mineral recovery by cutting
tools to obtain a salable product.

Over 2,000 CMM's in use in the United
States today account for well over half
of our underground coal production.
Studies have identified the CMM operators
and helpers as those in the ‘“high risk”
occupations for dust exposure on contin-
uous sections. Reducing the individual's

throughout the
environment for
Reduction of the

substantially reduce dust
mine and improve the
thousands of wminers.

primary dust hazard will also iwmprove
secondary dust controls, substantially
increasing their usefulness and the eco-

nomic return, without increasing regula-
tory control. Long-term solutions to the
primary respirable dust problem are not
immediately obvious despite a major ef-
fort to establish the background knowl-
edge and expertise necessary. The prob—
lem, however, 1is a continuing burden on
the mining industry,., taxpayers, and min-
ers, which merits corrective action. Be-
tween 1970 and 1980, the Federal Govern-—
ment paid over $1l.7 billion to more than
470,000 miners and survivors (3).3

This report covers one segment of a
large, ongoing series of fundamental
studies that are aimed at a better under—
standing of the wuse and design of coal
cutters in a manner that reduces primary
dust while increasing the economic return
for the operator. In thits study, four
types of gage-cutting radial bits and two
types of conical plumb-bob bits were
tested to establish comparisons of or-
thogonal cutting forces, specific energy,
and specific primary airborne respirable
dust (ARD). The goal sought was a cut-
afforded maxi-

exposure to levels at or below the man- ting bit application that
dated 2 mg/cu m by controlling primary mum coal production with minimum orthogo-
dust generation during cutting will nal force and minimum ARD production.
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GENERAL TEST DESCRIPTION

this research
commercial radial

The bits wused for
(fig. 1) are standard,
and plumb-bob type cutting tools, Sever-
al reports have been published (1, 4-6)
on cutting forces and primary dusf-géﬁer’
ation with plumb-bob tools. They are
used in this study only as a basis for

Twin Cities, with data analysis and pro-
graming is also appreciated.

comparison, since most cutters used in
the United States on CMM's are conical

The radial cutters are

plumb—-bob type.

parentheses re-—
of references

3Underlined numbers in
fer +to items in the list
preceding the appendixes.



PB-60° - “PB-90°

FIGURE 1. Test bits.
the type used on CMM's for rock cutting
and/or gage cutting. They are also
called ring cutters, since they are usu-
ally on the end rings of CMM's cutting
clearance in the rib. It is this rib-
or gage—cutting feature that this report
discusses. There are more gage cutters

on an end ring per cutting row than any
other area of the drum head. Having
multiple gage cutters per row on the

ends means that they will always be work-
ing at less
the conical bits on the rest of the drum.
It is for this reason that a complete re-
view of their operating characteristics
is important.

TEST FACILITY

fully de-
a summary

The test equipment has been
scribed elsewhere (6), so only

RAD-1

than the maximum depth of"

"RAD-4

RAD-2°  RAD-3

PB-60 reference bit is 4-7 '8 in long.

is given here. The major equipment is

a large, modified planer mill (fig. 2),
with a three-—axis dynamometer and opti-
cal particle sizer, The dust sampler,
bit, and the dynamometer are shown in

with the dust shrouds removed

The planer mill has been
removing the quill head and
and replac-

figure 3,
for clarity.
modified by
motor from the overhead rail
ing them with a rigid mount to support
the dynamometer. On top of the dynamom-—
eter support 1s the optical particle
sizer with its sampling tube running down
into the bit-coal area. The cutter it-
self is mounted on a 2-in-sq post 10 in
long, which 1is clamped inside the dyna-
mometer assembly. The dynamometer has
been calibrated for an X-Y-Z intercept
point where the bit tip dis 6 in outside
the main frame of the dynamometer.



FIGURE 3. - Dust sampler-bit configuration with shrouds removed.




EXPERTMENTAL DESIGN

All tests were run in an identical man-
ner, using the 60° tip plumb-bob bit as
the reference tool. Coal test samples
were locked in the holder, which was
mounted rigidly to the bed of the test
machine, The bed and sample were then
moved under the rigidly mounted cutter at
a preset depth of cut. One row of cuts
was always made on the saw-cut top sur—
face to prepare each block for the actual

tests. No data were recorded for the
flat, saw-cut fairst surfaces. Multiple
cuts were made in each test block, but

clearing cuts were wmade on the top and at
each side to avoid end effects. A com—
plete description of the sample prepara-

tion and test method can be found in an
earlier report (ﬁ).

Test conditions were—-—

1. Constant spacing of 5.08 cm (2 in)
between cuts.

2. A 5.08~cm/min (2-in/min) cutting
speed.

3. All cuts perpendicular to bedding
planeg in Illinois No. 6 coal.

4, Minimum of 15 replications.

5. Total 1length of cut of 9.84 cum

(3.875 in) for all runs (1-15/16-in/min

for 2 min).

The independent wvariables for these
tests were—-

1. Two conical plumb—-bob reference
bits (60° and 90° tips) mounted at a 45°
attack angle.

2. Four radial gage cutters mounted

90° to cutting direction.

3. Four depths of cut of 0.318 cm (1/8
in), 0.635 cm (1/4 in), 1.270 cm (1/2
in), and 2.540 cm (1l in).

The dependent variable information ob-
tained was—--—

1. Mean and peak4 horizontal cutting
forces (newtons).

2. Mean and peak normal forces (new-

tons).
3. Weight of coal removed {(grams).

4. Total primary ARD (cubic wicrom-

eters per gram).

5. Specific primary ARD (cubic microm-
eters per gram).

6., Calculated weight of ARD (milli-

grams per short ton coal).

7. Specific energy (joules per gram).

RESULTS AND DISCUSSION

All dependent variable data are pre-
sented in table 1. The data for each
parameter are also shown graphically in

figures 4 through 10.
CUTTING FORCES

showing average horizontal
cutting forces in figure 4 were similar
except for the isolated higher level
trace made by the 90° conical bit. A
moderate divergence of these cutting bit
force trajectories was seen at the 2,54~
cm (l-in) depth, The RAD-1 bit had the
lowest average horizontal force through~
out the tests. The 90° plumb bob showed

All curves

the highest trace for this parameter over
the same complete depth range. The aver-
age horizontal peak forces, shown in fig -
ure 5, were in a different sequence than
the corresponding average horizontal
forces, shown in figure 4. The horizon-
tal peak forces showed somewhat less con~
vergence at the 0.318-cm  (1/8-in) depth
than did the average horizontal forces.
At depths beyond 0.635 cm (1/4 1in), the
RAD-3 bit showed the highest horizontal
peak force, and the 60° plumb bob showed
the lowest.

4 peak force is a measure of maximum

levels of force.



TABLE 1. — Summary of test results

Bit Coal Cutting forces, N Airborne dust Specific
type cut, g | Hor. Hor. Normal | Normal | Resultant | Resultant Total, Specific, Weight, energy,
avg. peak avg. peak avg. peak cu pm cu um/g mg/ton coal J/g
0.318-cm (1/8-in) DEPTH
PB-60.. 6.8 241 952 221 824 328 1,269 1.867E+07 | 2.993E+06 3,481 3.59
PB-90.. 8.0 721 2,729 974 3,413 1,212 4,381 4.011E+07 | 4.932E+06 5,737 9.36
RAD~1.. 8.5 183 847 155 487 24] 982 4.914E+07 | 5.135E+06 5,972 2.14
RAD-2.. 7.6 169 800 110 465 203 933 3.657E+07 | 4.608E+06 5,359 2.20
RAD-3.. 9.7 174 955 75 298 189 1,002 9.364E+07 | 9.438E+06 10,977 1.79
RAD-4.. 9.3 269, 1,096 349 1,036 442 1,523 3.154E+07 | 4.044E+06 4,703 3.09
0.635-cm (1/4-in) DEPTH ’
PB-60.. 21.9 621| 2,300 529 1,738 817 2,889 1 3.,75BE+07 | 1.492E+06 1,735 3.16
PB-90.. 25.6 1,417 4,183 | 1,873 4,567 2,352 6,209 5.099E+07 | 2.187E+06 2,543 6.07
RAD~1.. 19.3 4251 1,655 262 639 503 1,786 3.359E+07 | 1.767E+06 2,055 2.24
RAD-2.. 22.7 489 1,971 298 983 574 2,218 3.393E4+07 | 1.527E+06 1,777 2.18
RAD-3.. 21.8 4347 2,305 154 667 461 2,402 1.339E+08 | 6.587E+06 7,661 2.00
RAD-4.. 18.8 538, 2,079 549 1,340 771 2,488 3.741E+07 | 2.126E+06 2,473 2.97
1.270-cm (1/2-in) DEPTH '
PB-60.. 67.8 1,321 3,827 807 2,044 1,554 ° 4,347 3.581E+07 | 4.951E+05 576 2.04
PB-90.. 64.4 1,953 5,003 | 2,155 4,890 2,912 7,022 5.092E+07 | 9.789E+05 1,139 3.29
RAD~-1.. 66.2 999, 3,915 312 896 1,050 4,026 8.377E+07 | 1.298E+06 1,509 1.59
RAD-2.. 64,5 1,108 | 4,812 395 1,371 1,179 | 5,025 4.985E+07 | 7.708E+05 89¢ 1.81
RAD-3.. 66.0 1,158 | 5,927 341 1,481 1,209 6,119 1.681lE+08 | 2.692E+06 3,131 1.80
RAD-4, . 55.9 1,137| 4,268 774 1,792 1,380 4,664 | 7.958E+07 | 1.454E+06 1,691 2.11
2.540-cm (1,0-in) DEPTH
PB-60.. | 166.9 2,140 6,071 998 2,395 2;375% 6,546 3.414E+07 | 2.050E+05 238 1.33
8P-90..| 167.3 3,003| 8,800 | 2,492 5,933 3,907 10,656 4.488E+07 | 2.544E+05 29¢ 1.79
RAD-1.. | 146.1 1,896 7,117 382 1,057 1,940 7,207 1.317E+08 | 9.504E+05 1,105 1.33
RAD-2.. | 190.0 2,759 9,311 591 1,755 2,827 9,502 1.738E+08 | 9.732E+05 1,132 1.48
RAD-3.. | 182.3 2,728 | 9,690 712 2,461 2,821 10,015 1.208E+08 | 6.725E+05 782 1.48
RAD-4.. | 169.5 2,279 7,728 786 1,836 2,415 7,957 7.897E+07 | 4.828E+05 561 1.42
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The results for average normal forces,
in figures 6 and 7, could not be pre-
dicted from the corresponding horizontal
forces. The only exceptions to this were
the relatively higher trace made by the
90° plumb-bob bit and the lowest or next
to the lowest level trace made by the

Average horizontal peak forces.,

RAD-1 bit in both the horizontal and the
normal force plots. All of the test bits
except for the 90° plumb bob had forces
close to that traced by the RAD-1 bit in
plots of both types of normal force, at
all depths., The radial bits had lower
values than did the 60° reference bit.
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ENERGY with previous research results; i.e.,

general shape

of

the

energy values were highest

horizontal cutting, and they dropped and converged
specific energy curves in figure 8 agrees at deeper depths. As would be expected,
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the shapes of these specific energy
curves reflect the data for horizontal
‘average cutting forces in  figure 4.

