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THE FOREST PRODUCTS IABORATORY 'S TOUGHNESS TESTING MACHINE-,-

No two pieces of wood, even of the same species, are exactly
alike. In studying the variability of wood it is observed that some
pieces contain thick-walled cells and small cell spaces, others very
thin-walled cells, large cell spaces and large pores or vessels, the
amount of wood substance in a given volume occasionally varying as
much as three to one in a single species. Since all wood substance
has approximately the same density, the denser specimen will contain
more wood substance than the lighter one.  What is more logical, then,
than to believe that the denser the piece (the more wood substance
per unit volume) the higher will be its strength properties? Such,
in general, is actually the case. Iaws governing the relation of
density to the different strength properties have been determined,
and, in general, show that any increase in density is usually attended
by more than & proportional increase in other properties.

But while density gives a good indication of the properties, it,
nevertheless, has some important limitations. Thus the position in
the tree for such species as hickory and ash is of great significance,
the material from the butt of upland timber having very high tensile
strength, and relatively low compressive strength for its weight,
vhile higher in the tree the reverse is true. Other species, or
these species when grown under different conditions, may not show this
characteristic variation. There are many silvicultural conditions
which probably influence somewhat the relation of density to strength.
It is seldom, however, that all strength properties are influenced in
the same way.

Toughness in wood, which is essential in many uses, is dependent
on a combination of properties, or rather on the relation of tensile

dThe Civil Aeronautics Authority (Airworthiness Report 18, July 1940)
approves the use of this machine as a means of determining the
basic quality of wood to be used in aircraft construction.

2

~This report is one of a series of reports issued by the Forest Products
Iaboratory to aid the Nation's war program. Original report dated
November 19h41.
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to compressive strength. When the tensile strength is abnormally
high for a given density, it is quite common that the compressive
strength will be somewhat low. On the other hand, when the tensile
strength is abnormally low for its density, the compressive strength
is not infrequently normal or above normal. It is significent,
further, that relatively small changes in ratio of tensile to com~
pressive strength have an important bearing on the failure in bend-
ing, and are accompanied by very large changes in toughmess. In
addition, incipient decay may have a very marked influence on tough-
ness before its effect is indicated by density. Nor is density a
criterion of other defects which have a pronounced effect upon the
tensile strength. Thus it is seen that density cannot be depended
upon to give a reliable criterion of toughness. When this property
is of importance, therefore, some dependable means of determining

i1t is essential. Such a means is provided by the toughness machine
developed at the Forest Products Laboratory which offers a relative-
1y eimple method of obtaining the relation of compression to tensile
strength, as will later be explained.

In brief, the inspection method which the Forest Products
Laboratory now recommends for stock intended for exacting uses, vartic-
ularly aircraft, provides for the testing of one or more svecimens (pref-
erably not less than four) from each plece under consideration. To be
acceptable, the piece (1) must either meet a minimum toughness require-
ment established for the species in question, or if within a certain
tolerance below the minimum must pass in addition the present specific
gravity limitation; (2) must show a limited range in toughness values
for all specimens from the same piece; and (3) must pass careful ‘
visual inspection. The object of limiting the range in toughness
values for specimens from any one piece of stock is to guard against
pleces which contain compression failures. Careful visual inspection
is necessary to eliminate compression wood as well as diagonal and
‘spiral grain, etc.

It should not be inferred that the Forest Products Laboratory
Toughness Machine is recommended as a panacea for all inspection’
or selection difficulties. Its use is not practical or necessary
in cases involving wood inspection where strength is not a prime
requisites 1In certain special instances, however, where safety, un-
interrupted factory operations, or the like, are dependent on one or a
few wooden pieces, the toughness machine should prove of great value.
As a means of obtaining suitable airplane material its merit has been
demonstrated by tests on continuous beams and also by the comparison
of static strength values for structural members studied. :
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The toughness tests may be made on samples from the rough stock.
If at this early stage a piece is found unsuitable for the purnose in-
tended, the material has not only been kept practically intact to
divert to other uses, but the time and effort involved in unnecessary
machining and fabrication has been saved. Again, in many cases large
quantities of high-grade lumber have been rejected for strength used
because of stains which develop after purchase. Such stock, even
though  purchased at a premium, can usually be disposed of only at a
sacrifice. If the toughness test were employed for selection, and
treatment given to prevent further infection, much of this stock would
no doubt be found satisfactory. These are but examples of possidle
economies which await the use of the toughness machine.

How the Toughness Tester Works

The toughness machine operates on the pendulum principle, but
it differs radically from other types in that the load is applied to
the specimen by means of a cable fastened around a drum mounted on the
axis of the pendulum, as shown in the drawing, rather than by direct
impact of pendulum and specimen. If the pendulum is raised to some
initial position and allowed to swing freely, it will reach a like
height on the opposite side except for a small logs due to friction.
When a specimen is in the machine, the pendulum fails to swing to a
like height on the opposite side by an amount representing the energy
consumed in breasking the piece. Hence, in determining toughness it is
only necessary t6 read the initial and the final angle of swing; after
which, by reference to a table for the given weight position the tough-
ness of the standard-sized specimen can be read directly.

Because of fts relatively simple operation, technically-trained
observers are unnecessary for the successful use of the machine.

Description of Machine

The toughness machine consists essentially of a frame suoporting
a pendulum, the whole being so arranged that a measured amount of the
energy from the fall of the pendulum may be apnlied to a test svecimen.
The pendulum consists of a bar to which is bolted a weight adjustable
to different positions, and carries at the upver end a drum or pulley
whose center provides the axis of rotation. The toughness specimen
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is tested as a beam with two vertical pins, adjustable as to span,
acting as supports. The force is applied to the center of the
specimen (in the standard test) by means of a flexible steel cable
passing over the drum. A stationary graduated scale or dial and a
vernier operated, by the moving drum are provided for reading the
angles through which the pendulum ewings. The toughness values for
specimens tested may be obtained directly from a table which can be
readily prepared.

Adjustment and Use

The shaft on which the pendulum rotates must be ‘level end con-
centric with the dial (g) (See Figure I), and the pendulum must swing
in a vertical plane parallel to the longitudinsl axis of the machine.
The plane of the dial mst be parallel to the plane in which the
pendulum swings. These are fundamental adjustments vhich should be
made at the time of menufacture, and should usually require no
attention unless the machine has been disassembled or damaged. The
dial is 80 constructed that it may be rdtated slightly sbout its axis
to allow adjustment for the zero of the vernier (h), should this be
necessary.

The machine is so designed that the pendulum may be raised to
eny one of three initial angles, 30°, U5°, or 60° with the vertical
end the weight adjusted to five different positions. The pendulum
release trip operated by the foot lever can be inspected by remov-
-ing the cover plate (r) on the trip housing. With the cover plates
off, the trip can be readily removed and replaced so as to. afford
releass from any one of thé three initial angles desired. The
various springs connected with the trip should be ‘adjusted to afford
easy operation. :

There are two interrelated principal adjustments which must- be
made preparatory to testing, and which must be checked at intervals
during testing work, nemely, (1) the zero adjustment of dial, and
(2) friction compensating adjustment. The procedure is as follows:

Zero adjustment of dial. Set the pendulum in motion with a
small amplitude and let It swing until it comes to rest, the object
being to insure its stopping in a truly vertical poeition. Adjust
the zero of the vernier by means of the thumb-screw .(j) to corresvond
to the zero on the dial,

Triction compensating adjustment. A practical method of ~correct-
ing for friction is to Increase the initial angle sufficiently so that
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the final angle of free swing shall have exactly the nominal value.
This is done by raising one end of the machine by means of the ad-
Justing screws (a) which are provided for the purpose. To make

the adjustment, operate the machine without a specimen, taking care
that the stirrup is in its proper seat and the vernier adjusted to
gero and in contact with the thumbscrew. If the pendulum, on being
released by the trip and allowed to swing free, gives a final angle
of exactly 30°, U5a, or 60°, as the case may be, the machine is in
adJustment, If, on the other hand, the dial reading after operation
18 less than 30°, U5°, or 60°, as the case may be, the end of the
machine must be raised by means of the adjusting screws provided,
care being taken to keep the machine level laterally by advancing
both screws the same amount, If the dial reading is more than 30°,
[5%, or 60°, the end of the machine must be lowered.

After raising or lowering the end of the machine, the zero of
the vernler should asgain be set to correspond to that of the dial.
The machine should be operated as before without a specimen, and
if the final angle does not read exactly 30°, U5°, or 60° as desired,
the manipulations should be continued until the pendulum when re-
leased gives the desired final angle, and, on coming to rest in the
vertical position, a zero disl reading, The initial angle will then
exceed the nominal 30°, U5°, or 60° by a small reading which repre-
sents the friction compensation.

The cable is slack when the pendulum is in the initial position.
Its amount of free play is adjusted by moving the specimen support
plate (u) by means of the wheel (t), so that the pendulum applies
the force when it swings to within about 15° of the vertical, the
object being to produce complete failure by the time the downward
swing is completed. With very tough material earlier contact should
be provided.

Use of Toughness Machine

Size of Specimen

It is preferable, wherever possible, to use the standard test
specimen, which is 5/8 by 5/8 by 10 inches tested over an 8-inch -
span, since no simple lawv has as yet been arrived at by which the
data mey be reduced to an absolute basis independent of variations
in span and depth of specimen. A specisl table is provided, by means
of which toughness, represented by the total work in inch-pounds ex-
pended by the pendulum in breaking the piéce, can be read directly
without computation. When the machine is used for acceptance tests,
it is at least essential that the specimen be accurately cut to the
same size as that upon which the minimum acceptance values have been
established, The load should be applied to the tangential face grain
slde of the specimen..
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In special cases, when it is necessary to depsrt from the
standard size, the width only should be varied and this not to
exceed about one-third the standard if comparison is to be made with
standard pleces on a strictly proportional basis. Specimens of less
than standard width should be tested with the full standard dimension
(depth) in the direction of the pull.

Operation.

. In the operation of the machine the position of 'the weight and
initial angle of pendulum must be such that complete failure is
obtained with a single drop. On the other hand, the pendulum should
not swing too far after failure of the specimen. For the most satis-
factory results there should preferably be a difference in initial
and final angle of at least 10° for the average specimen.

Weight Positions.

In general, not more than five weight positions will be found
on the standard machine. These will be sufficient to meet the
ordinary requirements of use, althoush other machine capacities. may
be obtained by means of supplementary pendulum weights.

The weight positions provided are numbered from the lower end
of the pendulum, the number of each position being stamped on the
bar so as to appear immediately above the weight when bolted in place.

METHOD OF LOCATING POSITION OF HOLES
FOR ATTACHING SLIDING WEIGHT

A theoretical method of calculating the distance of the weight
from the sxis for the several machine capacities, when given the
weight and measurement of the several parts, and a mesns of calculat-
ing the effect of the metal removed in boring the several holes is
kerein presented.

Calculations by this method show that the effect of the removal
of the metal for the holes causes a maximum error of only about 0.2
percent. The effect of boring the holes can, therefore, be igznored.

The simplest method of locating the hole positions is therefors
as followst

l. Remove the cable from the drum, but replace the cable clips..

2. Measure the,distence from the center of :axis of rotation to
the center of the pin st the end of the pendulum.
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5. Support the pendulum (with the sliding weight) horizontally,
letting the shaft at the axis of rotation serve as one fulorum.
Support the other end of the center of the end pin on a sensitive
platform scale. The weight is then slid on the pendulum bar until
the scale indicates the required reaction, as calculated from the
desired machine constants and the length of moment arm as determined
under 2 above. The position of the weight is then spotied on the
bar with a special pointed center pin. ‘

Empirical Method

Calculation of required reaction on scale, when sliding weight
is in proper position to provide specified machine constants.

Extra moment due to unbored pendulum 1.33 inch-pounds.
Position 1. WL = 1346 inch-pounds

WL + 1.33 = 1347.3

Gt ]

— 32.17°

Ty = 1347.3 = 41.88 pounds
32.17

Position 2. WL = 1222

Ty = 1223,3 = 38,03 pounds
32.17

Position 3. WL = 1055

T5 = 1056.83 = 32,83 pounds
32.17

Position 4. WL = 885

Ty = 886,83 = 27.55 pounds
5R.17
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Position 5. WL = 716

Tg = 7T17.3 = 22.30 pounds
52,17

The establishment of the specified machine constants by this
empirical method then consists in sliding the weight on the pendulum
bar until the scale indicates the required reaction, as computed
above. The position of the weight is then spotted on the bar with a
spiral pointed center pin.

A sample calculation follows. If desired the positions can be
checked by measurements calculated from the theoretical method herein
presented.

Determination of Positions of Sliding Weight
F. P. L. Toughness Machine

- Yo - .
DI g "| '
251 |
G- = J o B G, il —
— L

R

Calculation Method

1. Measure reaction R and distance L before boring holes in rod.
Then RL = moment of rod and fixed attachments.

2. Let
My, Mp, etc. = specified moment with sliding weight at X,
Xo, etc. (See page 11 for values of machine
constants for different weight positions.)

W = weight of sliding weight.

Z M 39708 F
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Find X2 -« X3 from the relation
’ .W(»Xz—xl) = Ms - My
Find- X3 ~ X3, X4 - X3, and X5 - Xy, similarly.

Distances botween holes are now known and all that remains is
t'o find x1‘ I

S« Let  w » Weight of metal éo be bored from one hole.
Then
WX + RL - w(Xy + Xo + Xg + Xg4 + Xg) =
WXy + RL-W[SX]_ + (Xg-X1) + (X3 -X3) + (X4 - X3)
+(Xs=-X)] =1
Whence Xj i{s readily found.
Example :
Weight of sliding weight = 53,00 pounds
Weight of pin for sliding weight = _0.20 pounds

Weight of sliding weight and pin = 53.20 pounds

Weight of Pendlum including drum and cable clips, and end pin =
32,64 pounds.

Distance from center of rotation to center of end pin (L) =
32.17 inches.

Weight of reaction of pendulum horizontal, supported at other
end by shaft, R » 4.40C pounds., (Sliding weight not included.)

R=4.,40 1bs.

t

|
® 3

327"

4 M 39709 F
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| Sliding Weight + pin = 53,20 1bs,
| g
2 -| 4.40 \bs.
Xy
O —]—% o o o o b |
: 5 4 3 2 1
— 32.17° :j

M= 5520]!7 X 44;4() = 1AEL.!55 ixlcl}'ln)uun180

Machine Constants

Position 0 1 2 5 4 §

Capacity (Inch-Pounds) 1432 1346 1222 1055 885 716

Xp - X3 = 885 - 706 = __169 = 3,177
53,20 53.20

Xg = Xy = 1055 - 716 = _ 339 = 6,372
53,20 53,20

Xg - X = 1222 - 716 = _506 = 9,511
58.20 63,20

X5 = X3 = 1346 - 716 = _ 630 = 11,842
55. 20 55.20

Metal bored from each hole (3/8 inch diameter hole in bar 1/2 inch
thick) = ,0157 pound.

