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I. INTRODUCTION

During the timber sale planning process, the forest
engineer must determine the type of yarding system which can
most efficiently harvest the area. In the case of steep,
environmentally sensitive terrain, the running skyline system
is often an alternative. The first step in the analysis is to
determine physical feasibility. Once this 1is known, yarding
costs are estimated in order to help determine the most
efficient system.

Currently, skyline analysis programs, available for desk-
top computers and hand held calculators, are used to determine
the maximum payload which can be supported at various points
along the skyline corridor.

The programs are based on the following information:

1. Diameter and length of wire rope
recommended for the yarder.

2., Yarder tower height.

3. Profile geometry.

4. Minimum skyline or Tog clearance.

5. Allowable working tensions.

The rope dimensions and tower height are available from
manufacturers' specifications. Profile geometry 1is obtained

from field or map surveys. Minimum skyline clearance is
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determined as necessary fo meet sale objectives. Finally, the
engineer must decide what allowable working tensions will be
acceptable. 0ften the tensions are assumed to be the safe
working Toad of the Tine and the tensioning capability of the
yarder 1is not considered.

After determining that payloads are adequate, production
is estimated using available regression equations for cycle
time, or "rules of thumb" based on past 1local experience.
Yarding costs can.then be ca1cuTated as a basis for comparison
between systems.

The assumption that the tensioning capability of the
yarder 1is not Timiting may not be valid and can result in the
predicted payloads being unattainable. In addition, the yarder
may be unable to deliver the power necessary to achieve the
predicted production rates. Consequently, actual production
could fall significantly below that originally estimated.

In order to more accurately predict running skyline
performance, this paper presents a method for mode11ng the
interaction between the yarder, the load, and the terrain. To
accomplish this, profile geometry is established wusing
conventional methods. Carriage position is then found based on
an assumed payload, and the tensioning capability of the
yarder. Next, torque required at the mainline drum to support
the Tload 1is calculated. The operating condition of the

engine/drive train that can deliver the required torque is
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then determined. Finally, Tline speed is calculated based on
engine speed, torque converter speed ratio, drum set gearing,
and effective radius. To do this, power flow must be defined
for the specific running skyline. Each component of the
yarder is modeled to permit simulation of the inhaul element
of the yarding cycle.

The Agricultural Engineering Department of the
University of California at Davis is currently doing work on
modeling the drive trains of various running skyline yarders.
Their research does not include the interaction of the yarder

with the choosen load and profile.

The objective of this paper is to develop a methodology
for determining running skyline yarder performance based on
the mechanical characteristics of the yarder and its
interaction with the 1load and the terrain. A code for

implementing this procedure on the HP-9020 will be prepared.

Scope

This paper will consider the following three designs

of running skyline yarders.

1. Non-interlocked

2. Mechanical interlock



3. Variable ratio hydraulic dinterlock

'

The three designs will be modeled in the uphill
configuration only. That is, when the engine must supply
positive tbrque to drive the system rather than negative
torque to slow the system down. Analysis will be Timited to
the inhaul element of the yarding cycle. The Tine
configuration consists of a mainline and haulback shackled to
the carriage. The 1line segments are assumed to act as "rigid

Tinks" as suggested by Carson (1976).



IT. YARDER POWER FLOW

Power flow must be considered 1in order to predict
yarder performance. Power delivered into the system must
equal power Tleaving the system. Since the purpose of a
yarder is to bring a 1load of 1logs to the 1landing, the
minimum input power requirement would be the power necessary
to perform wuseful work on the Tload. Therefore, other
sources of power Tloss can be considered inefficiencies 1in
the system. The relative efficiency of a running skyline
yarder' is defined here as the power necessary to do the
required work on the Toad and Tlines, divided by the total
power input by the engine. This measure of efficiency can
be used to compare the abilities of different designs to
deliver power to the Tload. The power flow between the
yarder, the 1lines, and the 1load varies with each design.

Mann (1977) described power flow in running skyline yarders.

