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LEGEND OF TERMS

A = Choker angle

B = Angle between log and ground

B1 = Angle between log and ground

C = Clearance between the top of the front end of the log and the ground

C1 = Clearance between the carriage and the ground

C2 = Carriage type

C5 = Previous C6

C6 = Fraction of W4 in V4

C7 = Fraction of W4 in H4

C8 = Fractional distance from the end of log to the center of gravity

D( ) = Array of horizontal distances from the headspar to the carriage

D = Horizontal distance from the headspar to the carriage

D1 = Horizontal distance from the carriage to the end of the log

= X coordinate of carriage with the end of the log at X(I+l)

= Distance from the end of the log to the point where the choker is
attached

= Horizontal distance from the end of the log to the front of the log

E = Constant in the elliptical path equation

E3 = Previous value of T

E4 = Current value of T

E5 = Reciprical of the fractional distance from the center of gravity of
the log to the point of choker attachment divided by the distance

from the end of the log to the point of choker attachment

F = Number of terms in the D( ), P( ), S( ), and V( ) arrays

F1 = File yarder is to be loaded from

F3 = Previous value of the function



F4 = Current value of the function

G1 Minimum Y coordinate

G2 = Maximum Y coordinate

= Maximum difference in values of the X coordinates

G4 = X graph limit for plotting profiles

G5 = Y graph limit for plotting profiles

G6 = X offset for plotting profiles

= Y offset for plotting profiles

H = Vertical distance from the top of the tailspar to the top of the
headspar

H1 = Horizontal component of the force in line 1 at the carriage

H2 = Horizontal component of the force in line 2 at the carriage

H3 = Horizontal component of the force in line 3 at the carriage

H4 = Horizontal component of the force in the choker at the carriage

H6 = Headspar height

H7 = Tailspar height

I = Terrain point number

11 = Input control parameter

15 = Integer value of headspar terrain point plus 1

16 = Integer value of tailspar terrain point

K = Constant

K1 = Constant which equals Y/D

K2 = Constant which equals (Y-H)/(L-D)

K7 = Constant

= Constant

L = Span length which equals the horizontal distance from the headspar
to the tailspar
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L1 = Length of choker from the carriage to the top of the log

L2 = Distance from the choker to the end of the log

L3 = Length of the log

L4 = Distance from point of choker attachment to ground below the end
of the log

L5 = Required rigging length

M = Constant

= Constant

Constant

= Constant

M4 = Constant

N = Constant

N1 Number of terrain points

N5 = Plot parameter which causes the log to be plotted every third point

0 = Constant

P( ) = Array of slope angles

P = Slope angle

= Profile number and file profile is stored in

P5 = Profile plot parameter

R = Type of skyline

R1 = Total weight in line 1

= Total weight in line 2

= Total weight in line 3

R4 Running skyline parameter

R5 = Rc/Rm

= Rs/Rm

R = Distance from the center of the drum in the carriage to the dropline
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4

Rm = Distance from the center of the drum in the carriage to the mainline

R5 = Distance from the center of the drum in the carriage to the slackline

S( ) = Array of terrain points

S. = Headspar terrain point

= Tailspar terrain point

S3 = Terrain point of inner yarding limit

S4 = Terrain point of outer yarding limit

S5 = Terrain point step size

S5 = Terrain point step size

S7 = Step size between terrain points

= Step size between terrain points

S = Terrain point number

T = Allowable haulback plus slackline tension

T0 = Allowable slackline tension

T1 = Maximum allowable skyline tension

T2 = Maximum allowable haulback tension

T3 = Maximum allowable mainline tension

T5 = Tension in lines 1 and 2 at the carriage

T7 = Tension at the headspar in line 1

T8 = Tension at the headspar in line 3

T9 = Tension in the mainline plus the slackline at the carriage

Tm = Tension in the mainline at the carriage

Tma = Tension in the mainline at the headspar

Tc = Tension in the choker at the carriage

T5 = Tension in the slackline at the carriage

U = Coefficient of friction between the log and the ground

U4 = Minimum line length



U5 = Line length

V( ) = Array of the ground elevations below the carriage

V1 = Vertical component of the force in line 1 at the carriage

V2 = Vertical component of the force in line 2 at the carriage

V3 = Vertical component of the force in line 3 at the carriage

V4 = Vertical component of the force in the choker

W = Haulback plus the slackline weight per foot

W0 = Slackline weight per foot

W1 = Skyline weight per foot

W2 = Haulback weight per foot

W3 = Mainline weight per foot

W4 = Maximum log weight

= Carriage weight

w7 = Maximum log weight with the skyline or haulback being limiting

w8 = Maximum log weight with the mainline being limited

X( ) = Array of X coordinates

X1 = X coordinate of the top of the headspar

x2 = X coordinate of the top of the tailspar

X3 = X coordinate of the bottom of the headspar

X4 = X coordinate of the bottom of the tailspar

X5 = X coordinate of the inner yarding limit

X6 = X coordinate of the outer yarding limit

X7 = X coordinate of the end of the log

X8 = X coordinate of the carriage

X9 = X coordinate of the ground below the carriage

Y( ) = Vertical distance from the top of the headspar to the carriage

= Y coordinate of the top of the headspar
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= V coordinate of the top of the tailspar

V3 = V coordinate of the bottom of the headspar

V4 = V coordinate of the bottom of the tailspar

V5 = V coordinate of the inner yarding limit

V6 = V coordinate of the outer yarding limit

V7 = V coordinate of the end of the log

= V coordinate of the carriage

V9 = V coordinate of the ground below the carriage

V$ = Yarder name

Z( ) = Array of X and V coordinates which are loaded from tape
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ABSTRACT

This paper describes a mathematical formulation and a computer program

in basic language for analyzing the load carrying capacity of skyline

systems using the effects of log drag. The actual log and ground geometry

are used in the analysis of the payload capacities for standing, live and

running skylines. The paper uses an example problem to show the effects

of the various parameters used in computing payload capacity using the

effects of log drag (choker length, log length, log to ground clearance,

point of choker attachment, center of gravity of the log, coefficient of

friction, and type of carriage).

The method described in this paper was compared with an existing

method which calculates skyline payloads for a fully suspended load. It

was found that when logs have one end suspension, there can be considerable

difference in the payloads calculated by the two methods.
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INTRODUCTION

An important step in planning skyline logging systems is the deter-

ruination of the load-carrying capacity of the skyline system while anchored

in a specific geometry and operating over a specific terrain. Several

methods are now available to determine the load-carrying capacity of this

type of system: graphical-tabular handbook approaches and mathematical

solutions using hand held, desk top, and large computer systems. However,

until recently none of these systems took into account the effect of log

drag and the effect of the actual log to ground geometry. Recently,

Gary Falk (6) developed a series of HP 67 programs which consider the

effect of the actual log to ground geometry.

Most of the methods currently used assume a fully suspended load.

The Skyline Analysis Program on the HP 9830 assumes a fully suspended

load and increases the net load by 50 percent for a dragging log.

The effects of the forces due to log drag on the skyline and mainline

depend on the angle the log makes with the ground, length of the log, length

of the choker, carriage clearance, ground slope, weight of the

turn, log diameter, point of choker attachment and the coefficient of

friction between the log and the ground. Carson (2) developed equations for

using the effects of log drag in determining the load carrying capacity

of running skylines. The equations developed by Carson determine the

forces at the carriage for a given angle between the log and the ground.

The equations cannot be applied directly to a standing skyline where the

angle the log makes with the ground varies as the load is brought in.

With a standing skyline, the length of the skyline is fixed during

the yarding cycle. The length of the skyline is often fixed at a length
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such that the log will have at least one end suspended at all points.

This is done to eliminate the soil displacement damage caused by the

plowing of the front end of the log. Once the length of the skyline is

fixed, the angle the log makes with the ground along the skyline road

varies according to the ground slope, length of the log, length of the

choker and carriage clearance.

Desk top computer systems, such as the HP 9830, HP 9845, and the

Techtronics 4051, provide one of the easiest and fastest methods for

entering profile data and determining the load carrying capacity of sky-

lines. These systems have the ability to enter profile data from a

digitizer, keyboard, files, X, Y coordinates, or slope, % slope data.

The profile data can be stored for later use, analyzed, and plotted

with these systems.

This paper describes a mathematical formulation, a computer program

written in basic placed on the HP 9830 and the effects of the various

parameters in using log drag for determining the load carrying capacity of

live, standing and running skylines.
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OBJECTIVES

The purpose of this study is to analyze the effects of using log drag

for determining the load carrying capacity of live, running and standing

skylines, and to develop a working model on the HP 9830 for determining

the payload capacity of these skyline systems with the effects of log drag

included in the model. The specific objectives will be as follows:

Develop a computer program written in basic and placed on the

HP 9830 which will determine the load carrying capacity for a live,

standing, and running skyline system given; the allowable mainline

tension, the allowable skyline tension, log to ground geometry,

the log length, choker length, log to ground coefficient of

friction, yarder specifications, ground profile and cable system

geometry.

Determine individually the effects of the various parameters

used in the model (choker length, log length, log to ground

clearance, point of choker attachment, center of gravity of the

log, coefficient of friction, and type of carriage), and their

effect on the load carrying capacity, mainline tensions, and

skyline tensions.

Compare the results obtained using the HP 9830 Skyline Analysis

Program with the results from the Skyline Analysis Program with

Drag developed ir this paper.
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X(I),Y(I)

H4=C7W4

(X9,Y9)

MATHEMATICAL FORMULATIONS

The symbols used in the following formulations are all described in

the Legend of Terms. The terms used are all terms which could be programmed

into the HP 9830 and the equations shown are the ones used in the computer

programs.

Log Drag for a Live and a Running Skyline

For the purposes of this paper a live skyline will be defined as a

system having two lines; a skyline and a mainline, where the skyline length

is varied to maintain a constant log to ground clearance (C) as shown in

Figure (1). A running skyline is a system where the haulback line runs

through a sheave in the carriage, through a block at the tailspar, and is

then connected to the carriage. It has one or two additional lines, a

mainline and a slackpulling line, which run from the headspar to the

carriage. In a running skyline the haulback line length will vary to main-

tain a constant log to ground angle (B1).

v4= c6w4

l'x (x8,Y8)

11
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Figure 1. Log to Ground Geometry for a Running and a Live Skyline.



The following values are known:

C, P. X(I), Y(I), X7, y7, X(I+i), Y(I+i), L3, L2, E5, Li

We want to find: C6, C7, C1, X8, Y8

12

For the geometry shown in Figure 1, Carson (2) developed the following

equations for determining the horizontal and vertical forces at the

carriage due to a dragging log:

cos(P+B1 )/E5
H = W (UcosP+sinP)( (1)4 4 cosB1+UsinB1

cos(P+Bi )/E5
V4

= W4[l+(UsinP-cosp)]( ) (2)BUB

However, we wish to find C6, C7, Ci, X8, Y8 so let:

C7 = H4/W4 (3)

C6 = V4/W4 (4)

K = cos(P+B)/[E5(cos(B1)+Usin(B1))] (5)

Then:

P = Tan[(Y(I)-Y(I+i)]/[X(Ii)-X(J)] (6)

B1 = sin'(C/L3) (7)

E5 = L2/(L2-L3/2) (8)

C7 = [Ucos(P)+sin(P)]K (9)

C6 = [1+(Usin(P)-cos(P)]K (10)

A = 90-tan'(C7/C6) (ii)

X7 = X8+L2cos(P+Bi)+Licos(A) (i2)

= Y7+L2sin(P+Bi)+Lisin(A) (13)

= Y7+(X9-X7)sin(P) (i4)

Ci = (15)



With this set of equations the geometry and fraction of the log

weight that is in the vertical and horizontal components of the choker

at the carriage can be determined for a given log length, choker length,

point of choIer attachment, location of the center of grav-ity, and the

ground slope.

Log Drag for a Standing Skyline

For a standing skyline the log to ground clearance (C) is unknown,

but the carriage clearance C1 can be found from the elliptical load path

equations, the skyline length, and the cable system and ground geometry.

So, referring to Figure 1, we are given: C1, P, X(I), Y(I), X(I+l),

Y(I+l), X8, Y8, X9, Y9, L2, L3, E5, L1.

We want to find: C6, C7, B1, A

Referring to Figure 2:

C' = C1-L1sin(A)+L1cos(A)tan(P) (16)

A = 90-tan1(C7/C6) (17)

Then from the law of sines and Figure 2:

L
2 = C

sin(90+P) sin(B1) (18)

Substituting in equation (16) and simplifying yields:

= C1-L1sin(A)-1-L1cos(A)tan(p)

cos(P) sin(B1) (19)

13



v4=c6w4

H4=C7W4

It
L1s in (A)

C

C
C1-;L1sin(A)

L1co (A)tan(P)

1cos(A)
p

Figure 2. Log Geometry for a Standing Skyline.

Solving for B1:

To solve for C6 and C7 these equations are transcendental (cannot be

manipulated algebraically for direct solution), so an iterative type

solution is needed. First, for an initial guess of B1 we can assume

14

B, = sin c P)
(20)

C7 and A:

(C1+L1(cos(A)tan(P)-sin(A))]
I L2

Now, the following equations can be used to solve for B1, C6,

B1 = sin c50) (C1+L1(cos(A)tan(P)-sin(A))] (20)
I 2

K = cos(P+B1)/(E5(cos(B1 )+IJsin(B1))) (5)

C7 = (Ucos(P)+sin(P))K (9)

C6 = (l+(Usin(P)-cos(P))K (10)

A = 90-tan(C7/C6) (17)



and L2 are a straight line as shown in Figure 3.

Figure 3. Geometry for an initial guess of B1.

Using the law of sines for the geometry of Figure 3, we obtain:

L1-FL2 Cl

sin(90-FPT sin(B1)

B1 = sin[C1sin(90+P)/(L1+L2)]

The iterative procedure is to first use equation (22) to arrive at an

initial guess of B1. Then this value is used in equations (5), (9) and (10)

to solve for C7 and C6. Using these values of C5 and C7, the value of A

can be found from equation (17). This value can then be used in equation

(20) to solve for a new value of B1.

Then the new value of B1 can be used in equations (5), (9) and (10) to

solve for C7 and C6. This process is then continued until the value of

changes by less than 0.001. This is not a conventional type iterative

procedure, but for this problem it tends to converge very rapidly.

15



Live and Standing Skyline Loads and Line Tensions

The following analysis uses a rigid link assumption for the lines,

and neglects line stretch. Figure 4 below shows the cable system geometry

for this problem.

Headspar

Figure 4. Cable System Geometry.

Y4)
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H1-(

H3

Figure 5 shows the geometry and forces acting on each line segment

for this problem.

V1A
V2B

Line Segment 2
L- D

H,

V3A 'if

Line Segment 3
V1

A

1'

Line Segment 1
D

R1

R3

V3

H3

carriage

Figure 5. Free Body Diagram for a Standing and Live Skyline.

For each line segment the moments can be taken about the upper end.

Since the system is assumed to be in static equilbrium, there has to be a

moment force balance for each line segment. The following three equations

are then obtained:

EMA=O Vl = H1 (Y/D) - /2 (23)

EMB=O V2 = H2 [(Y-H)/L-D] - R2/2 (24)

EMA=O V3 = H3 (Y/D) - R3/2 (25)

17



The carriage is also assumed to be in static equilbrium, so the

horizontal and vertical forces at the carriage must balance. The equations

for the carriage force balance are:

EF=O H3 = -H1 +H2 +H4

EF=O V1 +V2 +V3 = W5 +V4

Let:

K1 = Yb

K2 = (Y-H)/(L-D)

Substituting equations (23), (24), (25), (28),and (29) into equation

(27):

H1 K1 -R1 /2+H2K2-R2/2H3K1 -R3/2 = w5+V4

Now using equation (26) to substitute in for H3:

H1K1-R1/2H2K2-R2/2-H1 K1+H2K1+H4K1-R3/2 = W5+V4

Reducing:

H2(K1+K2)+H4K1-(R1R2R3)/2 = W5+V4

Solving for H2 yields:

= (R1+R2+R3)/2w5v4-H4K1
2

K1+K2

In the above equations R1, R2 and R3 are the forces due to the weight

of the cable in each line segment. These forces can be found from the

following equations:

R1 = w1' D2 + Y2 (34)

(33)

18



R2 = W1 '(L-D)2 + (Y-H)2

= W3 +

The skyline passes under sheaves in the carriage. Assuming a

frictionless sheave, when a line passes under a sheave, the tensions in the

line on both sides of the sheave are equal. So for lines 1 and 2, the

tension in the cables at the carriage are equal. From this relationship

the following equations can be formulated:

Reducing yields:

= + (H2K2-R2/2)2 (39)

Reducing yeilds:

= "H22(l+K22 - R2H2K2 + R22/4 (40)

Once the value of T6 is found the value of H1 can be found by using

equation (38) and the relationship between V1 and H1 from equation (23) as

follows:

T62 = V12 + H12 = H12 + (H1K1 - R1/2)2 (41)

412 + H12 = 422 + H22 (37)

T2 = V12 + H12
or

+ H22 (38)

From equation (33) the value of H2 can be found and using the relation-

ship between H2 and V2 from equation (24), the value of T6 can be found from

the following equation:

19



Then:

H1 = -N 1N2-4MO (46)
2M

The value of H4 can be found from the log drag equations and the

values of H1 and H2 can be found from the previously formulated equations.

Once these values are found the value of H3 can be found from equation (26).

Now the tension in the lines 1 and 3 at the headspar can be found using

equations (23), (25), (28), and (29) as follows:

T6 = (48)1V12+H12 = /(H1K1_R1/2)2+H12

T-M - V2+H
3 3 (49)

- V- (H3K1-R3/2) +H3

Then:

T7 = T6+W1Y = 1"(H1K1_R1/2).2+H12 + w1v (50)

T8 = TM+W3Y
= "(H3K1_R3/2)2+H32 + W3Y (51)

The relationships T7 T6 + W1Y and T8 = TM + W3Y are from the

20

H12(l+K12) - H1K1R1 + R12/4 - T62 = 0 (42)

Since H1 is the only unknown in this equation, the solution can be

found from the quadratic equation as follows:

Let:

M = l+K12 (43)

N = (44)

0 = R12/4-T62 (45)
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catenary equation. This is one of the more simple and easy to use relation-

ships from the catenary equations. This relationship will be used to convert

tensions from the carriage to the headspar and from the headspar to the

carriage. It will be used to convert the magnitude of the force, and the

rigid link equations will be used to determine the direction of the force.