716 = 53.20 X3 + (32.17 x 4.40) - 0157 (5X3 + (X2 = X3) + (X5 = X3) +
(X4 - x1) + (X5 - X1))

53.20 X] - 0785 X} = 716 - 141,55 + 0,49

53.12 X3 = 574.94 5% = 5 (10.82) = 54,10
X; = 10,82 inches .0157 x 85,00 = 1,33

2439710 F
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Computation of Results

Values have been tabulated from the solution of the following
formulag ;

Toughness (Work per specimen, inch-pounds) = wl (cos Ay - cos A))

where

w = weight of the pendulum in pounds

1 = distance from the center of the supporting axis to the
center of gravity of the pendulum

Ay = initial angle (Since friction is compensated for in the
machine adjustment, the initial angle may be regarded as
exactly 30°, U5°, or 60°, as the case may be.)

A, = final angle the pendulum makes with the vertical after

failure of the test specimen.

The product "wl" is a machine constant which has been adopted
as standsrd for Forest Products Laboratory toughness machines, and
1s a part of the inherent design. The poise used has a weight of
about 75 pounds., The values of wl for various positions of  the
welght are as follows:

Position of the weight Value of wl inch-~pounds
0 1,432
1 1, 336
2 1,222
3 1,055
L 885
5 716

Description of Table

The teble which has been prepnred for convenience in obtaining
toughness values from the fingl angle at failure is divided into
three sections--the first for an initial angle of 60°, the socond for
459, and the third for 30°. 1In each section the work values are
calculated for the different welght positions. Toughness values for
position No. O may be obtained by maltiplying the corresponding values
for position Wo. 5 by 2. The tgble can be extended as necessity re- °
quires,
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By means of the vernier provided, the angle may be read to
minutes, while the table gives toughness values for tenths of a
degree only. With standard specimens, therefore, the vernier need
ordina;ily te read only to the nearest tenth of a degree.

Exgggle:

The following data were obtained on a 5/8 by 5/8 by 10-inch
Sitka spruce specimen tested on an 8-inch span:

Weight in position No. 4
Initial angle, 45° (nominal)
Final angle, 29°05'

To find the toughness, turn to the table headed "Initial angle
459 plus friction", Read down the first column, heeded "Final angle",
until 29.1° (the nearest equivalent to 29°05') is reached. Opposite
this value, and in the column headed "Position of weight No. 4n  the
figures 147.5 asppear. The work required to break the specimen, and
hence its toughness value, is therefore 147.5 inch-pounds.

Spruce specimens of standard size tested in accordance with the
preceding instructions (load applied to the tangential face) are con-
sidered to represent spruce acceptable for use in aircraft construc-
tion if they have an average foughness value of at least 90 inch-
poundsper specimen (75 inch-pounds if the specific gravity based on
weight and volume of oven-dry wood is not less than 0.36). These
acceptance values are to be applied to the average of four or more
specimens and the range in individual test values should not exceed
1 to 2-1/2 under the acceptable among four specimens. Care should
be taken to obtain enough specimens from each piece of material to
be used so as to get a representative test of the member. In no
case should less than two specimens from each end of a member spaced
as widely apart as possible be considered as giving a falr value of
the toughness of the member. g

Minimim acceptance requirements for a number of species includ-
ing spruce are given in the following tabulation:
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1
Minimum acceptance requirements for aircraft woods based on tests=
in the Forest Products Laboratory toughness machine

Species of : Size of ¢ Span :Minimum average acceptable toughness
wood H specimen e -

: : ¢ ¢ Without

B g g With specific 1 specifie

¢ g 8 gravity limitation : gravity

H 8 : : limitation

H ; ; Minimum ¢ Minimum ¢ Minimum

f 8 sspecific : average ¢ average

: : H gravitygz toughness< : toughnessl

H Inches ¢Inches: ¢ Inch-pounds: Inch-vpounds

2 : 3 ipor specimen:per specimen
White ash....:5/8 x5/ x 10 : 8 : 0.56 : 150 3 175
Yellow birch.:3/4 x 3/4 x 12 : 10 .58 225 : 260
Douglas~fir..:5/8 x 5/8 x 10 : 8 : A5 95 : 115
White oak....:3/4 x 3/4 x 12 : 10 : .62 175 : 200
Sitka spruce.:5/8 x 5/8 x 10 : & .36 75 : 90

Black walnut.:3/4 x 3/4 x 12 : 10 .52 150 : 175

lmhe load is to be applied to the tangential face of the specimen.

g-Based on weight and volume of oven-dry wood.

3These values are to be applied to the average of 4 or more test specimens,
and the range in individual test values used in arriving at the average
should not exceed 1 to 2-1/2 among L4 specimens.

A number of testing machine manufacturers are prepared to furnish
the Forest Products Laboratory toughness testing machine on order or
complete blueprints necessary for the construction of this machine will
upon request be relessed to any Madison, Wis., reproduction firm by the
Laboratory.

& 1308
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Page 1
60°

INTTIAL ANGLE 60° FLUS FRICTION

¥4 pal Position of Weight
angle 1 2 3 4 5
wls 1848/ Wle 12221]‘1- 1055 |wl= 885(wls 716
Degrees|:
| Iogogh - pouoda
K T'_e-fs.l 61,0 | 527.5 | 442.4 | 358.1
2 6751 | 1,0 | 527.5  442.4 | 358,1
S |- 6751 | €1,0 | 527.5 - 442.4 | 338.1
od I, 678.1 1.0 527,85 442 .4 338,1
S5 ' 6731 | @1,0 | 527.5 | 442.4 | 338.1
1 ] |
.6 : 673.0 | @0.8 | 527.4 | 442.3 | 358.0
o7 || 673.0 | €0.8 | 527.4 | 442,85 | 358,0
8 673.0 | 610.8 | 527,4 | 42,3 | 358,0
o9 673.0 | 610.8 | 527.4 | 442,83 | 358.0
1,0 672.8 | €10.7 | 527.3 | 442.2 | 888.0
11 || e | @m0.7 | s27.8 w2z | 5.0
.2 672.8 | 610,7 | 527.3 @ 44,2 ' 358,0
o8 672,7 | 0,6 | 527.2  442.1 | 357.9
ob 672,7 | €0.6 | 527.2  442,1 | 357,9
5 672.7 | 6l0.8 | 527.2  442.1 @ 357.9
N 672.,5 | 60,5 | 527.0 | 442,0 357.8
30 672.5 | 610,5 | 527.0  442.0 | 357.8
.8 672.4 | 80,5 | 526,9  442,0 | 557.8
o9 672.4  @0,5 | 526,9  442.0 357.8
2.0 872,58 | 610,2 | 526.8  441,9  B557,7
2.1 672,1 | €0,1 | 526,7 | 441,8 857.6
o2 672,1 | 60,1 | 526,7 | 441,8 857.6
3 672,0 | €10,0 | 526,68 | 441.7 557.5
4 | 679 |609,9 | 526.5 | 441.6 B57.5
o5 67.7 | 609,7 | 526.,4 | 441,5 | 357.4
8 6M.7 | @9.7 | 526.,4 44,5 | B57.4
o || 6TL.6 | 609,68 | 526,53 | 441.4 | 557,38
.8 6715 |609.5 | 526.2 | 441,53 | 357.2
o9 67,3 | 09,4 | 528,1 | 441.2 | BS7.2
8.0 67,2 | 9.2 | 526,0 | 441,2 | 357.1
5.1 6Tl | @9 | 525,9 | 441,1 | 357.0
X 670.9 |®9.0 @ 525.8 | 441.0 | 357.0
o3 670.8 | 608,9 | 525.7 | 440.9 | 356,9
o 670.7 | 6088 | 525.6 | 440.8 | 356.8
o5 670.5 | 608,68 | 525,5 | 440,7 | 856,7
o8 60,4 |60B,5 | 525.4 | 440.8 | 356.7
o7 670,85 | @08.4 | 525,3 | 440.5 | 356.8
8 670 | 608,35 | 525.1 | 440.4 | 556.5
o9 670,0 | 608,2 @ 525,0 | 440.4 | 356,5
4,0 669.9 | 608.0 & 524.9 | 440.5 | 556.4
4l 669.6 | €07.8 | 524.7 | 40,1 | 356.2
o2 689.5 | 607,7 | 524.6 | 440,0 | 556.2
o8 860,5 | 607.5 & 524,5 & 440,0 | 3561
ot 669.2 |607.4 | 524.4 | 439.8 | 56,0
o5 668,9 |€07.2 | 524.2 | 439.8 |565.9
.8 668,8 [607.1 | 524.1 | 459.6 | 355.8
o7 668,5 |608,8 | 525.9 ‘ 439.4 | 355.7
8 668,4 |@6.7 | 528.8 | 439.5 | 555.6
.9 668,1 | 606,4 | 525.6 | 459,1 | 856.5
5,0 688,0 | 608,35 | 525.5 | 439.0 | 555.4