Since specific energy is force times dis-
tance, divided by cut material weighc,
the specific energy curves are the
reciprocal of the horizontal force
curves, They converge and decline at
deeper cuts while the reverse is true for
both types of horizontal forces. Again,
the 90° plumb bob produced traces higher
than those made by other bits, and the
60° bit data were between the radial bit
data.

DUST GENERATION

The respirable dust curves in figures 9
and 10 do not reflect any of the bit data
for force energy. The data for total
dust (fig. 10) converged somewhat at
shallow cuts but diverged at deeper cuts.

This is different from results of pre-
vious conical bit tests, which showed
divergence at shallow cutting., The

(ARD) data did follow the
however, showing the

specific dust
expected trend,

Horizontal specific energy.

highest level of dust at shallow cutting
and decreasing dust (and data conver-
gence) as cutting depth increased.

For total dust, at 0.318-cm (1/8-in)
and 0,635-cm (1/4-in) cutting depths, all
of the bits except RAD-3 produced ap-
proximately the same mass of dust; beyond
the 0.635-cm (1/4-in) depth, the two
conical bits produced the lowest levels
of total dust. The 60° reference bit
produced the least amount of both types
of dust at all depths; the RAD~3 bit pro-
duced the greatest amount, except at the
2.540-cm (1-in) depth.  The 90° conical
bit produced an intermediate 1level of
gspecific ARD at the 1.270-cm (1/2-in)
depth and next to the least level of
specific ARD at the 2.540-cn  (1-in)
depth. Appendix B gives the primary
respirable dust distribution between 0.2
and 10 pm in seven class intervals. The
calculated value for ARD din milligrams
per short ton does not include secondary
dust generated by regrinding, gathering
head dust, or dust distribution by fan-
ning action.
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SUMMARY AND CONCLUSIONS

These data clearly show that no single
variable can be a guide to machine design
or dust control. For instance, of all
bits tested, RAD-1 had close to the low-
est specific energy with low peak and
average normal and horizontal forces, but

it had an undesirably high production of
both specific and total respirable dust.
It 1is readily apparent that determining
the best system for mineral recovery re-—
quires an integrated knowledge of all
cutting variables.



Clearly, dust reduction by selection of
an optimum cutting tool for the seam be-—
ing mined is highly desirable and will be
economically advantagecus since it will
reduce both regulatory concerns and needs
for secondary control, If, however, the

cutting tool is chosen solely on the ba-
sis of dust control, it could signifi-
cantly increase other costs. It may be

that a cutter has wundesirable character-
istics for the seam being mined. The 90°
plumb bob, one of the widely used bits,
is an excellent example. It has low dust
generation (figs. 9-10) but very high
normal forces (figs. 6-7), with a high
specific energy (fig. 8) and high average
horizontal force (fig. 4). These high
forces require a larger mainframe mass
and greater horsepower to obtain optimum
depth of sump to keep cutting deep enough
to smaintain low dust. The net effect
would be either high levels of dust from
poor sumping characteristics and poor
dust control, or higher capital expense
to buy a larger machine.

results, two of
recommended eacept
where force and

Based on these test
the bits would not be
in extreme conditions
dust are of secondary importance to
mineral recovery. This would not in-
clude any cutting in coal unless it had
large amounts of intruslve materials.
The two bits not recommended are the 90°
plumb bob, which required wunusually high

11

energy and both normal forces,
and the RAD-3 bit, which generated sub-
stantially more dust than all the others
except at a 2.54-cm (1-in) depth.

specific

Among the remaining four bits, the
choice could be made on economics alone
or the operator could optimize his cut-

ting system for the variable of greatest
concern. While there is no clear choice,
the 60° plumb-bob conical and RAD-1 ra-—
dial bit had the best overall performance
for the two respective styles. The 60°
plumb bob required too much specific en-
ergy during shallow cutting, and the RAD-
1 produced too much dust at deeper cuts.
However, a complete review of all data
shows that their peak and mean forces are

generally the lowest for each style.
RAD-1 has the lowest average horizontal
and normal forces. The 60° plumb bob

average peak horizontal
forces. Of the bits tested, either the
plumb bob with a 60° tip or the RAD-I
style would be a good choice in coal with
minimal inclusive material.

has the lowest

Wichin the 1limitations and qualifica-
tions inherent in this study, the results
suggest that the 60° plumb-bob conical
bit offers the best performance with min-
imum dust output and maximum energy econ-—
omy per unit weight coal recovered when
cutting at 2.54 cm (! in) instead of
shallower depths.
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APPENDIX A.--MEAN VALUES FOR EACH TEST

Tables A-1 through A-6 give the mean respirable dust per gram cut, and total
values for each test with radial gage respirable dust. Conversion factors for

cutters and include horlzontal, normal, some of the measurements used in these
and lateral forces, weight of coal cut, tables are as follows:
Unit of measure To convert to—-~ Multiply by——
cubic micrometer ARD wmilligrams ARD per short 1.163 x 1073
per gram coal ton coal (where weight

of coal = 80 lb/cu ft)

joule per gram of foot pounds per pound 334.9
coal cut of coal cut
newton pounds force 22248
newton specific energy, in .09842
joules per gram and divide
by grams of

coal cut.