The previously formulated equations assumed the log weight was known.

If the log weight is known, then from the previously formulated equations

the mainline and skyline tensions can be found. However, it is useful to

know what log weight will cause the mainline or skyline to be at its maximum

allowable tension.

The following analysis is a method of determining the maximum allowable

load which will cause the skyline to be at its maximum allowable tension.

First, assuming the skyline is at its maximum allowable load, then the

value of H2 can be found using equation (24) in the followinci analysis:

T6 = T1 - W1Y (53)

T62 = H22 + V22 = H22 + (H2K2-R2/2)2 = (T1-W1Y)2 (54)

Reducing yields:

H22(l+K22)-H2K2R2 + R22/4 - (T1-W1Y)2 = 0 (55)

To solve for H2 the quadratic equation must be used as follows:

Let:

M = l+K22
( (56)

N = -K2R2 (57)

0 = R22/4 - (T1-w1Y)2 (58)



Then:

H2 - -N + "N2-4MO
2M

If the value of H2 is known, equations (3) and (4) can be used to

substitute for the value of H4 and V4 in equation (33) and then the value

of can be solved for in equation (33) as follows:

(R1+R2+R3)/2 + W5 + C6W7 - C7W7K1
H2

- K1+K2

Solving for W7 yields:

H2(K2+K1) - w - (R1-i-R2-i-R3)/2

6

With the above equations, the log weight can be found which causes

the skyline to be at its maximum allowable tension. However, in some cases

the mainline will be the limiting factor in determining the maximum log

weight. The following analysis is a method of determing the log weight

which will cause the mainline to be at its maximum allowable load.

From equation (26):

H1 = H2 - H3 + H4 (62)

H12 = H22 + H32 + H42 - 2H4H3 + 2H4H2 - 2H3H2 (63)

Then from equations (38), (23) and (24):

V12 + H12 = V22 + H22 (64)

22

(59)



(H1K1-R1/2)2 + H12 = (H2K2-R2/2)2 + H22

H12(1+K12) - H1K1R1 + (R12-R22)/4 - H22(1+K22) + H2K2R2 = 0 (66)

Substituting the values of H1 and H12 from equations (62) and (63)

into equation (66) yields:

H22(K12-K22) + H2(2H4(l+K12) - 2H3(l+K12) - K1R1+K2R2)

+ H32(1+K12) + H42(1+K12) - 2H4H3(1+K12) + H3K1R1

- H4K1R1 + (R12-R22)/4 = 0 (67)

Now let:

V4 = C6W8 (68)

H4 = C7W8 (69)
w5 + (R1+R2+R3)/2

= K1+K2 (70)

M2 = (C6-C7K1)/(K1+K2) (71)

3 1 - 3 (72)

M4 = 1 + K12 (73)

Substituting (68), (69), (70), and (71) into equation (33) gives:

H2 = + M2W8 (74)

H22 = M12 + 2M2M1W8 + M22W82 (75)

Substituting equations (68), (69), (72), (73), (74), and (75), into

equation (67) yields:

23
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Let:

(M12 + 2M2M1W8 + M22W82)M3 + (M1+M2w8)(2c7w8M4 - 2H3M4

- K1R1 + K2R2) + H32M4 + C72W82M42 - 2C7W8H3M4 + H3K1R1

- C7W8K1R1 + (R12 - R22)/4 = 0

Simplifying yields:

W82(M22M3 + 2M2M4C7 + C72M4) + W8(M2(2M3M1 - 2H3M4 - K1R1

+ K2R2) + 2C7M4(M1 - H3) - C7K1R1) + M1(M1M3 - 2H3M4 - K1R1

+ K2R2) + H3(H3M4 + K1R1) + (R12 - R22)/4 = 0

To solve for W8 the quadratic formula must be used as follows:

M = M22M3 + 2M2M4C7 + C72M4 (78)

N = M2(2M3M1 - 2H3M4 - K1R1 + K2R2) + 2C7M4(M1.-H3) - C7K1R1 (79)

0 = M.(M.M3- 2H3M4 - K1R1 + K2R2) + H3(H3M4+K1R1) + (R12-R22)/4 (80)

Then:

w8_N+/N24M0
2M

The value of H3 to be used in the above equations can be found

using equation (25) in the following analysis:

TM2 = V32 + H32 = (H3K1-R3/2)2 + H32 = (T3-W3Y)2

Reducing yields:

(84)

24



Then:

H3
-N +1N2_4M0

2M (88)

The solution procedure for finding the maximum allowable log weight,

is to find the maximum log weight with the skyline being limited and then

find the maximum log weight with the mainline being limited. The smaller

of these values is then the maximum log weight. The limiting line will

then be at its maximum allowable tension and the tension in the.other

line can be found from the formulas which give the tensions in the lines

for a given log weight.

Running Skyline Loads and Line Tensions

The analysis method for a running skyline is essentially the same as

for a standing and live skyline, only in place of line 2 are two lines

with equal tensions. The mathematical formulation shown here for a

running skyline will be reduced, just showing the essential equations and

analysis. For more details on the analysis refer to the standing

and live skyline analysis which is essentially the same with only a few

changes in each equation. The cable system geometry for a runninq skyline

is the same as shown in Figure 4. The geometry and forces acting on

25

The solution to equation (84) can be found using the quadratic

formula as follows:

Let:

M = l+K12 (85)

N = -K1R3 (86)

0 = R3/4 - (T3-w3Y)2 (87)



V1
A

Line Segment 1
I D
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each line segment are as shown in Figure 6.
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Line Segment 3

R3
H3
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Y-H

Line Segment 2
L-D

Line Segment 2
L- D

V2
B
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Figure 6. Free Body Diagram for a Running Skyline.

For a running skyline, the equations for the moment and vertical

force balance for each line segment remain essentially the same as equations

(23), (24), (25), (28), and (29). These equations are as follows:

Let:

K1 = Y/D (89)

V3 V2



Using these equations, the following equation for H2 can be for-

mulated:

Wç + VA + (,R,+2R2+R3)/2 - H4K1
H2 =

2(1(1+1(2)

The equation for R1, R2 and R3 are only changed by substituting for

the different line weights as follows:

R1 = W2 D2+Y2 (100)

R2 = W2 (L-D)2+(Y-H)2 (101)

R3 = W 1D2+Y2 (102)

(99)

The haulback on a running skyline also passes over a sheave in the

carriage, so assuming a frictionless sheave, the tensions in lines 1 and 2
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K2 = (Y-H)/(L-D)

Then:

(90)

EMA = 0 V1 = H1K1 - R1/2 (91)

EMB = 0 V2 = H2K2 - R2/2 (92)

EMA = 0 V3 = H3K1 - R3/2 (93)

The equations for the carriage force balance are the following:

EFx=0 2H2+H4-H1 +H3=0 (97)

EFy=0 V1+2V2-V3-W5-V4=0 (98)



at the carriage will be equal which are also equal to the tension in line 2

at the carriage. From this relationship, the following equations can be

formulated:

16 = v'V12H12 =

T62 = V12 + H12 = V22 + H22

Substituting for the value of V2 from equation (92) into equation

(103) yields:

_M
- v"N24MO

H
-

1 2M

(103)

(1 04)

(1.10)
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T6 = H2 + (H2K2-R2/2)2 (105)

Once the value of T6 is found, the following equation can be formulated

from equations (104) and (91) to find the value of H1:

H12(l+K12) - H1K1R1 + R12/4 - T62 = 0 (1 06)

The solution to this equation for H1 can be found from the quadratic

formula as follows:

Let:

N = l+K12 (107)

N = -K1R1 (108)

0 = R12/4 - T62 (109)

Then:



Once the values of H1 and H2 are found from equations (99) and

(110), the value of H3 can be found from equation (97). When the values

of H1 and H3 are known, the tensions in lines 1 and 3 at the headspar

can be found from the following equation:

17 = 1H12 + (H1K1-R1/2)2

18 = /H32 + (H3K1-R3/2)2 + w3Y

The previously formulated equations are for determining the haulback

and mainline tensions for a given log weight.

The following analysis is for determining the maximum allowable log

weight with the haulback being limited by its maximum allowable load:

16 = 12 - W1Y (113)

162 = H22 + V22 = H2 + (H2K2-R2/2)2 = (T2-W2v)2 (114)

Reducing yields:

H22(l+K22) - H2K2R2 + R22/4 - (T2-W2Y)2 = 0 (115)

To solve for H2 the quadratic formula must be used as follows:

Let:

M=

N =

0 = R22/4- ( )2

+ wlY (111)

(112)
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Then:

H
-N + v'N2 4M0

2 2M

Once the value of H2 is known, equations (2) and (3) can be used

to substitute in for the values of V4 and H4 and the resulting equation

can be solved for W7 yielding the following equation:

w7

With the above equation, the log weight can be found which will cause

the haulback to be at its maximum allowable tension. However, with a

running skyline, the mainline will often be the limiting factor in deter-

mining the maximum log weight. The following analysis is a method of

determining the log weight which will cause the mainline to be at its

maximum allowable load.

First, by substituting equations (91), (92) and (97) into equation

(104) and simplifying yields:

H22(4K12-K22+3) + 2H2(2H4(l+K12)-2H3(l+K12)+K1R1-1-K2R2/2)

+H32(l+K12)+H42(l+K12)-2H4H3(l+K12)+H3K1R1-H4K1R1

+(R12-R22)/4 = 0 (121)

Then let:

V4 = C6W8 (122)

H4 = C7W8 (123)

2H2(K2+K1) - - (R1+2R2+R3)/2

- C6C7K1

(119)

(1 20)
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(R1+2R2+R3)/2 + w5
M1 - 2(K1+K2) (124)

C6- C7 K1

M2 - 2(K1+K2) (125)

M3=4K12-K22+3 (126)

M4 = 1 + K12 (127)

Substituting equations (122), (123), (124), and (125) into equation

(99) yields:

H2 = M1 + M2W8 (128)

H22 = M12 + 2M2M1W8 + M22W82 (129)

Substituting equations (122), (123), (126), (127), (128), and (129),

into equation (121) and simplifying yields:

W32(M22M3+4M2M4C7+C72M4) + W3(M1 (M1M3-4H3M4-2K1 R1+K2R2))

+H3(H3M4+K1R1) + (R12-R22)/4 = 0 (130)

To solve for W8 in this equation the quadratic formula can be used
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as follows:

Let:

M = M22M3 + 4M2M4C7 + C72M4 (131)



Then:

- -N 1N2-4M0
2M

The value of H3 to be used in the above equations can be found using

equation (93) as follows:

TM2 = V32 H32 = (H3K1-R3/2)2 H32 = (T3-w3Y)2 (135)

Reducing yields:

H32(K12+l) - H3K1R3 R32/4 - )2
= 0 (137)

The solution to equation (137) can be found using the quadratic

formula as follows:

H3
2M4

K1R3 K1R3-4M4(R3/4-(T-wY))

(134)

(139)

The solution procedure for finding the niaxiniuni allowable log weight

is to find the maximum log weight with the haulback being limited and then

find the maximum log weight with the mainline being limited. The smaller

of these values is then the maximum log weight. The limiting line will

then be at its maximum allowable tension and the tension in the other line

32

N = M2(2M3M1-4H3M4-2K1R1K2R2) 2C7M4(2M1.-H3) - C7K1R1 (132)

0 = M1(M1M3-4H3M4-2K1R1K2R2) H3(H3M4K1R1) (R12-R22)/4 (133)



can be found from the formulas which give the tensions in the lines for

a given log weight.

Standing Skyline Length and Carriage Clearance

A standing skyline has a fixed line length. For this analysis it is

assumed that this line length is fixed such that the log will have a specified

minimum amount of one and suspension at all points along the skyline.

This line length is found by placing the log, with its minimum required

clearance along the terrain as described in the section Terrain Point

Step Size." The line length for each of these points along the terrain

is then determined. The line length is then fixed at the shortest of

these lengths.

The carriage clearance is found from the equations shown for log drag

of a live skyline. Once the carriage clearance (C1) is found, using

Figures 1 and 4, the skyline length can be found from the following

equations:

First, from the geometry of Figures 1 and 4:
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"8 = + C1 (140)

Y
"1

- (141)

H = - (142)

D = X8 - X1 (143)

Then the skyline length can be found from the following equation:

U5 = 1D+Y + Y'(LD)2+(yH)2 (144)



This analysis assumes straight line segments and neglects line

stretch.

Once the line length is set,the vertical distance from the carriage

to the tQp of the headspar (Y) can be found from the elliptical load

path equations developed by Carson (1). These equations were modified

Once the value of Y is found, the carriage clearance can be found

from the following equations:

Y8 = Yl - Y (151)

C1 = Y8 - Y9 (152)
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to use the variables from the rest of this analysis.

are as follows:

U4
E-

These equations

(145)
/L+H2

M = E2 + H2(E2-l)/L2 (146)

N = E(l-2D/L) (147)

0 = (l-2D/L)2 - H2(E2-l)/L2 (148)

N = (-N+ABs(H)'N2-4Mo/H)/M (149)

Y = (H(l+EN+Lv"(E2_l)(l_N2)),2 (150)



Once the value of C1 is known the horizontal and verticalforces at

the carriage from the choker can be found by using the analysis shown

for log drag for a standing skyline. Then the formula for determining

standing skyline loads and line tensions can be used to find the maximum

allowable load for each terrain point and the resulting mainline and sky-

line tensions.

Carriage Types

For a standing skyline, which is usually skyline limited, a single

mainline type carriage is assumed in the computer program. For a running

skyline, which is often mainline limited, and where mechanical slackpulling

(MSP) and over/under wound type carriages (Rowley-Parker style) are often

used, the computer program offers a choice of using a single mainline type

carriage, a MSP type carriage or an over/under wound carriage. For a

single mainline type carriage, the equations formulated for a running

skyline analysis can be used as formulated in the section Running Skyline

Loads and Line Tensions." Figures 7 and 8 show a free body diagram for a

MSP and an over/under wound carriage, respectively.
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Tm

Figure 7. Free Body Diagram for a MSP Type Carriageon a
Running Skyline.

)

Rm -

T6

Figure 8. Free Body Diagram for a Over/Under Wound Type Carriage on a
Running Skyline.
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For a over/under wound carriage as shown above, it is assumed the

dropline, mainline and slackpulling line drums in the carriage cannot lock,

and therefore, the sum of the moments about the center of the drums must

be in balance as shown in the following equation:

EM = 0 R-T - RTc - RT = (153)

The analysis for a MSP carriage is the same as for a over/under

carriage only Rm = Rc = R5.

LetT be the maximum tension the mainline plus the slackpulling

line can have at the headspar. If the value of T is known, the equations

derived for a running skyline can be used with T in place of the maximum

allowable mainline tension and with the mainline plus the slackpulling

line weight substituted for the mainline weight. However, the value of

T is generally not known and cannot be solved for directly, so an iterative

type procedure is needed The secant method was the iterative procedure

chosen for this problem with the value of T as the variable and the difference

between the allowable mainline tension and the actual value of the mainline

tension for the chosen value of I as the function. The value of T which

makes the value of the function equal zero will then be the value of T

for which the mainline will be at its maximum allowable tension. For this

problem, the value of mainline tension at the headspar can be found as

follows:

First, rearranging equation (153) yields:
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T T +-- T5
m Rm c Rm (154)



Let:

R
- Rc

5 Rm

- Rs
R6

- Rili

T
TmR5T

5 R6

The value of T, T5 and Tm can be equated using the following equation:

T - WY = T + Tm (159)

Substituting in equation (159) the value of T5 from equation (158) yields:

T -R T

T WY
m Sc- = +T
R6 m

Solving for Tm yields:

R6
Tm = (T-WY

RSTc

l+R6

If the value of the mainline tension at the carriage is known, the

tension in the mainline at the headspar can be found as follows:

T =T +WY
ma m 3

(1 55)

(156)

(1 58)

(162)
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Then substituting equation (155) and (156) into equation (154) yields:

Tm = R5T + R6T5 (157)

Solving for T5 yields:



R5Tc R6
T =(T
ma

-WY+
R6 l-'-R6

+ W3Y

The value of Tc can be found from the following equation:

Tc = W8 C62+C72

The equation for the function can now be written as follows:

T-WY+5867) R6
F4 = T3 - Tma = T3 -

R6 l+R6
W3Y

In the above equation, the value of W8 is found from the equations for

determining the maximum allowable load with the mainline being limited.

Using the secant method, the equation for choosing a new value of T is

the following:

E,1-E

T = E4 - F4
F4-F3

(165)

In this equation E4 is the current value of T, E3 is the last value

of T, F4 is the current value of the function, F3 is the last value of

the function, and T is the new guess for a value of T.

The iterative procedure is then to choose two initial values for

E3 and E4 and find the values of F4 and F3 for these values of T. Then

equation (165) is used to determine a new guess of T. The value of F4 is

then found for this new value of T using the equations for finding W8

given the value of T and equation (164). This procedure is continued until

the value of F4 is within an acceptable tolerance of zero.
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Portions of the preceeding analysis and figures used the methods

devised by Carson (2, 3), Carson and Mann (4, 5), Peters (9), Sessions

(10), and Falk (7).

40



SKYLINE ANALYSIS PROGRAM WITH DRAG

A computer program has been written in Basic and placed on the HP 9830

to solve this problem. This computer program is actually two separate

computer programs. The first program is for entering and storing the

profile data and the yarder specifications. The profile data is stored on

the auxiliary cassette and the yarder specifications are stored on the main

cassette along with the computer programs. Once the yarder specifications

and profile data are stored on the cassette, they do not have to be re-

entered and when an analysis is done they can be used over and over.

The second program is for analyzing the profiles determining the

allowable loads, mainline tensions, and skyline or haulback tensions.

This program uses the yarder specifications and profile data previously

stored on the cassettes.

Profile Input Program

This computer program consists of a mainline memory subprogram,

plus ten subprograms on the special function keys 0 through 9. Figure 9

shows the special function key overlay for both programs. The descriptions

above the special function keys refer to the profile input program.

The descriptions below the special function keys refer to the skyline

analysis program.
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Figure 9. Special Function Key Overlay.