2 M 39711 F

Final

Degreeai

8.0

|

INTTIAL ANGLE 60° PLUS FRICTTON

Pomition of Wedght

3

Page 2
60

5

1 2 4
l-; Wi= 15d6|wie 1223]Wl= 1055 nt= 8BS wi= 716

= kT

Inch - pounds

606.1
606,0
605.7
i 605.6
605.3

605,0
604,7
04,5
604.2

l’ 605.1

604.0
603,92
03,6
3.4
603.1

i 60249
. 60R.7
E “.4
mlz
601.8

€01.6
601.3
€01.1
600.8
600.5

600,2
600,0
599,86
599.4
599,1

568,7
588.5
598,1
| 597.9
| 59745

597.3
596.9
596,5
596.3
595.9

595.6
§95.2
6§95,0
594,68
594.2

593.9
593.5
595.1
588 .8
552 .4

|
!
!
1
|
i

528,2
523,1
522,9
522.8
522.6

522.4
522.3

i 522.1
| 521.9
| 621.7

i 521,5

52143
521.1
520.9
520.7

520.5
520,3
520.1
519,9
519.6

519.3
§19.1
518.9
518,7
518.4

518.2

| 651840

517.7

. 517.4
| 817.2

| 518.9

516.7
516.4
516.2
515.9

515,7
515.%
5156.0
514.8
514.5

514.2
513.9
515,86
513.3
513.0

512.7
S12.4
82,1
511,7
511.4

i 438,9

| ase.8

436,6
438,5
488,3

438,1
438,1
457.9
457.7
437.5

457.3
437,.3
437.1
436,9

| 436,7

i 436.6

456.4
436,2
456.,0
435.8

435.8
“5.‘
435,2
435,0
484,68

434.68
434.4
434.2
434.0
433.8

433.5
433.4
43.1
432,.9

432,7 |

" 432,5

432.2
432,0
431.8

. 4381.5

431.2
4351.0
430.8
430,5
430,3

430.0
429,7
429,5
429,2
428,9

555.2
355.2
355.0
355.0
354.8

554,7
354,.6
554.5
554,85
554.2

354.0
354,0
368.8
35%5,7
358.5

555.4
553.2
353.1
853,0
352.7

352.6
35245
352,3
352.2
551.9

'851,.8
B351,7
561.4
851.3
351,.2

550.9
350.8
550,68

55044
550.2

850,1
349,9
49,7
349.5
349.3

348,
548,9
548,7
m's
548.3

348,1
547.9
347,7
547.4
347.2




P;gg 3 Pagg 4

60
INITIAL ANGLE 60° PLUS FRICTION INITIAL ANGLE 60° PLUS FRICTION
Final Position of Weight Final Position of Weight
angle 1 angle 1 2 3 4 5
.ﬂ' 1548 wl= 1548 Ll- 1222 !ul-mss !-1- 805 lwle 716
| T
Degraes In_?_h - pounds . |
10.1 || 652,2 | 592.,0 | 511.1 | 428.7 ! 547.0 15.1 || 626.6 | 568.8 | 491.1 | 411.9 | 333.4
.2 |1 651.8 591,7 | 510.8 | 428.4 | 346.8 .2 |l 626,0 |568,2 | 490.5 | 411.4 | 335.0
.5 |1 651.4 | 591,53 | 510.5 | 428.1 | 346.6 .8 || 625.4 | 567.7 | 490.,1 | 411.1 | 332.8
-4 || 651.0 | 590.9 | 510.2 | 427.9 | 346.4 4 || 624.8 |567.1 | 489.6 | 410.6 | 532.4
.5 || 650,6 | 590.6 | 509.9 | 427.6 | 546.1} .5 || 624.1 | 566.,5 | 489,1 | 410.2 | 352.0
.6 || 650.1 | 590.1 509.4 | 427.83 | 345.9 .6 || 628.5 |566.0 |488.6 | 409.8 ' 331.8
.7 || 649.7 | 589.7 | 509.1 | 427.0 | 345.8 .7 || 822.9 | 565.4 | 488.1 | 409.4 | 531.4
.8 I 649.5 | 589.3 | 508.8 | 426,7 | 345.4 .8 || 622.,2 |564.8 | 487.6 | 408.9 | 351.0
.9 I} 648,9 | 589,0 | 508,5 | 426,5 | 845.2 .9 || 621,5 | 564.2 | 487.1 | 408.5 | 530.7
11.0 || 648.5 | 588.5 | 508.,1 | 426.1 | 344.9 16,0 || 621.0 | 565.7 |486,8 | 408.2 | 330.4
11.1 || 647.9 | 588.1 507.7 | 425.8 | 844.7 16.1 || 620.5 | 563.1 |486,1 | 407.7 | 330.0
.2 || 647.5 | 587.7 507.4 | 425.6 | 344.5 .2 || 619.6 |562.4 |[485.6 | 407.3 | 329.7
.3 || 647.0 | 587.% $07.0 | 425.2 | 344.2 .8 || 619.0 | 561.8 |485.)1 | 406.8 | 329.3
.4 || 646.6 | S86.9 506,7 | 425.0 | 344.0 .4 || 618.3 1561.2 |484.5 | 406.4 | 529.0
.5 |l 646.0 | 586.4 5068.3 | 424.6 | 543.7 .6 || 627.6 | 560.8 |484.0 ] 405.9 | 328.6
|
.8 11 845,6 | 586.0 | 505.9 | 424.3 | 343.5 .6 || 617.0 | 560.0 |483.5 | 405.5 | 328,2
.7 || 645.1 | 585.5 | 505.5 | 424.0 | 348.2 .7 || 616.5 | 569.4 |482,9 | 405.1 | 327.9
.8 || 644.7 | 585.2 | 505.2 | 428.7 | 843.0 .8 || 615.6 | 558.8 |482.4 | 404.6 | 327.5
.9 || 644.1 | 584.7 | 504,8 | 423.4 | 342,7 .9 || 614.9 |ss8.2 |4s1.9 | 404.2 327.2
12,0 || 643,6 | 584.2 | 504.4 I 423.0 | 542.4 17,0 || 614.5 | 567.8 |481.4 | 403.7 | 326.8
12.1 || 643.2 | s83.8 504.0 | 422.8 | 342,2 17.1 | 615.6 | 557.0 |480.8 | 403.3 | 526.5
.2 |{642.7 | 585.5 | 508.6 | 422,4 | 341,9 .2 || 612.9 | 556,8 | 480.3 | 402.8 | 326.1
.5 || 642.1 | 582.9 | 503.2 | 422.0 | 341.6 .8 || 612.2 | 555.7 |479.8 | 402,4 | 325.7
4 || 641.7 | 582,5 | 502.9 @ 421.8 | 341.4 .4 | 611.4 | 555.0 |479.2 | 401,9 | 325.%
.5 || 641.2 | 582.0 | 502.5  421.4 | 34l.1 .5 | 610.8 554.4 | 478.8 | 401.4 | 3524.9
.6 || 640.6 | 581.5 | 502,0 | 421.1 | 540,8 .6 || 610,1  555.8 |478.1 | 40,0 @ 324.6
.7 |!640,1 | 581.0 | 501.6 | 420,7 | 540.6 .7 | 609.4 | 55%.2 |477.6 | 400,5 324.2
.8 || 6%9.6 | 580.5 | 501.,2 | 420.4 | 340,8 .8 || 608,6  552.4 |476.9 | 400.0 523.8
.9 |l 639.2 | 580.2 | 500,9 |420.1 | 840.1 .9 || 607.9 551.8 |[476.4 | 599.6 | 325.4
13.0 || 638.8 | 579.7 500.5 |[419.7 | 5%9.8 18,0 || 607.3 |551.2 |475.9 | 889.1  32B,1
13,1 |{ 638,1 | 579.2 | 500.0 |419.4 | 589.5 18,1 || 606.5 |550.5 |475.2 | 898.6 | 322,7
.2 |1637.5 | 578,7 | 499.6 |419,0 | 559.2 .2 || 605.8 |s49.9 | 474.7 | 598.2 | 322.8
.3 || 637.0 | 578.2 | 499.2 | 418,7 | 5%8.9 8 || 605.0 |[548.1  474.1 | 397.6 |321.9
.4 || 636.5 | 577.8 | 498.8 | 418,35 | 358.6 .4 || 604,53 |[548.5 473.6 | 397.2 | 321.5
.5 |635.9 | 577.2 | 498.4 | 418.0 | 538.3 .5 || 608.,5 |547.8  472.9 | 896.6 | 521.1
|
.6 | 635.4 | 576.7 | 497.9 | 417.6 | 8%8,1 .6 || 602,8 | 547.2 |4'n.4 596.2 | 520.7
o7 | 634,7 | 576.1 | 497.4 | 417.2 | 887.7 .7 || 602,0 |546.4 |471.8 | 395.7 | 820.3
.8 | 634,2 | 575.6 | 497.0 |416.8 @ 387.4 8 || 601.2 | 545.7 |47L.1 | 895.1 | 319.9
.9 | 635,86 | 575.2 | 496,86 |416.5 | $87.1 .0 || 600.5 |545.1 |470.6 | 594,7 | 519.5
14.0 || 6331 574,7 | 496,1 | 416.1 | 386.8 19,0 || 599.7 | 544.4 |470.0 |.594.2 | 519.1
14.1 || 632.6 | 574.2 | 495,7 |415.8 @ 3586.6 19.1 || 598.9 | 545.6 |468.3 | 59%.6 | §18.6
.2 || 831.9 | 575.6 | 495.2 |41S.5 8%368,2 .2 || 598.2 | 5485.0 |468.,8 | 898,2 | 518.3
.5 || 651.4 | 578.1 | 494.8 |415,0 | 335,9 .8 |l 597.4 | 542.8 |468.2 | 392,7 | 817.9
.4 || 630.8 572.86 | 494.5 | 4l4.6 | 385.8 .4 |l 596,86 |541.6 |467.5 | 592,1 | 517.4
.5 || 6%0,1 | 572.0 | 498.8 |414.2 @ 585,38 o5 | 595.8 | 540.8 |466.9 | 591.6 | 517.0
.6 || 629,6 | 571.5 | 483.4 |4185,8 | 385.0 .6 | 596.1 | 540.2 |466,4 | 391.2 | 516.6
o7 629.1 571.0 | 495.0 413.5 | 354,7 7 594,35 589,.5 465.8 590,68 | 86,2
.8 || 628.4 | 570.4 | 492.4 |415.0 | 334,8 .8 | 598.5 | 588.7 |465.1 | 890.1 | B15,8
.9 622.9 | 569.9 = 482,0 |412,7 | 334.0 .0 | 592,7 | 5%8.0 |464,5 | 589,6 | 315.4
15.0 || 627.2 | 569.5 | 491,56 |412.2 | 558.7 20.0 . 591,9 | 587.5 |46%.9 ' %89.0 | 314.9
|
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INITIAL ANGLE 60° PLUS FRICTION

Final Position of Weight
angle 1 2 5
[im 154€" o = Sl
——, e e S
Degreen Inch =~
20.1 591, | 536.5
2 590,35 | 555.8 | 462,6
.3 589,5 | 535.1 | 462,0
o4 588,7 | 534.5 | 4€.5
.5 587.9 | 533.6 | 460.7
N 587,1 | 532.9 | 460.1
o7 £86,1 | 532.,0 | 459.5
8 || 585.8 | 531.3 | 458,7
9 || 584.5 | 530,86 | 458.1
21,0 583,7 | 529.8 | 457.4
21,1 582,9 | 529.1 | 456,8
2 581.9 | 528.2 | 456,0
o5 S81l,) | 527.5 | 455.4
.4 §80,3 26,8 | 454.8
.5 || 579.4 | 525.9 | 454.0
.6 §78.6 | 525.2 | 453.4
7 577.8 B24.5 45R.7
8 576,86 | 525.6 | 452.0
o2 B75.9 | 522.7 | 4518
22,0 §76,1 | 522,0 | 450.7
22,1 5741 | 521.)1 | 449.9
o2 S78,8 | 520,4  449.8
3 72,4 | 519.8 @ 448,6
ok 571.4 | 518,7  447.8
o5 570,6 | 518.0 @ 447.2
o6 569,7 | 517.1 | 446.4
o7 S88,8 | 516,53 | 445.7
o8 567.9 | 515.5 | 445.1
S:] §67.0 514.7 444,3
28,0 566,1 | 515.8 | 445.6
25,1 §65.1 | 513.0 | 442.9
2 564.2 | 512.1 | 442.1
o8 568,2 | 511.5 | 441.4
od SR .4 510.5 440.8
5 I 56.5 509,7 440,0
8 || 5605 | 508,8 | 459.%
o7 559,68 | 508,0 | 438.5
.8 §58,7 | 507.1 | 437.8
K:) §57.7 | 50642 437.1
24.0 556,86 | 505,35 | 436.2
24,1 B55,7 | 504.4 | 435.5
2 554,8 | 503.6 | 454.7
o3 555,.8 502,7 434.0
o §52,9 | 501.8 | 433,85
o5 581,9 501.0 432,85
«6 §60,8 | 500,0 | 431.7
o7 540,89 | 499.2 | 430.9
o8 549,0 | 498.8 | 430.2
o9 547.9 | 497.3 | 429.4
25,0 546.8 496,5

L
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428,68

5
Pagg

60

4

5

[wle 685[wi= 716

pounds

. 588,0

587.4

. 586,9

386,4

385,92
385,2
384,7
364,2
385,6

383,1

| 362.5

582.0

. 881.4

380.8

38043 |

579,7
379.1
878,56
378.0

377.4
57648
576.2
875,6
575.1

8744
373.8
578.8
3TR.7
5721

371.4
370.8
87042
868,7
369,0

| 68,4
| 567.8
| 867.2
| 566.6
| 365,9

565.2
564.6
| 864,0
563.4
S&.8

| 36,1
36,4
560,8
860,1
859.5

465.2 | 588.5 | 314.5

314.1
315.68
813,.2
312.8

512,8
511.8
511,4
511,0
310.8

510.1
809.6
509.2
308,8
308.5

307.8
307.8
306.9
306.4
06,0

505.5
805.0
504,5
5040

| 503,86

303.1
302.6
5R.2
501.7
301.2

3500,7
500.2
R99,7
209,2
298,7

298,2
R97,7
297,2
R96,7
R96.2

295,7
295.2
294,7
294,.2
293.6

293.1
292,6
292 .1
291,5
291.0

INTTIAL ANGLE 60° PLUS FRICTION

Pi 6
o

Final Position of Teight
angle
Degread Inch —pounds
25,1 546,0 | 495.6 | 427,9 | 358,98 | 290.5
o2 544.9 | 494.6 | 427.0 | 358.,2 | 289,9
3 544.0 | 495,8 | 426.,5 | 357,5 | 289.4
o4 542.9 | 492.8 | 425.5 | 56,8 | 288.9
.5 542,0 | 4R.3 | 424.7 | 356,2 | @88.5
.8 540.0 | 491,0  423.9 | 555,5 | 287.8
o7 559.0 | 490,1 = 425.1 | 354.9 | 287.8
.8 538.9 | 489.1 | 4223 | 554.2 | 2867
9 537.09 | 488,5 | 421.6 | 353.6 | 286.,2
26.0 556,9 | 467.5 | 420,7 | 352,9 | 285.6
26,1 535.8 | 486.3 | 419,9 | 362.1 | 285.1
2 || 584.8 : 485.5 | 419.1 | 351,5 | 284.6
o5 || s33.8 | 484.5 | 418,5 | 350.8 | 284,0
4 532.7 | 485,5 | 417.4 | 350,1 | 263.4
.5 58,6 | 4R.5 | 416.6 | 549.4 = 282,8
.6 550.7 | 481,7 | 415.9 | 548.8| 282.8
7 520,8 | 480.7 | 415.0 | 348,1 | 261.8
.8 528,5 | 479.7 @ 414.2 | 347.4 | 2612
o9 527.4 | 478,7 | 415.3 | 546.,7 | 280.6
27,0 526.4 | 477.8 | 412.5 | 346,0 | 280.0
27,1 525,85 | 476,8 | 411.6 | %45.2 | 279,56
o2 524,2 | 475.8 | 410,8 | 344.,5 | 278,9
8 5250 | 474.8 | 409,9 & 45,8 | 278,8
A 522.0 | 475.9 | 409.1  543.1 | 277.7
5 521.0 | 472,9 | 408.5 « 42,4 | 277.2
.6 519.0 | 47T1.9 | 407.4 | 34,7 | 276.6
o7 518.8  470.9 | 406,6 & 541.,0 | 278.0
.8 517.7 | 470,0 | 405,7 | 340,5 | 275.5
9 516,7 | 469.0 | 404.9 | 559,6 | 274.9
28,0 515.4 | 467,09 | 408.9 @ 538,8 | 274.2
28,1 514.4 | 466,9 | 4031 3381  275,7
.2 65.5 | 465.9 | 402.2 = 357.4 2731
.3 512,2 | 464.9 401.4 | 536,7 27,5
4 511.0 | 465,8  400,5  5855.9 | 271.9
o5 509.9 | 48,8 | $99.6 | 335.2 | 271.3
.8 508,9 | 461.9 | 398.8 | 554.,4 | 27,7
o7 507.6 | 460.8 | £7.8 | 8BB.7 | 270.1
.8 506,6 | 459,8 | 597.0 | 532.9 | 269.5
.9 505.5 | 458,8 | $96.1 | 382,2 | 268.9
29,0 504,5 | 457,7 | %95.2 | 33.4 | 268.3
29,1 508,2 | 456,8 | 594.85 50,7 | 267,7
2 502,0 | 455.7 | B9S5.4 | 329,90 | 2671
5 500,9 | 454.7 | 392,5 | 529.2 | 26645
o 499,7 | 458.8 | 591.6 | 528.4 | 266.9
.5 : 498,6 | 452,68 | 390.7 | 327.,7 | 265.5
|
8 || 497.4 | 4515 | 59,8 | 326,9 | 264,68
o7 496,2 | 450.4 | 588.8 | 326,1 | 264.0
.8 495,01 | 49,4 | 388,0 | 325.4 | 265.4
0 495.9 | 448,53 | 387.1 | 524,86 | 2.8
50.0 | 492.7 |447.2 | 3861 | 325.8 | 2.1
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Page 8
Paggo'l 80°
INTTIAL ANGLE 60° PLUS FRICTION INITIAL ANOLE 60° PLUS FRICTION
Fipal | Position of Weight Final Position of Weight
angle 1 2 3 4 5
Wis T3dBIwie 1202]wWis 10S5[Wi= BE5|wWis 716 _

Degresn Inch - pounds - pounds o

50.1 491,.6 446.2 385,3 323.1 | 261,6 35,1 4:8.2 388,7 ] 335,6 281,5 27,8
2 490.4 445,1 584,58 322,3 | 260,9 R 426.9 3875 | 334,5 280,8 227.1
3 489,2 | 444.0 585.4 321,5 | 260,5 3 || 425.5 386,2 333,5 | 79,7 | 226.4
od 488,0 442.9 362.4 520,7 | 259.8 o4 424.2 885,0 332.4 278,8 225,7
o5 486,.8 441.8 581,5 319.9 | 259,0 5 422,8 583,8 331.4 27749 225,0
8 485,8 440.7 580,5 319,1 58,3 N 421,5 | 38R.6 330.3 277,0 224.2
o7 484,.5 439,8 879.7 318.,4 | 257.8 o7 420,1 | 361l.4 329.2 276,1 223,5
o8 483,.3 438.7 8768,7 | 517.6 ' 257.1 o8 418,8 380.1 328,2 275,35 22,8
9 482,1 437.6 | 377.8 516,8 | 256.5 o9 47,3 378.8 827.0 274.3 222,0