TARLE A-1. - TEST RE3ULTS

JT CUTTIMG FORCES, W AIRBORME OUST ECIF
BLOCK WEIGHT, HOR, HDR . HORHAL NORMAL RES, ®ES, SPECIFILC, HEFS
4 GvE . PEVik RYEG . PEnk nvs ., PEHK Cy MG 2/
U.318-Cin DEFPTH
[ R 5.0 205 200 134 636 254 373 3. 4.850E+ 05 2,52
7.5 249 Eiird E ] Sa3 320 127 S. 1 136E+ 95 2.14
TR 230 73z 243 Sig 75 119 2 7 . BOB7E+ 06 3,54
By vomey oy € 2 23% kX)) 295 672 2 o1 9. 1. 932E+ 06 3.74
4 7 294 903 25 1027 3% 363 4. 9.378E+B6 6,19
7.0 294 ?E7 25 725 433 357 1) I 1. 759E+ 06 4.13
Zamoa vn va T4 400 ZN24 ZES 1219 342 7 ) L0Z0E+ 0K 5. 32
3.7 236 1188 169 633 230 i 2. 03RE+ 86K 2,535
5,3 169 £5% 125 2994 210 7 112984136 Z.64
4 § a2 257 792 23 912 327 ) 3.2%1E+05 4.6
5.1 131 £45 122 543 203 [ 2., 330E+10¢ 2.92
7.1 (31 935 173 1032 258 7, 1 ZB2E+ 08 2,653
S &, 4 13y 14 (37 654 267 2. 4, 35SE+ 08 Z.94
.9 214 in3z 196 Y] PED)] 4 3. 033E+05 3.5¢
s 245 14&1 227 {297 33 & 3. 072E+ D€ 3.33
AVERAGE , . LR 241 95t 22t 224 223 1. 2.992E+ 0% 3.99
STD. CE%. 1.2 62 274 2 259 93 1. 2.S8NE+05 1,07
o o Honi3S~Ccit LEFTH
1 Vs . 24 .3 333 1263 302 1245 454 FEvd = 2. 1E2E+0S 1,37
22.5 495 2971 425 2£1S EXRZ 3958 » 2.075E+0¢ 2,418
19,2 436 13453 361 ({70 566 JT5S ES 1. t40E+06 3.23
&5 wm 12.7 413 1659 IB¥ 1312 S A B 4.918E+403 3.00
i6,& 569 1579 s2n 149 77 2174 3 2.35S€E+405 3.4%
1.2 443 2451 398 1966 599 2502 2 1.399E+HS 2.57
2ia . 19,8 374 2789 449 (B 729 F323 4, 2,477E+DS 2 35
Y4 .10 Rt 38ES 934 2431 1356 3595 2, 2.,346E+ 88 5.91
25. 1 376 297321 747 2133 {152 3558 1 S EEVE+GE Z.44
3. . b6 .2 AR 34 7229 2344 fu9s 4147 i 5,353E+ 85 4.74
22 7IE 23104 c23 1744 930 ZR39 4. 2 254E+ 16 3.327
18,0 45 2O0RA 729 2002 1111 2891 2 1.407E+06 4.6Z
8 . 'y 56,0 S987 1295 269 12932 £94 2297 [ 2, AS1E4 06 .03
24,4 38 1350 ESY 1343 6exn 2257 ! 4., 516E+05 2. 17
15,8 £32 2033 55¢ 1432 241 2487 2 1. 227E4D5 3,38
AYERMIE . 21,3 RZI 22499 528 1737 S16 2853 3 {,492E+ 0% 2.19
STC. DEV 13,3 192 754 154 482 267 879 4. 1, 557E+95 1.48
_ i.270-Cr DERPTH
bovign [ B t112 2985 434 1432 1194 37 1 2.SETE+NS 1.7
82.7 974 2679 &32 19414 1164 0414 3. 1 .45 0E+ RS 1. 81
2.4 1373 37sSS ESS VIES 16524 4265 7 2. EBLE+0S 1.65
2 M 82,7 11473 RANN] 358 242 1430 I¥S? Z . 4 . TOH0E+ES 2 14
44 .2 1225 3977 939 2496 1549 JE20 3. Z,134E4 05 3.73
32.95 139 3692 201 2085 1392 4240 4 2.977E+04 2,09
R . TE.5 1414 45353 667 2264 1562 S0EL 7 9. B76E+ 04 | ard
42,3 Z144 S5Su2 1739 3514 275% 65%6 } 2.317E+0S 4,99
92.7 1495 3596 §0S _usS3 1£953 SUES 2 2,4Z3E+0S 1 .57
4. .., 7E 6 1699 g 792 1899 1938 35372 A J I V4E+DS 2,12
1.1 469 3575 =11} 2113 1716 4154 i i 38EE+Q3 2,37
Ve E P12 3790 547 1357 12319 42cS L) S 132E+04 |36
5., = 523 2291 443 1223 344 2397 4 5,699E+05 {03
£4.8 857 3501 495 1 Z6% 1009 3723 1 1. 336E+06 1,32
2.9 185 5389 11?29 2533 22405 55325 i | . 72SE+VE 2. 41
AYEFRRE, . 67.5 f2a1 3825 506 20473 1937 4349 3 9, 951 E+nJ Z, 04
STCL. CEv. 15.5 3’ 991 327 602 472 1128 4 5.737E+8S .93
. 2.540-.m DEFTH I .
! q i 123.9 552 273¢ 583 1223 1116 32910 { 1. 136E+03 £2
2959 2240 607e BN {ASD 2419 E294 } 2. S25E408 7g
teS. 9 2562 =104 1561 25351 Zoop ggEn 2 1. 730E+03 52
Zie omo V2IE 2349 S404d 124 209 26116 S793 7 3.991E+09 1.7
13,7 1526 Sz254 2ot 2125 1223 S7149 1. £.344E+04 ES]
127,11 2237 382 1239 27386 2607 £934 3. 2,621E+05 1.61
E 143,32 I533 11249 1310 4737 3254 2208 2. 2. 01SE+0S 2,67
13,5 217 v7ER 1ove 2602 2553 319t 2. 1.363E+15 1.09
152, 7 300 7379 1165 25410 3125 7204 4 2.39E£E+85 1,69
E . 171 & Z552 S511% 594 2133 27405 55473 3 2.660E+05 .48
215.2 190sg SZ226 278 9857 1945 5319 1 6.433E+ 094 &7
5. [ EERE 1565 Guoo y 03K 1922 187g 8358 4 4, 437E+05 SS
123, 6 1123 2762 S6 1254 1257 30324 3 2. 40SE+ 3 £2
1236, 4 | 73S 6472 julz 32865 2018 7251 2. 2. 247E+0S £ B3
HYERHGE . fee 2 2129 SNER S 2394 2374 £543 3. 2. 050E+ 1S .33
ST0, RN 49 Y57 2179 402 $vv 217 2329 2 1, (34E+ DS .59
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TABLE R-2. - TEST RESULTS FOR PE-91
cuT CUTTING FORCES, W AI1RBURHE GUST SFECIFIL
BLOCK WEIGHT, nHOk.  HOR.,  NOFMalL  NORMAL  RES.  RES. TOTAL, SPECIFIC ENERGY,
G BYG.  PEAK AYG FEAK aYs.  PE&K _CU i oY UM S5
D.3iw-CHM CDEPTH
1. 3.8 507 3999 1245 4550 1541 605% ) .S44E+07 1 .754E+i6 10.15
7.0 136 176t 494 1555 £33 2555 2.519E+86 5. 170E+03 5.57
7.9 439 Z)Be6 614 2429 735 2135 2,599E+0R6 ! .2B5E+40s6 £ .91
6 5.4 645 2197 855 2922 1095 35856 4.ZASE+07  7.263E+as 10,76
10.7  f02? 4555 1232 4551 1604 €433 [.172E+05  1.09SE+07 9.45
&.7 325 1245 287 §589 S0S 1956 { S19E+07  2.206E+0s 3.e7
>, 5.5 g85 3007 1398 4495 1579 5402 2.327E+97 4, 012E+06 15.02
£.7 £23 2324 850 2962 1053 3903 4.892E+407  7,298E+06 9.5
3.3 BE7 4457 §259 4550 1525 €369 6.463E407  7.797E4BE 10,29
S Gy, 0 1958 2873 1629 4243 2015  S(37 {,139E+08  1.128E+07 11.527
7.0 876 2825 1205 2270 1490 4794 1. 027E+08 1 .460E+07? 12.15
S0 778 2998 10632 4564 £318  S460 9.835E+406  {.9E7E+ 06 15.32
AL 5.6 552 1699 734 2415 913 2952 4.2(6E+06  7.S29E+05 9,69
P, E 707 2451 956 214D 1155 3983 5.550E+06  B.,23IE+65 5,00
0.5 547  23& 735 3135 915 298 1.592E+07 1 .502E+06 5.08
AVERAGE . . 3.0 72 2722 573 3412 1212 437% 4.0V1E+07  4.332E+06 5. 36
§TD. CEV, 2,1 241 37% 245 1065 419 1403 4,092E+07  4.592E406 3.47
U.635-CH GEPTH
o 26,3 632 1735 £45 2095 503 z720 £ .996E+DE 2. 6HOE+DS 2.36
3.0 729 1953 747 1655 1044 2559 5.994E406 3 .224E405 2.32
3.8 1076 3223 1072 715 1519 4557 1.320E+0€  4.1S0E+04 3.33
b, 356 1059 3910 1108 7330 1532 5169 S.304E+07 ) .374E+55 2,70
23.7 1366 61473 1877 S574%¢ 2321 5412 { . 313E+03 S.540E+4 086 5. 67
§5.2 2513 9141 3656 114 4437 {2908 4.45ZE+07  2.446E+06 13.59%
7 4.1 1250 2425 1695 4783 2106 5882 1,317€+07  5,.463E+05 5.1
24,5 1094 2162 1575 2722 Y917 347w S.985E+07  2.443E+06 4,40
28,4 1415 3134 1395 3550 237f  S07z 5, 2893E407 1 .E00E+06 4.92
B, f6£.9 2655 8140 3723 2297 4573 (2214 S.1EBE+HE 3. D53E+DS 15.47
5.5 1846 433 2593 56959 2183 788 1. 6(SE+07  6,270E+05 7.04
26.7 1766 S582 2256 Sg18 2689  90E2 2,377E407  1.{1SE+DE 6.51
I 21,1 1268 2584 1797 3274 2199 4171 2.01ZE+408 1, 428E+07 5.91
28,1 Y179 3034 1610 2340 1996 4512 2. 745E+407 9,730E+25 4.13
C48.1 1392 4470 1206 2543 2330 5593 | 159E+07 _ £.S71E+8S 7.57
AVERNALE . . 25,6 1416 4191 1873 4SE5 2351 €20, S.UYSE+D7 - 2, (B7E+D5 5. 07
STD. DEV, 5.5 573 2196 995 2374 1054 3200 7.681E+07  3.623E+06 3.32
| . 27u~Ln CEPTH
o . 37,2 435 1130 207 g7 S73 1400 1. 7336407  1,B59E405 52
2.1 1045 2366 1005 2602 1456 3517 1.1SSE+83  {.26SE496 f,68
41.0 1895 4304 2828 2731 2776 £113 2.033E+403  4.953E+06 4,55
6 i, . 42.3 2767 6561 3492 7873 4455 10245 9.375E+407  2,217E+06 6.44
83.58 2047 6732 3189 7014 4411 975 5. 366E+07 6, 5UEE+DS 3.33
95.7 (943 5636 2343 5072 3051 8294 2.862E+407  2,961E+05 .98
7 49,0 1753 4346 2073 4425 2714 £269 4.513E+06  9.211E+4 3.52
A4, 4 1882 S04 1832 567t 2630 73732 1.353E+07 2. 10BE+QS 2.88
64.4 1121 3535 1054 1877 1339 4003 3.457E+ 08 5.207E+8d 1.66
B 44.9 2776 8856 3382 9652 4143 13099 6.605E+07 1 ,472E+06 5.08
63.0 3269 B505 3474 7210 4770 11150 1.852E+07  2,724E+05 4.713
61.5 2522 4i14 34z2 4719 40314 &2 2. 205E+07 2 S590E+403 4,04
3 T 54,7 1793 4951 2126 4315 2721 397 S.258E+497 9.513E+405 2.23
5.5 1515 4599 1985 4626 2692  £495 4.6HEE+N7 8. 407E+D5 3.22
73,0 1141 3241 1183 2647 (658 4151 1.877E+07  2.407E+05 (. 46
AVERANE . . Ge.4 a5z S00f 2154 4383 2911 701% S . 092E+07  9.7H9E+0S 3.2
70, DEV. (7.9 301 2109 98t 2408 1256 2141 S.340E+07 1 .289E+ 06 1.720
2.540-CH OEPTH
f . ...... 1%2.0 (399 439 1579 5030 2464 71z | 7E60E+0S 9. (59E+D5 57
187.7  3et6 8416 2722 £739 4526 19751 4.664E+07 2 495E+0S 1,49
b 102.2 2598 10809 3292 7307 4877 13052 2.125E+07 2. 028E+05 1,43
177.0 2656 12574 3163 2629 4§34 15251 2.400E+06 ) .387E+94 z.08
202,23 4177 11585 3647 7554 5545  1393¢ 1.044E+05  S.I61E+05 2. 03
Peomomeama 99, 1 1699 4012 176t 3581 2444 S37% 4.320E+1R4 4.364E+ 84 1.68
189.2 2842 6102 1975 2534 2461 7103 5.850E407  3.092E+85 {.48
8., .. {85.9 4248 {307 3305 7281 S3132 13537 4 .304E+ 05 2.547E+04 2.2
200.,7 4799 14145 3594 7473 5936 15937 3.657E+07 1.822E+0S 2.39
172.3 3325 13464 3335 750 Sn76 15464 3.008E+07  1,746E+405 2.19
P 162.5 2242 6528 1742 2603 2547 7544 S.569E+07  3,425E+85 |.36
132.2 1343 4759 1223 4545 1347 ess2 2,22%E+07 §.685E+ A5 f.uu
i7y.2 1076 4357 1050 4025 1504  £303 9.974E+06  5.826E+04 62
AVERALY , . 167 .3 2001 B?SE 2431 3931 3305 10631 4,438E+07 2.544E+ 05 1.79
STL DEV. 24,6 1224 3742 956 1873 1540 4085 4.E53E+07  2.467E+0S .73
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TABLE A-3. - TEST RESULYS FOR RAC-!
BIT); CUTTING FURCES, N AIREBOIRHE DT SFECIFIC
BLOCK WEISHT, ~HDK.  HDR.  NDRMAL  NORMAL  RES.  RE%, TOTAL, SPECIFIL, ENERGY,
o NG PEWK WVIG . PEAEK HYG . PERK CyU .1 o4 Hsa JI5
0.315-CM GEFTH
E 12.? 11 =57 107 329 154 £ 3. 1S2E+06  7.2n5E1 95 TBE
6. 93 Sta 62 72y 12 654 2.908E+87 4, B4TE+35 §.53
7.5 125 543 10z 355 144 643 8.520€+06  (.136E+u6 1,63
5, 3.5 191 363 fes 355 255 Y §L499E+ 8D 1, 7B4E+NT 2 21
7.1 165 301 11é 454 20t 920 § . 496E+07  2.107E+06 2.28
3,2 257 1174 205 $25 338 1286 5.415E+07  5.S2UE+06 2,86
VO oL 2.0 231 fa4d 289 757 370 1305 3.4526497 7, 8356406 2,53
9,2 157 S07 173 596 259 108& 2.430E407 2. A41E+06 2.00
12 222 10S! 213 627 31 1250 3.694E408  3,298E407 V.95
T 5.5 235 1170 15¢ Sn3 233 1273 ?.357E+06  7.744E+05 2.44
3.7 222 &27 160 507 274 970 1. 8ISE+07 2. 1O1E+0E 2,52
9.7 213 395 147 494 287 1923 1. 0t4E+07 1. (S5E+GE 2.47
V2. 311y 3.5 245 1234 157 529 08 1475 4.915E+66  S.174E+05 2,53
5.3 £33 449 129 53¢ 129 7ot I 087E+BE 5, B25E405 2,56
_ 5.8 53 507 53 280 108 579 2 330405 4. 161E+U5 .64
AVERALE . 2.5 153 S46 155 486 24 9BZ 4.914E+07  5.125E+0€ Z.13
5TD. DEV. 2.0 53 230 52 132 g1 283 3.5946407 8. 535E+06 .53
_ U.535-CH LEPTH
R 13,5 25z 1005 191 39t 325 10Au S.627E+us  2,025E+0% 1.3
14,6 254 1988 142 356 291 2020 §.332E+06  5.707E+85 1,721
2.3 335 1103 107 391 355 1170 3.562E+06 ., 43ISE+0S 1.06
A, 14.5 423 1445 325 312 536 1703 Z.SVIE+D7 5. 725E+06 z.3
13,4 463 1752 374 703 595 teas 1. B40E+D7  §,373E+0E 3,40
V9.5 535 1677 302 654 V7 13060 1.8576407  9.524E+8S 2 72
1. ; Zn, 7 494 3553 287 A0S 627 2A&T 1.222E+438 S.901E+06 2.35
16,3 374 1524 285 676 470 1759 B.246E407  4.979E+04 2018
19,0 445 1592 795 752 599 176d S.276E+07  4.582E+06 2.33
R (3,9 436 1428 {23 369 457 1475 3.42%E+07  1.721E+06 2.6
21,4 449 (522 227 £51 503 1769 1, 368E407 &, 392E4085 2,07
25,4 645 2130 25 £39 P22 2254 S.979E+067  2.3S4E+06 2.50
12, ., 19.8 423 1397 209 707 471 1566 5.603E+06  2,530E+05 2,10
12,0 347 1179 222 747 412 1396 4.7S0E+86 2. B839E40S .90
6.4 476 1250 294 742 559 1454 B.927E+05  5.443E+05 2,26
AYERAGE . . (9.3 425 (554 262 539 Su3 1725 3.3SYE+07  1.7G7E40E 2.2
310, DEY. 4.5 101 570 _ .93 {74 122 55§ 3,770E+07 | .912E+08 50
1. 270-CM CEFTH
FONN 53.5 €27 3292 218 534 664 4zl {.059E+07  1.667E+05 57
To.2 663 2700 24D stz 7205 274y 1.287E+07  1.833E+05 .93
770 Sg3 2642 133 512 593 2691 7.2106+07  $.3SZE+05 .74
B, S£.S 1283 §72) 573 1917 1499 £033 5.542E+07  9.544E+05 2.4
S4.1 1156 4153 338 594 1205 4221 2.961E+07  5.474E+85 2.0
1030 szl 41S% 289 (26% 965 4248 4 .9BBE+07  4.543E+0S .88
10, . ” 1. tile 2938 129 423 1124 2966 3.667E+03 6. D12E+D6 1,80
31 .4 716 3434 118 296 225 2457 [ 133E+98 | .309E+06 75
€2.2 €94 2913 342 1183 774 3146 3.461E+03  5.385E+06 t1D
1 £6.1 1027 4092 237 939 1093 4198 4.589E+07  £.943E+05 1,53
S53.0 1170 S06& 353 1156 1231 5197 2.558E+07  4.33SE+0S (.95
61.5 1561 5791 574 (254 1663 5326 6.17SE+07 1. 004E+06 2.50
12, Sz.2 1156 3963 373 854 1217 4uss 1. 307E+07  3.462E+05 2.18
46.4  t14s 3122 342 685 1198 3197 2.435E+67  5.258E+85 2.43
70.0 1959  470e 235 707 1085 4759 V. 0SE+Q7 2. 727E49S 1.49
HYERAGE o8z 995 2914 312 896 1050 4024 5.377E+07 1. 295E+ 05 1.59
STO. CEV. 14.7 291 1042 192 410 I11 1083 [, 143£+408  § SSSE+05 £S
2.54G-CH DEPTH
2. ..., 135.7 1343 4960 182 Se? 1356 4334 J.751E+07  Z.754E+65 57
165.7 2162 5481 195 £54 2171 &£514 2.744E+07 1 ,656E+05 1,28
194.3 2424 7588 347 81z 2449 7632 3.135E407  1.6156+0S 1,2
v, 45.0 894 4960 3516 1050 361 5067 Z.V82E+07  4.545E+05 1.96
106.2 1437 4239 342 1054 1477 4359 5.392E+07  S.077E485 1.33
£79.4 1637 6214 329 961 1665 6253 §.7Z1E+07  4.861E+05 90
(0., ..... 105.4 3395 3118 39% 1721 3502 BI95 S.612E498  5.1?7E+06 3.07
136,6 1895 5813 440 1143 19545 5729 { . 662E408  8.455E+15 .95
187.3 1570 6254 387 1213 1617 6372 3.875E+08 2. 069E+ 06 .83
11 124.0 1668 11387 400 1022 1715 11433 7.367E+07 S, 941E+0S 1.32
142,9 3581 7740 413 983 3605 7502 2.736E+D2  2.509E+06 2,37
56,7 1481 11387 556 1252 1582 11472 B.122E+07  5.396E+0S .97
fZ....... 175.1 1437 4559 294 1357 1466 4757 3.757E+07  2.163E+05 81
130,9 1512 8723 191 565 1524 5741 2.726E+07  1.507E+05 .82
92.9 2006 BS00 405 1321 2046 8602 6.8999E+0¢  7.237E+04 2.190
AVERWSE..  14€.1 {895 2114 362 1057 1939 7204 1, 317E408 9. 504E+0S 1.39
STO. DEV, 42.7 741 2252 175 321 747 2234 . 692E+408  1,366E+06 .68