For example, special function key f0 is for entering data from the

digitizer in the profile input program and for entering a new profile from

tape in the skyline analysis program.

The mainline memory subprogram is for initializing the program and

loading the special function key subprograms from tape. Special function

keys f0 through f4 are for entering profile data from a contour map using

the digitizer. Special function key f5 is for reversing a profile. Special

function key f6 is for storing a profile once it is entered. Special

function keys f7 and f8 are for entering profile data by X, Y coordinates

and slope distance, percent slope data respectively. Special function key

f9 is for entering and storing the yarder specifications that are used in

the skyline analysis program with drag. The profile inputs and computer

programs used for these special function key programs are essentially the

same as the ones used on the Skyline Analysis Program (Sessions, 1978).
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TERRAIN POINT STEP SIZE= ±

LIVE SKYLINE PAYLOADS

Figure 10. Typical Printout.

U

LIVE AND STANDING SKYLINE LOAD ANALYSIS (RIG ID LINK ASSUF1PT ION

YAFCIEF SPECS. -THUNDEF:BIF.:c' MOBILE YARDER
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TERRAIN HORZ
F'OINT DIST

MA LOG
LOAD

SKYLINE
TENSION

MAINLINE
TENSION

CARRIAGE LOG TO GROUND
CLEARANCE ANGLE

2. 21i7 ±5±41 345 I 21325 8. 57 .r..I L
3. j 385 ±:383 345 85F4 :3. 51 -z.

4. 3 58± ±26i19 345 81355
5. 0 746 ±:2E:4 34500 :3443 1±. 68 58
6. 0 847 24973 34500 j479.. j 58
7. 0 997 47373 j. 088
8. 0 ±322 5±380 34500 7±64 9. 94 56

STAND I N13 YL I NE PAYLOADS E:ASED ON Ft SKYL I NE LEI3TH OF ±54 42: FT

TERF.:A I N HOR MA::.: LOG SKYL.I NE MAINLINE CARRIAGE LOG TO GROUND
POINT DIST LOAD TENSION TENSION CLEARANCE ANGLE

2. 207 ±4697 3450' 9622: :3. 67 5. 413
2:. iji 2:85 79 345 442:4 2±. 29 26. 71

- Th_. .- .., C,4. 0 5:3j 4:369 345 2±49 C.
5. '.3 7t5 4315 34500 1736 4 5±. 49
4. 0 247 4323 34500 17138 ±15. 4:3 62. 13±
7. 0 997 451± 34500 ±720 ±54. 4:3 1l. Jj1j
8. 0 ±2:22 2±5:3 345 1 :31. 67 ±134. 57

REQUIRED RIGGING LENGTH= 1755. 15

ALLONAE:LE LINE
LOAD WEIGHT

ç:',.'L I NE. 345iO I. 85
MAINLINE 19G I. 4
HAULB ACK
SLRCKL I NE
HEADSPAR HT= 45

PROFII E 14
CARRIAGE NT= TAILSFAR HT= 40
HEADSPAR T. P. = ± TAILSPAR T. P. = 9
INN YARD L I M= ± OUT YAF?D LIri= 9
LENGTH OF I::HOKER= 8 LENGTH OF L0i3=
MIN LOG TO GROUND c:LEARANCE=



However, the programs were all slightly modified to simplify the input

and storing of the profiles. Appendix 1 contains a users guide for using

this program. Appendix 2 contains a copy of the program statements

for this program.

Skyline Analysis Program with Log Drag

Figure 10 shows a typica.l printout of the output for this program.

The yarder specifications and profile data are all entered from tape which

was stored in the profile input program. The carriage weight, tailspar

height, headspar terrain point number, tailspar terrain point number, inner

yarding limit, outer yarding limit, length of the choker, length of the

log, minimum log to ground clearance, and terrain point step size, were

all entered in this program. The terrain point, span, maximum log load,

skyline tension, mainline tension, carriage clearance, log to ground angle,

and required rigging length are all output by this program.

In this program, the mainline memory subprogram initializes the program

and loads the special function key programs from the cassette tape.

Referring again to Figure 9, the descriptions below the special function

key apply to the skyline analysis program with log drag. Special function

key f5 enters the program inputs, analyzes the data, and prints the out-

puts. Once the first profile has been analyzed, special function keys f0

through f4 and f6 through f8 are used to change the inputs specified by

the user which are then analyzed using special function key f5. For

example, after the first profile has been run using special function key

f5, special function keys f0 and f6 could be used to change the profile

data and the carriage weight before analyizing the data using special

function key f5 again. The yarder data, log and choker data, log clearance
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and terrain point step size would all remain the same and would not have

to be input again. If all new data is required for the next analysis

after the first profile is run, then special function key f7 would be

used before using special function key f5 again. Special function key

f9 just gives another listing of the profile. The profile is also listed

in the profile input program. The computer programs were set up in this

way to require the least amount of input.

Appendix 1 contains a users guide for using this program and

Appendix 3 contains a copy of the program statements for this program.
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EFFECTS OF THE PARAMETERS USED IN COMPUTING

THE ALLOWABLE LOADS AND LINE TENSIONS

Appendix 4 contains sample profiles and computer runs to

demonstrate the effects of the various parameters. Figures 17 and 28 in

Appendix 4 show the basic profiles and inputs. The parameters were varied

from this basic data one at a time, to show the effects of the parameters.

The following is a discussion of these computer outputs, and the effects

of the various parameters.

Choker Angle

The smaller the choker angle (A in Figure 1), the higher the horizontal

component of the force at the carriage from the choker will be (H4 in

Figures 5 and 6) and the lower the vertical component of the force at the

carriage from the choker (V4 in Figures 5 and 6). As the horizontal com-

ponent of the force increases and the vertical component of the force

decreases in the choker, this causes an increase in the mainline tension

and a decrease in the skyline tensions. If the skyline is limiting the

allowable load, then the allowable load would increase as the choker angle

decreases. However, if the mainline is limiting the allowable load, then

the allowable load would decrease as the choker angle decreases. Most

of the parameters discussed in the following sections affect the line

tensions in this manner, by changing the choker angle and horizontal and

vertical components of the force at the carriage, shifting the effects of
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load from one line to the other.

Length of Log

Figures 18 and 19 show the effects of the length of the log. For

this example the skyline is limiting, and a longer log causes a higher

mainline tension and a. higher maximum log load, a longer log causes an

increase in the horizontal component of the force at the carriage, a

decrease in the vertical component of the force at the carriage, and a

smaller choker angle. This causes a transfer of the force from the sky-

line to the mainline, which allows a higher log load, if the skyline is

limiting. If the mainline were limiting, a longer log would decrease the

allowable load.

Log to Ground Clearance

Figures 17, 20 and 21 show the effect of the log to ground clearance

(C in Figure 1). Again in this example, the skyline is always limiting

and the higher the log to ground clearance, the lower the maximum log load,

and the lower the mainline tensions. Higher log to ground clearances

cause a higher vertical component of the force at the carriage, and a

larger choker angle. This causes a transfer of some of the load from the

mainline to the skyline and decreases the allowable load if the skyline

is limiting.

Length of Choker

Figures 17 and 22 show the effects of the length of the choker. A

longer choker causes a shortening of skyline in order to maintain the
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minimum log to ground clearance. In the example this caused a decrease

in the maximum log load and a decrease in the mainline tensions. For

a given log weight, the horizontal component and vertical component of the

force in the choker at the carriage remain the same and the choker angle

remains the same. For a given log weight the shorter the skyline, and

less the deflection, the higher the tension in the skyline. So if the

skyline is limiting, the shorter the choker length the higher the load

that can be carried.

Point of Choker Attachment

In the computer program, the choker is. assumed to be attached 2 feet

from the end of the log. This value can easily be changed in the computer

program or could easily be made an input. To change the point of choker

attachment in the computer program, the value of D3 needs to be changed

in statement number 30. The point of choker attachment was changed from

2 feet to 14 feet from the end of the log in the computer program and the

results of the output are shown in Figure 23. Comparing Figure 17 (D3=2)

and Figure 23 (D3=14), placing the choker closer to the center of the log

caused a decrease in maximum load and decreased the mainline tension.

The negative mainline tension at terrain point 8, indicates the mainline

would be slack at this point and the log would slide down the hill with-

out the assistance of the mainline. Placing the choker closer to the

center of the log causes the vertical component of the force at the

carriage to increase, the horizontal component of the force in the choker

at the carriage to decrease, and the choker angle to increase. If the

skyline is limiting, then choking the log closer to the center causes a
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decrease in the maximum log load. If the mainline is limiting then

choking the log closer to the center would increase the maximum log load.

Center of Gravity of the Log

In the computer program, the center of gravity of the log is assumed

to be located a distance of half the log length from the end of the log

(C8=0.5). This value can be easily changed in the computer program by

changing the value of C8 in program line number 85 or this value could

easily be made on input. Figures 24 and 25 show an example of the effect

of having the center of gravity of the log 0.3 and 0.7 of the length of the

log from the end of the log. In this example, having the center of

gravity closer to the end of the log (C8=0.3) increased the mainline tension

and caused the mainline to be limiting in some cases. Also, the maximum

log load increased because the skyline was limiting with C8=0.7. Having

the center of gravity closer to the end of the log (C8=0.3) caused more

of the load to be taken by the mainline and less to be taken by the sky-

line. The closer the center of gravity of a log is to the end of the log,

the higher the horizontal component of the force in the choker, the lower

the vertical component of the force in the choker, and the smaller the

choker angle. If the skyline is limiting, a higher load can be carried

for a log, with its center of gravity closer to the end of the log. If

the mainline is limiting a higher log load can be carried with a log

that has its center of gravity farther from the end of the log.

Coefficient of Friction

Values of the coefficient of friction reported in the literature have

generally varied from a value of 0.5 to a value of 1.0 with a value of 0.6
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for the coefficient of friction being the most commonly used value in

most engineering calculations. The computer program assumes a value of

U=0.6, however, this value is very easy to change and could be made an

input. Figures 17, 26 and 27 show the effect of the coefficient of

friction. The coefficient Of friction was 0.6 for output shown in Figure

17, 0.4 for the output shown in Figure 26 and 0.8 for the output shown in

Figure 27. For the examples shown in Figures 26 and 27, changing of

the coefficient of friction from 0.4 to 0.8 did not significantly change

the maximum log loads, but did cause the mainline tensions to increase.

For a log with a given one end suspension, increasing the coefficient of

friction causes the choker angle to decrease and causes the tension in

the choker to increase. When the skyline is limiting, the increase in

load from a decreased choker angle is offset by an increase in the choker

tension. When the mainline is limiting, increasing the coefficient of

friction would cause an increase in the mainline tension and a decreased

log load.

Terrain Point Step Size

Figures 11 and 12 show the effect of the terrain point step size.

As shown in Figure 11 for a terrain point step size of 2 every second

terrain point is analyzed with the carriage directly above the terrain

point and for a terrain point step size of one every terrain point is

analyzed. Similarly, for a terrain point step size of 3 every third terrain

point would be analyzed and for a terrain point step size of 4 every

fourth terrain point would be analyzed. Figure 12 shows that for a

terrain point step size of 5 (1/2) two points are analyzed between terrain
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points, one with the carriage directly above the terrain point and one

with the end of the log on the next terrain point. For a terrain point

step size of .33 (1/3) three points are analyzed between terrain points

as shown in Figure 12. Similarly for a terrain point step size of .25

(1/4) four points between terrain points would be analyzed and for a

terrain point step size of .20 (1/5) five points between terrain point

would be analyzed. The advantage in analyzing more terrain points is

that the critical point for the payload is more likely found. Also,

for a standing skyline analyzing more terrain points assures that the

minimum line length is more accurately found.

Type of Carriage for a Running Skyline

Figures 28, 29, 30, and 31 show the effect of the different types

of carriages. In these examples the mainline is always limiting. The

MSP carriage gave the highest log loads, the over/under wound carriage

with R5=R6=l.5 the second highest loads, the over/under wound carriage

with R5R6=2.O the third highest log loads, and the single mainline type

carriages giving the lowest loads.* However, the single mainline carriage

gave a higher load on a few of the terrain points with flatter or downhill

slopes. For the downhill and the flatter uphill slopes, more of the log

load is transferred to the haulback with a single mainline carriage, since

the choker tension is not transferred directly to the mainline through a

sheave or series of drums in the carriage. The MSP and over/under wound

carriages are generally more efficient, since the slackpulling line carries

a portion of the load. The smaller the ratios of the mainline drum

*See the section on carriage types for an explanation of R5 and R6.
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diameter to the dropline and slackpulling line drum diameter (R5 and

the more efficient is the over/under wound carriage and the more load

the slackpulling line will carry.
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COMPARISON WITH SKYLINE ANALYSIS PROGRAM

Figure 13 shows an example of the output from the Skyline Analysis

Program on the HP 9830. The value input for the loaded carriage clearance

to insure a specified amount of one end suspension is generally a guess.

A value of 9 was used in this example because it was the average carriage

clearance found using the Skyline Analysis Program with Drag (Figure 14).

In the standing skyline output, the carriage clearance can greatly vary

and it is generally a guess whether to use the dragging load or the flying

load for the actual loads. The value for the dragging loads was deter-

mined by multiplying the flying log loads by 1.5. The Skyline Analysis

Program does not determine or limit the mainline tensions. To accurately

determine the mainline tension for a dragging log, the horizontal component

of the force from the choker has to be used in the analysis. Figure 14

shows the output for this same profile using the Skyline Analysis Program

with Drag. For the live skyline analysis, which would have a dragging

load, the Skyline Analysis Program with Drag gave a lower payload for the

first few terrain points since the mainline was limiting and the Skyline

Analysis Program on the HP 9830 does not even check the mainline tensions.

For the rest of the terrain points, the Skyline Analysis Program with

Drag gave higher payloads. The negative mainline tension for terrain

point 13 indicates the mainline is slack and the log would be sliding

down the hill. For the standing skyline payloads, the two programs give

similar results, since the load is flying for most of the terrain points.

This example demonstrates that for a dragging log, using the fully
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suspended payload or using the fully suspended payload and the "rule of

thumb" that a l5 times greater load can be dragged than flown, can result

in payloads which differ by over 50 percent.
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ASSUMPTIONS AND LIMITATIONS

The log diameter was neglected in the analysis. For a log which is

reasonably long as compared to its width, with its choker located near

the end, and the center of gravity near the center of the log, the

amount of error will be small in neglecting the log diameter. Peters

(9) developed equations similar to Carson's (2) which consider the

effects of the diameter. These equations could be used, only they are

a little more complex and would require an additional input to the

program forlog diameter.

The cable segments were all analyzed using a rigid link analysis as

an approximation to the more accurate catenary-type analysis. The

error involved in using a rigid link analysis is generally small for

taut cables. Since the skyline systems are analyzed using the maximum

log weight, the skyline in the standing skyline and live skyline

analysis is generally taut. When yarding uphill, a dragging log

tends to increase the mainline tensions, so the mainline will usually

be reasonably taut for a dragging log. In the running skyline analysis,

all of the cables help provide lift, so all of the cables will generally

be taut. The biggest possible source of error in the skyline analysis

using the rigid link assumption, would be in the mainline for a fully

suspended load in the standing skyline analysis or in the slackpulling

line in the running skyline analysis. The cables could be analyzed

using the catenary relationships or just the mainline and slackpulling

line could be analyzed, using the catenary relationships to help
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minimize this error. However, the catenary equations require an

iterative type solution, which requires more time to compute, especially

on the HP 9830, which is slower than some of the newer desk top com-

puters. Also, an error statement could be added to the program to

indicate when the rigid link assumption is in error.

If a haulback line is used with a standing or live skyline and has

tension in it during the inhaul, it could greatly change the payloads.

Mechanical slackpulling carriages and over/under wound type carriages

are sometimes used in live and standing skylines. The option to use a

haulback line, a mechanical slackpulling carriage and over/under wound

type carriage could also be added to the program for a standing and

live skyline.

In some situations, the tension in a line can become negative to

obtain static equilibrium. When the log slides down the hill,

the mainline tension becomes negative. In these situations where

there is a negative tension in the lines, the loads computed will be

in error. A haulback line could be added to the analysis when the

mainline tension becomes negative.

The effects of line stretch are neglected in the analysis. This will

cause some error in the standing skyline analysis.

The horizontal distance from the carriage to the end of the log must

be less than the distance between terrain points, for a terrain point

to be analyzed.

The maximum allowable tensions are assumed to occur at the headspar.

For downhill yarding, whenever the tailspar elevation is higher than

the headspar elevation, the skyline and mainline tensions may be



greater at the tailspar and the carriage than the values input for

the maximum allowable tensions. For downhill yarding, an analysis

procedure which uses a fully suspended load should be used.
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CONCLUSIONS

The method described in this paper provides a means to determine the

load carrying capacity of skylines when partial suspension of the logs is

used. As shown in the example problems, the load carrying capacity of a

skyline system can vary from the result obtained using log drag by over

50% when log drag is neglected. A correction factor of 1.5 has been used

in the past to determine the increase in payload for a dragging log. This

correction factor only applies to the skyline and does not consider the

mainline tensions. Also, this factor varies with the ground slope, length

of the log, log to ground clearance, choker length, point of choker

attachment, center of gravity of the log and coefficient of friction. If

the mainline tensions are to be considered in skyline analysis with a

dragging log, a factor has to be used to determine both the decrease in

the vertical component of the force and the increase in the horizontal

component of the force in the choker at the carriage. The best method of

determining these factors is to use a log drag analysis. This paper

describes one such method.

Often when determining the load carrying capacity of a skyline system,

several of the parameters such as length of log, length of choker, point

of choker attachment, center of gravity of the log, and coefficient of

friction are unknown. However, realistic estimates can usually be deter-

mined and the effect of different values for these parameters can be

determined to arrive at a realistic load carrying capacity for a given

skyline operating over a particular terrain.
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The computer program presented is as easy to use as the Skyline

Analysis Program, which does not consider log drag. If this type of

analysis is considered to be too sophisticated, or it is felt that

realistic estimates of the parameters cannot be found, then this type

of analysis can be used as a comparison to demonstrate the difference

in payloads which can occur from using a flying payload and a correction

factor of 1.5, or a flying payload for a dragging log.
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SKYLINE ANALYSIS PROGRAM WITH LOG DRAG USERS GUIDE*

This program inputs profile data, inputs cable system geometry,

determines skyline payloads, mainline tensions, and skyline tensions

including the effects of a dragging log and the log and ground geometry.