5.0 480,9 436.5 376.8 36,0 | 255.8 3640 4.6,0 377.6 326,0 273.4 221.5

51.1 479,68 435.4 375.9 315,2 | 255.2 56.1 414,6 376.4 R4.9 272,85 220,6
2 478.4 434,3 8574.9 514.5 | 254.5 R 413,3 575.1 i 323,9 271.6 219.9
o3 i 477.2 433,2 | 374,0 513,7 | 253.9 3 411.8 373.8 322,7 270.7 219,1
o4 I 476,0 | 432,31 | 373,0 312,9 | 253,% o’ 410.4 372.6 321,7 269.8 218.4
5 474.7 430,8 372,.0 312.,0 | 25,5 o5 409,.1 | 371.3 320,6 268.9 217.7
8 473.4 29,7 371,0 311.2 | 251,9 .6 437,86 370.0 319.4 267.9 216,9
7 472 .2 428,86 370,1 310,4 | 251.2 o7 408,3 568,68 | 518.4 267,0 R16,2
8 471.0 427,8 569,1 309,86 | 250.6 «8 404.8 567.4 | 317.2 266,1 215.4
o9 469,8 426.4 568.2 308,8 | 250,0 9 4A03.4 F56.2 316.2 RE5,2 214,7

32,0 468,5 425.2 567,1 307.9 | R49.2 57,0 402,0 ‘ 364.9 35.0 . 264,2 213,9

52,1 467,% 424,1 36642 307.1 | 248.6 37.1 | 400,6 | 363,6 33,9 | 268.3 213,1
o2 466,0 | 423,0 365.,2 306.3 | 248,0 oR : 399,1 36243 312.8 2663 2.4
o3 464,8 421.9 364,83 305,85 | 247,38 3 | 397.8 | 3&.1 31,7 ! 26l.5 211.6
od 463.5 | 420,7 363,2 504.6 | 246.6 o 396.3 | 359,7 310.6 60,5 210.9
o5 462,3 419.6 36243 505.8 | 245.9 5 395,0 ! 358.5 309.5 | R59,6 210,1
] 461.1 418,5 361.3 305.0 | R45,3 ] 393,5 357.2 08,4 | 58,6 R09.4
o7 459,7 417.% 360.5 302,2 | 244,68 o7 392,0 355.8 307.2 | 257.6 208,86
o8 458,5 416.2 359.3 301,4 | 243,9 :] 590,7 354,6 06,1 | 256,8 207.8
9 457.2 45,0 358,38 800,5 | 243.2 9 | 389,2 35343 305.0 255,8 207,1

53,0 455,9 413,9 3573 299,7 | 242,6 58,0 | 387.7 | s51.9 | 303.8 254.8 0 6.3

| s |

83,1 454,6 412.6 356.% 98,8  241,9 38,1 | 386.2 35046 302 47 253,8 206,5
R 4535.4 41,5 355.3 298,0 241,2 R 384,9 | 349,3 301.6 | 253,0 R04,.8
o3 452,0 410,3 354,2 297,01 240,65 %] | 383.4 348,0 500.4 252.0 04,0
b 450,7 409.1 353.2 | 296, 239.8 o4 381,.9 l 34647 99,8 E 251.0 203.2
o5 449,5 408,0 55242 R95.4 239,1 o5 | 580.4 i 345.3 298.,1 | R50,0 02,4
o6 448,1 406.8 551.2 294,5 | 238.4 8 | 57849 ‘ 344.0 297,0 49,1 | 201.6
o7 448,9 405,7 35042 293,7 | 237.8 o7 | 877.,5 | 342.6 R95,.8 48,1 | 200.8
8 445.6 404.5 549.2 292.9 | 237.1 »8 876,0 341,3 294,6 R47,1 200,0
9 444.2 408,2 348,1 292.0 | 256.4 o9 | 374.5 359,9 R93,5 46,1 199,53

4.0 442,9 402,0 347.1 291,1 | R35.6 9.0 | 3780 338, 6 R92.3 245.2 | 198,5

| { i

34,1 | 4.7 400,9 46,1 280,3 | 235,0 39,1 3715 337.3 | 291,2 244.2 | 1977
oR 440,3 399,7 | 345,1 289.4 | 234,53 2 I 57061 | 335.9 290,0 243.2 | 196,9
o3 459,0 398.5 | 344.0 288,5 | 233,6 %) i 868,66 " 334.6 288,8 242,3 | 196,1
od | 437.6 397,2 343 .0 287,6 . 232.8 4" || 367,17 333,2 287,7 241.3 185.3
o5 436,3 396,0 31,9 | 286.8 | 232,1 5 || 865,86 '"331,9 | 286,5 240,3 194,5

|

o8 434,9 394.8 340 .8 285,9 | 231.4 6 S64.1 330,5 285.4 39,3 198,7
o7 433,6 393.6 339,8 | 285,0 | 230,7 o7 || B3&R.T | 329.2 2842 38,4 1R .9
«8 432,53 392.4 538.7 { 284,1 | 230,0 8 || 361, | 327.8 283.0 257.4 | 1R,.2
«9 431.,0 89143 337.8 | 283,3 | 229.8 o8 | 359.7 32645 R81,.9 25644 191.4

85,0 429,7 8§80.0 336.7 | 28R4 | 228,6 0.0 i 358,1 325,0 | RB0,6 235.4 | 190,5

1 !‘ | | 1 |
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INITIAL ANGLE 60° PLUS FRICTION

¥inal Position of Weight Finsl
angle 1 2 3 4 5 angle
wl= 1346[wl> 1222 [wi= 1056[wl= 885|wle 716
Degrees Inohepounds Degress
30,1 BG6.0 | Je0e! | Tl 704.%] 189.7 45,1
o2 365,13 | 322,85 | 278.3 233.4| 188,9 .2
o8 | 3636 | 321.0 | 277.1 °| 232.4 188,2 o3
o4 358,0 | 519.6 | 276.9 231.4| 1687.3 ot
N ) 360.6 | 318.2 | 274.7 250.4| 186.6 N
N | 349.1 | 316.8 | 273.5 229.4( 188.7 8
N ¢ 347.4 | 316.4 | 272.3 228.4| 184.9 o7
8 846,0 | 514.,0 | 2711 27.4| 1684,1 8
of 344,56 312,7 270.0 228.4] 183.3 o9
41,0 342,92 | 311.2 | 288.7 226.4| 182.4 “.0
41,1 341.4 | 309.8 | 267.6 224.4| 181,68 46,1
o2 359,86 | 308.4 | 266.3 223.3| 1608 o2
o3 338.3 | 507.1 | 266.1 222,3| 180,0 o3
ot 336,7 | 305.6 | 263.8 221,3| 179.1 ot
-6 335.2 | 304.3 | 262.7 220,3| 178.3 5
6 333.6 | 302,8 | 261.4 219,2]| 177.6 ]
.7 382.0 | 301,53 | 260.1 218,%| 176.6 7
8 330,6 | 300.0 | 269.0 217,2| 176.8 -8
R ] 328.8 | 208,6 | 267.7 216,8| 178.0 .9
42,0 327.5 | 207.0 | 266.6 215.1| 174.1 47,0
42,1 326.8 | 206,7 | 266.3 214,1 | 1733 47.1
o2 $24,2 | 204,2 | 264.0 213,1| 172.6 o2
3 322,56 | 202.8 | 262.8 212,0( 171.6 o3
o4 321,1 | 201.4& | 261.6 211,0| 170.8 ot
o5 319.4 | 290.0 | 260.3 210,0| 170.0 .5
o8 317.8 | 288,5 | 249.1 208.9| 169.1 .8
7 316,2 | 287.0 | 247.8 207.8| 168.2 o7
8 314,6 | 286.6 | 246.6 206,68 | 187.¢ -8
o9 318,0 | 284, | 246.3 205,7| 166.6 o9
43.0 S11.5 | 202.8 | 2¢4.) 204.7| 165.7 48.0
45.1 308.9 | 281.3 | 242.8 203.71 164.9 48.1
.2 308.5 | 279.8 | 241.6 202,48 | 164.0 o2
.3 306.7 | 27844 | 240.3 201,86 | 163.2 3
R 306.0 | 276,89 | 239.0 200.5 | 162.3 o
N S03.4 | 278.4 | 237.8 1994 | 161,4 N
6 301.8 | 274.0 | 236,85 198,4 | 160.8 8
o7 300.2 | 272.6 | 286.3 197.5| 160.7 o7
.8 296.6 | 271.0 | 234.0 196,72 168.% 8
o9 287.0 | 269.6 | 252.7 196.2| 168.0 ]
44,0 206.2 | 288.0 | 251.3 194,0/ 167.1 49,0
4.1 208,86 | 266,56 | 280.1 193,0| 166.2 49.1
2 202.0 | 266.0 | 228.8 161,8| 15643 .2
o3 200.4 | 265,86 | 227.6 190,8 | 164.5 o3
ot 288.8 | 262,1 | 226.3 189.8 | 183.68 ot
N 287,1 | 260.6 | 226.0 188,7 | 152.8 5
6 285.4 | 2B9.0 | 223.6 187,6 | 151,8 8
o7 208.8 | 287,86 | 222.4 186.6 | 161.0 o7
8 282.8 | 286.1 | 221.1 185,8 ' 180.1 .8
N 280.,4 | 284.6 | 219.7 184,53 | 149,2 X
4.0 278,8 | 283.1 | 218.6 183.2 ' 148.8 80,0
1
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60°

INITIAL ANGLE €0° FLUS FRICTION
Position of Weight

1 2 ] +

B

wl= 1946] wl= 1z22]wls 1056[wls 88 wi- 716

Ineh-poundes

"271.2 | 261.6 | 217,2 | 182.2
2715.4 | 260.0 215.8 | 181.0
273.8 | 248.6 214.6 | 180,0
272.2 | 247.1 | 213,3 | 178.9
2704 | 245,6 | 211.2 | 177.8

268.8 244.0 210.7 | 176.7
267.1 242.4 200.3 | 176.5
| 26846 241,0 208.0 | 174.6
2637 239.4 208.7 | 173,38
262.1 237.8 206.4 | 172,38

26043 236.3 204.0 | 171,.1
268,68 234.7 202.7 | 17060
267.0 233,3 201.4 | 168,8
266.2 251.7 200.0 | 167.8
263.6 250.2 198,7 | 166.7

261, 238.6 197.4 | 166.6
250,1 227.0 106.0 | 184.4
248.4 226.4 194,6 | 163,2
246.8 224.0 193.4 | 162.2
246.0 222,.4 192,0 | 161.0

243.3 220.8 190,6 | 169.9
241.6 219.2 189.3 | 168.7
|| 239.2 217.7 188.0 | 187.7
|| 238.1 216.2 186,68 | 166.6
236.4 214.8 186.2 | 165.4

234,.6 218,.0 185,90 | 164.2
| 232.9 211.4 182.6 | 183.1
251,1 209.,8 | 181,1 | 151.9
220.4 208.2 179.8 | 180.8
227,86 | 208.6 178.4 | 148,6

226.9 205.0 177,0 | 148.8
22¢.1 203.4 176,6 | 147.3
222.4 201.9 174,3 | 146.2
220,86 200.3 172.9 | 146.0
218.9 198.7 1718 | 143.9

217.1 197.1 170.2 | 142.7
216.4 195.6 168.8 | 141.¢8
215.6 195,90 167.4 | 140.4
211.9 192.3 166,0 | 139.3
210.1 160.7 164.7 | 138.1

208.3 189.0 163,2 | 136.9
2068.6 187.4 161.8 | 136.7
204.8 186.9 160,56 | 134.6
203.0 184.3 169,1 | 138.4
201.1 182,86 | 167.8 | 132.2

199.4 181.0 166.2 | 131.0
197:6 179.4 164.9 | 120.9
106.9 177.8 163.6 | 128,7
194.0 176.1 162.0 | 127,56
192.2 174.6 160.6 | 126.3

. 147,56

146.6
146.7
1“'6
143.9

143,0
142.1
141.2
140,83
138,4

13‘.5
137.6
136.7
136.8
154.9

134.0
188.1
132.1
151.3
130.4

129.4
128.6
127.6
126.7
126.8

124.8
123.9
123,0
122.0
121.1

120.2
319.3
118.3
117.4
116.5

116,86
114,68
1135,.7
112.7
111.8

110.8
108.9
108.9
108.0
107.0

106.1
1“.1
104.2
1“.2
102.3




Page
€0

INITIAL ANGLE 60° PLUS FRICTION

1
©

Z M 39716 F

Final Position of Weight
angle 1 ] & B
Degrees Inch - pounds
0.1 100.5 | 172.8 | 140.2 | 125.1 [ 200.8
o2 1[188.6 | 17.2 | 147.8 | 124.0 | 100.5
o3 1186.8 | 169,6 | 146.4 | 122.8 | 99.4
o4 (11850 | 167.9 | 144.9 | 121.6 | 8.4
.5 11185,2 | 166,85 | 148.6 | 120.4 | 97.5
.6 [i161.8 | 164,86 | 142.1 | 119.2 | 96.5
o7 1179.8 | 168.0 | 140.7 | 118.0 | 95.5
.8 1[177.7 | 16,8 | 189,85 | 116.8 | 4.5
.9 1759 | 158.7 | 1s7.9 | 115.6 | BS.8
51.0 ! 174.1 | 158.0 | 156.4 | 114.4 | 2.6
5l.1 | 172.8 | 156.4 | 185.0 | 118.8 | 91.7
2 [170.4 | 1547 | 1586 | 112.0 | 90.7
.5 |/ 168.5 | 155.0 | 152.1 | 110.8 | 89.7
4 | 166.8 | 151.4 | 150.7 | 109.6 | 8.7
5 164,9 149.7 129.2 108.4 87.7
.6 | 165.0 | 148.0 | 127.8 | 207.1 | se.7
.7 || 162.5 | 146.4 | 126.4 | 106.0 | e5.8
6 [159.4 | 144.7 | 12¢.9 |104.8 | 84.8
.9 |/ 157.5 | 145.0 | 125.4 |108.5 | es8.8
52.0 |/ 155.8 | 14l.4 | 122,1 |102.4 | 82.8
52,1 || 158.9 | 1%0.7 | 120.6 |101.1 | 61.9
.2 |/ 152.0 | 138.0 [119.1 | 99.9 | 80.9
1% -] 150.1 156.2 117.6 98,7 79.9
.4 |[148.2 | 134.5 | 116.1 97.4 | 78.9
.5 || 146.5 | 132.9 | 114.8 96.5 | 77.9
.6 || 144.6 | 1312 | 1n18.5 95,0 | 76,9
.7 |[142.7 | 120.5 | 111.8 | 95.8  75.9
.8 |[140.8 | 127.8 | 110.3 | 92.5 74.9
.9 |[1%8.9 | 126.1 | 108.9 81,5 75,9
55.0 || 187.0 124.4 107.4 90.1 72.9
55.1 || 185.2 | 122.7 | 105.8 86.8 | 71.9
.2 |155.3 | 121.0 | 104.4 87.6 | 70,9
.5 | 1%.4 |119.5 | 108.0 86.4 | 69.9
4 [[120.5 | 17,5 |101.5 | ®5.1 | es8.8
«5 [|127.6 | 115.8 | 100.0 | 85.9 | 67.9
.6 | 1257 | 114.1 26.5 | 82,6 | 66,9
.7 |128.8 | 112.4 97.1 | 8l.4 | 65,9
.8 ||122,0 | 110.7 95.6 | 80.2 | 64.9
.9 ||120.1 | 109.0 24,1 78.9 | 68,9
54,0 || 118.2 | 107.5 82,6 | 77,7 | 62.9
54,1 ||116.5 | 108.6 | 81.1 76,4 | 61.9
.2 ||14.4 | 2059 | 89.7 75.2 | 60,9
.5 || 12,4 |1202,0 | 88,1 78,9 | 58.8
«4 ||10.5 | 100,58 | 86.8 | 72.68 | %8.8
.5 ||108.6 |-98.8 | 85.1 7.4 | 57.8
.6 |l10e,8 | 98,9 | 85,7 70.2 | 56,8
.7 || 104.9 95,2 | 82,2 6.9 | 6.8
.8 || 102.8 95.4 | 80,8 €7.6 | 54,7
9 || 100.0 91,6 79,1 66,4 | 55.7
55.0 || 99.1 69.9 7.6 | 651 | 62.7