16

TABLE A-4, - TEST RESULTS FOR RAD~2
cuT CUTTING FORCES, N ATRBORNE DUST SFECIFIC
BLOCK WEISHT, ~HOR,  HOR.  NORMAL  HORMAL  RES.  RES, TOTAL, SFECIFIC, ENERGY,
G WYE.,  PEAK AV PEAK AVG.  PEAK CU M CU MG J/G
0.218-CHd DEPTH
3 C S.6 169 1010 59 327 191 1096 | 835E+07  3.277E+0% 2,97
£.9 138 1932 49 507 ja6 1150 2.420E+07  3.S22E+06 .97
6.0 218 9a? 119 427 245 10032 1.358E+07  2.319E406 3.58
F A 5.2 107 583 62 235 124 £29 3,585E+07  6,835E+06 2.02
7.2 142 592 67 227 157 634 §.251E+06  1.146E+06 1.95
2.7 138 703 30 654 159 360 4,996E+07  4.708E+66 1.56
10y, (0,5 196 979 107 400 223 1020 1. 022€+39 9. 730E+46 1.33
2.3 192 205 173 £14 252 1012 5.499E+07  6.237E+06 2.04
£.5 151 523 129 423 193 720 4.427E407 &.B11E+06 2.29
1200000 7.2 116 552 93 409 149 657 2.776E+07  3.E855E+08 {,5%
5.8 116 734 85 485 143 88D 2.007E+07  2.952E+08 1.67
5.7 120 S18 7¢ 307 142 AU 4.34YE+06  7.61SE+G5 2.07
T4, 5.2 245 370 173 600 360 1141 3.5438407 4, 140E+06 2.74
2.5 182 ti1é s 423 216 1194 2,594E+07 1, G(1E+d7 2,11
1,7 307 947 254 241 398 1267 3.109E+07 2, 657E+D6 2.58
AYERARE. T & 163 799 K] 465 203 533 2.657E+07  4.60SE+0% z. a6
STD, UEVY. .9 S5 202 S4 162 74 22 2.723E+07 2 ,823E+06 .56
D.635-Cr [EFTH
3. 20,2 278 1341 147 574 406 1929 2. 631E+07  1.296E+0E 1.83
17.u 547 1659 249 747 565 (828 2.975E+07  1.7S0E+06 2.94
23.2 14 2272 316 1072 90 2513 2.7356+07  1.603E+06 2.59
P 5.2 658 3267 320 1156 732 3560 5,.369€407  2.051E+06 2.51
22.2 480 1994 267 943 S50 z{97 7,439E+07 | ,549E+06 2.13
15.9 242 144& 227 854 411 1679 2.5736+07  1,618E+286 2.12
10., . 24,8 396 2037 254 572 470 2143 Z.63(E+07  1.,051E+0E {.57
9.7 534 2015 357 1005 659 2352 7.36UE+07  2,47SE+06 1,77
21.3 543 2291 359 341 £46 2441 3.054E+07  {,434E+06 2.51
13.., 1703 191 1321 g9 £5S 201 1488 } 379E+407  7.719E+DS 1,06
27,9 412 1765 271 {299 498 2192 £.499E+06  2,715E+05 1.72
36 .6 435 1597 316 1410 S73 2100 1,367E+407  2.734E+05 1.30
14, t7.9 655 2048 SG7 1361 356 2457 4, 838E+07  2.59(E+65 z 79
21.2 Si2 1645 I 294 S93 {572 3.5S5E+07  1.677E+16 2.37
22.5 Sg7 2295 449 1219 739 2599 S.J492E+G7  3.3ITTE+06 2.46
AVERRGE . . 2.7 483 1970 237 982 Tr4 2217 3. 392E+07  1.527E+06 Z 15
STD. DEV. 5.3 130 492 106 264 1E 483 | 7BIE+D? _ 6.902E+05 .69
i.270-C1 CEPTH
3 7%, 2 756 3867 142 385 759 3575 S.0BIE+07  £.4735E+05 35
52.4 1145  S53&7 120 1096 119t 5967 §.633E407  2.57SE+D5 .78
45,6 1326 6137 S50z 1583 1421 7013 1,992E407 4, 099E+05 2.68
7 44,3 14149 10121 S38 2291 1513 1uz9? § 936E+07  4,37IE+0S 3,14
S1.S 1289 4533 506 1321 1360 9721 2.6026+407  5,053E+48S 2,41
AL.E (174 4i% 307 1317 1214 4384 3.339E+07  £.373E+05 .57
1o ( 776 47 3163 443 1366 1049 2445 S,37SE+0T  6.930E+95 i.20
£2.6 1108 257k 471 1334 1204 3847 }.67SE+08  2,67SE+0E 1,74
S6.2 1277 472y 360 1076 1326 4249 3.183E+07 |, 456E+08 2,24
12, . i1 1032 8209 350 1583 1093 £403 5.807E+07 B, 716E+D5 .30
S1.5 4125 4123 445 1677 1210 4451 2.096E+07  6,000E+05 2,15
52,8 1312 5560 609 1990 1447 5373 3.024E+07 4. §)BE+0S 2.06
4., 00, 74.6 1019 2807 454 1374 1115 3125 £.547E+07  8.776E+1)5 .24
7.8 1161 3843 276 1139 1193 401z 3,875E+07  5,473E+05 1.61
85.0 552 3140 156 627 573 3202 3.9SEE+07  4.654E+05 L4
AYVERALE . | 4.5 1107 4319 394 1370 1179 5923 4.985E+07  7.70BE+8S 1.81
STG. DEV. 12.5 226 1902 135 407 242 1908 3.785E+07  S,969E+0S 67
- ~ 2.540-CH DEPTH
A 193.2 3234 8505 654 1744 3339 568) 3. 118E+07 4 .595E+05 1,69
1S6. 0  275% 10862 4895 2344 2300 1112 {.380E+05  ©5,543E+05 .74
z02.2 2331 11385 605 1557 2408 11471 3.688E+07  1.B24E+05 1.13
e 224.7 4475 13636 912 2025 4567 14017 2.9B9E+0%  {,33INE+36 1,96
247.3 2714 12165 574 i210 3758 12328 2.255€+85 9.1 19E+85 1,43
165,4 2696 13344 212 1646 3764 13445 6.811E+407  4,118E+0S 2.20
1y, ‘ i92.5 1886 5511 320 1285 {913  S£59 3.637E+03 | 854E+06 .98
16,7 2780 {0359 529 1935 2823 10529 T.439E+08 2., UASE+Ns 1.61
V28,6 2317 7244 916 2429 2492 7735 3.49S€+08  2,718E+06 1,77
13,000, 159.5 1201 7008 209 S87 1219 7030 5.5SSE+07  3,432E+0S 74
325,32 1984 6453 200 654 1874 6492 1,BUZE+02  S5.S4DE+BS .56
13%.6 2019 3535 267 778 2037 8620 1.63(E+07  §.954E+04 1,08
14, 163 & 3332 9150 970 2722 3470 9544 8.769E+07  9,.350E+0S 2,01
192.9 3269 8151 272 2633 3334 9943 7.222E+07  3.744E+0S 1,67
151,50 2491 6614 641 1786 2572 6846 2.751E+08  {.822E+08 i, 62
AVERKGE ., , 190,53 2758 9307 590 1754 2826 9497 1. 73BE+02  9,732E+05 1.43
STD. DEV. 47.9 868 2583 260 768 887 2573 {.2S5E+05  3.019€E+0S (43
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TABLE A-3. - TEST RESULTS FOR RAD-3
CuT CUTTING FORCES, N ALIRBORME DUST SPECIFIC
ELOCK WEIGHT, HOR, HOR, NORMAL NORMAL RES . RES, TATAL, SPECIFIC, ENERGY,
G HYG . PEAK, BYG, FEAK AYG FEAK CU HA Y UMAG 420G
06.3t8-CM DEFTH
E X ) S, 9 111 836 40 243 15 273 6.570E+07 6. 636E+06 .11
11.3 156 323 &7 254 169 561 2.272E+ 03 1, 976E+037 .33
1.7 187 594 67 253 198 33 2.350E+4698 2. 034E+07 1,357
|- 12,10 267 1333 111 360 289 1386 8., 036E+07 £,697E+836 2.19
2,3 192 214 20 258 1993 B854 1, 789E+08 2. 083E+087 2.6
t2.4 294 1361 129 381 321 1414 1. 261E+02 1. DI7E+G7 2.33
L1 RPN 1.4 €3 1339 49 280 176 1263 £.020E+07 5.130E+86 1.43
V.6 267 1250 107 413 287 1318 6., 951E+07 9. 146E+06 3.46
6.9 169 B&3 76 294 183 333 B8.811E+87 1. 277E+407 2,41
L 3.4 138 850 7e 391 157 935 1.693E+07 2.013E+836 .62
11.5 178 1245 89 289 193 1279 6, 385E+07 5.582E+36 1.52
10.9 142 ?74 V1 307 159 333 1. 152E+08 1,057E+07 1.29
19, BN 11 614 53 196 123 t44 4. B78E+07 5.828E+06 {.56
10.3 147 vE6 67 302 161 852 1,26VE+07 1. 230E+86 t. 40
5.6 25 433 44 231 96 5449 2. 7DBE+07 4.835E+ 06 1.49
AYERAGE , . 9.7 173 955 75 298 139 1862 9. 364E+07 9. 433E+ 04 1.7%
STD, DEV, 2.2 60 278 25 64 £35 278 7. 057E+07 6. 400E+ 06 61
U.535-CH _DEFTH
4o, 19.3 391 1846 111 560 407 1329 1. 974E+33 1.023E+087 2.00
i8.0 236 2460 71 525 246 2515 2. 290E+07 1,272E+8B6 i.29
19.3 334 1813 102 634 349 19232 ] .984E+03 1. 002E+07 1.66
B0 23.0 £32 2784 236 667 &74 2363 2.962E+ 03 1. 28BE+07 2.70
21,6 267 1761 80 503 279 ta3z 1. 178BE+08 5.456E+08 .22
21.3 4109 2526 142 641 433 2605 7. 246E+07 3.323E+06 1.85
[ BRI 13.1 427 1588 133 336 447 1637 3.097E+08 2.364E+07 3.2
20.2 516 3216 Ve 907 546 3349 2.034E+07 1.017E+D6 2.51
25.7 667 3469 222 1174 703 3663 1. 824E+ 08 7. 09BE+96 2.96
13, 26.3 734 45995 262 1223 779 4716 5,904E+07 2.243E+06 2.75
2.3 552 2277 236 663 600 2372 9, 033E+07 4.343E+06 2.61
34 .1 334 1512 128 618 356 1634 1 E27E+ 85 4. 772E+06 .96
5., 17.3 254 1672 ] 387 263 1717 4. 612E+07 2. 666E+06E 1.44
15.9 338 1592 160 534 374 1€79 8,318E+07 4.496E+04 1.80
28 .0 414 1430 178 560 430 1592 1.4935E+0%8 5.341E+06 1.45
HYERALE, | 21.8 434 2304 154 666 451 2401 1. 333E+88 6. 587E+ 36 2,00
S5T0. DEY, 5.1 155 a87v 63 243 166 514 9.097E+07 5.8B27E+ 06 63
1.279-CM DEPTH
4 86.3 752 4479 [R=% 1245 773 46490 &, 117E+07 7. 047E+85 .85
e8,2 747 4177 173 983 I4-4 4291 1. DZBE+ 05 2. 241E+ 08 1.03