ASSUMPTIONS AND LIMITATIONS

The effects of line stretch are neglected.

The maximum allowable tensions are assumed to occur at the headspar.

For downhill yarding, the skyline and mainline tensions may be

greater at the tailspar and the carriage than the values input for

the maximum allowable tensions.

The horizontal distance from the carriage to the end of the log

must be less than the distance between terrain points, for a terrain

point to be analyzed.

The program assumes the choker is attached 2 feet from the end of the

log and the center of gravity of the log is located in the center of

of the log.

The loaded cables are assumed to be rigid links. This error is generally

small for taut cables. If low tensions occur an error check such as

Carson's (1) HP 67 error in rigid link program should be used.

*portions of the users guide were copied from the Skyline Analysis Program
(SAP) documentation (Sessions, 1978).

65



The minimum log to ground distance used in the program is the distance

perpendicular to the ground to the top of the front end of the log.

The choker length used in the program is the distance from the carriage

to the top of the log.

When a negative tension occurs the payload is in error.

GENERAL OPERATING NOTES

All data is input in response to visual prompters. If more than one

piece of data is requested, the pieces of data must be separated by a

comma.

All data is entered into the program by pressing EXECUTE. Always

check the display before pressing EXECUTE; because what you see is

what you get.

All spar locations are referenced by Terrain Point Numbers and

fractions are acceptable.

Loads are calculated only at those points the user defines when

responding to the prompter "TERRAIN POINT STEP SIZE. For example,

if the user inputs 11111, the payload is calculated at each terrain

point between supports. For 11211, every other point is calculated,

for 11311, every third point, and so forth.

Terrain data from the digitizer is entered using the method developed

by Carson in PNW-31. Special Function Keys 0-4 correspond to those

functions in PNW-31. Several applicable pages from PNW-31 are attached.

When analysis of any profile has been completed, a new profile can be

generated by pressing a Special Function Key.

66



If the user makes an input error at any time, the system will recover

if the Special Function Key corresponding to the particular operation

is repressed and the data re-entered as requested by the display.

The analysis program assumes the yarder is on the left.

Visual prompters requiring a "yes" or "no" answer require use of

or 11011.

The Skyline Analysis Program with Drag actually consists of two

separate computer programs.

The first program enters and stores profile data and yarder specifi-

cations. The profile data is stored on the auxiliary cassette, and the

yarder specifications are stored on the main cassette along with the

computer programs. Once the yarder specifications and profile data are

stored on the cassettes they can be entered from the cassettes, and the

data does not have to be re-entered when used more than once.

The second program is for analyzing the profiles, determining the

allowable loads, mainline tensions, and the skyline or haulback tensions.

This program uses the yarder specifications and profile data previously

stored on the cassettes.

Figure A shows a copy of the special function key overlay for both

of the programs. The descriptions above the special function keys

refer to the profile input program. The descriptions below the special

function keys refer to the skyline analysis program. For example, special

function key f0 is for entering data from the digitizer in the profile

input program and for entering a new profile from cassette tape in the

Skyline Analysis Program with Drag.
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In the profile input program, special function keys f0 through f4 are

for entering profile data from a contour map using the digitizer. Special

function key f5 is for reversing a profile. Special function key f6 is for

storing a profile once it has been entered. Special function keys f7 and

are for entering profile data by X, Y coordinates and slope distance,

percent slope data respectively. Special function key f9 is for entering

and storing yarder specifications. These profile inputs and computer

programs are essentially the same as the ones used in the Skyline Analysis

Program (Sessions, 1978). However, the programs were all slightly

modified to simplify the input and storing of the profiles.

In the Skyline Analysis Program with Drag special function key f5

enters the program inputs, analyzes the data, and prints the outputs.

Once the first profile has been analyzed, special function keys f0

through f4 and f6 through f8 are used to change the inputs specified by

the user. Once the inputs have been changed, special function key f5 is

used to analyze the data. For example, after the first profile has been

run using special function key f5, special function keys f0 and f5 could

be used to change the profile data and the carriage weight before analyzing

the data using special function key f5 again. The yarder data, log and

choker data, tailspar height, log clearance and terrain, point step size

would all remain the same and would not have to be input again. If all

new data is required for the next analysis after the first profile is run,

then special function key f7 would be used before using special function

key f5 again. Special function key f9 gives a listing of the profile data.

The following example problem demonstrates the use of this program.

When entering a different profile the same general procedure should be

followed.
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Exarnpl e

User Instructions

The following example demonstrates the use of the program.

Place plotter paper on the plotter, switch it "on" and engage the

"chart hold" key.

Set the plotting limits.

Place the program cassette into the cassette transport on the

calculator. Be absolutely certain that the front of the cassette,

which is labelled, faces outward.

Place the data tape into the peripheral unit, switch that unit "on".

Press the REWIND button for that unit.

If terrain data is to be entered from a map, then switch on the

digitizer and tape map on digitizer surface.

Switch the calculator and the printer "on". Press the REWIND key

on the calculator.

Press the SCRATCH A and EXECUTE keys.

Press LOAD and EXECUTE keys.

Press RUN and EXECUTE keys.

All user inputs are entered by typing the input on the keyboard

and pressing the EXECUTE key.

Continue with the procedure outlined in the following table by

responding to the visual prompters with the numerical entries indicated

in the middle column. The descriptions should be read for an under-

standing of the process.
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Input Explanation for the Example Problem

GO TO SPECIAL FUNCTION KEYS

MAP SCALE (FT/INCH)?

CONTOUR INTERVAL (FT)?

HORIZONTAL GRAPH LIMITS (FT)?

PROFILE NUMBER?

DIGITIZE FIRST POINT AFTER BEEP.

SELECT A SLOPE AND PROCEED.

200

40

2000

1

f
3

STOP

STOP

f4

Selects digitizer input of the
profile.

Enters scale of the map being
used.

Enters contour interval of the
map being used.

Enters scale value for X-axis
on plotter.

Enters number of profile to be
plotted. The profile number must
be between 1 and 100.

(DIGITIZER RESPONSE): Set origin
and digitize first point on the
profile.

72

Executes program on function key f3
which anticipates downhill profile.

(DIGITIZER RESPONSE): Digitize all
downhill points (2 through 15).

Executes program on function key f2
which anticipates level profile.

(DIGITIZER RESPONSE): Digitize level
section (points 16 and 17).

Executes program on function key f4
which anticipates fractional contour
interval.

VISUAL PROMPTER ON DISPLAY KEYBOARD DESCRIPTION
RESPONSE



FRACTION (+FOR UPHILL; -FOR
DOWN)?

STOP

fl

STOP
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(DIGITIZER RESPONSE): Digitize next
contour (point 19).

Executes program on function key f1
which anticipates uphill profile.

(DIGITIZER RESPONSE): Digitize re-
maining uphill points (points 20 and
24).

Stores the profile in the auxiliary
cassette. The profile is stored in
the file corresponding to the profile
number.

Executes program to enter and store
the yarder specifications.

Enter the yarder name.

Enters the allowable skyline tension.

Enters the allowable mainline tension.

Enters the allowable haulback tension.

Enters the allowable slackline tension.

Enters the skyline weight per foot.

Enters the mainline weight per foot.

Enters the haulback weight per foot.

Enters the slackline weight per foot.

Enters the headspar height.

Stores the yarder specifications
in file 4.

f9

YARDER NAME? SKAGIT
BU-739

ALLOWABLE SKYLINE TENSION (LBS) 53300

ALLOWABLE MAINLINE TENSION 34500
(LBS)?

ALLOWABLE HAULBACK TENSION 0
(LBS)?

ALLOWABLE SLACKLINE TENSION 0
(LBS)?

SKYLINE WT (LBS/FT)? 2.89

MAINLINE WT (LBS/Fr)? 1 .85

HAULBACK WT (LBS/FT)? 0

SLACKLINE WT (LBS/Fr)? 0

HEADSPAR HT (FT)? 100

STORE YARDER IN FILE #(4-20)? 4

VISUAL PROMPTER ON DISPLAY KEY BOARD DESCRI PTION

RESPONSE



Special function keys f through f9 should be used until all
of the profiles and yarder specifications that are to be
analyzed are entered. The next few steps enter the Skyline
Analysis Program with Drag which analyzes the profiles and
yarder specifications stored on the cassette tapes.

Erases all program lines and
data from the calculator memory.

Loads program from tape.

Initializes the program.

Executes the program to analyze
the data.

Selects type of skyline (3 selects
both a live and standing skyline
for analysis).

Loads yarder data from file 4.

Loads the profile data from file 1.

Executes plotting of profile.

Enters the carriage weight.

Enters the tailspar ht.

Enters the terrain point numbers
for the location of the headspar
and tailspar.

Executes plotting of the data.

Enters the yarding limits between
which the payloads are calculated.

Enters the length of the choker from
the carriage to the top of the log.

Enters the length of the log.
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VISUAL PROMPTER ON DISPLAY KEYBOARD DESCRIPTION
RESPONSE

SCRATCH A

LOAD 2

RUN

GO TO SPECIAL FUNCTION KEY f5 f5

LIVE-1, STAND-2, BOTH-3, RUN-4 2

SKY?

LOAD YARDER DATA FROM FILE #? 4

PROFILE NUMBER? 1

WANT PROFILE PLOTTED? 1

CARRIAGE WT (LB)? 1000

TAILSPAR HT? 50

HEADSPAR T.P. #, TAILSPAR T.P. # 1, 24

WANT DATA PLOTTED? 1

INNER YARD LIM, OUTER YARD LIM? 1, 24

LENGTH OF CHOKER (FT)? 12

LENGTH OF LOG (FT)? 32



VISUAL PROMPTER ON DISPLAY

MIN LOG TO GROUND CLEARANCE?

TERRAIN POINT STEP SIZE?

KEYBOARD
RESPONSE

5

1

The program then analyzes and prints out the data. If only
a portion of the data is to be changed for the next analysis,
special function keys f0 through A' f6 and f7 can be used to
change the desired information. Fr example, if we wanted to
change the tailspar height and the carriage weight, the
following steps would be used.

DESCRIPTION

75

Enters the minimum clearance between
the top of the front end of the log
and the ground.

Enters the terrain point step size.

Selects changing of the tailspar.

Enters new tailspar height.

Enters new spar locations.

Selects changing of carriage
wei ght.

Enters new carriage weight.

Executes analysis of the data.

Enters type of skyline.

Executes plotting of profile.

Executes plotting of data.

Figures C, D, E, and F show the outputs for this example
probl em.

TAILSPAR HT?

HEADSPAR T.P. #, TAILSPAR T.P.#

CARRIAGE WT?

LIVE-1 , STANDING-2, BOTH-3,
RUN-4 SKY?

WANT PROFILE PLOTTED?

WANT DATA PLOTTED?

f2

30

1,

600

f5

2

1

1

24



SKAGIT E:U-739

ALLOWABLE LINE
LOAD WEIGHT

LF::'TILINE 2. S9

MAINLINE 1.

HFIULBACK El cli
SLFtC:KLINE a 3

HERDSFAP HT= ±@Ei

*:**:+:+::*;*:+;**:**FF0F LE i NpIjT F.RCIRA1:+;;+*****

MAP SCALE = 2 FEET PER INCH
CONTOUR INTERVAL = 4ci FEET

Figure C.- Output for the example problem.
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PROF I LE NIJMBER I
P0 I NT SPAN ELEV C'IFF FROM PTI

i DOWNHILL SLOPE

2 4l
3 224 E:il
4 343 -i23
5 4±6 -1E

495 -2l
7 573 -24l
8 654
9 692 -.23

726
1± 776
±2 824 -44w
13 35G 48l
14 928 -2iJ
15 ±O -6l

LEVEL SLOPE

1G i±G7 -561)
j7 124± -E

FRACT I ONAL INCPEMENT2

132E FF.:ACTIIJNAL INCREMENT 2'
1397 -560

UPHILL SLOPE
1485 -52cl

21 J5i-? -4E1
22 J_549 44l
20 j75 -400
24 -350



***:.*5KYL I NE ANALYS I S PROGRAM WI TH LOG DRAG*****

STAND ING SKYL INE LOAD ANALYSIS (F: 101 D LI NK: ASSLIMPT ION)

YAR[:'ER SPECS. -SKAGIT BU-?:9

Figure D.- Output for the example problem.
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TEF:RAIN HORZ
PU I NT D 1ST

MA: LOG
LOAD

SK:YLINE
TENS I ON

MAINLINE
TENSION

f:ARRIAI3E LOG TO GROUND
CLEFtRANCE ANGLE

2. 0 ±58 45277 53300 30543 16. 20 12. 39
3. U 224 329137 5331.31.3 18265 2?. 58 32 59
4. U 340 24981 533013 142±0 23. 02 23. 16
5. 0 415 .17990 53300 36. 58 48. 99
6. 0 496 146±2 533013 5279 50. 58 64. 13,3
7. 1.3 578 ±3760 533130 477.7 65. 59 62. 2?
a Ci 554 13216 5331313 4424 43. 5?
9. 0 692 13017 53300 4..7.. 113. 28 40. .35

10. 13 726 12876 53300 4±6± ±44. ±8 51. 34
11. '3 776 ±2728 533013 40139 ±7±. 21 50. ±9
12. Ci 824 ±2649 .533013 3881 199. 23 38. :3
±3. 0 856 ±262:1 53300 3803 22:1. 44 60. 95
14. 0 928 ±2693 53300 72. 39

U J5155 13±74 53300 4, L 268. 23 11.j. 1.ij
16. Ci
.j7 Ci

1±57
124±

14±21
±5145

53300
532:00

32213
3057

247. 713
22:6. 13±

l:lI:j
75. 6±

18. U 1325 16929 533013 2789 244. 96 1135. 52±9.0 ±397 19368 533013 2426 217. 95 1±4. 44
21.3.13 1485 24858 -2455 174. 134 14±. 34
2±. 13 1517 28367 53300 -2:7.013 134. 56 ±41. 34
22. 13 1549 33584 532:130 -6878 97. 15 146. 98
23. 13 1575 40483 -12: 495 6±. 53 14±. 29

ALLOWABLE
LOAD

LINE
WEIGHT

s:YL I NE
MA I NL I NE 345130

.

1. 85
HAULB A C: K I.1 3L3

SLACKL I NE U a 1313
HEADSPAR HT= ±013

FROFILE I
CARRIAGE WT= 10130 TAILSPAR HT= 513
HEADSPAR T. P. = I TAILSPAR T. P. = 24
INN YAF.:D L I M= I OUT YARD LI 1= 24
LENGTH OF CHOKER= 12 LENGTH OF LO'3=
MIN LOG TO GROUND CLEARANCE= S
TERRAIN POINT STEP SIZE= 1

STANDING SKYLINE PAYLOADS BASED ON A SKYLINE LENGTH OF ±577. 33 FT

REOUI RED F: I GO IN'3 LENI3TH= 2160. 85



Figure E. - Output for the example problem.



STANDING SKYL INE LOAD ANALYSI S (F: IG ID LI NK: ASSUMF'TI ON)

YAF:DER SPECS. -SKA'31T BU-739

Figure F.- Output for the example Problem.
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STANDING SKYLINE PAYLOADS E:ASED UN A SKYLINE LENGTH OF 1581. 34 FT

TERRA I N HUP.Z MAX LOG SKYL INE MAINLINE CARRIAGE LOG TO GROUND
PU I NT D 1ST LOAD TENS I ON TENS I ON CLEARANCE ANGLE

2.0 158. 44573 53300 30048 16. 20 12. 39

3. 0 224 329134 5:3013 13358 27. 12 31. 54.11

4. '3 34i.3 25501 53300 14809 21. 35 213. -r,-.