INITIAL AVGLE 60° PLUS FRICTION

Position of Weight

1
e

79.7

76.8
75.8
1.9
69.9

68.0
68,0
64.1
6z2.1
80.0

§8.2
§6.1
54.1
52.2
§0.2

48.2
46,8
4.8
42.8
40.8

58,2
56.8
“'5
82.8
w.s

8.8
26,8
24.2
22,2
20,2

18.2
16.2
1"1
12.2
10.1

8.1
8.1
4.0
2.0
o.o

8l.1

54.5

52.8
51.0
49,1
47.4
45.6

48,7
42,0
40.2
58,4
56.5

54,7
58.0
81.2
29.8
27,6

25,7
25.8
22.0
0.2
16,3

16,5
14.7
12.8
1.0

9.2

7.8
6.5
8.7
1.8
0.0

62.5

§7.8
56.5
54.8

55.3
§1.7
§0,2
48.6
47.1

45.6
4.0
42.4
40.9
59.8

57.8
36,8
54.7
88.1
5.5

%0.0
28,5
26,0
26,8
28.7

22,2
20,6
18,0
17,4
15.8

14.2
12.7
1.1
9.5
7.9

8.3
4.7
8.2
1.6
0.0

65,8
62.8
61.8
€0.0
58,7

57,5

§6.2 °

54.9
58.6
52.4

8.1
49.8
46.5
47.2
45.9

4.7

45.4
42.1
40,8
89.5

m.z
86.9
55.6
84.8
88.0

81.7
50.4
29.1
27,8
26.5

26.1
23.9
22.6
2.2
18.9

18.8
17.8
15.9
14.6
13. 8

11.9
10.68
8.8
a.o
8,8

5.8
4.0
2.7
1.8
0.0

§1.6
§0.8
49.6
48.6
47.6

46,68
45.5
4.5
43.4
42.4

9.5
40,8
89.2
88.2
57.2

36.2
55.1
5.1
88,0
5.9

80.9
29.9
28.8
27.8
26.7

25.6
24.6
28,6
u.s
21.4

mls
18.8
18,8
17.2
16.1

15,0
14.0
12.9
1.8
10.7

9,7
8.8
7.8
s"
5.4

4.3
B.2
2.1
1'1
0.0
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45° Page 14
45°
INITIAL ABGLE 45¢ PLUS FRICTION INITIAL ANGLE 46° PLUS FRICTION
Final | Position of Welght Fizal | Position of Weight
sngle | 1 2 s ) 5 sgls || 2 2 s . 5
!'l' . wl= wie BGE[wls - wi= = ' Wi
|
Degroe:_ ~__I__l_l'oh--pou_nda Degrees | Inoh - pounds
= ] . i -————-T—-. B G —— e g iem e - W
ol | 394,53 | 357,9 | 309.0 | 269.2 | 209.8 6.1 | 388.9 . 363.0 I 304.8 | 255,68 | 208.9
2 394,3 357.9 309.0 259.,2 | 209.8 .2 | 3868.8 $62.9 04,7 266,56 | 208.8
S | 394,85 | 357.9 | 305.0 | 289.2 209.8 S || 38a.8 | 362.6 | 304.5 | 266.3 | 206,7
ot $94.3 | 557.9 | 509.0 | 2859.2 | 209.8 .4 !| 388.4 | 362.5 | 304.3 | 266.3 | 208.8
.6 394,3 | 367,09 I 309,0 | 269.2 | 2088 6 | 388.1 | 362.3 | 304,1 | 266,1 | 208.5
.8 394,2 | 367,68 | 308.9 | 280.1 | 209.7 .6 | se7.8 | sex.0 | 5089 | 254.9 | 208.3
o7 | 94,2 | 357.8 § 308.9 | 269.1 | 209.7 W7 | 387,7 | 361.9 ; 303,8 @ 264,8 206.3
8 | 394.2 | 357.8 | 308.9 | 289.1 | 208.7 .8 387.4 | 361.7 | 308,86  264.8 | 206.1
.9 | 3s4.2 | 387.8 | 308.9 | 289,1 | 208.7 .0 || 387,2 | S51.4 | S03.4 | 264.5  206.0
1.0 394.0 | 367.7 | 508.8  289.0 | 209.8 6.0 || 386.9 | 361.2 | 308.2  264.5 206.8
I
1.1 | 394,0 | 557.7 | 308.8  259.0 | 209.6 8.1 388.6 | 360.9 | 303.0  284,1 205.7
2 394,0 | 367,7 | 308.8 | 260.0 | 209.68 .2 | 386.6 | 360.8 | 302,9 | 264.0 | 205.6
.3 [l 8s3,9 | s87.8 | 308.7 | 258.9 | 209.8 .3 | 386,2 | 350,86 | 302.7 | 283.8 | 205.8
& |[395,9 | 357.5 | 308.7 | 258.,9 | 200.8 o4 || 386.9 | 360.3 | 302,8 | 263.7 206,38
8 1 393.9 | 367,6 | 508.7 \ 268.9 | 200.8 6 || 386.7 | 360.1 | 302.8 | 263.6 @ 206.2
| i
8 393.8 | 367.4 | 508,86 ! 258,8 | 209.6 .6 || s85.4  348.8 302.0 | 253.3 | 206,1
.7 395.8 | 357.4  308.6 | 268.8 | 209.5 o i 365.1 | 349,64  301.8 | 253.1 | 204,9
.8 |1 393,86 | 367.3 | S08,6 | 268.7 ' 200.4 8 || 384.9 | 345.3  301.6 | 253,0 | 204.8
o9 | 393,6 | 357,38 | 308,86 | 268.7 | 209.4 o9 l 384.6 | 340.1 | 301.4 | 262.8 | 204.6
2.0 303.6 | S57.2 | 308.4 | 288.6 | 209,4 7.0 | 384,2 @ 348.7  301.1 | 252.6 | 204.4
! | i
2.1 || 393.4 | 366.9 | 308.3 | 266.6 209, 7.1 !, 383.9 | 348,85  300,9 | 262,83 | 204.3
o2 || 393,64 | 356.9 | 308,3 | 268,56 | 2093 .2l 383.7 | 348.2  300.7 | 262,2 | 204.1
3 || 393,z | 366.9 | 308.1 | 266.4 | 209,2 o3 || 385.4 | 348,0  300.4 | 262.0 | 204.,0
4 383,1 | 366.8 | 308.0 | 258.4 | 209,1 44 | 383.1 | 347.8 . 300.2 | 261.8 | 203.8
8 352.9 ' 386.7 | 307.9 - 288,3 | 200,1 o8 =| $82,7 | 347.4 | 209.9 | 251,56 | 203.6
i |
] 392,9 | 366,7 | S07.9  266.3 | 209.1 6 .| 382,64 | 3471  299.7 | 251.4 | 205.6
K $92.,8 | 356.6 | 307.8 | 258,2 | 209.0 .1 )l 882,2 | 346,9 | 299,5 | 261.2 | 203.3
.8 || 392.7 | 366.4 | 307,7 | 2868,1 | 208.9 .8 |l 381.8 | 366,85 | 299.2 | 280,9 | 203.1
o9 i 392,6 | 366,35 | 307,86 | 268,0 | 208.8 .2 381.6 | 346.3 | 299,0  280.7 | 203.0
3.0 i 392.4 | 366.2 | 307.8 : 257.9 | 208.8 8.0 ;| 381.2 | 346.0 | 296.8  2850.8 | 202.8
i : | : 1 {
3.1 392,5 | 366.1 | 507.,4 | 267.8 | 208.7 8.1 380.8 | S45,7 | 208.4 260,83 | 202.8
.2 392,1 | 356.9 | 307,83 | 257,7 | 208.8 o2 |l 380,86 | 345.4 | 298.2 | 260.1 | 202.8
.3 | 8592,0 | 856,38 | 307,23 | 267,86 | 208.6 3 380.2 | 348,1 . 297.9 | 209.9 | 2023
" 591.9 | 66,7 | 307.1 | 287,6 | 2086 - 379.9 | Se4,8 | 2077 | 249.7 | 202.1
.5 |l 392.7 | 388.8 | 307.0 : 267.6 | 208.4 W6 | 879,56 | 344.5 | 297.4  200.4 | 2019
6 391,86 | 356.86 | 506.9 ! 267.4 | 208.3 6 || 379.8 | Se4.2 | 207.2 | 249.2 | 201,08
o7 391,8 | 365.8 | 306.8 257,35  208.3 o7 378.8 | 343.8 | 206,9 | 249.0 @ 201.6
8 391,53 | 366.2 | 308.7 ! 267.2 | 208.2 8 | 378,64 | 343.8 | 206.6 = 248,7 | 2013
) 391,2 | 566.1 | 308,86 | 257,1 | 208.1 9 S78.1 | 343.8 | 296.8 | 248,65 | 201,23
4.0 $91.1 | 365.0 | 306.5 |251.o 208.1 9.0 377.7 | 342.9 | 298,0 | 248,3 | 201.0
4.1 $90.8 | 354,7 | 308.,2 | 266.9 | 207,9 9.1 377.5 | 342.6 | 295.7 | 248.0 | 200.8
2 || 890,7 | 3846 | 308.1 im.a 2078 8 || S76.9 | 3421 | 298,4 | 247,7  200.5
.S |l 390,86 | 384.5 | 306.0 |286,7 | 207.8 L3 | 378,7 | 341.9 | 206.2 | 247,6 | 200.4
A || 890,4 | 364.4 | S06.9 | 266,86 | 2077 ot 376,83 | 341.6 | 294.9 | 247.3 | 200.2
6 | 3901 | 354.1 | 308.7 | 268.4 | 207.68 8 375,9 | 341.2 | 294,56 | 247,0 | 200.0
.6 390.0 | 384.0 | 305.6 ] 266.3 | 207,85 6 | 378.4 | 3¢0.8 | 294,2 | 246.8 | 199.8
o7 389,7 | 363,7 | 305.4 | 266.1 | 207.3 .7 375.0 | 340.4 | 293.9 | 246.8 | 199.5
.8 || mev.6 | 383.6 | 308.3 : 28,1 | 207.3 6 | 3746 | 34001 | 293.6 | 2462 | 199.3
.9 |l 389,8 | 363,64 | 308.1 | 266.9 | 207.1 o9 $74.2 | 359.7 | 293.3 ' 246.0 | 199.2
8.0 | 269.2 | 363.3 | 306.0 | 208.8 | 207.1 10,0 373.8 | 339,53 | 203.,0 @ 248.7 | 199.0
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Page 15 Page 16
420 458
INITIAL ANGLE 46° PLUS FRICTION INITIAL ANGLE 48° PLUS FRICTION
; |
Final 'I Foaition of Waight Finsl | Position of Welght
angle ik Z 3 4 3 angle | 1 H 3 & [
T T
wl= 1546[11- 1222 wl= LOG5! wl= 855{'1- Tis Wam 1.3“-!'-'1- IZIﬂI wle 105511’1! “ll"lﬂ Tis
i
Degrees Inoh-pounds Dogrn-i Inohepounds
" R T T - T R —— Hr - = . -
10.1 573.4 339.0 292.6 245.4 ’ 1887 15.1 -1 3] 316.7 27248 f 228,68 | 185.1
o2 373.0 i. 338.68 292.3 245.2 | 168,56 2 | 347,27 51E,1 272.1 28,2 | 184.7
o3 372,6 | 338,2 £292.0 244.9 ; 198.2 3 34E.6 | Sla,0 271.08 227,8 | 184.¢
XY 372.,2 ; 337.9 291.7 244.6 ; 198,0 o 1 348.0 @ 34,0 0 8 22T.4 | 184.1
o5 571.8 | 337.6 291.4 244.4 ;| 197.8 B | MBS ! S15.4 270.8 26.9 | 183,.7
6 | 3.5 | s37.0 | 2000 | 244.0 1 1978 6 | 3.8 | 312.9 | 210.2 | 226, | 183.¢
o7 370.9 336.6 290.6 243.8 | 197,3 7 344,1 | 312.83 | 269.6 226.2 | 183,1
o8 370.6 33663 290.3 243,56 ¢ 197,1 8 1 343.4 | 311.7 209.1 225,7 | 182,T
.9 370.1 336.9 290.0 243,2 | 196.9% 9 342.7 ! 311.1 268.6 226,53 | 188.3
11.0 369,85 336.4 289,68 242.9 | 196.6 16,0 ' 342.2 1 310.8 268.2 224.9 | 182.1
11,1 i 369.1 336.1 | 289.3 242.6 | 1396.¢ 16,1 .| 341.6 10,0 267,68 224.6 | 181,7
o2 Il 368,7 334.7 | 288.% 242,53 | 196,2 2 340,.9 309.4 267.1 224,0 | 181,3
o3 i 368,.2 334,22 | 288,56 242.0 | 195,89 o8 || 540,2 308,8 266,6 228.6 | 181.0
4 '| 367.8 333.8 288.2 241.7 | 196,7 4 ’l 339,86 508.2 266,) 223.1 | 180,86
o8 387.2 333.5 287.8 241.4 | 195.4 5 q 338,.8 307.6 265.8 222,7 | 180,83
|
<8 366.8 333.0 287,.6 241.1 | 195.2 N ” 338.2 306.,9 ' 266,0 222,83 | 179.9
o7 | 366.5 332.5 287.0 240,68 | 194,.9 o7 | 337.8 306.3 | 264.6 221.8 | 179.8
8 | 366.9 332.1 286.7 240,56 | 194.7 8 I 356.8 308,7 ! 263,.9 2214 | 179.2
9 566.4 3351.8 286,.3 240.1 | 194.4 9 || 3%6.1 306.,1 | 263.4 220.9 | 178.8
12,0 364.8 331,.1 286,.9 239.8 | 194,1 17,0 ‘ 336.5 304,86 262,92 220,86 | 178.6
12.1 | 364.4 330.8 286.6 239.,6 | 193.9 17.1 534.8 303.9 202.4 220.0 | 178,.1
«2 | 383.9 330,3 286.1 239,2 | 193.8 o2 | 334,1 303.3 261.8 219.6 | 177.8
3 || 363.3 329.8 284.7 238.8 = 193.3 3 | 3338.4 302.7 261.3 219.2 | 177.4
o | 362.9 329.4 284.4 238,56 | 193.1 o4 || 332.8 301,89 260.7 218.8 | 177.,0
OB | 362.4 328,9 284.0 238.2 | 192.8 &6 || 332,0 301.3 260,1 218.,2 | 176.8
| ! ;
6 | z61.9 | 328.8 283,.8 237.8 | 192,68 o6 I| 331,3 800.7 269.8 217.7 | 178.3
«7 || 361,3 | 328.0 288.1 237.6 | 192,2 o7 i 330,68 300,1 | 2B9, 217,83 | 175.9
8 || 360.8 327,% 282.7 237.,1 | 191.9 8 || 320.8 209.4 | 288.8 216.,8 | 176.8
9 360.4 327,1 282.4 238,9 | 191,7 9 329.1 208.8 287.9 216,3 | 175,1
13.0 369.8 | 326.8 282.0 236.5 | 191.4 18,0 528.5 | 298.1 267.4 218,9 | 174.8
13,1 369,3 326.1 281,8 236.1 | 191.3 18,1 . 327,7 | 207.4 256,98 N6.4 | 174,3
«2 I 358.,8 326,8 281.1 235.,8 | 190.9 2 327.0 | 268.8 266,2 214.9 | 174.0
.3 ] 358,.2 325,.2 280.7 238.4 | 190,68 o3 || 328.2 | 296.1 266,68 214.4 | 173,85
& | 367.7 324.7 280.3 236.1 | 190.3 ot 828,58 | 296.9 268.1 213.9 | 173.2
5 ! 367.1 324,2 279.9 234.7 | 190.0 6 || S24.7 | 204,7 264.5 213.4 | 172,08
& || 356.6 328,17 | 279.5 | 234.4 |189.7 6 | s52400 | 208 | 253.9 | 218.0 | 172.4
o7 | 366.9 323,1 278,.9 233.,9 | 189.4 o7 325.2 | 298.4 283.3 212,4 | 178.,0
8 || 355.4 322,68 278.5 233.6 | 189.1 8 322.4 ; 292,7 262,7 211.9 | 171.8
9 |l 354.9 322.1 278,1 233.2 | 188.8 9 321.7 202.,0 262,1 211.8 | 171.8
14,0 || 354,3 321.8 277.7 232.9 | 188,5 19,0 | 320.9 ' 201.3 261.8 | 210,9 | 170.7
| |
14,1 | 363.8 32,1 277.2 252,56 | 188.2 19,1 320,1 290,68 260,9 | 2104 | 170,3
2 353,1 | 320.5 276.7 232.1 | 187,9 o2 || 3519.4 280,0 260.3 | 210,0 | 170.0 -
.5 || 362.6 820,0 | 276.3 251.7 | 187.6 5 : 318.6 289.2 249.7 209,4 | 169.5
4 || 362.0 ‘ 319.8 276.9 2351,4 | 187.3 4 i 517,8 | 288,8 249,1 208.9 | 169,1
o5 | 361.4 318.9 276.3 230.9 : 188,9 o8 317.0 207.8 248.4 208.4 | 168,7
6 || 60,8 |318.4 ' 274,9  230.6 186.6 6 | 3164 | 287.2 | 2479 | 207.9 | 168.3
7 350.3 317.9% 274.5 23042 | 188.4 «7 || 318.6 286.4 247,3 207.4 | 167.9
8 | 349.6 317,3 274.0 289.8 | 188.,0 8 314.7 286,7T 248,68 206.9 | 167.8
9 !| 349,1 316.8 278.6 229.,4 | 165.7 9 i 313.9 268.0 246.0 208,3 | 167,0
18,0 I 348.4 316.,2 | 273.0 | 229.0 | 188.4 20,0 |l 313,1 264,.2 z 2464 208,38 | 168.8
] I
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ngorr
INITIAL ANGLE 45° PLUS FRICTTON
Final Position oi Weight
angle 1 2 3 4 5
| Wle 1545[wlu 1222[11- 1os5]wle 863 ¥le 716
Dagrv.es Inech -pounds
20,1 || $12.5 | 285.,5 | 244.7 | 205.8 | 166.2
.2 511,5 | 282,68 | 244.1 | 204.7 | 165.7
3 || 50,7 | 282.0 | 243,5 | 204,2 | 165.5
o 809.9 | 281,85 | 242.8 | 205.7 ] 164.9
5 3001 | 280,68 | 242.2 | 208,1 | 168.4
6 S08.5 | 279.8 | 241.8 | 20R.6 { 164,0
o7 $07.3. | 279.0 | 240.8 | 202,0 | 168.5
8 06,5 | 278,2 | 240.2 | 201.5 | 163.1
9 506.7 | 277.5 | 239,68 | 200.9 | 182.7
21.0 504.9 | 276.8 | 256.9 | 200.4 | 1&.2
21,1 s04.1 | 276,0 | 238,85 | 199,9 | 14.8
.2 505.2 | 275.2 | 287.6 | 199.3 [ 16€1.3
3 502.8 | 274.4 | 286,9 | 198.7 | 160.9
w 501,65 | 275.7 | 256.3 | 198.2 | 180.4
.5 00,6 | 272.9 | 255.6 | 197.6 | 159.9
.8 209,8 | 272.1 | 234,9 | 197.0 | 159.5
o7 208,8 | 270.5 | 254.2 | 196.4 | 159.0
.8 298,0 | 270.5 | 238.6 | 195.9 | 158.8
) 297,1 | 269.,7 | 252.8 | 185.3 | 158.1
22,0 206,5 | 268.9 | 232.2 | 194.7 | 157.6
22,1 205,4 | 268,1 | 28.5 | 194.1 | 157.1
o2 204,5 | 267,4 | 230.8 | 195.6 | 156.7
8 295,86 | 266.5 | 230 | 195.0 | 156.2
- 292,7 | 265.6 | 220.8 |192.5 | 155.7
5 2018 | 268.9 | 228,7 | 191.8 | 155,85
.6 200,9 | 264,1 | 226,0 |191.2 | 154.8
o7 2000 | 263.2 | 227.2 |190.6 | 154.3
.8 289,2 | 262.5 | 226,6 | 190.1 | 153,8
9 268,2 | 26l.6 | 225.9 | 189.4 | 15%.3
23,0 287,85 | 260.8 | 225.1 |189.0 | 152,8
28,1 286.,5 | 299.9 | 224.4 | 188.2 | 152.8
2 285.4 | 259,0 | 223.6 |187.6 | 151.8
o5 284.4 |258.2 | 222,9 | 187.0 | 151.5
“ 285,68 | 257.5 | 222.8 |186.4 | 150.9
.5 262,7 | 256,86 | 221.5 |185.8 | 150.4
.8 281,8 |255,7 | 2208 |185.2 | 149.9
] 260,8 |254,9 | 220.1 |184.6 | 149.4
8 279,09 | 254.0 | 219.8 | 185.9 | 148,9
.9 278,9 |25%.2 | 218.6 |183.5 | 148.4
24,0 277.,8 |252.2 | 217,7 | 182.6 | 147.8
241 276.9 |28.5 | 217.0 |182.0 | 147.3
o o2 276,0 |250,5 | 216,85 {181.4 | 146.8
< o8 275,0 |249.6 | 216.6 |180.8 | 1465
- 2741 |248,8 | 214.8 |180.1 | 145.8
5 276.1 | 247.9 | 214,0 |179.5 | 145,85
.8 2723 [247.0 | ;as.2 |1ve.8 | 1447
o7 27. 2461 | 212.5 [178.2 | 144.2
.8 270,82 |245,2 | 211.7 |177.6 | 145.7
o9 2691 |244.5 | 210,89 |176.9 | 145.2
26,0 268,2 |245.4 | 210,01 [176.2 | 142.7
d ;
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INITTAL ANGLE 45° PLUS FRICTION