A4 3 934 £565 230 1539 975 5743 5.218E+07 8. 115E+35 1.43
2, , va.z 1997 7370 573 1699 2079 7564 3. §49E+85 4, 337E+096 2.80
54.9 17614 ioz? 338 2091 1242 11223 2.787E+08 5.0V7E+06 3.16
&0. 0 1459 241¢ 405 1712 1514 5588 2.860E+08 6 . 434E+ 06 2,39
I R 54,3 1228 4630 334 132585 1272 4305 1. 43BE+D5 2. 3306E+055 i.88
42.8 983 56817 245 1074 1013 5731 1.335E+038 3. 848E+ 05 2.21
EANE 1441 5514 276 91z 1447 5590 9, 520E+47 {1, 045E+846 .56
13,7 50,3 1303 6312 431 2246 1373 6700 7.304E+07 1.4836E+06 2.54
74L& 1370 61610 476 2122 1450 £3516 2,104E+83 2. 821E+06 1.81
58,2 1108 5213 373 1361 11va 5388 3.676E+08 6. Z17E+DE 1,87
15 84 .7 676 3567 22z 1063 712 72z 1. 253E+ 08 1., 479E+B6 .79
46,4 549 3341 267 1294 702 KEL: 6. N6E9E+07 1.308BE+1D6 1.38
72,3 238 6423 3z 1873 1011 6514 5, 858E+07 9.453E+05 1.30
AVERAGE . . S6, 0 1158 5924 349 1481 1268 5117 1.681E+03 2, 692E+DE 1.80
STD., DEV. 14.4 402 1982 124 426 416 1935 1.146E+08 1.966E+06 71
2.540-CM CDEPTH -
L T 215.0 2718 5456 52 2456 2520 z8td 2. 003E+0G7 9. 320E+G64 .24
174.8 3274 11387 916 4457 34006 12243 2.727E+083 1.560E+ 66 1.84
91,2 KARCH E529 8BS 2673 3247 9229 2,981{E+07 4, 697E+05 1.61
.., . 134, 8 25840 2149 808 2478 2703 9470 1., 197E+08 3,87BE+03 1.88
2231 5231 16102 1392 3380 5413 164532 1 . 638E+08 7. 432E+405 2.3
213.4 2918 19699 208 332 3027 2007z &,335E+07 2.,941E+35 1.33
1 ) 130.2 3363 105386 835 3514 3477 11154 3 ERNE+DT 7.435E+ 05 2.54
231.9 3014 9319 6093 2633 3072 9538 1.,435E+ 08 6. 139E+ 63 .28
189.6 3051 7326 867V 2113 3172 7624 1. 865E+03 93.839E+a5 .58
12 157.6 1668 6672 405 if12 1716 €764 1 241E+07 7. 876E+04 1.04
t72.5 1775 8229 405 1390 1829 5443 1. 054E+03 &, 113E+85 .01
213. 8 3069 9v 32 7Se 1224 31ed 3902 1.575E+33 7. 375E+85 1,41
15....... tng, 9 1081 €227 347 1948 1135 6325 8.399E+07 VB3T7E+ DS .00
175.7 1454 6049 294 1610 1434 £260 3.324E+ 10V 1.892E+65 .81
202 .1 2580 7539 578 1445 2644 vE7T 2.609E+08 1.291E+06 1.26
RYERALGE ., 132,3 2727 90536 vi2 2460 2819 10011 1.208E+53 6. 725E+03 {.43
ST, DEY, 371 396 3725 284 13-4 1032 3752 7. B7SE+07 4. 186E+03 .49
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TABLE A-6. - TEST RESULTS FOR RAD-4
cuTt CUTTING FORCES, N AIRBORNE DUST SPECIFIL
BLOCK WEIGHT, HOR. HOR . NORMAL NDRMAL RES . RES . TOTAL, SPECIFIC, ENERGY,
G AVG . PEAK AYG . PEAK AYG . PEAK. CU M C) L G 4/G
- 0.318-CH DEPTH
FINEERERE 10.4 122 16355 1€0 383 243 1377 7. 769E+06 7.470E+ 85 1.73
6,8 31€ 330 342 1019 4646 1379 8. 119E+06 1.194E+06 4.57
5.7 zi8 947 280 71z 353 1185 1.,967E+07 2,028E+ 086 2.2
PP 3.2 1514 663 142 471 208 8132 5,860E+07 6.635E+06 1.69
g. 1 227 ves 294 756 371 1077 9.979E+06 1.232E+06 2.76
€.3 23¢ 1463 242 1237 343 191¢ 3.,681E+07 { 37E+A7 3,59
L NN 17.7 254 1463 235 996 346 1979 S9,827E+06 5. S52E+0S 141
10.£ 414 12814 543 1081 682 1676 2,833E+06 2.673E+0S 3.34
10.5 325 1192 423 1285 533 1753 9.836E+05 9.368E+04 3.04
19,0, 8,0 209 1015 262 1453 336 175732 2.306E+07 2.893E+06 2.57
1.7 Joz 1272 427 1152 523 {716 2.545E+07 2. | PSE+46 2.54
5,9 455 1352 685 172 822 1836 1. 211E+07 { . 755E+06 6.47
15, 0. 6.t 220 818 480 1294 556 1531 1.404E4+07 2,302E+136 4.52
7.4 245 8938 427 188 452 1483 1.629E+08 2.201E+07 3,25
10.4 218 207 276 681 352 981 3.095E+407 2.976E+06 2,06
AYERALRE . . 9.3 269 1093 343 1033 442 1522 3.154E+07 4. 044E+06 3.09
STD. GEV, 2.9 83 315 148 278 164 337 4.292E+407 &, 045E+06 1.36
0.635-CM DEPTH
5. Ve 16.7 213 1441 182 770 284 1634 3.507E+07 2, 100E+08 1,28
14,0 654 1939 576 1454 341 2424 6 . 279E+N7 4.495E+86 4.60
16.73 756 2945 68 1 1639 1017 33280 {1 299E+d8 7.967E+06 4,57
T t3.4 498 1748 480 1335 £92 22082 3. 886E+07 2.900E+86 3.66
26,3 427 2922 356 1125 558 3132 3,906E+07 1.452E+ 85 1,586
26.3 445 2282 325 1156 551 2558 4.,723E+07 1. 796E+06 1.66
12, o 19.2 6632 2019 €98 1321 963 2443 7,102E+06 3.537E+05 2.29
20.32 801 2740 707 1448 1068 3098 2.454E+07 1.2069E+06 3.88
15,0 €00 2647 712 1779 331 3189 { L, 772E+07 1. 181E+06 3,34
14, . ..., y 22.7 200 1361 267 1468 334 20802 4 186E+07 1.844E+06 87
16,9 713 1925 778 1495 1049 2438 2.198E+07 1.355E+06 4.30
1.7 363 2771 898 1738 1246 2298 3.899E+07 1.797E+86 3,91
19, 172.9 443 2019 529 1188 703 2343 {.829€+07 1.,022E+P6 2.54
1S5.4 431 1232 St2 1090 669 1845 3.517E+07 2.284E+ 06 2.76
i9.7 351 1173 423 1014 559 1555 2.548E+06 1.344E+0S 1.76
AYERALE . . V5.3 338 20738 548 1339 770 29487 3% 7941ES 07 2.126E+05 2.97
370, DEY. 4.2 202 618 208 288 2385 621 3.002E+07 1 921E+06 1.28
1.27v-CM DEPTRH
S 82 .3 937 2767 489 1139 1102 2952 5. 128E+07 3, 023E+105 1.52
2.5 1428 4073 827 1779 1650 4450 1.53vE+0%2 3. 023E+06 2.68
47,9 1212 4546 836 1858 1556 5281 £.079E+07 {.269E+05 2.70
9. £0 0w 721 867 2425 414 1019 261 3573 2.0S5E+07 2.8SNE+0S .18
£0.5 214 2781 409 339 EAR 3396 2.107E+08 3.4B32E+06 .32
99.5 898 4101 439 974 1023 4215 2.873E+08 4.B23E+06 1.49
12,0, 41 .1 1557 SS60 1170 2389 1347 £851 9, 70BE+CG? 2.362E+16 3.73
eu.7 1263 6394 952 2024 1582 71895 1.971E+07 3. 247E+85 2,05
4k .4 1435 5422 952 1963 1772 S57¢Es 2. 1867E+07 4.670E+HS 3.17
14, ) 51.9 1449 531 1165 2206 1336 5751 9. 435E+07 1. B1RE+438 2.69
54 .1 723 2873 725 2331 1067 3700 1 493E+07 2.760E+83S 1.492
46,4 1486 4275 1183 3292 1399 5295 S.183E+07 1. 118E+06 3.15
19.. ..., 57.3 1272 3367 854 1645 1532 3743 2, 133E+07 3.723E+05 2,19
59.4 698 365z 574 15857 904 3570 €. 427E+07 {.0B2E+06 .16
54,9 765 3541 5610 1757 943 3953 { . 9I7E+0G7 2.977E+0S 1.1?
AYERRGE . . 35.2 1136 4256 7?3 1791 1379 4662 7.9SBE407 1.454E+ D5 2. 11
STD. DEV. 8.3 312 1145 275 635 399 1170 9.059E+07 1.392E+8s 85
2.540-CH EPTH
S, 152,28 1564 4234 645 1486 1693 4483 7.310E+07 4,430E+155 .95
{722 2206 6694 £23 1321 2292 6823 7. 126E+07 4,138E+05 f.26
170.7 4283 8940 1677 30e5 4600 9438 1.808E+062 1. 059E+ 06 2.47
9, v 11,32 1472 85638 427 1034 1533 3795 } . 64BE+03 1. 431E+06 .30
1393 1940 64103 467 1063 1870 £493 3.S40E+07 2.,222E+0S 1.1z
202 .6 1606 5253 3186 fué3 fee? 5360 6,031E+07 2.9156+05 .7é
te. 36 .5 27404 13188 1630 2455 2949 (34195 9.826E+06 1. 136E+05 3,12
161.3 3874 12708 1374 29858 4111 13048 4. 065E+07 2.513E+835 2,36
173.9 2802 10106 939% 2068 2955 1u031S 4 ,S0CE+07 2,998E+0S 1.59
14.. 163.2 1406 4234 =41 17212 1345 3368 3.964E+07 2.357E+a5 .82
233.3 2432 7612 654 1312 2567 7733 9.249E+07 3.956E+85 1.04
196, 4 2157 6436 €14 1855 2243 6698 3.431E+07 { (747E+05 1.08
15,0000 2121 11720 7406 285 1966 1204 7570 $ . 059E~+88 4.9953E+85 .94
{30.2 2335 8763 1152 2268 2604 9851 8.332E+07 6.370E+05 1.76
194.2 2260 8113 676 2322 2359 5443 1.473E+03 7. 584E+05 1.15
AYERAGE . . 169.5 2278 7724 785 1835 2414 7953 7.897E+07 4.528E+05 1.42
STG. DEVY. 38 .6 884 2702 335 660 952 2739 S.I13E+07 3.725E+405 7’2
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APPENDIX B.--SUMMARY OF AIRBORNE RESPIRABLE DUST BY CLASS INTERVAL,
WITH CALCULATED MILLIGRAMS PER TON