5. 13 416 13703 533130 2:4. 12: 41
6.13 495 14521 533013 47. 26 64. I:j

7. 578 13590 5331313 4792 61. 35 62. 27
. -.

a '3 554 13159 533013 4454 78. 62 43-._$ I

9. 13 692 12955 53300 42:1.5 1137. 70 413. 36

113.13 725 12827 5331313 42134 138. 19 51. 34

776 12582 53300 41360 164. 61 50. 19

12. 0 824 12506 53300 3941 192'. 03

13. 13 856 12533 533130 3859 95
14. '3 928 12648 53300 372 9 246. 25 7) 39

15. 13 1055 13118 533130 2:528 253. 02 90. 00

16. 13 1167 14045 53300 32:513 235. 93: 91-3. 1313

17. 13 1241 15049 53300 2:224 223. 17 76. 61

1:3. 1.3 1325 16803 52:3.00 2992 2'3.'3. :35 105. 52

19. Ci 1397 19205 53.31313 2647 202. 713 114. 44

20. 13 1485 24543 53300 2284 157. 32' 141. 34

21. 0 1517 28143 53300 - 32 11 117. 2:6 141. 34

22. 13 1549 33495 53300 -5103 79. 2'S 146. 93

23.0 1575 40446 53300 -±2449 43. 11 141. 29

REQUIRED RIGGING LENGTH= 2120. 85

ALLOWABLE LI NE

LOAD WEIGHT
SK'T'L I NE 53300 2. 89

MA I NL I NE 34500 1. 35

H AUL B A CK 1-i a oo
5LACKL I NE 0 a oo
HEADSPAR HT= 1130

PROFILE I
CARRIAGE WT= 600 TAILSPAR HT= 30
HEADSF'AR T. P. = TAILSPAF: T. P. = 24
I NN YARD L I M= I OUT YAF:D LIM= 24
LENGTH OF CHOKER= 12 LENGTH OF LOG=
MIN LUG TO GROUND c:LEARANCE= 5
TERRAIN POINT STEP SIZE
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PROFILE INPUT PROGRAM

There is one main program and ten subprograms in

the profile input program. The following is a listing

of these programS:

MAIN PROGRM1

81

±0 COti YC 5'3 1. T0 Ti.. T2.. T3.. HO.. Hi.. H2.. W3.. HE

.i) DIll GTOJ flC0] U[5OJ "EC503 [0 J

30
40

PRINT
PR INT TFIE±5" *:+ +:* +:**** +*:PFUF I LE I NPtJT PFJGRAM:****** U

50 PRINT
GO LOAD KEY I
70 Di=0
80 DISP UGO TO SPEG:IAL FUNCTION KEYS";

90 STOP
j5fl END



PROGRAM ON f0 KEY

':..Pr cc

D10 THEN 51
SF "NEW MAP SPECS. ";
PUT Di

Di THEN iii3
:sp "MAF SCALE (FT/INCH)"3
.PIJT H
[5p "CONTOUR I NTEF.:VAL ': FT) ";
IPUT C

:.pn. "MAP SCALE = "H" FEET PER INCH"
R I NT "CiJNTOUR I NTERVAL = "C:" FEET"

F'F: I NT

[: ISP "FF:OF I LE NUMBER (0-99) ";
INPUT N5
DISP "HOPE GRAPH LIr1IT(FT::'".;
I NPUT <0
SCALE 0.. 1. 2;+:XH. a. 1. 2*XO
P EN
OFFSET 0. .j::L 0. 65*X0
PLOT a a -2
PLOT a. 0..
LABEL i:f:, 2. i. 7.. a. 7/jj)
CPLC'T a. 2
LABEL :f:. 2.. 1 a.
PLOT a. a. 1
LABEL ,::+:. i.. 1. 7.. a.
C:PLOT a. -2
LAE:EL I:::+. 1.1. 7.. a. 7/ii)"i"
C:PLOT 0.. 3
S±E0EiNi
WRITE <is.. 350) "FROFILE NLLME:ER"NS

FR I NT
FOF.:MAT F5. 0. /.. " Pi:IINT SPAN ELEV DIFF FROM PT1"

['ISF "E:.IGITIZE FIRST POINT AFTER BEEP"

WAIT 3000
HF. ITE (9..
ENTER (9.. :+: ::' ::::i.. 't'i

I FR 1 NT Ni.. 0. 0
LIC Ni )=0
".'l Ni )=SOOCI
£:'ISP "SELECT A SLOPE AND PROCEED";
STOPr
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PROGRAM ON KEY

i A11
ci PRINT TAE:4c1"UPHILL ELOPE"
:3 NF:I1E (9.. :
-0 ENTER (9. ) X2.. Y2
ci NINi+i-
;o .:=:-.:2-::.::I
'ci 'r'T'4'T'i
:0 =SQFz < ::.:.:+:..+Y:+:'T' ) :+:4

0 S1=Si+S
.00 Ei=Ei+Ft1:+:C
.10 E=E1E0
L.20 LIE NI ]=S1
30 YE NI ]=VC j ]+E

L40 PRINT NI.. SI.. E
L50 PLOT Si.. E.. 2
160 LABEL .*:, 1.. 1. 7.. 0.. 7/11)
L70 CPLOT 2
L80 LABEL (*.. 1.. 1. 7.. 0.. 'IDftL
L90 CPLOT 1.. 3
200 XI=X2
210 'T1iT'.
220 GOT') 30
230 ENE:'

PROGRAM ON KEY

10 A1=L3
PRINT TAE:40"LE"EL SLIIPE"

:zcl URITE (9*:'
4c1 ENTEF.! (9 :f: ) 2. Y2
50 NI=Ni+150 :2:1
70 1T'Y2Y1
:313 S=SflF! ' ::::+'T':+:'T : :+:H
90 51=51+5
100 EIEI+AI*C
1±0 E=E1E0
120 LIE NI ]=Si
:1.30 YE Ni J=V[ I J+E
.40 PRINT Ni.. 51.. E
50 PLCI1 SI.. E.. 2

IE.0 LABEL (:f: .. 1. 7.. a. 7/11)
170 CPLOT 1.. 2
180 LABEL (*., 1.. 1. 7.. a. ?Y1I)N1
190 C:PLOT 1.. 2:
200 .:1=::<2

10 'T1IT
220 G':'TC' :0
20 END
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140
I5'3j
170
130
190
200
210
220
230

84
PROGRAM ON f3 KEY

±0 A'l-1
20 PRINT TAB4O"DOWNHI(_(_ SLOPE"
3i WRITE (9..
40 ENTER (9, *: ), Y2
50 N±Ni-1
60 X=X2-X1
70 'T''T'2"Yi_
E0 55C!R ::<;+:X±'T':+:Y ::' :+:H

90 iSJ±S
±00 Ei=E.1±A1:+:C
±10 E=E1-E0
120 UC Ni )=S1
:1 30 yE NI ]=VC ± ]±E

PROGRAM ON fLj. KEY

j5j DI SR 1FF.:AC:T I UN ( ±FUR UPH I LL.; -FÜR DOWN ::' ";

20 INPUT Al
30 81A1*C
40 F'RlNT TAB4O " FRACT I UNAL I NCREHENT "81

50 WRITE "9 *:)
60 ENTER (9.. :+:)2.. 'T'2

70 N1NII
30 '=X2-I
90 'r''T'2"T'.l.
10') 5=SQF: < ::.::*::±'T':IY ::. :+cH

iio s±=S1S
120 E1=EI±AI:+:C
130 E=EI-E0
14') UC Ni =SI

50 '.,.'C NI I J±E
150 PRiNT Ni.. SLE
170 PLOT SI.. E.. 2
130 LABEL (.. 1.. 1. 7.. a. 7/Il)
190 i::pLOT -1.. -2
200 LABEL I:*:. I.. I. 7. a. 7/II::'NI
210 OPLOT 1.. 3
220 :::I=X2
230 'T'I
240 GOTO 50
250 ENE:'

PRiNT NJ.. SI.. E
PLOT SI.. E.. 2
LABEL (*.. 1.. 1. 7.. 0.. 7/1±)
CPLOT -1.. -2
LABEL (:4, I.. 1. 7.. 0.. 7/11:)NI
CPLUT l.' 3
::<I=X2
YI=Y2
GOTO 30
END



PROGRAM ON KEY

10 F I XED 13
20 FOR 1=1 TO NI
30 OC I J=UC I J
40 QC 1 J=VE I ]
50 rIE>:T I
613 U[1J=U
713 VE1J=VENIJ
:13 FOR 1=2 TO NI

90 U1=GC N1+2- I J-GC NI-i-I- I]
1013 V1=QE N1-I-2-I J-QE N1+1-I J
l.:1.0 UC 1 JIJE I-I J+lJj
1213 VE 1 J=VE I-I J-V1
130 NEXT I
1413 DISP 'PROFILE NUfIBER(0-99)";
150 INPUT N5
160 FOR I=(N1-'-I) TO 50
1713 UC I J=0
1813 VU I J=13
1913 NE::T I
2130 FOR 1=1 TO 50
210 ZEI..1J=UEIJ
2213 211.. 2J=VC I]
230 NEXT I
2413 STORE DATA *5.. N5.. Z
2513 END

PROGRAM ON '6 KEY

113 FOR I=(N1+i:: TI) 50
20 UC I J13
30 VU I J=0
40 NE:::T I
513 FOR 1=1 TI) 50
613 21 i.. 1J=UU I]
?13 Zr i.. 2J=',"U I]
813 NEXT I
90 STORE DATA *5.. N5..
1130 END
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PROGRAM ON KY

10 DI SF PF.:OF I LE NIJMBEFZ (0-99 :' ";
20 INPUT N5
30 PRINT
40 PRIN1 "PROFILE N5
O PRINT

5i DISP "HORZ GRAPH LIMIT(FT)"
70 INPUT 3

8 SCALE 0.. 1. 2:+:X0.. a. 1. 2*X0
90 PEN
100 OFFSET a j:+:L. 1.3. 55*X1.3
110 PLOT 0 0, -2
120 PLOT a. 0.. 1
131.3 LABEL (*, 2.. 1. 7.. a. 7/11)
140 CPLOT a. 2
150 LABEL (*.. 2.. 1. 7.. 0.. 7/11)N5
lEO PLOT a. a. I
170 LABEL ':*. j, 1 7. '. 7/11)
10 CPLOT a. -2
190 LABEL :+:. j, 1. 7.. 0.. 7/11)"l"
200 C:F'LOT a.]:
210 PRINT "TERRAIN"
221.3 PR I NT " PU I NT X COORD Y COORD

230 PRINT
240 D1SP "INITIAL STATION.. INITIAL ELEV".;
250 INPUT Al.. A2
2E0 N1=1
273 PRINT NI.. Al.. A2
280 UE NI ]=AI
-9çj YE NI ]=A2

DISP "ENTER <. Y".;
310 INPUT X.. Y
321.3 NINI+l
330 LIE HI ]=X

4ri "C NI ]=Y
35i3 H9>:-AI
360 Y9'r'A2
:70 PP 1 NT NI.. ::, 'TI

381.3 LABEL (:f:. j.. 1. 7.. a. 7/11::'
:91.3 PLOT H9.. V9.. 2

400 CPLOT -1.. -2
411.3 LABEL (*:, 1.. 1. 7.. 0.. ?/II)NI
4213 CPLUT i 3
431.3 GOTO 3130
4413 STOP
450 END
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PROGRAM ON KEY

DI'F "PRIlFILE NI It.1E:EP'l-:'";
20 I NPUT N5
313 PRINT
40 PRINT "PROFILE".. N5
50 PF:INT
GO c'ISP "HORZ GRAPH LIr.1IT(FT:1"3
70 I NPUT X0
80 SCALE iii.. 1. 0.. :1. '*<0
90 PEN
±130 OFFSET 0. j*r.:M. 0. 5:+:X0

:1.10 FLOT 0.. 0.. -2
:t20 PLOT 0.. 0.. ±j LABEL (*, d.. 1. 7.. a. 7/1±)
1413 C:PLOT a. 2
±50 LABEL '*, 1. 7.. 0.. 7/i±)N5
±60 PLOT a. a. ±
170 LABEL ,:+: j, i. .. 0.. 7/1±)
±80 CPLUT a. -2
±90 LABEL j, 1. 7.. 0.. 7/1±) "1"

2130 CPLIJT a. 3
2±0 PRINT "TERRAIN"
2213 PRINT " POINT X coi:IF.:D y C:iJORD

230 PRINT
240 E:'ISP "INITIAL STATION.. INITIAL ELEV";
2513 INPUT Al.. Ff2
2613 N1=±
2713 PRINT Ni.. At. A2
280 UC Ni ]=A±
290 VE Ml ]=A2
3130 Yi=A2
3±13 :::±=Ff±
320 DEG
3313 DISP "SLOPE DISTANCE.. PERCENT SLOPE ";
3413 INPUT S..
3513 N±=Ni+i
3613 Pi=ABS(P)tJ-00
3713 A=ATN(Pi)
:?.80 :=s*:I::US <A ::'
390 y=c*c I N 'A)
4013 IF p:o THEN 4213
4j1.3 Y=Y
420 ::.::1>:1+X
43t3 Yi=Yi+'r
440 UC NI ]=::±
450 VE Ni ]=Y±
45J PRINT Ni.. Xi.. Yl.. c... P
4713 H9=X1-A±
480 V9=Y±-A2
490 LABEL (*. 1.. 1. 7.. 0.. 7/i.J)
5013 PLOT H9.. V9.. 2
510 CPLUT -1.. -2
5213 LABEL 1. 7.. ki) 7/il > Ni
530 CFLOT 1.. 3
540 GOTO 3313
550 STOP
5513 END
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PROGRAM ON f KEY

10 STANDAF:D
20 C:'ISP "YARDER NAME";
30 I NPUT
40 PRINT
5i3 PRINT Y
60 DISF "ALLOWABLE SKYLINE TENSION(LBS> ".
7i.3 INPUT TI
E:0 DISP "ALLOWABLE MAINLINE TENSION(LE:S) ".
90 INPUT T3
100 DISP "ALLOWABLE HAULBACK TENSION(LBS)";
110 INPUT 12
120 DISP "ALLOWABLE SLACKLINE TENSION LBS".;
130 I NFUT TO
140 D ISP "KYL I NE WI
150 INPUT WI
160 [:1 ISP "MA I NL I NE WT (LE:S/FT) "..
170 I NPUT W3
1813 DISP "HAULE:ACK WT <LBS/Fl)";
190 I NPUT W2
200 DISP "LACKLINE WT (LBS/FT)";
210 I NPUT W13
220 PRINT
2:0 PRINT " ALLOWABLE LINE"
240 FRINT " LOAD WEIGHT"
250 WRITE .::15.. 260::'Tl.. WI.. T3.. W3

261.3 FC'RFlAT "SKYLINE".. 6.. F8. a. 5X.. FE. 2.. /.. "MAINLINE".. 5::.. F8. a. 5X.. FE. 2

271.3 WRITE (15.. 280)T2., W2.. Ta. NO

280 FORMAT "HAUL8AC:K".. 5::... F8. 0.. 5.. FE. 2.. "SLACKL I NE".. 4X.. F8. a. 5::.. FE.

290 C'ISP "HEADSFiRR HI (FT)";
300 INPUT HE
310 PR I NT

PRINT "HEADSPAR HT="HE
330 £:'ISP "STORE YAF:DEF: IN FILE*(4-20)";
341.3 I NPUT N

STORE [:'ATA M

360 END

<LBS/FT: ".;
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SKYLINE ANALYSIS PROGRAM WITH LOG DRAG

There is one main program and ten subprograms in the
Skyline Analysis Program with log drag. The following
is a 1istin of these programs:

MAIN PROGiA

i3 C'JM Y.E 5i].. T Ti.. T2.. T3.. WI.. 142.. W3 H6
2 Diti :ca.2J .E150] Y.ET5O] D.EtlUO] PE1O'iE.C1Ui3] 5E1O'fl
33 PRINT
4 PRiNT TAE:i5****:+:SKYLINE ANRLYIS PRO'3F.:AM WITH LOG DF.:RG*****"
5' PRINT
5 LOAD KEY 3

i DISP I3IJ TO SPECIAL FUNCTION I::E'r' F5";
913 STOP
1'.3i1 END
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PROGRAM ON KEY

10 FIXED 0
20 c'ISP "PROFILE NUtIBER"3
30 INPUT RI
40 L':'AD DATA *5, P1.. 2
50 FOR 1=1 IC' 50
60 XCI]=2EI..1]
70 YE I ]=E 1 2]
80 I

90 U1=1
:100 FOR 1=2 TO 50
110 I XE I ]=0 THEN 140
120 N1=I
130 NEXT I
140 11=2
150 D1SP "00 TO SPEc:IAL FUNCTION KEY F5"
160 END

PROGRAM ON f1 KEY

10 DISF' "LOAD YFiF:DER C:'ATA FF:OM FILE#'
20 INPUT Fl
:0 LOAD E:'ATA Fl

40 D1SP "GO TO SPECIAL. FUNC:TION KEY F5"
50 END

PROGRAM ON f2 KEY

10 DISP "TAILSPAP HT"..
20 INPUT H?
30 E'ISP "HEADSPAR T. P. 4*.. TAILSF'AF: T. P. 4*".;

40 INPUT 51.. 5'
50 DISF' "GO TO SF'EC:IAL FUNc:TION KEY F5"
60 END
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PROGRAM ON KEY

i3 DISP "LENGTH i:IF LOG(FT)";
0 INPUT L3
0 DISP "LENGTH OF c:HUKER(FT)";
0 INPUT Li

DISP "GO TO SF'ECIRL FUNCTION KEY ES"
:o END

PROGRAM ON KEY

3 DISP "L'JG TO GF.IJIJND CLEARANCE";
.0 INPUT C
O E:'lSP "TEF:RIAN POINT STEP SIZE";
0 I NPUT 55

50 DISP "GO TO SPECIAL FUNCTION KEY ES"
E0 END

PROGRAM ON :KEY

1j11 S1 FINDARD
20 DEG
20 D3=2
40 F=E30
so
50 U4=90000
70 tj=a 6
:30 P4=1
85 C8=
90 PRINT
100 PRINT
110 DISP "LIVE-L STAND-2.. E:OTH-3. F:IJN-4 SKY";
120 INPUT P
±2:0 GOTO P OF 140.. 150.. 1:30.. 200
140 F INT "LI' 'E E 'T'LINE LORE' ANAL'T'I' F IGIE' LINE REELr1FTION '"

150 GOTO 220
160 PRINT "STANDING SKYLINE LOAD ANALYSIS(RIGID LINK: ASSUMPTION)"

170 GWO 220
1:30 PRINT "LIVE ANE:' STANE:'ING SKYLINE LOAD FINRLYSIS'::RIGID LINK ASSUMPTION)"

:190 ;30T0 220
200 PR I NT "PUNNING SKYLINE LOAD ANAL'T'S IS (RIG ID LINK ASSUMPTION)"
210 P4=2
220 IF I10 THEN 260
2:0 DISP "LOAD 'T'AF.:DER DATA FF:OM FILE#";
240 INPUT Fl
250 LOAD DATA Fl
260 PF:INT
270 PRINT "T'RRDER SPECS. -"Y$
280 PRINT " ALLOWABLE LINE"
290 PRINT " LOAD WEIGHT"
:00 WRITE (15.. 310::'Ti.. WI.. T3., H2:
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±13 FOPMFIT "SKYL I NE" GX.. ES. '1 5X.. ES. 2.. "MAINLINE" 5X ES. U, SX.. ES. 2
:213 WRI1E (±5.' 3313)T2.. HZ TO.. 4i.3
::13 F':'RMAT "HFIULE:FICK SX.. ES. a. SX, ES. 2.. /.. "SLACKL I NE".. 4X.. ES. 0, SX, FG.
:'4 PRINT "HEADSPRR HT="HS
::4 IF IlttO THEN 3813
:5.0 c: I SF' "PROFILE NtJME:ER"
.713 INPUT P1
.s0 PRINT
:913 WRITE (±5.. 4'3'3)P±
14313 FORMAT "PROFILE".. ES. 13