Non-interlocked

The non-interlocked running skyline is the simplest and
Teast efficient of the three designs. The yarder may be
equipped with a multi-stage torque <converter without a
gearbox, or a single stage converter with a power shift
gearbox. The power lost in the converter can vary from 5% to
50% depending on design and operating condition. Power flows

from the converter output shaft to the mainline drum. The



mainliine drum then transmits the power to the mainiine. At
the carriage, some power flows to the Tload to do the work
required to yard the turn, while the rest is transferred to
the haulback Tine. Power 1leaves the haulback 1line at the
large water-cooled brake which is used to maintain tension 1in

the system (Figure 1.).

Mechanical Interlock

Power flow in the mechanical interlock is the same as the non-
interlocked design except that a portion of the power at the
haulback drum is recycled back to the mainline drum. This is
accomplished by placing a clutch between the haulback and
mainline drum gears (Figure 2.). This regenerative clutch
substantially reduces the input torque required from the
engine. To transfer power from the haulback drum to the
mainiine drum, the angular speed of the haulback side of the
clutch must always be greater than the mainline drum side of
the clutch. In the absence of any idintermediate gearing
between the drums, this can be accomplished by selecting drum
radii which allow the effective radius of each drum to be
equal when the carrjage 1is at the tailhold of the Tongest
possible span. At this position the haulback drum is nearly
full and the mainline drum virtually empty. Assuming equal
1ine speeds, there is no s1ip across the clutch at this point.
This is known as the "Tock-point". As dinhaul progresses, the

haulback Toses T1ine reducing its effective radius, while the
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main drum gains line, increasing its radius. The net effect is
the haulback drum begins to speed up relative to the mainline
drum. The differential speed is greatest when the carriage
nears the Tlanding. In practice, intermediate gearing is used

to control the Tocation of the lock point rather than drum

'radii. Since the mainline and haulback speeds are rarely

.equa1, the differences between them must be accounted for when

calculating differential speed. The differential speed

(n) is expressed as:

H (ny,/ns
AN = n (rm)( V) _ (nh n]) (1)
(r) (M) (np/ny)

where:
n_ = angular speed of the mainline drum gear

N, = angular speed of the haulback drum gear

n; = angular speed of the intermediate drive
‘ pinion
rm = Mmainline drum effective radius

™ = haulback drum éffective radijus
H, = haulback Tine speed

m, = mainline speed

Differential speed is necessary to calculate the amount
of power dissipated at the clutch face (P1). Power dissipated
is the product of differential speed and the torque

transferred across the clutch (MC).
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(an) () (2)
5252

P, =

The power dissipation capability of the clutch varies
with design. Line speeds and/or clutch torque may be Timited
in some situations so that power absorbed does. not exceed
manufacturers recommendations. This is Tess of a concern with
water-cooled - clutches  than with air-cooled clutches.
Information on clutch power absorption capacityris available

from manufacturers.

Interlock Efficiency

Efficigncy is the ratio of power-out to power-in. In this
case, power-in 1is the power on the haulback side of the
clutch, and power-out is the power on the mainline side of the
clutch. Since torque 1is equal on both sides of the clutch,
the efficiency of the mechanical interlock (Ei) can be defined
as the speed of the mainline side of the clutch divided by
speed of the haulback side of the clutch. This speed ratio is
dependent on drum radius ratio, 1ine speed ratio, and the
speed ratio between the mainline gear and the haulback gear.

Interlock efficiency can be mathematically expressed as:

E. =

(ry) (M) (ng/ns)
1 Y‘m

) (R, ) (np7n3) (3)
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The mechanical interlock substantia11y reduces the power
required to obtain 1loads and 1line speeds comparable with

those of the non-interlocked yarder.

Variable Ratio Hydraulic Interlock

One type of wvariable ratio interlock wutilizes a
hydrostatic drive to continually vary the speed ratio between
the haulback and mainline drums as necessary to control their
relative speed. The two drums are interlocked by.p1ac1ng a
hydraulic vane motor between them. The haulback drive pinion
is attached to the motor hoﬁsing and the intermediate shaft
is spliced to the rotor. The mainline drum is geéred to the
intermediate shaft (Figure 3.).