TABLE B-1l. - Airborne respirable dust by class interval

Bit type I Cut avg. | DP, | Number | Cum. Volume, cu pym Weight, mg/ton
wt,, g pm | nunber | Inc., vol, | Cum. vol. Int. wt. [ Cum. wt.
0.318-cm (1/8-in) DEPTH
PB=60.ucecrnsnsrans I 6.77 0.94 | 29,727 29,727 | 1.2928E+04 | 1.2928E+04 15.0 15.0
1.83] 15,110 44,837 . 4.84B7E+04 " 6.14)15E+04 56.4 71.5
2.62 9,713 54,549 | 9.1461E+04  1.5288E+05 106.5 178.0
3.63| 11,825 66,374 | 2.9616E+05 | 4.4303E+05 344.8 522.7
5.06 9,311 75,685 | 6.3161E+05| 1.0806E+06 735.3 1,258.0
6.86| 11,318 87,003 | 1.9131E+06 | 2.9937E+06 | 2,227.0 3,485.0
8.51 5,362 92,365 | 1.7304E+06 | 4.7241E+06 | 2,014.3 5,499.3
0.635-cm (1/4—-in) DEPTH
.............. 21.86 0.94 1 12,370 12,370 | 5.3795E+03 | 5.3795E+03 6.3 6.3
1.83 6,621 18,991 ) 2.1246E+04 | 2.6626K+04 24.7 31.0
2.62 4,289 23,280 | 4.0387E+04 | 6.7013E+04 47.0 78.0
3.63 5,353 28,6331 1.3408E+05 | 2.0109E+05 156.1 234.1
5.06 4,793 33,426  3,2510E+05 | S5.2619E+05 378.4 612.5
6.86 5,690 39,115 9.6172E+05' 1.4879E+06 | 1,118.5 1,732.1
8.51, 2,970 42,085  9.5845E+05 | 2.4464E+06 | 1,115.7 2,847.8
1.270~cm (}/2-in) DEPTH
.............. 67.75 0.94 4,322 4,322 | 1.8797E+03 | 1.8797E+03 2.2 2.2
1.83 2,208 6,530 | 7.0843E+03 | 8.9640E+03 8.2 10.4
2.62 1,580 8,L10 | 1.4878E+04 | 2.3842E+04 17.3 27.8
3.63 1,975 10,085 | 4.9454E+04 | 7,3295E+04 57.6 85.3
5.06 1,655 11,740 " 1.1227E+05 | 1.8556E+05 130.7 216.0
6.86 1,832 13,571 | 3.0960E+05 | 4.9516E+05 360.4 576.4
8.51 1,064 14,635 | 3.4331E+05 | 8.3847E+05 3%89.6 976.1
2.540-cm (1.0-in) DEPTH B
162,19 [ 0.94] 1,703 1,703] 7.4073E+02 | 7.4073E+02 0.9 0.9
1.83 891 2,594 | 2,8587E+03 | 3.5994E+03 3.3 4,2
2.62 602 3,196 | 5.66Y5E+03 | 9.2689E+03 6.6 10.8
3.63 757 3,953 | 1.8966E+04 | 2.8235E+04 22.1 32.9
5.06 651 4,605 | 4.4166E4+04 | 7.2401E+04 51. 84.3
6.86 742 5,347 | 1.2549E+05 | 1.9789E+05 146.1 230.4
8.51 395 5,741 | 1,2731E+05 | 3.2520E+05 | 148.2 378.6
0.318-cm (1/8-in) DEPTH
........... 7.95 0.94 | 29,921 29,921 | 1.3012E+04 | 1.3012E+04 15.1 15.1
1.83( 17,261 47,181 | 5.5387E+04 | 6.8399E+04 64.5 79.6
2.621 11,569 58,751 | 1.0895E+05 1.7735E+05 126.8 206.4
3.63 17,014 75,7651 4.2611E+05 | 6.0346E+05 496.0 702.5
5.06 | 15,370 91,134 | 1.0426E+06 | 1.6460E+06 | 1,213.7 1,916.2
6.86| 19,453 | 110,587 | 3.2882E+06 | 4.9343E+06 | 3,827.8 5,744.0
8.51| 13,244 | 123,832 | 4.,2738E+06 | 9.2081E+06 | 4,975.2 | 10,719.2
0.635-cm (1/4-in) DEPTH
PEB~904% 4 5 65 6.5 65 905 & 25.55 0.%4| 10,407 | 10,407| 4.5257E+03 | 4.5257E+03 5.3 5«3
1.83 6,854 17,261I 2.1995E304 | 2.6521E+04 25.6 30.9
2.62 5,109 22,370 | 4.8110E+04 | 7.4630E+04 56.0 86.9
3.63 7,313 29,683 | 1.8316E+05 | 2.5779E+05 213.2 300.1
5.06 6,965 36,648 | 4,7248E+05 | 7.3027E+05 550.0 850,1
6.86 8,619 45,267 | 1.4569E+06 @ 2.1871E+06 | 1,695.9 2,546.0
8.51 11,699 56,966 | 3.7752E+06 | 5.9624E+06 | 4,394.8 6,940.8
1.270-cm (1/2-in) DEPTH
PB=00.40eeeeessonss | b4.43 0.94 6,829 6,829 ] 2.9701E+03 | 2.9701E+03 3.5 3.5
1.83 3,719 10,549 | 1.1935E+04 | 1.4905E+04 13.9 17.4
2.62 2,686 13,234 | 2.5289E+04 | 4.0194E+04 29.4 46.8
3.63 3,528 16,763 ) 8.8381E+04 | 1.2857E+05 102.9 149.7
5.06 3,044 19,807 | 2.0649E+05 | 3.3507E+05 240.4 390.1
6.86 3,810 23,617 | 6.4395E+05 | 9,7902E+05 749.6 1,139.7
8.51 2,339 25,956 | 7.5485E+05 | 1.7339E+06 878.7 2,018.4