IF 11*13 THEN 520
LORE) DATA *5, P1.. 2

1.2:13 FOR 1=1 TO 513
1.413 xc r ]=ZE I.. 1]
1.50 YE I ]=ZE I.. 2]
4.60 NEXT I
4.70 Ni=±
4.80 FOR 1=2 TO 50
4.90 IF XCI 3=13 THEN 5213
51.30 Ni=I
5±1.3 NEXT I
5213 D1SP "WANT PROFILE PLOTTED";
531.3 I NPUT F'S
5413 IF P5=13 THEN 8713
5513 Gi=G2=YC 1]
5513 FOR 1=2 TO Ni
570 IF YE I 3>0± THEN 5913
5313 0±=YE I 3
5913 IF YE I 3<02 THEN 6±13
501.3 02=YE I 3
6±0 NEXT i
6213 03=AE:5(XE NI 3-XE ± 3)
5233 04=1. 2*13<
5413 05=1. 2:+:(G2-13±+±50)
5513 IF (8*04/10. 5)035 THEN 580
5613 ,35=134*8/±0. S
6713 I3OTO 6913
6813 04C35*:±1.3. 5/8
s 06>:C±]-'::04-133)/2
7013 i37=0±- (05-02+0±-ISO /2
7±1.3 SCALE 06.. 05+04.. 07.. 07+05
;13 PLO1 XCI]... YEll. ±
72:0 LABEL (*.. 2.. 1. 7.. a. 7/1±::'
741.3 CPLOT 0.. 2
7513 LABEL (:+:, 2.. 1. 7.. a.
-'513 PLOT :::E± 1. YEll. ±
771.3 LABEL (:+:, j, j. 7.. 0., 7/1±)

CPLOT -13. 3.. -2
7913 LAE:EL (*.. 1.. 1. 7.. 11 7/±±)"±."
3131.3 PLO1 XC ± 1. YE 1 1.. ±
8±1.3 FOR 1=2 TO NI
8213 FLOT XE I 1. YE I 3.. 2
8243 C:F'LIJT -1.. -2
341.3 LABEL (* 1.. 1. 7.. 1.3.. 7/1±::' I
351.3 PLOT :::c I 3.. 'rE I 3.. 1
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8t0 NEXT I
870 IF I10 THEN 9213
880 D1SP "CAF.:RIAGE WT (LB)
890 I NFLIT W5
9013 DISP "TAILSPAR HT";
910 INPUT H?
9213 WR] TE <15 93o::ws.. H?
930 FORMAT "CARRIAGE WT=" 2::. F?. 0. 9X.. "TAILSPAR HT=".. 2X.. ES. 13

940 IF 11=1 THEN 9713
9513 DISP "HEAE:'SPFIR T. P. *.. TAILSPFIR T. P. #";
-9613 INPUT St. 52
9713 PRINT "HEADSPAR T. P. = S1;" TFIILSPAR T. P. = "52
980 DISP "WANT DATA PLOTTEE:";
9913 INPUT P5
10130 Xi=X3(XE INT(S1)+1 ]-::<[ INT(S1) ])*'::Sl-INT(Si) >+XE INT(S1) 3
1010 Y=' YE INT' El '+1 ]-YE INT' SI) P ' El-INT' El '+YE INT' El ]
IO.0 2= '4=' C INT' 52 '+1]- LINT' Ei ] '' E2-IUT' s:' '+ C INT'..!2 ]
10313 'T'4'..YC INT(52)+1 -YC INT(52) ]::,*(52-INT'::52) )+YE INT(52) 3
1040 Y±=Y3+HG
10513 Y2=Y4+H7
10613 L=::<4-x3
10713 H=Y1-Y2
108' IF P5=13 THEN 11413
10913 PLOT X3 Y3, I
1.1130 PLOT XI, 'T'±. 2
11113 PLOT X2.. Y2, 2
J120 PLOT X4..Y4..2
j.1313 PLOT Xl.. Yl.. I
11413 IF 11=1 THEN 1170
11513 DISP "INNER YARD LIM.. OUTER YARD LIM";
11613 INPUT 53.. 54
Ij?8 PRINT "INN YARD LIM= "S3; " OUT YARD LIM "54
t180 IF 11*13 THEN 123'
11913 DISP "LENGTH OF CHOKER(FT) U.;
121313 INPUT LI
1210 DISP "LENGTH OF LUG(FT)";
1220 INPUT L3
1230 WRITE (15.. 1240)L1 L3
1240 FORMAT "LENGTH OF CHOKER=". F4. 0.. 9X, "LENGTH OF LCtG".. F5. 0

12513 L2=L:-C'3
1260 E5=L2/(L2_C8L,::
12713 IF 11*13 THEN 13013
1280 [:' ISP "LOG TO i3F.:OUND CLEARANCE".;
12913 INPUT C
13013 PF.: I NT "MI N LOG T':t GROUND CLEFIRANI::E= "C
:t10 IF 11*13 THEN 13413
1320 L:'ISP "TERRAIN POINT STEP SIZE";
13313 iNPUT 55
13411 PRINT "TERRAIN P':'INT STEP SIZE"SS
13513 FIXED 2

36E1 IF R*4 THEN 15613
1370 cISP "MSP-1.. 0/U W':'uND-2.. S. ML. -3.. CAR.
j3313 INPUT f:2
1390 F3=T3
14013 GOTO C2 OF .j4jO 14613.. 15113
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14i.O FRINT "lISP TYPE CARRIAGE"
±420 W=W8+L.13
1430 T=T0+T3
1440 F:5=R6=±
±450 GOTO 1590
±450 PRINT "OVER/UNE:'ER WOUND TYPE CARRIAGE"
±470 W=W0+W3
±480 T=T0+T3
1490 E:6=F:5=±. S

±500 GOTO ±5913
.15±0 FRINT "SINGLE MAINLINE TYPE CARRIAGE"
1520 W=W3
1530 T=T3
1540 R5=8
15513 R6=iwi.niIij
1560 IF R*3 THEN 1590
1570 PRINT
15813 PRINT "LIVE SKYLINE PAYLOADS"
1590 X5=O<E INT(53) ]-XE INT(S3) ])*(53-INT(53) )+XE IF-4T'Z53) ]
16013 >:6=,:E INT(S4) 3-XE INT'4:' 3)*(54-fl4T'54) )+XC INT(54) 3
i.6i.0 IF X6*X4 THEN ±630
1520 X6=X6-±0
1638 IF X5*X3 THEN ±658
1648 xs=:s+10
1658 IF 55 := I THEN ±691.3
1550 56=1
1671.3 s;'=INT(l/s.$)-I
1680 GOTO ±7113
1690 S6=INT(S5:
1700 S7=8. I
±7'±8 IF C<L3. THEN ±751.3
1720 81=208
170 L4=C-D:
±748 '30T0 1770
±750 L4=L2
1768 B1=ATN( (C/L3)/Sc!R(±-'::C/L3::'2")
1771.3 IF R=2 THEN ±790
±780 '3OSUE: 3720
1790 FOR I=INT(53::' TI:' INT'::S4+0. 99::' STEP SE
1:300 X8XE I 3
18±0 E:=B±
1820 F'=ATN( (YE I 3-YE 1+1 3)/'::::<E 1+1 3-XE I ]) )
:1 830 IF E:+P<98 THEN ±850
±841.3 E:=98-P
1:350 K=i:I_Ic,:P+E:)./,E5*:(r:I_IccE:s,+II*cIN,.E:., ))
i.EEO C =' U+CO'' F +EIN' P ' ' +
1870 l::s=±+(t_l*sn4(p)-I::,:,s<F) ::a:+:K

:1.888 A=90-ATN'C7/CE::'
1?O 7= E+L2+COE' F+E '+Lj+I:;j' A)
1900 I F X7::XE 1+13 THEN 22'SO
1911.3 C'1=>7-::

i 920 D2=XE 1+1 3-D±
±938 f:±=L4:+;5 I N ( F'+B ) +L±:+:5 I N (A::' -D±*:S I N (F')
1940 S=<E:,2-::E I J::'/S7-0. 00±
:1.950 D5=L3:+:COS ( P+B
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19613 c'=XE i JDl+D5
1970 iF (X1+D)<X5 THEN 21320
19813 'i'Y[ I ]_D5:+cTAN1::P : +L2:+:S I N< P+B ::l Li.*S I N<A:)
j..99i3 j5=SQF.:l:D:+:D+'T'*Y)+J).Fz( cLD::.2+( YH :2)
2'300 IF U4.:::U5 THEN 2020
2010 1J4L15
20213 FOR X8=X[ 1 3 TO [:'2 STEP 58
2111313 IF <E,C'j THEN 226111

211140 IF :5 THEN 224'3
213513 Y9=i:3::<[ i 3:)/.:I I+i. 3xE i ]:.'*:(yc 1+1 3YE i J:+'T'E I 3

3513 f8=?9+C1
-20713 D=:<8Xi.
20:30 Y=Y1Y8
2139111 W4=9 00111

21013 S9=I+':3XE I ))/(X[ 1+1 3xE I 3)
2110 FF+i.
212111 DE F 3D
2130 PC F ]=P
21413 SE F 3=59
21513 Ut F ]=Y9
2150
2170
2180
2190
2213111

221111 U.5=SQR (DD+Y*Y ) +SQR ':: ' LD 2+ < YH : 2 :

2220 IF 1j4<tJS THEN 224111

22313 U4=1J5
22413 NEXT X8
22513 NE::<T I
22613 1 F R=1 OR R=4 THEN 26913
2270 IF R3 THEN 231111

2275 IF P5=0 THEN 2310
22813 PLOT X2.. Ya. 2
2290 PL':IT ::-::1.. Yl.. I
23130 p45=3
23111i PRINT.
23213 PRINT STANDING SKYLINE PAYLOADS BASED ON A SKYLINE LENGTH OFIIU4IIFTU

23313 GOSUE: 372111
234111 E=U4/SQRI::L:+:L+H*H)
235111 FOR 1=1 TO F
2360 D=DC I 3
23713 P=PE I 3
238111 S9=SC I 3
2390 Y9=VE I]
240111 M=E2+H;+;H*(E21)/L2
4j13 N=E*(1_2:+:D/L)

2420 0= ( 1_2:+:D/L ::' 2_H*:H* ( E:+:E-1 : /L2
2430 N= ( N+ABS H) /H*SQF.: ( N:+:NM*O) ) /M
2'4413 'T' (H+ 1+E*:N :' +L:+SQE: C C E*E-1 : :+: 1_N*:N ) :
2450 'T'YIT
246111 C1=Y8Y9
2470 :::8=C:i+X1
248111 IF (L1L2::':>I::l THEN 254111

249111 E:=90F
250111 C7=0

GoT':'
Q,JSIjB
GOT')
GOSUB
I3OSUE:

R OF
32213

220111

2:320
3:3113

2190.. 22113.. 2190.. 2170
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2510 C61-
2520 A=913
250 GUTCI 2650
25413 C:5=13
2550 K?=Ci*SIN<913+P)?!:.L1+L.)
2560 E:=ATN(K7/SC!R(1K7+K7) )
2570 K:3=C:CIS (P+E ) (CJ5 CE: ::i +U.+:S I N':: 8::' ) /E5
25:313 C:=(U*:C:OS(P)+SIN(F) )*:K:3
25913 C:6=l+(LI*SIN(P)-CO(P) ):4;K3
26130 IF AES(C6-05)<0. 0131 THEN 26513
2610 C5=C6
2620 A=9@-ATN<C7C6)
252:13
2640 GOTO 25513
2650 A=913-ATN(c7/C6)
2560 GOSLJB 2820
2670 G':iuB 38113
2680 NEXT I
2690 IF P5=0 THEN 27213
27013 PLOT X2.. Y2 2
2710 PEN
2720 th=INT(Sl+l)
2730 I6=INT(S2>
2740 L5=SQR( (XC IS ]-X32+('i'3-YC Is ])2)+5QR( ::.4-XE 16 ))2+(YC IS ]-Y4)2)
2750 FOR 1=15 TO ':IG-i::'
2760 L5=L5+SQR< (XC I-i-I i-XE I I:'2+(YE I )-YE 1+1 J)2)
2770 NEXT I
2780 L5=P.4*L5+2*<H6+H7)
2790 PRINT "REQUIRED RIGGING LENGTH"L5
2800 11=1
2810 END
2320 F(1=Y?D
2:330 K2=(Y-H) ,1< L-D :
28413 P1I.11*fi'R (D*D+Y*Y>
2850 R2W1*SQF: C CL-C' 2+ C 1-H : 2
2860 P3=W3:+:SQR C D*E:'+Y*Y)
2870 ri=1K2*K2
23:30 N=-K2*F.2
2890
2901) H2 C -N+fR N*N-4*M*fl ::' ) / C +:1.1 ::'

210 U7=' H2*' F .+f 1-U5-' F1+F2+F' CE-C+F 1
:.9:J lii=' Fl+F2P: 2+W5.' ' 1 1+12'
29313 112= C C:6_C:7:+:K1 ::' / (K1+K2 ::'
29413 M3=K12-K22
29513 t14=1+K12
2960 H3= ( j*F.:3+SQF. C F 12:+:F 2-4*t14* (R32/4- K T3-W.*Y ) 2 :' :' : /2.it14
2970 t1=M22*M3+2*12*14*C7+U7"M4
29:30 N=M2* ( 2*tl3*11_2*H3:+:M4_K1*R1+K:24 , +2:+:C7:+:M4*: C I11-H3 ) C7*Kj*Rj.

330 ':'=tii+' i.t+l1:-:+H: +114-f l+F1+F :+F: .H-H: +.' H: +114+1 .L+F1 '+' Ft-F2 4

:0130 .1:3= :: -N+SQR : N*N4441*O ::' : C 2*11)

313113 14=I47
.13213 IF W0 THEN 2:120

30313 IF W7>0 AND W7<W:3 THEN 3120
2:1340 W4=I18
313513 T8=T3
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060 V4=C:6:+:144
070 H4=C7*144
i80 H2= ( 145+'/4+ ( F.i+R2+F.:3 .) /2_H4:+Ki ::t / (K1+F(2)

:09121 1 5=SQF:' H22+ ' H2*K2-F.:2/
;j00 T7=H2..AE:S(H2;CTh+Hi*T)
U0 GOTO 3200
120 T7=Ti
:j30 H4C7:+14
:j40 N=K12i
:iso. N=_F:1:+:Ki
jt O=R1*Ri/4_(Tt_141*2

V

:j7121 Hi= ( -N+SG1R N*N-4*M*0) ) /2/N
:.18I.3 H3=H2+H4-H1
i9cJ T8=H3/AE(H3:)*(

3200 RETUF:N
321121 END
3220 Ki=Y/D
:<23.0 (<2= (y-H::' / ( L-D)
:i:240 F.:i=142*Sc!R [:i*D+Y*Y)

50 FW4EF' 'L-C.' '2+' Y-H" 2)
:?.2'50 R3W*S12!R ( [)*Ct-1f*Y)
3270 F11+K2*K2
3212:121 N=_K2*R2
3290 0=R2*R2/4- ( T2-142*Y )
3300 H2 (-N+SQR ( H*N-4*M*0) ) / (:+ti)
310 W7( 2*H2:+ ' K2+K1)-145( Ri+2:+R2+R3 /2)/(C6-C7+K1)
2320 111= C (F:j+2*R2+R3) /2+145) / (2* (Ki+K ::'

3330 M2=(C6_C7F:::i) / (:(<j+(<2
:.4@ N3=4:+:Ki-2-K22+3
3.350 M4=1+Ki2
3360 H3= C (<j*F.:3+QR C Ki2*R32_4*M4* C 3.'2/4- C T-H*Y ) 2) ) ) /2/M4

3370 M=t,12._2:+:M3+4*M2*t14_.7_.7tI4
3Z:80 N=M2* (2:+:N3:+t11_4*H2:*ti4 .1.1.2 ::' +2*:c:7*M4* C 2*ttt-H3 ) _f:7*K1*R1

32:90 O=ti1:+:M1*M3_4 3*ti4_2*KJ*1<4 : +H3:+:( H*M4+Ki*RL ) + (FZ12-R22) /4

341210 14 -t+5QR ( j:+.1-4*.l1*0 ::' : / (2:+:t.1)

341121 IF C2=3 THEN 3490
3420 F4=T3-( (T-W*Y ::i *F:6+F:5*:W FC+L7 ) /( j+R6 :-H3.*Y

.430 IF ABS(F4)<ioO THEN 3490
3440 E4=T
3450 TE4_F4*( E4-E3 : / ( F4-F3 :
3.450 E3=E4
2:470 F3=F4
3480 GOTO 33.60
3490 .144=147
351210 1 F (48<0 THEN 360121

351121 IF (47>0 AND (47<148 THEN 361210

3520 (44=148
3530 T8=T3
3540 W4=rc:+:(44
355121 H4=C7*144
356121 H2 ( (45+V4+ < Ri+2:+:R2+F. :' /2-H4*Ki : / * C KJ_+K2) >

2570 T6=s!F:CH2_2+(H2F_R212)
2:580 T7H2,.'AES ' H2 :: * C T6+142*Y ::'

3590 G'JTO 370121
2:600 T7=T2



PROGRAM ON KEY

.jc E:'ISP "CARRIAGE NT. ;

20 I NPLIT N5
30 [:'ISP "00 TO SF'Ec:IAL FLIN,::TION KEY F5"
40 END

PROGRAM ON KEY

10 11=0
20 DISP "GO Ti) SFECIAL FUNCTION KEY F5"
30 END

3610 '...'4C6:+:N4
3620 H4=C7*:N4
3530 F1=K1.2+l
i4t N=-Rl:+:F:1

75cj rJ=RL*Rj/4-( T2-W2'i' :' 2
3660 H1(-N+ QR' 1+:N-4*M*:O) )t'2/M

670 H3=2*H2+H4-Hl
3680 T9=H3/FIBS H3::I*: (SQR( '.. H3:+:K1-R3/2 )2+H32 ::'
3590 T8=( T9*RG+R5* R(V42+H42') ) / , l+R6) +143*'i'
3700 RETURN
3710 END
3720 PRINT
:730 IF R=4 THEN 3760
3740 PRINT "TEF:RAIN HORZ MAX LOG SKYLINE MAINLINE CAF.:R I AGE LOG TO GROU
:<70 GOT') ::?70
3760 PRINT "TEF.:RAIN HIJF:Z MAX LOG HAULBACK MAINLINE CARRIAGE LOG TO GRCILI
3770 PRINT " POtNT E:uIST LOAD TENSION TENSION CLEARANCE ANGLE"

7:30 PRiNT
379i3 F:ETURN
3800 END
3810 NRITE (15, 3820)59.. D.. N4.. T7.. T. C:1., B
3:320 FORMAT F5. 1.' 2X.. F. a. 1K. F?. 0 2K. F?. a. F?. a. 5X.. F?. 2 <, F?. 2
38:<0 IF P5=0 THEN 3920
840 PLOT XF:, Y. 2

3850 IF N5*3 THEN 3910 -

3860 I PLOT L1:+:c:OS (A).. -L1*S I N (A::', 2
3870 IPLOT -[:;3:+:COSi:F+E:).. ci:*:SINip+F::, 2
3:3:30 1 PLOT L3*COS ( PE:).. -L3:+:S I N( P+E: ) 2
1:890 PLOT ::.::a. 'i':3, I
3900 t.5=0
3910 U5=N5+I
3920 RETURN
393i3 END



PROGRAM ON 1' KEY
8

tO D1SP INNER YARE:' LIM.. OUTER YARD LIPi";
20 INPUT 53.. 54
30 DI SP "GO TO SPEC I AL FUNCT ION KEY F5"
40 END

PROGRAM ON KEY

10 FIXED U
20 PF:INT
30 PRINT "PROFILE"Pi.
40 PRINT "T. P. *
50 PRINT
60 FOE: 1=1 TO Ni.
70 PF.: I NT I.. XC I 1. YC I )

80 NEXT I
90 PRINT
100 END

x ci:IORC:' 'T' CIJORE:' "

100
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LI'."E ANE:r STFtNDIN':i SF::T'LINE LOAD RNALYSIS(RIGID LINK ASSUMPTION>

11'ARDER SPECS. -THUNE:'EF:E:IRD MOE:ILE YARDER
ALLOWABLE LINE

L_OAD WEIGHT

SKYLINE 34500 1. 85
MAINLINE 19600 1. 04
HALILE:ACK
SLACKI. INE a oo
HEAE:SPAR HT= 45

PROFILE ±4
CARF.:1AGE WT= 500 TAILSPAR HT=
HEADSPAR T. F'. = 1 TAILSPAR T. P. 9
INN YARD LIri= I OUT YARD LIM= 9
LENG] H OF C:HOKER= 8 LENGTH OF L013 32
MI N LOG Ti:' iF.:OUND CLEARANCE= 2
TERRAIN POINT STEP SIZE ±

L I E KYL I NE PAYLOADS

102

Figure 17. Basic Output.