Position of Weight

Page 18
45°

5

Inch -pounds

1 3 3 4
o 1546]Wie 1222 Wi= 1055] wl= BAS| wi=

.w'.l. I | | I 718

267.2
266,1
26542
264,1
263.2

262.1
26L.2
260,1
259.1
258.1

257.,0
256.0
255.,0
253,9
252.8

251.9
250,8
249.7
248.6
247.6

246.5
245.4
244.3
245.5
242.2

241,1
240,0
238.9
287.9
236,7

285,6
234.5
233.4
232,2
231.1

230,1
228,8
227.8
226,7
225.5

224.4
228.2
22,1
220.9
219.8

218.8
217.4
216.5
215.1
235.9

242,6
24.6
240.7
259.7
238.9

237.9
287.1
236.1
255.2
2%4.2

2333
232.4
251.4
2%0.5
229.5

228.6
227.6
226.7
225.7

224,7

228.7
222.8
221.8
220.8
219,8

218,8
217.9
21 6,9
215.9
214,.8

3.8
212,9
211.9
210.8
209.8

208.8
207,7
206,7
205,8
204,7

208,7
202,6
201.6
200.5
199.5

108.4
197.8
196.4
195,8
194.2

209.4
208.6
207,8
207,.0
206,2

205.4
204,7
203.8
203.1
202,2

201.4
200.6
199.8
199.0
198,1

197.4
196.5
195.7
194,8
194.0

195.2
18R,.3
191.5
190,6
182,8

188,9
188.1
187.8
186.4
185.5

184,6
18%.8
182.9
182.,0
ldl.l

180,83
179.8
1785
177.7
| 176.,7

175.9
174.9
174.1
175.1
172.8

17;.5
170.4
| 169,5
168.6
j 167.6

175.6
17,9
174,85
178.6
178.0

172.8
171.6
170.9
170,83
169.6

168.8
168,8

167.6 |

166,9
16642

| 165.5

164.8
164.1
163.4
16.7

162.,0
16.5
160.6
159,98
159.2

1585
157.8
157.0
156.5
1555

| 154.8

154.1
153.4
152.6
151.9

151.2
150.4
149.7
149.0
148.2

147.5
146.7
146,0
145.2
144.5

143.8
142,9
142.2
141.4
140.6

1&.2
141,6
ul.1
140.5
140.0

159.4
158.9
158.4
137.9
157.8

156.7
136.2
1585.7
185.1
1%4.5

134.0
183 .4
132.9
132,.3
151.7

131.1
150,86
150.0
129.‘
128.8

128,8
127.7
127.1
126,6
125.9

125.5
1248
124.2
128.5
1285,0

122.4
m.s
121.2
120,86
120,0

119.4
118,7
118.2
117.5
117.0

116.2
115.7
115.1
114.5
18.8




Page 19 Page 20
45° 4s°
INITIAL ANGLE 45° PLUS FRICTION INITIAL ANGLE 45° PLUS FRICTION
Final Position of Weight Final ! Position of Weight
|
angle | 1 2'_'T"" X 4 5 angle |___ 1 2 E 4 i 5
.‘ﬂ- 1546 wl= 12_‘8_2;,'&“_'_ 1055 [wle BE5|wls 718 !l- lE&GL’l- 1222|wl-- 1055]w1- BES;wls 716
I
Tagreas Inch - pounds Degreesi. Inoch -pounda
30.1 || 212.8 198,2 166.8 159.9 ; 113%.2 85.1 149.4 185.8 171 98.2 79,5
.2 [ 211.8 192.1 166.8 138.1 | 112,6 ] 148.) 134.4 116.0 97.3 78.8
-] 210.4 181,0 164.9 138.8 | 111,9 o8 | 146.7 1385.2 115.0 96.4 | 78,1
o4 00,2 189, 9 165.9 137.5 | 111,3 o4 || 146.4 152.0 115.9 95.6 774
-5 || 208.0 168.8 165.0 136.7 | 110.7 «5 || 144,0 130.7 112,9 94.7 : 76.6
.6 206.8 187.7 162,0 | 135,9 | 110,0 6 142,7 129,5 111.8 95.8 | 75,9
o7 205.7 166.7 161.2 135.,2 | 109.4 7 141.8 128,35 110.8 92.9 | 75.2
] 204.5 185.6 160.2 15%4.4 | 108.8 .8 140.0 127.1 109,7 92,0 | 74,5
o0 205,38 184.5 159,3 158.6 | 108,1 «9 188.5 125,7 108,6 91.0 | 75.7
31.0 202.1 183.4 158.3 132.8 | 107,5 56,0 137.2 124,5 107.6 80.2 | 73.0
31.1 || 200.8 182.3 157.4 132.0 | 106,8 56.1 185.8 128.3 106,4 89,3 ' 7R3
.2 198,6 181.2 156.4 151.2 | 108.2 R 134.5 122.1 105.4 88.4 7.6
o8 198.4 180,12 155.5 130.4 | 105.6 3] 133.0 120,7 104.2 87.4 70.8
.4 187.2 179,0 154.5 120.6 | 104,9 o4 181.7 | 119.5 103.2 86.5 70.0
o5 195.9 177.8 153.5 128,7 | 104,2 o5 150.8 118.3 102.1 88,6 i 69,5
.6 || 194.7 | 176.7 | 152.5 |127.9 | 103.8 .6 |/ 128,86 |116.9 | 101,0 84,7 | 68,5
o7 183.4 175.6 151.6 127.1 | 102,89 .7 || 127.5 [ 115.7 | 99.9 88,8 ;| 67.8
-8 192,2 174,5 150.6 126.3 | 102,38 N:] 126,0 |114.4 | 98,7 82.8 | 67,0
-] 191,0 173.4 149.7 125.6 | 101,6 o9 124.7 113.1 87.7 8.9 | 65,3
32.0 189,7 172,2 148.6 124,7 | 200,9 57,0 128.2 111.8 96.5 81.0 | 65.5
| | | |
32.1 188,5 171.1 147.7 125.9 I 100,83 57.1 121.8 110.6 | 95.5 80.1 | 64,8
2 187,35 170.0 146.7 125,1 99,6 R 120.3 109.2 94.3 79,1 | 64.0
2] 186,0 168.8 145.8 122,85 99,0 .3 119.0 108.0 95,8 78,2 | 63.3
4 184.7 167,6 144.7 121.4 98,3 o4 117,5 106.7 92.1 77.2 €2.5
6