See explanatory notes at end of table.
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TABLE B-1. - Airborne respirable dust by class interval--Continued
Bit type Cut avg. DP, | Nuamber Cum. Volume, cu pm Weight, mg/ton
wt., g pm number | Int. vol, | Cum. vol, Int, wt, | Cum. wt.
2.540-cm (1.,0-in) DEPTH
PB-90..ccvseerssans 156.46 0.94 1,618 1,618 | 7.0381E+02| 7.0381E+02 0.8 0.8
1.83 942 2,560 | 3.0225E+03| 3.7263E+03 3.5 4,3
2.62 646 3,207 | 6.0856E+03| 9.8119E+03 7.1 11.4
3.63 870 4,077 | 2.1794E+04 | 3.1606E+04 25.4 36.8
5.06 782 4,858 | 5.3022E+04 | 8.4628E+04 6l.7 98.5
6.86 1,004 5,863 | 1.6978E+05| 2.5441E+05 197.6 296.2
, 8.51 645 6,508 | 2.0808E+05| 4.6249E+05 242.2 | 538.4
0.318-cm (1/8-in) DEPTH
RAD-1 (CF radial).. 8.51 0.94| 26,922 26,922 1.1708E+04 | 1.1708E+04 13.6 13.6
1.83) 15,808 42,7301 5,0727e+04 | 6.2435E+04 59.1 72.7
2.62| 11,868 54,598 | L.1176E+05| 1.7419E+05 130.1 202.8
3.631 16,703 71,301 | 4.1832E+05 5.9251E+05 487.0 689.7
5.06 | 15,862 87,163 | 1.0760E+06 1.6685E+06 1,252.6 1,942.3
6.86 20,395 107,558 | 3.4774E+06 5.1159E+06 4,013.1 5,955.4
8.51 13,037 120,595 4.2070E+06 | 9.3229E+06 4,897.4 | 10,852.8
0.635-cm (1/8-in) DEPTH
RAD-1 (CF radial).. 19.29 0.94 7,665 7,665 | 3.3336E+03| 3.3336E+03 3.97 3.9
1.83 4,604 12,269 | 1.4772E4+04 | 1.8106E+04 17.2 21.1
2.62 3,635 15,904 | 3.4230E+04 | 5.2336E+04 39.8 60.9
3.63 5,298 21,202 | 1.3269E+05 | 1.8502E+05 154.5 215.4
5.06 5,268 26,469 | 3.57328+05| 5.4234E+05 416.0 631.3
6.86 7,246 33,716 | 1.2249E+06 | 1.7672E+06 1,425.9 2,057.2
8.5l 5,558 39,274 | 1.7934E+06 | 3.5607E+06 2,087.7 4,145.0
1.270-cm (1/2-in) DEPTH
RAD-1 (C¥ radial).. 66.21 0.94 4,347 4,347 | 1.8904E+03 | 1.8904L+03 2.2 2.2
1.83 2,863 7,210 | 9.188LE+03| 1.1079E+04 10.7 12.9
2.62 2,184 9,394 2.0566E+0%| 3.1644E+04 23.9 36.8
3.63 3,333 12,727 | 8.3464E+04 | 1.1511E+05 97.2 134.0
5.06 3,437 16,164 | 2.3316E+05| 3.4827E+05 271.4 405.4
6.86 4,573 20,737 | 7.7298E+05| 1.1213E+06 899.8 1,305.3
8.51 3,480 24,217 | 1.1229E+06 | 2.2442E+06 1,307.2 2,612,4
2.540-cm (1.0-1in) DEPTH
RAD-1 (CF radial).. 146.14 " 0.94 2,992 2,992 | 1.3013E+03| 1.3013E+03 1.5 1.5
1.83 2,102 5,094 | 6.7444E4+03 | 8.0456E+03 7.9 9.4
2.62 1,687 6,781  1.5886E+04 | 2.3931E+04 18.5 27.9
3.63 2,697 9,478  6.7541E+04 | 9.1473E+04 78.6 106.5
5.06 2,856 12,334 | 1.9373E+05| 2.8520E+05 225.5 332.0
6.86 3,936 16,270 | 6.6533E+05| 9.5053E+05 774.5 1,106.5
8.51 3,227 | 19,497 | 1.0414E+06| 1.9919E+06 1,212.3 2,318.8
0.318-cm (1/8-in) DEPTH
RAD-2 (CP radial).. 7.61 0.94 | 23,468 23,468| 1.0206E+04 | 1.0206E+04 11.9 11.9
1.83| 14,937 38,405 | 4.4930E+04 | 5.8137E+04 55.8 67.7
2.62( 10,583 48,988 | 9.,9657E+04| 1.5779E+05 116.0 183.7
3.63 | 15,206 64,194 | 3.8084E+05| 5.3863E+05 443.3 627.0
5.06| 14,520 78,715 | 9.8498E+05| 1.5236E+06 1,146.6 1,773.6
6.86| 18,251 96,966 | 3.0850E+06 | 4,6086E+06 3,591.3 5,364.9
8.51 | 12,187 | 109,153 | 3.9327E+06 | 8.5413E+06 4,578.1 9,943.0
0.635-cm (1/2-in) DEPTH
RAD-2 (CP radial).. 22.75 | 0.94| 7,942 7,942 3.4539E+03] 3.4539E+03 4,07 4.0
1.83 5,079 13,001 ! 1.6233E+04| 1.9687E+04 18.9 22.9
2,62 3,777 16,778 | 3.5564E+04| 5.5251E+04 41.4 64.3
3.63 5,052 21,830 | 1.2653E+05| 1.8178E+05 147.3 211.6
5.06 4,517 26,347 | 3.0641E+05| 4.8819E+05 356.7 568.3
6.86 6,150 32,497 | 1.0396E+06 | 1.5278E+06 1,210.2 1,778.5
8.51, 4,218 | 36,715, 1.3611E+06| 2.8888E+06 , 1,584.4 3,362.9

i
See explanatory notes at end of table,
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Bit type Cut avg. DP, | Number Cum. Volume, cu pum Weight, mg/ton
wt., g pm number [ Int, vol. | Cum. vol. Int. wt. | Cum. wt,
1.270-cm (1/2-in) DEPTH
RAD-2 (CP radial).. | 64.47 0.94 2,816 2,816 ] 1.2246E+03 | 1.2246E+03 1.4 1.4
1.83 1,936 4,752 | 6.,2135E+03| 7.4381E+03 7.2 8.7
2.62 1,405 6,157 | 1.3233E+04| 2.0671E+04 15.4 24,1
3.63 2,124 8,281 | 5.3194E+04 | 7.3865E+04 61.9 86.0
5.06 2,222 10,504 | 1.5076E+05| 2.2463E+05 175.5 261.5
6.86 3,232 13,736 | 5.4633E+05 | 7.7095E+05 636.0 897.5
8.51 2,494 16,230 | 8.0489E+05, 1.5758E+06 937.0 1,834.4
2.540-cm (l.0-in) DEPTH
RAD~2 (CP radial).. 189.99 0.94 3,468 3,468 | 1.5082E+03| 1.5082E+03 1.8 1.8
1.83 2,446 5,914 | 7.8477E+03| 9.3559E+03 9.1 10.9
2.62 1,954 7,868 | 1.8400E+04 | 2.7756E+04 21.4 32.3
3,63 2,955 10,823 | 7.4010E+04| 1.0177E+05 86.2 118.5
5.06 2,962 13,785 | 2.0094E+05 | 3.0270E+05 233.9 352.4
6.86 3,991 17,776 | 6.7461E+05 9.7732E+05 785.3 1,137.7
8.51 3,047 20,823 | 9.8340E+05 1.9607E+06 1,144.8 2,282.5
0.318-cm (1/8-in) DEPTH
RAD-3 (CC radial).. 9.71 0.94 | 37,203 37,203 ] 1.6179E+04 | 1.6179E+04 18.8 18.8
1.83| 24,882 62,085 | 7.9844E+04 | 9.6023E+04 92.9 111.8
2.62 | 19,004 81,089 | 1.7896E+05| 2.7498E+05 208.3 320.1
3.63| 28,440 109,529 | 7.1228E+05! 9.8726E+05 829.2 1,149.3
5,06 | 29,060 | 138,590 | 1.9713E+06 | 2.9586E+06 2,294,8 3,444.,1
6.86 | 38,348 176,937 | 6.4820E+06 9.4406E+06 7,545.7 | 10,989.8
8.51 | 29,503 206,440 | 9.5203E+06 | 1.8961E+07 | 11,082.6 | 22,072.4
0.635—cm (l/4-in) DEPTH
RAD-3 (CC radial).. 21.83 0.94 | 25,862 25,862 | 1.1247E+04 | 1.1247E+04 13.1 13.1
1.83| 17,228 43,089 | 5,5281E+04( 6.6528E+04 64.4 77 .4
2.62 | 13,362 56,451 | 1.2583E+05| 1.9235E+05 146.5 223.9
3.63| 20,089 76,540 | 5.0313E+05| 6.9548E+05 585.7 809.6
5.06 | 20,291 96,831 | 1.3764E+06  2.0719E+06 1,602.3 2,411.9
6.86 | 26,716 | 123,547 | 4.5159E+06 | 6.5878E+06 5,257.0 7,668.9
8.51 | 20,889 | 144,436 | 6.7408E+06, 1.3329E+07 7,847.0 | 15,515.8
1.270-cm (1/2-in) DEPTH
RAD-3 (CC radial).. 66.04 0.94 8,479 8,479 | 3.6875E+03| 3.68735E+03 4.3 4.3
1.83 5,914 14,393 | 1.8976E+04| 2.2663E+04 22.1 26.4
2.62 4,923 19,316 | 4.6361E+04| 6.9024E+04 54.0 80.4
3.63 7,495 26,811 | 1.8771E+05! 2.5673E+05 218.5 298.9
5.06 8,128 34,938 | 5.5134E+05| 8.0807E+05 641.8 940.7
6.86 11,149 46,087 | 1.8845E+06| 2.6926E+06 2,193.8 3,134.5
8.51, 8,811 54,898 | 2.8433E+06 | 5.5359E+06 3,309.8 6,444.3
2.540-cm (1.0-in) DEPTH
RAD-3 (CC radial).. 182.29 0.94 2,858 2,858 | 1.24278+03| 1.2427E+03 1.4 1.4
1.83 1,906 4,763 | 6.1154E+03) 7.3581E+03 7.1 8.6
2.62 1,434 6,197 | 1.3500E+04| 2.0858E+04 15.7 24.3
3.63 2,070 8,267 | 5.1841E+04 | 7.2699E+04 60.3 84.6
5.06 1,959 10,226 | 1.3289E+05| 2.0559E+05 154.7 239.3
6.86 2,763 12,989 | 4.6701E+05| 6.7260E+05 543,.7 783.0
8.51 1,857 14,846 | 5.9921E+05| 1.2718E+06 697.5 1,480.5
0.318-cm (1/8-in) DEPTH
RAD-4 (CR radial).. 9.29 0.941 19,166 19,166 | 8.3352E+03| 8.3352E+03 9.7 9.7
1.83] 12,373 31,539 | 3.9703E+04| 4.8038E+04 46,2 55.9
2.62 8,944 40,483 | 8.4225E+04 | 1.3226E+05 98.0 154,0
3.63( 12,892 53,375| 3.2288E+05] 4.5515E+05 375.9 529.8
5.06| 11,943 65,319 | 8.1017E4+05! 1.2653E+06 943.1 1,473.0
6.86| 16,446 81,764 | 2.7799E+06| 4.0452E+06 3,236.1 4,709.0
8.51 9,686 91,451 | 3.1257E+06 | 7.1709E+06 3,638.7 8,347.7