Unlike the mechanical interlock the geared speed ratio
between the main and hau1back drums 1is selected éo that the
lock-point occurs near the mid-point of the longest possible
span. Once again assuming equal Tine speeds, the theoretical
angular velocity of the haulback drum is less than that of
the mainline drum from the tailhold to the Tock-point, where
the rotational speeds match. From the Tlockpoint to the
lTanding, the haulback drum will begin to turn progressively

faster relative to the mainline drum.
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When the haulback drum turns slower than the mainline
drum, speed must be added through the interlock. This
requires a positive flow of power from the engine, through
the hydrostatic drive, to the drums. If the haulback drum is
rotating faster than the mainliine drum, power must be
absorbed by the hydraulic motor and transmitted back to the
output shaft of the engine through the pump. This negative
power flow reduces the amount of torque the engine has to
supply to meet tensioning requirements of the main Tine drum

(Figure 4.},

Interlock Efficiency

The efficiency of the variable ratio interlock s
dependent on the overall efficiency of the hydrostatic drive.
Typical values range from 75% to 95%. To calculate interlack
efffciency, the direction of power flow must be considered
(Carson, 1972). The power at the hydraulic motor (Pm) is the
product of differential speed and torque output. The power
at. the pump (Pp) depends on the direction of flow. For

positive flow from the pump to the motor P_ equals Pm/Ei’ and

P

for negative flow from the motor to the pump P_ equals Pm*Ei'

p
Power Toss is calculated as follows:



Positive flow,

]

Pm(l_Ei)

E;

Negative flow,

Py= P (1-E;)

(4)

(5)

14
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~ITII. MODELING YARDER COMPONENTS

In order to estimate performance, each component of the
yarder must be modeled. These include the engine, torque

converter, gearbox, and drumset.

Performance curves showing torque characteristics of
engines are available from manufacturers. These curves
describe engine torque output versus speed at the full
throttle setting. The performance curves are based on
dynamometer tests and usually must be derated for such basic
components as fan, alternator, air compressor, etc. The
deduction for auxiliary equipment 1is approximately 7 to 8
percent.

The engine can be modeled wusing piecewise Tlinear
regression of manufacturer's published data (Figure 5.). The
result 1is an equation, or group of -equations, which will

predict engine output torque as a function of engine speed.

Torque Converter

The torque converter is designed to multiply engine
torque. As the torque requirement of the load increases, the
torque <converter responds by automatically increasing the

ratio of output torque to engine dinput torque. This 1is the
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same as selecting a Tower gear which modifies the power
received from the engine, producing more torque and
correspondingly Tess speed. The magnitude of speed reduction
and torque multiplication is defined by the speed ratio (Src)
and the torque ratio (Trc). The speed ratio is the ratio of
output speed to input speed. The torque ratio is the ratio of
output torque to dinput torque. The efficiency of the torque
converter 1is the product of the torque ratio and the speed
ratio. The torque ratio and speed ratio which result from a
particular combination of input power and Tload conditions,
define the operating condition of the torque converter.‘ The

converter capacity factor (K is a convenient way of

)
expressing the power input to the converter. The capacity

factor is defined by:

KC = ne//ﬂe (6)

where:

S
1]

engine input speed, rpm

=
n

torque input to converter, ft-1b

The re1atﬁonship between capacity factor and converter
operating condition 1is established through dynamometer tests.
The results of these tests are available from manufacturers in
the form of torque absorption charts or converter performance
curveé. Regression analysis 1is used to develop relationships

for speed ratio as a function of the capacity factor and
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torque ratio as a function of speed ratio
(Figure 6.).

An iterative approach is used to model the converter. The
problem is to determine the input torque and input speed that
yields the required output torque (Mout). Qutput torque is
the torque necessary at the output shaft of the converter to
achieve the desired Tine tension at a given carriage position.
Calculation of output torque varies with drum set design, and
will be discussed in more detail later.