5 183.5 166, 5 143.8 120.6 97, .5 118,2 105.5 81.0 76.4 61.8

]
|
.6 182,3 165,4 | 142.8 119.8 97,0 N 114.7 104.1 89.9 75,4 61.0
.7 || 180.9 | 164.2 | 141.8 118,9 | 96,3 o7 || 113.2 | 102.8 88,7 74.4 | 60.2
.8 || 179.7 | 163.1 | 140.8 118.1 | 95,6 .8 |[111.9 [101.5 87.7 73,5 | 59.5
.9 || 178.4 | 161.9 | 130.8 117.2 | 94.9 .9 |[ 110.4 [100.2 86,5 72,6 58,7
585.0 | 177.2 | 160.8 | 138.8 116.4 | 94,5 88.0 || 108.9 98,9 85.3 71.6 | 57,9
|
38,1 | 175.8 | 158.6 | 137.8 |115.6 | 93,5 38,1 || 107.4 97,5 84,2 70,6 | 57.2
2 | 174,686 | 188,5 | 136.8 |114.8 | 92,9 .2 || 108.1 96,8 85.1 69,7 56.4
.8 | 178,85 | 157.5 | 135.8 |113.9 | 92.2 .8 || 104.6 04.9 82,0 68,7 55,7
4 | 1.9 |156.0 | 134.7 |[115.,0 | 91,5 .4 || 108.1 95,6 80,8 67.8 54.9
«5 170.7 154,9 133.8 | 112.2 90.8 «5 101.6 92,8 79,68 66,8 54,1
|
.6 || 169,53 | 155.7 | 132.7 |111.3 | 90.1 .6 || 100,2 90,9 78.5 85,8 53,3
.7 || 168.1 | 152.8 | 131.8 |110.5 | B9.5 .7 98,7 20,6 77.8 64,9 52.5
.8 || 166.8 | 151.4 | 130.7 109.6 | 68.7 .8 97.2 88.2 76,2 65.9 51.7
«9 || 165,4 | 150,2 | 129.7 | 108.7 | 88,0 .9 95,7 | 86.9 75,0 62,9 5,9
34,0 || 164,1 | 149.0 | 128.8 | 107.9 | 87.5 89,0 84.2 85.5 78.8 61.9 50,1
34,1 || 182,9 | 147,89 | 127.6  107.1 | 86,7 $9.1 92,8 84.2 72,7 61,0 | 49.5
.2 Il 161.5 | 146.6 | 126,6 |106,2 | 85,9 .2 91.8 82,8 .6 60.0 | 48.8
.3 || 160.,2 | 145.4 | 125.5 |105.3 | 85.2 o3 89,8 Bl.5 70.4 59.0 | 47.8
<4 || 158,86 | 144.2 | 124.5 |204.4 | 84.5 .4 88.3 80.2 69,2 58,0 | 47.0
o5 157,56 143.0 123.4 103.5 83.8 o5 86.8 78,8 68.0 57.1 46.2
.6 || 156,2 | 141.7 | 122.4 |102.6 | 83,1 .6 85.% 77.5 66,9 56.1 | 45.4
o7 || 154.8 | 140.5 | 121.8 101.8 | 82,4 .7 85.9 78,1 65.7 55.1 | 44.6
.8 || 1ss.5 | 139,53 ' 120.3 [100.9 | 81.8 .8 82,4 74.8 64.6 54,1 | 45.8
.9 | 1s2.s | 138.2 | 119.5 |100.1 | 1.0 .9 80.9 78.4 85,4 53.2 | 43.0
35.0 || 150,98 | 137.0 | 11€.3 99.2 | 80.8 40.0 99.5 72.0 82,1 52,1 | 42.2
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INITIAL ANGLE 46° PLUS FRICTION

Page 21
45°

Final Position of Weight
angle 1 2 3 4 ]
(wl= 1344 wle 1zzz1fu1- 1055!-1- sa€| wle 718
Degrees Inch « poundas
40,1 77.8 70.8 61,0 51.1 | 41.4
.2 || 76,3 | 69,3 59,8 60.2 | 40.6
3 74.8 | 67.9 58,7 49.3 | 39.8
4 13.2 66.6 57.4 48.1 | 39.0
5 i 7.8 | es.1 | se.2 | 47,2 | 38.2
.6 I 70.3 63.8 56.1 46,2 | 37.4
K 68.7 62,3 | 63,8 | 45,1 | 38.8
8 || e7.2 61.0 | 52.6 | 84.2 | 36.7
9 1l es.7 59.6 | 51.5 45.2 | 36.0
4.0 || 64 88.2 50.2 42.1 | 34.1
41.1 62.6 66.8 49.1 41,1 | 335.3
.2 61.0 56.4 47.8 40,1 | 32.4
.3 59.6 54.0 46.68 30,1 | 81.7
- 57.9 52.8 45,4 $8.0 | 0.8
.5 56.4 51.2 44.2 37.1 | $0.0
8 54,8 | 49.7 42,9 36.0  20.2
o7 83.2 48.3 41.7 34,9 28,3
.8 51.7 46.9 40.8 34.0  27.8
9 | 502 48.6 39.2 32.9 | 26.6
42,0 48.6 4.0 38.0 31,9 | 25.8
42,1 47.0 42.6 36.8 30,9 | 26.0
.2 464 41,2 36.8 20.8 | 241
.3 43.8 39.7 34.3 8.8 | 25.3
o 42,3 $6.4 | 33.1 27.8 | 22.8
.8 40,7 36,9 | 319 | 26,7 | 21,6
1
8 39,0 56,4 | 30.6 28,7 | 20.8
7 37,4 34,0 | 26.3 20.6 | 19.9
.8 36.8 52.8 28,1 23.6 | 19,1
.9 ‘ 34.2 ; 31.0 26.6 22.5 19‘2
43,0 || 32,7 20.7 25.8 21,6 | 17.4
s g 28,2 24,4 206 | 18.5
2 i 20,6 26.8 23.1 19,4 | 16,7
.3 27.9 26,3 21,8 18,5 | 14.8
o 26.3 23.8 20,6 17.3 | 14,0
8 24.8 22.4 19.3 16.2 | 13,
8 23,0 20.9 18.0 16,1 | 12,2
i) 214 19,4 16.8 14,1 | 1.4
.8 19.8 18.0 18.6 13.0 | 10,6
.9 18.2 | 16.5 14,2 | 11.9 9.7
44,0 16.4 14.9 12.9 10.8 8,7
“.1 4.8 18,4 11,6 9.7 7.9
.2 18,2 12,0 10,3 8.7 7.0
.8 11,6 10,8 2.1 7.6 6.1
4 10.0 9.0 7.8 8.5 5.3
5 8.3 7.6 | 6.8 5.6 4.4
& I a8 8.0 5.2 4.3 3.6
o7 5.0 “4e8 3.9 3.8 2.8
.8 3.4 3.1 2.6 2.2 2.8
) 1.6 1.5 1.3 1.1 o9
46.0 0.0 0.0 0.0 0.0 0.0
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Page 22 P £B
%° e
TNITIAL ANGLE 50° PLUS FRICTION INITIAL ANGLE S0° PLUS FRICTION
Final Position of Weight Final, Pogition of Weight
angle 1 2 . 3 L S
s 1348iwle 1222 wle 10SS lwle 885{wle 726
Dagrass| Inch = poundes Degrees Ineh - poundae
T Lk : g e
o1 | 180.4 | 18,7 | 141.4 ! 118.6 | 96.0 5.1 lrrs.o I 158.8 | 187.1 | 115,0 i95.1
2 || 1680.4 | 1657 | 141.4 | 118.6 | 96,0 .2 1174.9 | 158,7 | 137.0 | 114.5 | 95,0
.3 (| 180.4 | 165.7 | 141.4 | 118.6 | 86,0 «3 | 174.6 | 158,5 | 1%6.8 | 114.8 | 92.9
«4 || 180.4 | 165,7 | 141.4 | 118.8 | 96,0 4 [ 174,58 | 158,4 | 136.7 | 114.7 | 92.8
.5 || 180.4 | 168,7 | 24d.¢ | 118.8 | 96,0 o5 [ 174.2 | 158.1 | 186.5 | 114.5 | 92.7
.6 |/ 180.5 | 168.6 | 141.83 | 118.5 | 95.9 «6 [1178,9 | 157.9 | 136.5 | 114.3 | 92.5
.7 || 180.3 | 168,86 | 141.5 | 218.5 | 95.9 .7 || 175.8 | 157.8 | 136.2 | 114.2 | 92.5
.8 || 180,83 | 168,86 | 141.5 | 118.5 | 95.9 8 | 175.5 | 157.5 | 136.0 | 114.0 | 92.3
<9 |/180.5 | 168.8 | 142.5 | 118.5 | 95.9 .9 |175.8 | 157,3 | 135.8 | 118.9 | 92.2
1.0 || 180.1 | 168.§ | 141.2 | 118.4 | 95.8 6.0 |175.0 @ 157,0 | 135.6 | 115.7 | 92.0
1.1 |[180.1 | 168.5 | 141.2 | 118.4 | 95.8 6.1 | 172,7 | 186.8 | 135.5 | 113.5 | 91.9
.2 || 180,12 | 168,5 | 141.2 | 118.4 | 95.8 2 |l 172,68 | 156,7 | 1%5.2 | 115.4 |91.8
.5 [ 180,0 | 168.4 | 141.0 | 118.5 | 95,8 .5 j 172,83 | 156.4 | 135.0 | 113.5 |901.7
+4 || 180.0 | 168.4 | 142.0 | 118.5 | 95.8 .4 f{172,0 | 156.2 | 134.8 | 118.1 | 91.5
.5 || 260,0 | 165.4 | 141.0 | 118.5 | 95,8 o5 [l 17,8 | 156.9 | 154.6 | 112.9 |9l.4
.8 |{179,8 | 168.2 | 140.9 | 118.2 | 95.7 «6 |l 1705 | 155,7 | 134.4 | 112.7 |91.2
.7 || 179.8 | 168.2  140.9 | 118.2 | 95.7 .7 [im.2 | 155.4 |13¢.2 | 112.5 |91.1
.8 il179.7 | 18,1 | 140.8 | 118.,1 | 95.8 .8 |[1m.0 | 155.2 |154.0 | 112.4 |91.0
<9 ||178.7 | 168.1 | 140.8 | 118.1 | 95.6 .9 || 170,7 | 154.9 | 135.8 | 112.2 | 90.8
2.0 (| 179.6 | 165.0 | 140.7 | 118.0 | 95.5 7.0 | 170.8 | 154.6  133.4 | 111.9 |90.6
1 |
2.1 || 179.4 | 162.9 | 140.6 | 117.9 | 95.5 7.1 || 170.0 | 154,85 | 133.2 | 111.7 | 90.5
.2 || 179.4 | 162.9 | 140.6 | 117.9 | 95.5 +2 | 169.8 | 154,1 | 133.0 | 111.6 90,8
.8 |[179.3 | 162.8 | 140.5 | 117.9 | 95.4 <5 |/ 169.5 | 158.8 | 132.8 | 111.4  90.2
o4 || 179.2 | 162,86 | 140.4 | 117.8 | 95.8 «4 || 169.2 | 1s53,6 !132,6 | 111.2 90.0
.5 || 179,0 | 1é2,5 | 140.5 | 117.7 | 95.8 .5 |l 168.8 | 1552 !122,3 | 111.0  89.8
.6 [ 178,0 | 162,5 | 140,58 | 117.7 | 95.8 .6 |l 168.5 |153,0 | 132.1 | 110.8  89.7
.7 || 178.9 | 182.4 | 140.2 | 117.6 | 95.2 «7 [ 168,85 | 152,7 |131.9 | 110.6 | 89.5
8 |l 178.8 | 162,58 | 140.1 | 127.5 | 95.1 -8 (1167,9 |152,4 |131.6 | 10.5 |89,3
.9 || 179.8 | 162,1 | 140.0 | 117.4 | 95.0 9 | 187.6 | 152,1 |1m.5 | 120.2 (89.2
8.0 i1'76'.5 162,0 | 139.9 | 117.8 | 85.0 8.0 [ 167.8 |161.9 |1%.1 | 110.0 |59.o
3.1 ‘173.4 |:|.e1.9 139.8 | 117.2 | 94,9 8.1 | 166.9 |151,5 | 13%0.8 | 109.7 |s8.8
.2 |[178.2 | 161.8 | 1%9.7 | 1171 |84.8 .2 || 166,7 | 151.8 | 1%0.6 | 109.5 |88.7
.3 [l 178.1 | 161.7 | 139.6 | 117.1 |94.8 .8 |l 166,35 |[150,9 |1%0.5 | 108,35 |es.5
4 |[178,0 | 161,5 | 139.5 | 117.0 | 94.7 «4 | 266.0 |150.7 |1%0.1 | 109.1 [88.8
.5 || 177.8 | 161.4 | 139.4 | 116,9 | 94.8 .5 || 165.6 | 150.3 {120.8 | 108.8 [88.1
.6 || 177.7 | 161.8 | 159.5 | 116.8 |94.5 .6 || 165.5  149,9 |129,5 | 108.7 |88.0
.7 (| 177.6 | 161,2 | 138.1 | 116.7 | 94.5 o7 |[ 164,89 | 149,7 | 129.2 | 108.4 |87.7
.8 || 177.4 | 161.0 | 188.0 | 126.8 | 4.4 .8 || 164.5 | 149.5 | 128.9 | 108.,1 |87.S
9 [l 177.8 | 160.9 | 138.9 | 116.5 | 94.8 .9 | 164.2 |[140.1 |128.7 | 107.9 !87.4
4.0 (| 177,2 | 160.8 | 1%8.8 | 116.4 | 94.8 8.0 | 168%.8 | 148.,7 | 128.4 | 107.7 | 87.2
4.1 1] 176.9 | 160,86 | 138.6 | 116.5 | 94.1 9.1 |l 165.4 |148,3 | 128.1 | 107.4 |B6.9
.2 || 176,86 | 160.4 | 138.5 | 116.2 |94.0 .2 | 165.0 | 148,0 | 127.8 | 107.1 |86.7
.8 ! 176,86 | 160,83 | 138.4 | 116.1 | 94,0 .5 |l 162,8 | 147.7 | 127.5 | 107.0 |86.6
.4 || 176.6 | 160.2 | 138.5 | 116.0 |98.9 o4 | 162,83 | 147.¢ |127.2 | 106.7 |B6.4
.S [| 176.2 | 159,89 | 138.1 | 115.8 |98.8 o5 || 16,9 | 147,0 | 126.9 | 106.4 |86.2
.6 || 176,1 | 159,8 | 138,0 | 115.7 |98.7 «6 || 161,5 |146.6 |126.6 | 106,2 |es.o
.7 || 175.8 | 169,86 | 187.8 | 115.86 |98.5 «7 | 261,1 |146.5 | 126.5 | 105.9 [85.7
.8 || 175.7 | 159.6 | 187.7 | 118.6 |98.5 .8 || 160,7 |145.9 |126.0 | 105.6 [85.5
.9 || 175.4 | 159.2 | 157.5 | 115.83 |98.8 .9 |[ 160.8 | 145.5 | 125.6 | 105.4 [85.3
5.0 || 175.5 | 189,1 | 157.4 | 115.2 |98.8 10.0 || 159,98 | 145,2 | 125,85 | 105.1 |e5.1
|