STANDING SKYLINE FAYLOADS E:ASED ON A SKYLINE LENGTH OF ±548. 43 FT

TEFF'AIN HOPZ MAX LOG 5f::'T'LIrE MAINLINE i::RF:RIAGE LOG TO GROUND

F'O I NT Er 1ST LOAD TENS I ON TENS I ON CLEARANCE ANGLE

2. 14 34500 9523 8. 67 5. 40
3. 0 385 791.31:1 34500 44:4 2±. 29 26. 7±
4 0 ..i:s. :4500 :i :s s 1;
5. 0 745 43±5 3450'3 ±736 64. 69 5±. 49
5. 0 447 4323 34500 ±708 ±15. 44 62. j
7 0 4s11 :4500 17:0 154 .: 90 00
= c ±::: :1 :45cO i:s: 1 57 104 57

REQUIRED PIGGING LENGTH= ±765. 16

TERRAIN HOF.:Z
POIN1 DIST

MAX LOG
LOAD

SKYLINE
TENSION

MAINLINE
TENSION

CARRIAGE LOG TO GROUND
CLEARRNf:E ANGLE

C.,-,
2. 20?

345
15±4±
j334:

34500
:4500

±0026
8554

a (
8. 5± 3. 58

., C'1,
4.
5.

0
0

5:3j
745

±2609
13284

34500
34500

8055
8448

8.
1±. 68

-..
::. 54
-.

6.
7

0
0

847
997

24973
47373

34500
34500

±4792
14044

9. 20
9- L 3. 58

C..:.
0 ±322 5±3:30 34500 7154 9. 94



LIVE AND STANDING SKYL I NE LOAD ANALYSIS CR101 [:' LINK ASSUMPT I ON)

PROFILE 14
CARRiAGE NT=
HEAcSPAR T. P. = ±
INN YARD L I M= I
LENGTH OF C:HOKER= 8
MI N LOG TO GROUND CLEARANf:E=
TERRAIN POINT STEP S.IZE= ±

LIVE SKYLINE PAYLOADS

MOBILE YHRC.'EE:
L I NE

NE IGHT
1. 85

.1. '34
11 I.11..l

.1. I:i1.:I

Figure 18. Output for a Log Length of 16 Feet.
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TERRA IN HORZ
PCI I NT C:' 1ST

2. '.3 207'
1.3 386

MAX LOG
LOAD

±3472
119213

SKYL I NE
TENS I ON

3451313
3451313

MA I NL I NE
TENSION

8492
72413

CAF:RIA'3E LOG TO GF:OLIND
CLEARANCE ANGLE

1R 7.18
3. 41 I.

4. o
5. 13

531
745

114313
12E27

3451313
3451.30

6879
$412:

a 54
c

7. i_c,

7. j::
6. 13 847 22609 345130 12372 8. 68 7. 18
7. 13 997 413579 3451313 14645 9. ±8 7. ±8
8. '3 1322 45762 34500 9. 94 . 18

STANL' I NO SKYLINE PA'T'LOAC:'S BASED ON A SF(YL I NE LENGTH OF .j54S 49 FT

TEF:F.:A I p. HCTF:Z MA::< LOG SK.YL I NE MA I NL I NE '::AF:PIFIGE LOG TI:' GROUND
P01 rn [:i 1ST LOAD TENS ION TENS I ON CLEARANC:E ANGLE

ci2. 0 207 13162 34500 3210
3. 13 386 591.3± :45'.3CI 21. ;:3 51.3. 76

4 531 4615 34500 8E ± 54. .j9
5. '3 746 4:413 3451.313 1 4ç 5±. 49
6. ii 847 4343 ±714 115. 213 62. '31
7. 0 997 462:3 154. 22 913. 1313

8. '.3 1322 32138 I 53 31. 5± .j4 57
REQUIRED RIGGING LENGTH= 1765. 1

1T'HRC.'EF.: SPECS. -THLINE:'ERE:IRD
/ RLLOI4AE:LE

L ORD

sF:::YL 1 NE 2: 45
MA I NL 1 NE 196
HAUL E: Ac:F(

.SLACF::L I NE 14

HEADSFAR HT= 45

TAILSPAF: HT= 413

TAILSPFiR T. P. = 9
OUT YARD LI 1=
LENGTH OF LO0= ±6



LIVE AND STAND ING cf::',.'L I NE LOAD ANALYSIS (F: I '31 [:i LINK ASSL!MPT I ON)

MOE: I LE YARDE F:

LINE
WE I GHT

1. 85
1. 04
II 1.1 1.1

Ij. ¼.fl:j

Figure 19. Output for a Log Length of 48 Feet.
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STANDING 5LINE PAYLOADS BAS ED ON A SKYLINE LENGTH OF 1548. 33 FT

TERRAIN HORZ hA::.:: LOt] SKYLINE MA I NL I NE CARRIAGE LOG TO GROUND
POINT DIST L ClAD TENS ION TENS I ON CLEARANCE 'ANGLE

.' j:j2. 0 207 ±5148 34Ei0 10073 4. 22
3. 0 2:86 2:4500 5±02 ;i 1:3. 21

4. 0 581 5747 2:4500 -z - 2:5. 12
5. El 746 426.2 34500 1721 55. 27 5±. 49
5. 0 847 4269 34500 I fj 62. 01
7. 0 997 4555 34500 ±709 ±55. 0± 414 .1j4

8 0 ±322 8035 34500 ±853 :32. 0± 104. 57
F:EOLIIF:ED F:IGGINO LENGTH= ±755. ±6

TERRA I N HOF.:

PC' I NT DIST
MA LOG
LOAD

SKYL I NE
TENSION

MA I NL I NE

TENSION
CARRIAGE LOG TO GROUND
CLEARANCE ANGLE

2. 0 207 15650 ±052:0 9 2. 39
13 2:35 ±3:3:37 345'0 :3. 84 .::. .

4. i 531 ±2934 34500 3453 9. 44 .)

5. El 745 132:24 3.4500 :3705 13. 72 2. 39
S.. El 347 25789 2:45 ±5574 9. 94 .

7. a 997 50075 34500 19473 -4 1114 2.39
a o ±2:22 52:5±0 345 7754 9. :34 2. 2:9

PROFILE 14
CARRIAGE WT= 600 TAILSPAR HT= 40
HEADSPAR T. P. = I TAILSPAR T. P. = q

INN 'T'HF.c.' L I M= ± 'JUT YARD LIM=
LENGTH OF c:HOKER= 8 LENGTH OF LOG= 4:3

NIN Li:"] TO GROUND l::LEARANc:E= 2
TERRAIN POINT STEP SIZE= ±

L I VE cI:"T'L I NE PAYLOADS

YAF:DER SPECS. -THUNDERE I RD
ALL OWA E:LE

LC'A D

Sf::'T'L I NE 34500
1AINLINE ±9600
HAULE.1RCK
SLAC:Kt.I NE ?.1

HEADSPAR HT= 45



LIVE ANE:' STA4E:' I F3 cvyL INE. LORE:' ANALYSIS <RIG ID LINK ASSUMPT I ON)

PROFILE 14
CARF:1AGE NT= 500
HEADSPAR T. P. = I
I NN YARD L I M= I
LENGTH OF CHOKER= :3

MIN LOG TO GP.UUND c:LEAF:ANC:E=
TERRAIN POINT STEP SIZE= ±

LIVE SKYLINE PAYLOADS

MOE: I LE YHRE.ER
LINE

WE I GHT

1. :35

I '.34

L.l '.1 ki

1j. I::.ij

TFIILSPAR HT= 40
TAILSPAR T. P. = 9
OUT YRF.:D L I 1= 9
LENGTH OF LOG= 32

±0

Figure 20. Output for a 10 Foot Minimum Log to Ground Clearance.
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TERRAIN HOPZ
Pi:' I NT DI ST

2. 207

MAX LOG
LI:'AD

9597

SKYLINE
TENS I ON

34500

MAINLINE
TENSION

CARRIAGE LOG TO GROUND
C:LERF:ANCE ANGLE

.l.- .17. 52 &.,.. -

3. 1.3 36 9355 34500 5495 .j7 27 j:3 2±

4. 0 5:31 927± 34500 5358 1. 18. 21
5. 0 746 ii3433. 34500 5661 2±. 25 1:3. 21

6. 0 :347 ±9579 3.4500 ±8. 26 18. 21
7. 0 997 38098 34500 ±3658 ±6. :35 1:3. 21

a '3 12:22 444±6 ±7. 69 18. 21

TEF.:F:A I N HURZ MA::.:: LOG SKYLINE
RID I NT E:' 1ST LORE:' TENS I ON

2. ,ct7 942:1 :45Ci'3

3. '3 386 499:3 345'3'3

4. '3 581 346E: 34500
5 745 3227 34500
6.0 847 3227 34500

ci 9cs7 3459 34500
8. '3 ±322 6455

F:EQLIIREE:' RIGGING LENGTH= .j7S 16

MAINLINE
TENSION

5647
2415
I5j 2:

1 1:F
1432:
I i::I
1763

CARRIAGE LUG TO GROUND
CLEARANCE ANGLE

52 .j9 84
32. 14 49. 51.3

47. 61 64.

76. 64 51. 49
127. 23 62. '.31

F; 9a 00
:3:3. 55 j54 57

STANrI I MG SKYLINE PAYLOADS BASED ON A SKYLINE LENGTH OF 1546. 47 FT

'T'AF:c'ER SPECS. -THUNDERB I RE:'

ALLOWABLE
LOAD

SKYL 1 NE 34500
MAINLINE 19600
HAUL BACK:
SLAC:KL I NE V

HEADSPAP HT= 45



I yE ANC:' STAND I HG S}(YL I NE LOAD ANALYSIS ' RIGID LINK ASSUMPT I UN>

ARDEF SPEC:S. _THUNDEREI'
ALLOWABLE

LORE:'

196O1
ci

l..l

FT'L I
1AINLINE
1AULE:AL:F;.
;LAC:F:::l. INE
EADSPAF< HT 4

RUFILE ±4
CARRIAGE WT 6Ii
HEADSPAR T. P. =
I NtI YARD L I M

LEG1H OF CHOKER
ri I N LOG TO RULtND CLEARFINL:E=

TERRAIN POINT STEP SIZE= ±

LIVE SKYLINE pF4YLOAc'S

TEFRF!N HORZ MAX LO

P0 I NT DI ST LOAD

2. Cl 2U7' 24l5
3582 345

58± 43. 345'icJ
G74

1.3 847 i±9 34cJ
1i 597 2iS97

i 236±4

5TRN::)No 5}YLINE PAYLOADS BASED ON A SKYLINE LENGTH OF ±543. ±6

TERF.AIN HIJRZ MAX LOG SKYLINE

PU I Ni C' I ST LOAD TENS I ON

2. .J 24l5
::6 1326

4. Ci S'3L1 45j1
' .i 345

7'. 751 :45C11

2346
FEc.!L1gc:' RIGGINQ LENGTH= ±765. ±6

Figure 21. Output for a 30 Foot Minimum Log to Ground Clearance.

MOE: I LE YAF.:C'EF:
LI NE

WEIGHT
.1 E:5

1 :i4
ct

ij. ll

SKYL I NE MA I NL I NE

TENSION TENSION

1126
i5E.5

242i
345E:
6±52
37:36

794
7:9
794

952
1:: 17

CiRRR I AGE LOG TO GROUND

CLEFIRF!NCE ANULE

r:4PRIAUE LL" Tt.J 11'
.-...-. NiLE

TENSION C:LEARHNL

ICj

;7. ij
75. 44

ji4.
155. 02
.j9.j 9

E5. 98
G7. 68
54. ±9
5±. 49
62. :i±
G9. E4
69. 64

55.
6?. 68
64. 19

.J
j9

62. at
9. o'::

j.J4. 57
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FT

TFtILSFAR HT 4
TRILSPHR T. F. 4

OLIT yFIRD LIM
LENGTH OF LOG



LIVE AND STANDING SKYL I NE Lt:'AE' ANALYSIS (RIG I [:' LINK ASSUMPT ION)

'T'HRDEF. SpE::s. -THUNDERBIRD MOBILE YHh:EJER

ALLOWABLE LI NE

Lc!AD WEIGHT
34500 1. 85

19600 1. 04

o
0

SKYLINE
tIAINL. 1NE

HAU L C K

.SLAI::Ki 1 NE

HEADSPAk HT 45

PROF-1LE 14
CARRiAGE WT= 6013

HEADSPAR T. F'. = ±

INN YAF.:D L I M= ±

LENGTh OF c:HOKER= 24

MI N LOG TO GROUND c:LEARANCE 2

TERRAiN POINT STEF' SIZE= I

LIVE E;KYLINE F'AYLOADS

Figure 22. Output for a 24 Foot Choker Length.
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TERRAiN HORZ
F"JINl DIST

r1A::< LOG

LOAD
SKYLINE
TENSION

MAINLINE
TENSION

CARRIAGE LOG TO GROUND
,::LEARANI::E ANGLE

2.

3.

4.

5.

6.

7.

8.

0
0
0
0
0
0

0

207
386
58±
746
847
997
±322

10701
±0538
±0609
±1749
22993
43509
44956

34500
.34500
34500
34500
34500
34500
:4500

681?
6818
752±

±6791
7217

.j9
19.

19.

22.

20.

23.

26.

85
82
96
52:

±6
42
42

3. se.

3. 58
2:. 58

3. 58
58

3. 58

3. 58

STAN[:' .. ro SKYLINE F'AYLOADS BASED ON A SKYLINE LENGTH l:F ±S46. 00 FT

TERRA 1 N HORZ MA:: LOG SKYL I NE MA I NL I NE CARRIAGE Li:'G TO GROUND

FOINfl ['1ST LOAC) TENS I ON TENS Lflt C:LEARANCE ANGLE

2. 0 207 ji39 3451313 a a
85 5. 48

0 386. 5524 34500 :: 154 5. '3± 27. 2±

4. 0 sal 2:451313 j544 50. 75
i 7.9. 82 51. 49

0 745 2939 3 '. 5013

5. 0 847 2937 34SOLJ ± 351 1313. 35 62. 1.31

I

7.0 997 2:154 34500 1417 158. 41

8. 0 1322 5996 345130 1727 913. 51 1134. 57

REQU1ED RIGGING LENGTH 1765.

TAILSF'AR HT= 40
TAILSEAR T. F'. = '-4

OUT YARD LI M=
LENGTH OF LUG=



yE AND STAND I NO SKYL INE LOAD ANALYSIS (P101 E: LINK ASSUMPT ION)

TERRAIN POINT STEP SIZE= ±

LIVE .KYLINE PAYLOADS

Figure 23. Output for D315.

OF
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TERRA 1 N HOF:Z

F'OINT DIST
MAX LOG

L':'AD

SKYL I NE
TENSION

MA I NL I NE

TENSION
f:ARF: I AGE LOG TO GROUND

C:LEARANCE ANGLE

2. 0 207 8170 34500 3773 9. 57 3.58

3. 0 386 7348 34500 3217 9. 46
-.

4. 0 58± 7479 34500 309± 9. 71 -. .-IJ

5. j 745 9580 34500 3592: 1±. 30 3. 58

6. 0 847 15022 34500 4837 9. 91
-.

7 997 2±15 :45 4526 9. 06 3.

S. j3j 24915 34500 -1763 9. 00 3. 58

STAND I NO SKYL I NE PAYLfIA[:'S BASED ;j A Sf:L I NE LENGTH ±548. 22 FT

TERRAIN HORZ MAX LOG SKYLINE MAINLINE C:ARRIAOE LOG TO GROUND

PD I NT D 1ST . LOAD TENSION TENS I ON CLEARANI::E ANGLE

2. 8 207 8152: 2:4500 3757 5. 57 .5. t.i.