See explanatory notes at end of table.
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TABLE B—-]1. - Airborne respirable dust by class interval-—-Continued
Bit type Cut avg. DP, | Number Cum. Volume, cu pm Weight, mg/ton
wte, g pm number | Int. vol. | Cum. vol. Int. wt.| Cum. wt.
0.635—cm (1/4-in) DEPTH
RAD-4 (CR radial).. 18.81 0.94] 12,701 12,701 | 5.5234E+03 | 5.5234E+03 6.4 6.4
1.83| 8,069 20,770 | 2.5892E+04 | 3.1416E+04 30.1 36.6
2.62 5,539 26,309 | 5.2161E+04 | 8.3577E+04 60.7 97.3
3.63 7,530 33,838 | 1.8858E+05 | 2.7216E+05 219.5 316.8
5.06 6,649 40,487 | 4.5100E+05 | 7.2316E+05 525.0 841.8
6.86 8,304 48,791 | 1.4037E+06 | 2.1268E+06 | 1,634.0 2,475.8
8.51 5,007 | 53,798 | 1.6156E+06 , 3.7424E+06 | 1,880.7 4,356.6
1.270-cm (1/2-in) DEPTRH
RAD-4 (CR radial).. 55.87 0.94] 6,908 6,908 | 3.0044E+03 | 3.0044E+03 3.5 3.5
‘ 1.83 4,354 11,263 | 1.3973E+04 | 1.6977E+04 16.5 19.8
2.62 3,240 14,503 | 3.0512E+04 | 4.7489E+04 35.5 55.3
3.63 4,592 19,095 | 1.1501E+05 | 1.6250E+05 133.9 189.2
5.06 4,474 23,569 3.0346E+05 | 4.6596E+05 353.3 542.4
6.86 5,845 29,414  9.8801E+05 | 1.4540E+06 | 1,150.2 1,692.6
8.51 4,479 33,892 | 1.4452E+06 | 2.8992E+06 | 1,682.4 3,375.0
2.540-cm (1.0-in) DEPTH
RAD-4 (CK radial)..J 169.47 0.94 2,233 " 2,233 9.7097E+02 9.7097E+02! 1.1 ! 1.1
1.83 1,382 3,615 | 4.434]1E+03 | 5.4051E+03 5.2 6.3
2.62 1,055 4,669 1 9.9341E+03 | 1.5339E+04 11.6 17.9
3.63 1,438 6,107 | 3.6012E+04 | 5.1351E+04 41.9 59.8
5.06 1,442 7,550 | 9.7836E+04 | 1.4919E+05 113.9 173.7
6.86 1,974 9,524 | 3.3369E+05 | 4.8288E+05 388.4 562.1
| | 8.51 | 1,448 10,872 | 4.6728E+05 | 3.5015E+05 | 544,0 1,106.1
Colunn descriptions:
DP = Mean size value for each class interval.
Number = Number of particle counts in class interval,
Cum. number = Cumulative particle count.
Int, vol, = Volume of airborne respirable dust per class interval.
Cum. vol. = Cumulative volume of all sizes of respirable dust.
Weight = Calculated weight of dust per short ton coal, using 80-1b/cu ft density.
Int, wbt. = Weight of dust per class interval.
Cum.wt, = Cumulative weight of dust per ton.
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APPENDIX C.--~STUDENT'S T-VALUES OF PAIRED DATAT

T = (YQ_§71)_DO
/(_nzﬂl)ngr(n!“l)s‘Q N

(ny + 0y - 2) n, n,
where T = calculated paired Student's t-value indicating statistically
significant differences between two given arithmetic average
comparisons if this calculated t-value is not less than the
handbook t-value for the same paired degrees of freedom at a
given percent confidence level;
D, = null hypothesis set to zero for computing Student's t-value under
the conditions described above;
y = arithmetic average of given column of data; subscripts 1l and 2
indicate the first and second data columns being compared;
n = number of digits in a given data column;
(n, + n; — 2) = degrees of freedom of a given pair of data columns;
and s = standard deviation for a given data column:
//in? - (zxi)?/n
8 = »
n - 1
where rxi? = result of squaring each digit, then totaling up values;
and (£xi)2 = result of totaling up all digits, then squaring the sum.
'Prom Mendenhall (2, pp. 26-27) and Weast (7, p. A-161). The 1list of references

precedes appendix A.
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TABLE C-1. - Student's t-values of significance of paired specific energy averages

Depth of cut.... | 0.318 cm (1/8 in) [ 0.635 cm (1/4 in) [ 1.270 em (1/2 in) [ 2.540 cm (1 in)
PB-90, PB-60.... 6.1548 2.7562 2.498a 1.8582
RAD-2, RAD-1.... .301 ~.254 913 419
RAD-4, RAD-3.... 3.3783 2.592a 1.077¢ -.267
RAD-2, RAD-3.... 1.9182 .720 .040 .000
RAD-4, RAD-l.... 2.5212 2.002 1.8689 117
RAD—4, RAD-2.... 2.3442 2.104a 1.066¢ ~.269
RAD-1, RAD-3.... 1.6770 1.025 -.845 -.416
PB-90, RAD-1l.... 7.9662 3.8362 3.6182 1.5000b
PB-90, RAD-2.... 7.8893 3.8812 3.1372 1.3450b
PB-90, RAD-3.... 8.3222 4.0632 3.1323 1.3360b
PB-90, RAD-4.... 6.5162 2.9802 2.399a 1.3470b
PB-60, RAD-1.... 4,7032 2.2572 1.536° -.260
PH-60, RAD-2.... 4,45883 2.350° 777 -.784
PB-60, RAD-3.... 5.6602 2.789a .794 —-.777
PB-60, RAD—4.... 1.119¢ .379 -.214 -.376

4>90-pct confidence level.

9280—pct confidence level.

€>70-pct confidence level.

TABLE C-2. — Student's t-values of significance of paired specific dust averages

Depth of cut,... | 0.318 cm (1/8 in) | 0.635 cm (1/4 in) | 1.270 cm (1/2 in) [ 2.540 cm (1 in)
PB-90, PB-60.... 1.426D 0.683 1.328° 0.677
RAD-2, RAD-1l.... -.220 —.457 -1.048 .056
RAD-4, RAD-3.... -2.3732 ~2.8162 -1.990° -1.311¢
RAD-2, RAD-3.... -2.6742 -3.3392 -3.6212 1.288¢
RAD-4, RAD-1.... -.395 .513 W261 -1.279¢
RAD-4, RAD-2.... ~-.327 1.135¢ 1.7472 -2.1482
RAD-1, RAD-3.... -1.528% -3.0442 -1.9972 .753
PB-90, RAD-1l.... -.079 397 -.547 -1.807°2
PB-90, RAD-2.... .233 .693 .567 -3.1012
PB-90, RAD-3.... -2.2162 -2.4842 -2.822¢2 -3.1532
PB-90, RAD-4.... .453 .058 -.970 -1.8802
PB-60, RAD-1l.... -.901 -.432 -1.602b -2.0332
PB-60, RAD-2.... -1.636° -.079 -1.290¢ -3.5482
PB-60, RAD-3.... ~-3.6172 -3.2722 -4,155° -4,038°2
PB-60, RAD-4.... -.619 -.993 -2.4672 —-2.6742
3>90-pct confidence level. ?ZSO—pct confidence level. €>70-pct confidence level.
TABLE C-3. - Student's t-valués of significance of paired tangential force averages
Depth of cut.... | 0.318 cm (1/8 in) | 0.635 cm (1/4 in)| 1.270 cm (1/2 in) | 2.540 cm (1 in)
PB-90, PB~60.... 7.4712 5.1019 2.7782 2.2208
RAD-2, RAD-1l.... -.673 1.5060 1.146¢ 2.9273
RAD-4, RAD-3.... 3.5932 1.5820b -.160 -1.306¢
RAD-2, RAD-3.... -.236 1.053 -.420 .091
RAD-4, RAD-1.... 3.2894a 1.9382 1.251¢ 1.285¢
RAD-4, RAD-2.... 3.868 .790 .291 -1.501
RAD-1, RAD-3.... 418 -.188 -1.241¢ -2.5942
PB-90, RAD-1.... 8.406°2 6.6032 4.3362 2.9372
PB-90, RAD-2.... 8.6412 6.1172 3.9322 614
PB-90, RAD-3.... 8.5302 6.4143 3.436° .655
PB-90, RAD-4.... 6.8682 5.60343 3.6752 1.8112
PB-60, RAD-1.... 2.6469 3.4992 2.663° .876
PB-60, RAD-2.... 3.3383 2.2052 1.9143 -2.039
PB-60, RAD-3.... 3.0082 2,935° 1.160¢ -1.7792
PB-60, RAD-4.... -1.047 =].153% 1.477b -.453

a>90-pct confidence level.

©>80-pct confidence level.
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€>70-pct donfidence level.
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