Pa§8°24
INITIAL ANGLE 50° PLUS FRICTION
Final Position of Weight
angle 1 2 5 4 5
"Wi= 3,545 Wie 1¢2¢ [wl= 3085 wle BEG[Wle e
Tegread Inoch - pounds
10,1 159,5 | 144.8 | 125,0 | 104,8 | 84.9
o2 150,1 | 144.4 | 124.7 | 104.6 | 84,7
S || 158.7 | 1441 | 124.4 | 104,83 | 84,4
ol I 158,35 | 143.7 |124,1 | 1041 | 84.2
o5 || 157.9 | 143.3 | 123,7 | 105.8 | 84.0
6 157.4 | 142.8 | 123,35 | 105.4 | 88,7
o7 157.0 | 142.5 | 123.0 | 108.,2 | B8%.5
.8 156.6 | 142.1 | 122,7 | 102.9 | 83,3
o9 15602 | 141,7 | 122.,4 | 1.6 | 83,1
11,0 155.6 | 141,53 | 12,0 | 102,3 | 62,8
1.1 155,2 | 140,9 | 12,6 | 102,0! 82.8
2 154,8 | 140,5 | 121.3 | 101.8! 8.4
o8 154.5 | 140,0 | 120,9 | 1014 | &1
o4 153,9 | 139.7 | 120.6 & 101,1 81,9
5 1535.3 | 139.2 | 120.2  100.8 | 8l.6
.6 152,9 | 138,8 | 119.8 = 100,5 | 8l.4
o7 152.4 | 128.3 | 119.4 | 100.2 | &1
.8 152,0 | 138.0 | 19,1 99,9 ¢ 80,9
o9 1514 | 137.5 | 118.7 99,5 | 80,6
12.0 150,9 | 137.0 | 118.3 99,2 | 80.8
12,1 150,56 | 136.6 | 117.9 98.9 | 80,1
o2 150,0 | 136.1 | 117.5 98,6 79,8
3 149.4 | 135.6 | 117.1 98,2 | 79.5
o4 149,0 | 185.5 | 116.,8 97.9| 79,8
.5 148,56 | 154.8 | 116.4 97,6 | T79.0
«6 147.9 | 134.3 | 115.9 97.2 | 787
o7 147.4 | 133.8 | 115.5 96,9 | 78.4
N} 146,9 | 13%5,% | 115.1 96,5 | 781
o9 146,5 | 132,9 | 114.8 96,3 | 77.9
15,0 145.9 | 152,5 | 114.4 95,9 | 77.8
13.1 145.,4 | 132.0 | 113.,9 95,6 | 77.4
o2 144.8 | 151.5 | 113.5 95.2 | 771
o5 144,35 | 1m0 | 113, 94,8 76.8
o 143.8 | 130.5 | 112,7 94,5 7645
5 143.2 | 130.0 | 112,2 94,1 1 762
6 | 14,7 } 120.5 | 111.8 93,8 | 75,9
o7 | 142,0 | 128,9 | 111,53 98,5 ! 75,8
8 || 14,5 | 128,44 | 110.9 93,0 :  75.3
9 | 140, [ 1279 | 130.5 92.6 | 75.0
14.0 | 1404 | 127,44 | 110.0 RSB | 4T
14,1 || 139,9 | 127,0 | 109.8 91.9 | 7.4
o2 || 159.2 | 126.3 | 109,1 91,5 | 74.1
.3 158,7 ! 125.9 | 108,7 91,1 | 75.8
4 | 1%81 | 125.4 | 108.2 90.8 | 75.5
S | 157.4 | 124.8 | 2077 90,3 | 78,
|
o6 136,90 | 124.5 | 107.3 90,0 | 72,8
o7 156,4 | 123.8 | 106,9 89.6 | T2.8
.8 185.7 | 125.2 | 106,35 89,2 | 72,2
9 | 185,2 | 122,7 | 105,9 88.8 | 7L.9
15,0 | 154,5 | 122.1 | 105.4 88,4 | TL.6
2 K 39723 F

INITTAL ANGLE 80° PLUS FRICTION

P
aggozs

Position of Weight

i
5a5[Wl= 716 _

Inch - pounds
| 158.9 11,6 | 105.0
13%.5 121.0 104.4
13267 1205 104,0
152,1 119,9 108.5
151.4 119,% 108,0
130.8 8.8 102,5
130.2 118,2 102.0
| 129.§ 117.5 101.5
128,8 116.9 101.0
128,% 116.4 100.5
| 127.6 115,8 1000
126.9 115.2 99,5
126,53 114.6 99,0
125,6 114.0 98,4
124.9 113.4 97,9
124.5 112,.8 97.4
13,6 | 1122 96.8
122.9 | 111.6 98,5
1222 | 111,0 | 9.8
121.6 | 110.5 i 95.3
120,9 109.7 | 94,7
| 120,2 109,1 | 94.2
119.5 108.5 95,7
| 118.7 107.8 98,0
118.1 107.2 92,5
17,4 106.6 R.0
116.7 105.9 1.5
115.9 105.2 80.8
115.2 104.6 90.5
114.8 104.0 89.8
113.8 108.3 89,1
15,1 1R.6 88,8
112,% 101.9 8.0
1m.6 101.3 87.5
110.8 100,68 86,8
110.1 10060 86,5
109.% 99,2 85,7
108,65 98,5 85,0
107.8 97,9 84,5
107.0 97,1 85,9
106,2 96.4 83,2
105,65 95,8 82,7
104,7 95,1 .1
105,9 94,3 .4
1038.1 95,6 80,8
102 .4 95.0 80,5
101.6 92,3 79,8
100,8 91.5 79.0
100,0 90,8 78,4
99,2 | 90.1 7.7

88,0
87,6
8742
86,8
86,4

6.0
85.8

84,7
84.3

83.9
85.4
85,0
&R.6
82,1

8l.7
81,2
80,8
80,3
79,9

9.5
79,0
m.s

77.8

7742
76,7
7842
757
75.3

74.8
743
78.8
78.%
72.8

R4
7.8
18
7049
0.8

69,8
60.4
8.8
68,8
67.8

67,8
66,8
8,2

85,1 |

TS
70,9
0.8
70,3
89.9

69.6
89,3
68,9
68,5
€8.3

67,9
87,5
6742
66,8
66.5

66,1
65,7
65.4
&.0
64.7

64,8
64,0
63.8
5.2
®.8

&R.5
6.1
8,7
n.s
6.0

0.5
0.2
507
59.4
58,9

57,7
57.4
56,9

58.5
56.2
55.7
55,3
54.9

54,5
64,1
58,6
85,2
52,8




P 26 Page 27
aggo 500
INITIAL ANOLE 30° PLUS FRICTION INITIAL ANGLE 30° PLUS FRICTION
x Final | Position of Weight Final Position of Weight
angle || 1 2 3 4 5 angle 1 £ 2 4 5
|
wla mslﬂ- 1222 |wl= 10SE Ll- aas[wl- 716 wl= 1346|wl= 1292\ wle 1055| wle 885|wls 718
Degreen| Inch -~ pounds Degraes Inch - poundes
T
20,1 96.4 89.3 77.1 64,7 | 52.4 25,1 53,5 48,4 4.8 85,0 | 28.4
.2 97.6 88.6 76,5 64,1 | 5.9 o2 52,2 47.4 40,9 54,5 | 27.8
o8 96,8 87.9 75.8 63,6 | 51.5 .3 51.3 46,6 | 40,2 $5.7 | 27.%
.4 [ 96,0 87.1 75,2 65,1 | 5% o4 50,2 45,6 | 89,8 58,0 | 26,7
-5 95.2 86,4 74,6 62,6 | 50.8 o5 49,8 4.7 38,6 52.4 | 26,2
.8 94,4 85,7 74,0 62,0 | 50,2 .6 48.2 45,7 | 37.8 0,7 | 256
o7 98,4 84.8 73,2 | 6l.4 | 49.7 o7 47.3 42.9 | 37.0 5.1 | 251
8 92,6 84,1 72,6 | 60.9 | 49,8 .8 46,2 41,9 36,2 20,3 | 24.8
.9 91.8 88,3 7.9 | 60,5 | 48.8 .9 45.2 41,1 | 35,4 29.7 | 241
21.0 91.0 82.6 71,3 | 59.8 | 4B.4 26.0 44,2 40.1 84,8 29,0 | 25,8
21.1 90.2 8l.9 70.7 59,3 | 48.0 26.1 431 59,1 33.8 28.5 | 22.9
o2 89.5 | 81,0 69,0 58.7 | 47.5 .2 42,1 38.2 33,0 27.7 | 22.4
.8 88.4 80.3 69,3 58,1 | 47.1 .3 41.1 57.5 | 2.2 27,0 | 2.8
o4 87.6 79.5 68,7 57,6 | 46.6 o4 40.0 56.3 51,8 26,3 | 22.8
o5 86,7 78,7 67,9 57,0 | 46.1 5 38,9 35.5 | 80.5 25.6 | 2037
o6 85.9 78,0 67.5 56,4 | 45.7 .6 38.0 34.5 | 29.7 25,0 | 20.2
o7 84.9 77.1 66.0 55.8 | 45,2 7 6.9 35,5 | 28,9 24.2 | 190.8
.8 84,1 76,4 65,9 55,5 | 44.8 .8 35,8 %2.5 | 28.1 25.5 | 19.1
.0 83.2 7545 65,2 54,7 | 44.8 .9 34,7 2L.5 27,2 22,8 | 18.8
22,0 82.4 74.8 64,6 54,1 | 43,8 27,0 33,7 20.5 26.4 221 17.9
22.1 || 81.¢ | 5.9 | 63.8 | s5.5 | 4.3 27.1 || s2.6 | 20,6 | 25.5 | 2.4 | 17.8
.2 80.6 78,2 63,2 55,0 | 42,9 .2 31,5 28,6 24,7 20.7 | 16,8
.8 79.7 72.% 62.5 52.4 | 42.4 .3 30.4 27.6 23,8 20.0 | 18.2
ot 78.8 7.5 61,7 51.8 | 41.9 4 || 29.3 26.6 23.0 19.3 | 15.8
5 77.9 70.7 61.1 51,2 | 41.5 .5 28.3 25,7 22.2 18.6 | 15,0
.6 77,0 68,9 60,3 50,6 | 41.0 8 || 27.2 24,7 21,3 17.9 | 4.5
o7 76,0 69,0 | 59,6 50.0 | 40.5 7 | 2641 23,7 20.5 17,2 | 18.9
.8 75.8 68.3 59,0 49.5 | 40.0 .8 || 25.0 22,7 19.6 16.5 | 18,8
o0 74,58 67.5 58,2 40.8 | 39,5 9 || 24,0 21,8 18.8 15,7 | 12.7
25,0 78.4 66,6 57.5 48.2 | 359.1 28,0 | 22.8 20,7 17.8 15.0 | 12,1
28,1 724 65,7 56,8 47,6 | 28,5 28.1 21,7 19,7 17.0 4.2 | 1.5
o2 | 71,5 64,9 56,0 47.0 | 38.0 o2 20.6 18,7 16,1 15,5 | 11.0
o8 70,5 64,0 55.8 46,4 | 57.5 o5 19,5 17,7 15,8 12.8 | 10.4
o4 69,7 i 68,5 54,6 45.8 | 371 ot 18,5 16,6 4.3 12,0 9.7
o5 68,8 62,4 58,9 | 45.2 | 36,6 .5 17.2 15,6 18.5 1.8 9.2
o8 87.8 61,6 58,2 44,6 | 36,1 .8 16.2 14.7 12,7 10,6 8.6
o7 66.9 60,7 52,4 44.0 | 35.6 o7 14.9 13.6 11,7 9.8 8,0
8 66,0 59,9 51,7 43,4 | 35.1 .8 13,9 12.6 10.9 9.1 744
9 85,0 59,0 51,0 42.7 | 34.6 K- 12,8 11.6 10.0 8.4 6.8
24.0 68,9 58,0 50,1 42,0 | 54.0 29,0 11.6 10,5 9.1 7.6 8.2
24,1 || 63,0 57,2 49.4 4.4 | 353.5 20,1 10.5 9.5 8,2 8.9 5.8
.2 62.1 56,8 48,6 40.8 | 35,0 .2 9.3 8.4 7.5 | 6.1 4.9
o5 61,1 §5.5 47,9 40,2 | 52.5 .5 8.2 7,5 6.4 5.4 4.4
o4 60,2 54,6 47.2 89.5 | 52.0 o4 7.0 6.4 5.5 4.6 8.7
5 || 59.2 53,8 46,4 58.9 | 1.5 5 5.9 i 5.4 4,6 5.9 8.2
.6 || s8.2 52,8 45,8 58.2 | 30,9 .6 4.7 4.3 3.7 8.1 2.5
o7 || 57,2 51.9 44,8 57.6 | 50.4 o7 3.5 3.2 2,7 2,8 1.9
.8 56,3 51,1 4.1 37,0 | 29,8 .8 2.4 2.2 1.9 1.6 1.8
9 55,2 50.1 43,5 56.5 | 20.4 9 | 1.2 J 1,1 9 .8 .e8
25,0 54,5 | 49,2 42,5 $5.7 | 28,9 30.0 |; 0.0 0.0 | 0.0 0.0 0.0
I
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