2:. 0 2:86 5491 :4500 23:2'2
, 39 5.J 79

4, 0 581 4475 3451.3g 182:5 :5. 98 64. .j9

.5 0 746 .1:04 :4500 1705 55 90 51 49

6 o E47 :i.: :4500 1E0 us s 2 Eli

7. 0 99? 4494 2:4500 1696 155. 59 90. 00

o u::: :4500 lESS
104 57

REQUIRED RIGGING LENGTH= 1765. ±6

F:L:zER SPECS.
-THUNDERB I F:C: MOB ILE YAF:DER

ALLOWABLE L I NE

LOAD WE I OH I

KYLJNF 34500 1. 85,

AIM.. 1NE ±9600 1. 04

AULE:ACK
U Ci. i3i

LAC:KL INE 0 0.

lEADSPAf: HT= 45

00

ROF1LE 14
::ARRIAGE WT= 600 TAILSF'tRP HT= 40

EADSF'AR T. F'. = I TAILSFAR T. P. = 9

INN YARD LIM I OUT YARD LIr1= 9

_ENCcI H OF C:HOKER= :

i I LOG TO GF:UUND CLEARFsNC:E= 2
LENGTH OF LOG= 32



EQU1RED RIGGING LENGTH= ±765. ±6

r1oE I LE YARDER
LINE

WE I GHT

1. 85
1. 04
jj fr$ 1.-i

0. 01.3

TANI:' I NO SKYL I NE PAYLOADS E:ASED ON A SKYLINE LENGTH OF ±548. 89 FT

Figure 24. Output for C8=O.3.

EF:RA 1 N HORZ
fl I NT D 1ST

2. 27

MA::.:: LOG

LOAD

25489

SKYL I NE

TENS I ON

321.396

MAINLINE
TENSION

±9601.3

CAF.:RIAGE LOG TO GROUND
:LEARANCE ANGLE

3.58
3. 3:35 23789 3453 ±7719 6. 6± 3. 58
4. '3 58± ±9937 3451.3 ±5099 7. 1.35 3. 58
5. 0 746 ±6997 3450i ±3±32 1o. is . 53
5. 0 847 25494 2556± ±96 iiiO 7. 41 -. =.c.

7. 0 997 4±208 j45 ± 9 53 7. 15 3. 58
:3. 0 1322 89344 272±5 ± 95ç;j 9. 2:3 3. 58

ERF:AIN HOF:Z MA::.: LOG SE:::YLINE

FOINT DIST LOAD TENSION
MAINLINE
TENS I ON

CARRIAGE LOG TO GROUND
CLEARANCE ANGLE

207 25399 2:4422 ±9600 I-. Hi.i
1.1 3:35 ±1.11750 34500 6355 ±9. Liii ..4 47

4. 0 58± 5665 34500 278± 33. 30 5±. ±9
746 4543 345 Li i3 ±800 62. ±8 5±. 49

-, UI :347 4552: 34500 .j755 1±3. 1.32 62. Liii.
7. Lii 997 4853 3453Li1 ±770 ±52. ±7 1.:I. j
:3. L ±2:22 8524 3450Ei j:375 ±04. 57
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I ''E AND STAND I NO SKYL I NE LOAD ANALYSISRIG ID LINK ASSUMPT ION:)

ARDER SFECS. -THUNDERBIF.:D
AL LOHAE:LE

L ORD
F:::'rL 1 NE 345 Lii
A I NL I NE .J-96
A U L B A f:::

L.AC:F;:L I NE 1.1

EFiDSF'AR HT= 45

ROFIL F ±4
RRR1AI3E 11T= 6Liu' TAILSFAF: HT= 41.3

EADSPAR T. F'. = ± TAILSPRR T. P. =
N YHF.:D LIM= 1. OUT YARD LIM=
ENOTH OF CHOKER= 8 LENGTH OF LOG=.
I N 1 00 TO GROUND f:LEARANCE= 2
ERRAIN POINT STEP SIZE= ±

I yE SKYL I NE PAYLOADS.



LIVE AND STA E:'lN;j K'i'LINE LORD RNALYSIS(RIGID LINK ASSUMPTION)

PROFILE 14
CARRIAGE NT= 5133
HEADSPAF: T. P. = I
I NN YAF.:D L I M= I
LENGTH OF CHOKER= 8
F1 I N LOG TO GROUND CLEAF:ANCE=
TERRAIN POINT STEP S1ZE= I

LIVE 5F::YLINE PAYLOADS

STANI:'iNG SKyL1NE PAYLOAE:'S EASED ON A SKYLINE LENGTH OF ±548. 10 FT

floE: I LE 'T'ARE'ER
LI NE

WE I J2HT
1. :35
1. '34

11 1.1 1.1

Figure 25. Output for C8=O.7.
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TERRA I N HOPE
POINT DIST

MA::; LOG
LOAD

SKYL I NE
TENSION

rIAINLINE
TENSION

C:ARRIAGE
CLEARANCE

LOG TO GROUND
ANGLE

2. 0 2137 10246 34533 5706 10. 39 3. 53
0 385 9231 :45 4923 9. 9± -

4. 0 581 9163 34530 4773 10. 31 ::. 53
5. '3 746. 10370 2:4533 542:4 13. 33 ::. 5:3
5. 0 347 18421 34500 32:38 13. 63 -..
7. 0 997 28503 34533 8432 9. 73
8. 3 ±322 32900 345133 2049

TERRA I N HOF.2 MAX LOG SF:::YL I NE
F0 I NT C:' 1ST LOAD TENS I ON.

± 3.].. :4533
2:85 S 3E1 7 2:4533
53 ± 442:5 2:4500

5.3 746 4±41 4 i

5. 0 347 4 ± 48 345 Ljo
7. 997 4428 345313
3. 0 ±322 789? 2:45133

REI!UIF:EE: RIGGING LENGTH= ±765. ±5

MR I NL I NE
TENSION

5593

1:343
±533
±664
±682
18513

CARP I AGE LOG TO '3ROUNE:'
CLEARANCE ANGLE

18 Ei9 5. 44
23. 5:3

37. 66 62. 95
56. 59 51. 49

±17. 2:5 62. 3±
±56. 23 I::.lI::l

32. 73 134. 57

'T'HRDER SPECS. -THLINDERE:IRD
ALL OWAE LE

LOAD
}:.'T'L 1 NE 34530

MAINLINE 19503
HAUL E: A C F::: 0
SLACKL I NE
HEADSPAP HT= 45

TAILSPAR HT= 40
TAILSPAF: T. P. =
OUT 'TARE:' LItl= 9
LENGTH OF LOG=



LI YE ANt:' STAND I NG cF:'y'L I NE LOAD ANALYS 15< F: I G ID LI : ASS}JMF'T I ON ::'

PROFILF ±4
CARRIAGE NT= 1.3

HEAC'SPAF.: T. F. = ±

I NN 'r' AF.:D L I M= ±
LENGTH OF c:HOKEF:= 8
H I N LOG TO GROUND CLEAF:ANCE=
TEF:F:A:IN POINT STEP SIZE= ±

LI YE SK.YL I NE FAYLOF:'S

MOBILE YARDER
LINE
WEIGHT
±. :35

1 134
Li. j
Li. Lj1

Figure 26. Output for U0.4.
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STANDiNG SKYLINE PAYLOADS E:ASED flN A KL I NE LENGTH OF ±548. 34 FT

TERRAIN HC;RZ MA::.:: LOG SF.:'i'L I NE MAINLI NE C:APF.: I AGE LOG TO GROUND

F' 0 I NT D I ST LOAD TENS I ON TENS I UN C:LEAF:ANCE ANGLE

2. ci .'13? ±454? 3451313 9. 05 5. 43
2:451.31.3 4±41 2±. 75

4. 1.3 581 48113 3451313 21371 2:6. 28 58. 53
5. 13 746 4269 4 J Li ± 722: 55. ±9 5±. 49
5. CI 84? 4276 345131.3 ±15. 97 62. 131

'- 1.1 1.114
7 i 997 4553 2:4513 Ci ± 7±13 1%,j 94
:3. 1:3 ±322 81.395 345013 ± 859 :3j. 97 11.34. 5?

REQUlFEC:' RItCiING LENGTH ±765. ±6

TERRAiN HORZ
PCI I NT C:' 1ST

MA:: LOG
LOAD

SKYL I NE
TENSION

MA I NL I NE

TENS I ON

CARP I AGE LOG TO GROUND
CLEARANCE ANGLE

2. ci 20? 149±0 345013 7135 9. C'S 3. 58

3. 1.3 3:35 ±3245 34500 74±5 ::. 58
4. 0 58± ±2576 34500 9. 24 3. 53
5. 0 746 ±3663 345I0 7862 ±i. 92 3. 53
6. ci :347 25±94 345013 ±31359 9. 53 3. 58

7. ci 99? 43085 3451313 ±2529 9. 46 3. SE:

a ci ±322 4528? 345131.3 2254 9. 87 3. 53

YAF.:DEF: SPECS. -TH1JNDEF.:B I F.:D

ALLOWABLE
LOAD

Sr'L I NE 345 Ci 1.3

MAINLiNE 19500
HAUL E:AC:K

SLAC:I:::L,I NE 1.1

HEADSPHR HT= 45

TAILSPAR HT= 413

TAILSPAR T. F'. =
OUT YARD LI M=
LENGTH OF LOG



LI 'y'E HND STANC:' I NO SK'rt I NE LOAD ANAL'r'S I S (F: JO IC:' LINK ASSUMPTI ON)

21:17

2:85

745
:347
997

MOE: I LE 'i'ARC:'EF:
LINE

WE I GHT
1. 85
1. i.34

.1. I:1El

Ij. I.J1

Figure 27. Output for U0.8.

26. 17
55. 95
5±. 49
62. 1:11

ci'-

11:14. 57

112

TERRAiN HOR t1A LOG fKYLINE MA I ML I NE CAF:RIAGE LOG TO GROUND
PU I NT c I ST LOAD TENS I ON TENSION CLEARAr4CE ANGLE

2. 3 21:1? 15362 345131:1 ±1347 F. 4 - =;:R

3. 1:1 386 13511 3451313 9682 :3. ±7 3. SE:
4. i.3 581 j4 3451313 C - s.

5 745 -12933 3451313 ±1. 4? 3. 58
5. '-3 84? 24757 3451313. ±6444 :3. 91.3 3. 58
7. 13 997 41479 2831:19 q:::cici :35j 3.58
8. '3 1322 57654 34513'3 i :2-9. 79 3. 5:3

STANr r.Ji3 Sf::ITIL I NE FAYLOAC'S BASED ON ' -Th'r'L I.NE LENGTH "F 1548. 51 FT

F'ROFILE 14
C:ARF:IAGE NT= 61:113 TAILSPAF: HT= 41:1

HEAC'SFAR T. F'. = I TAILSFAR T. P. = C'

I .iN ''A F.:D L I ti= OUT 'i'ARC:' LI M=
LENO1 H OF CHOKER= :3 LENGTH OF LOG=
MI N LOG TO GROUND C:LEARANC:E= 2
TERRAIN FOINT STEP 512E= I

LI "/E SKYL I NE pA'T'LOAc's

TERRA 1 N HC'F:Z MAX LOG SKYL I NE MA I ML I NE CARRIAGE LOG TO GROUND
POINT D 1ST LOAD TENS I ON TENS I ON C:LEAF:ANCE ANGLE

YARDER SF'Ef:S. -THIJNDERE:IPD
ALLOWAE:L E

L CIA C:'

SK'i'L 1 NE 3451.313

t1A I ML NE 1961313

HAIJLEACK I..i

SLACKL 1 NE 1.1

HEADSFAR HT= 45

-1 .1 F

3 345131:1

49±2
4355 ' ç,

4363 345131344 4 ci,.-i

I 1 ''Z:i II

REQUiRED F:IGGING LENGTH= ±755. 16



RI_iNN I NU SF::'T'L I NE LIJAE:' ANALYS I S 'R 101 D LINK ASSIJMPT I ON ::'

!i.'RRDER SPEC:S. PSY 2Eui

TERRAiN POINT STEP SIZE= ±
NSP tYPE CARRIAGE

Figure 28. Output for MSP Type Carriage.
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TERF.:A I N HORZ MA::< LOG HAULE:FtCF(
P01 NT c 1ST LOAD TENS I ON

2. 111 21117 1:2:8 16263
3. 385 1455: ±7911
4. 5:3j ±2:982 1:33a1
5. i 746 ±379 17612
5. i 847 ±7793 13197
7. i 997 2794 11272:
8. ±322 38537 13614

REQUlfEE:' RIGGING LENGTH= 337111. 2:1

MA I NL I NE
TENSION

19E
1951:1111

19 Ei
195111111

195

1 c1l

C:ARF.: I AGE LOG TO GROUND
CLEARANCE ANGLE

8. 57 3. 58
8. 51 -S.

3. 5:3
-:.11. GE:
3. 5:3

. 3. 58
9. 94 3. 58

AL LOW ABLE LINE
Li:AE:' WEIGHT

'Tt 1 NE l..1 i.li.1

MAINLiNE 1963 1. 1114
H AU L E*iC K 196 1. 11i4
SLFfCKL I NE 19G 1. 4
HEADSFHR HT= 5111

PR':'FILE 14
CARRiAGE WT= TAILSPAR HT= 4111

HEAC'SF-AR T. P. = ± TAILSPRR T. P. =
INN YFIRE:' L I N = ± OUT YHRC) LI N= Ci

LENG1 H OF C:HOKER= :3 LENGTH OF LOG= 2:2
NIN LOG TO GROUND CLEAF.'iRNI::E=



RLTNN 1 WG SKYL I NE LOAD ANALYSIS (RI OlD LINK ASSUP1FT I ON :'

PROFiLE 14
f:ARR1I-IOE WT=
HEAE:'SF-AR T. F. = I
I NN YR R[:' L I 11=
LENGTH OF f:HOFER= :3

H I N LOG TO OF.:JIJNC' CLEARANCE
TERRAIN POINT STEP SIZE ±
OVEF.:/L!NDER WOUND TYPE i::ARR I AGE

RE,?LI1kEE:' F.:IOOING LENGTH= :370. 31

TAILSPAR HT=
TAILSPAR T. P. =
OUT YARD L I H=
LENGTH OF LOO=

Figure 29. Output for Over/Under Wound Carriage with R5R61.5.

fl4

TERRAiN HORZ
POIN1 DIST

MA::.:: LOG
L,:Fsc:'

HAULBACK
TENSION

MAINLINE
TENSION

CAF.:RIRGE LOU TO GR':tUND
CLEARANCE ANGLE

3
3:35

±2473
jj:335

13972
±5393

1951
195':i':i

8
8.

57
5±

3. 58
3. 58

.i çi :1 1±::± ±5785 :t9 501:1 :<. 5:.

Li 745 11±62 15±22 ± 95 0 1±. 5:3 3. 5:3

5. i
7 i:i

:3. Cji

84V
9I7

j:22

±4598
23O4
319':I±

976±
±±59':i

19 5
195'3EI
1 953':i

9.

9.

20

94
3. 58

58

YHRDER SPEC:S. PSY 2En3
ALL OWABL E LINE

LOAC:' NE I GHT

SF:::YL :1 NE Li LI. Ij.J

MAINLiNE j96fl.3 1. ':14
HAUL bACK ±96 ±. ':i4
SLACKL I NE 1. 4
HEADSPHb HT= 5



2.0

4. 0
F

14

7. 0
a 1:1

REQU 1 RED

LINE
HEIGHT

11 liki
i. 1:14
I. 04
1. 04

207 111:141 12827
10497 14134

5:31 10039 14549
746 9:E3:3

847 13000 10500
997 21:1531 91:11:15

12:22 28580 1072:3
RIGGING LENGTH= 2:370. 2:1

Figure 30. Output for Over/Under Wound Carriage with R5=R6=2.O.
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F.JNN I NG SKYL I NE LOAD ANAL'T'S I S (RIGID LI NK: ASSIJMPT I IJri ::

PROFiLE 14
t::AF:p 1 AGE WT= 501:1 TAILSF'AR HT= 40
HEADSPAR T. P. = I TAILSFAR T. P. Cl

I NN YAF.:D L I M= I OUT YARD L I M=
LENG H OF 1::HOF:::ER= :3 LENGTH OF LOG=
MIN LOG Tii GF:OUND CLEARANCE= 2
TERRAiN POINT STEP 512E= I
OVER/UNDER NflHND TYPE f:AF:F: I AGE

TERRAIN HORZ MAX LOG H1RULBACK MA I NL I NE f:ARR I AGE LOG TO GROUND
P01 Ni DI ST LOAD TENS I ON TENSION CLEARANCE ANGLE

YARDEF: SPEC:S. -PS'1' 200

ALLI:IWAE:LE

LOAD
SK:YL1NE
MA I NL 1 NE 19600
HAULE: ACI( 19500
SLAC:f:::i. I NE 19600
HEAC'SPAF: HT= 50

1961:l0 :3. 57 ...
1950.1:1 8. 51 -z

1951:11:1 :. 5:3
19600 :tI. 5:3 -: =-C.

19600 :4. W 3. 58
19601:1 lIi 2:. 58

19 E 01:1 '-:1 3. 5:3



RIJNN 1 NO SKYLINE LOAD ANALYSIS <PIG ID LINK ASSUMFT I ON ::'

YARDER SPECS. -P5'T' 2ai

TERRAiN POINT STEP SIZE= ±
SINGLE MA INL INE TYPE CARRI AGE

Figure 31. Output for a Single Mainline Tpe Carriage.
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TEF:RA 1 N Hf'R MAX LOG HAULE:FsI::K

FOIN1 DIST LOAD TENSION

2. 0 2U7 ±a?:9 ±2391
3. i.3 3:35 9964 ±2:257
4. ii 5:3± 9524 ±3558
5. 0 746 10025 13398
6. 0 847 14762 1±000
7. 0 997 25457 ±0080
8. 0 ±322 4±827 ±4090

REQL11kEC' RIGGING LENGTH= 337a 31

MA I NL I NE

TENSION

±9500
±9600.
19600
1900
±9600
±9600
±9600

CAF:F: I AGE LOG TO GF.:OUND
G:LERRANCE ANGLE

:3. 67 58
6. 51 5:3

:3.

±1. SE: 3. 58
9. 20 3. 5:3

.C,9. 06 .__I

9. 94

ALLONABLE LI NE
LOAD NEIGHT

5LiNE U a aa
MAINLiNE ±9SUU 1. U4
HAULBHCK ±9SUU 1. 04
SLACKLINE ±9GUi.3 1. 04
HEADSPF*: HT= 50

PROFILE ±4
CARR1AGE NT= 500 TAILSPAF: HT 40
HEADSPAF: T. P. = TAIL5F'AR T. P. = 9
INN YARD LI Fi= ± OUT YARD LI M= 9
LENEi H OF C:HOKER= :3 LENGTH OF L013= 32
MI N L.UG TO GROUND CLEARANCE= 2
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