The qterative solution begins by selecting an initial
operating condition for the engine. The <converter capacity
factor is then calculated. Next, speed ratio and torque ratio
are determined wusing the regression relationships previously
developed. If the proper input power has been chosen, the
torque ratio as defined by the converter operating condition
(Trc) must equal the ratio of output torque to input torque
(Tr). If this is not the case, input torque must be adjusted
until these two variables balance. Figure 7. shows how these
two parameters vary relative to input torque. If Tr is greater
than Trc, then 1input torque must be increased. Similarly,
input torque must be decreased if Tr is less than Trc. Input
torque can be varied by changing engine speed (Figure 5.) or
throttle setting. For example, if the engine is assumed to be
operating at full throttle and governed speed and input torque
must be increased, engine speed is reduced. This results in

higher values for input torque. The
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physical interpretation of this is the engine 1lugging down
under heavy torque demand. When the engine 1is operating at
full throttle governed speed the only way to decrease torque
is to lower the throttle setting. A binary search technique
is used to converge on the operating point that satisfies the
condition that Trc = Tr. A flow chart of the tdrque converter
modeling procedure is shown in Figure 8. 0Once the operating
condition of the engine/torque converter is known. the output
speed is calculated by multiplying engine speed by the
converter speed ratio.

Gearbox

Many yarders are equipped with a gearbox. The gearbox
is defined by the speed ratios 6f each gear. Proper gear
selection allows the engine and torque converter to opefate
in an efficient range. For example, if too high a gear is
selected, the converter may not be able to generate a 1arge
enough torque ratio to meet demand. When this happens, the
converter will stall resulting in an afficiency of zero. In
order to model the gearbox, the highest gear 1is selected
initially. After determining the converter operating
condition, checks are made to determine if the converter is
operating within a desirable range. If not, a Tower gear is
selected and the process repeated until a feasible

combination is found (Figure 9.).
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Drum Set

The design of the drum set directly influences:
1) the ability of the yarder to support tension in a specific
drum at a specific carriage position, and
2) the torque requirements placed on the power unit during
yarding. Two factors that vary with drum set design and have

the Targest impact are effective drum radius and drum torque.

Effective Radius

The effective radius is the radius as measured from the
center of the drum to the center of the outermost Tayer of the
wire rope (Fiqure 10.). Effective radius varies as Tline is
spooled on and off of the drum during yarding. Assuming that
torque (M) delivered to the drum is constant, tensioning
capacity 1is inversely proportional to the effective radius.

This can be illustrated as follows:

T = M/re (7)
where:

T = tension

M = torque delivered to drum

effective radius of the drum

-
"

Referring to Figure 10, as line Tleaves the drum, r, will

decrease while M, being independent of r will remain

e’
constant. The result ds an increase in tension. The
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Figure 10. Yarding drum geometry.
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effective radius depends on drum geometry, carriage position
and the drum under consideration.

Drum geometry controls the range of effective radius as
the carriage moves along the span. The wider and Tlarger the
drum diameter, the narrower the range of effective radius.
For the haulback drum, the effective radius 1is greatest when
the carriage is near the tailhold. As a result, this 1is the
carriage position where the haulback drum produces minimum
tension. As the yarder brings in the turn, the tensioning
capability of the haulback drum increases to a maximum as the
load approaches the Tanding.

The variation of tension%ng capability with carriage
position for the mainline drum 1is opposite that of the
haulback. It 1s.highest at the back of the setting and Towest
near the Tanding.

In order to determine tensioning capability, the
effective radius of each drum must be calculated at each Toad
point. A convenient way to do this is to calculate the number
of "wraps" (layers) of wire rope stored on the drum and then

use the following equation.

re = b, * (n-.5)d (8)
where

br = barrel radius empty

n = number of wraps

d = rope diameter



The geometry
Figure 10.

using the following

The number of wraps

of a typical yarding
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equation.

where:

A derivation can be

length of T1ine on drum,

width of drum, in

.2618

found in Appendix 3.

drum

28

is shown in

can be calculated

(9)
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Drum Torque

Given the effective radius, torque available at a drum
controls the amount of tension which can be applied to the
lTine. Drum torque is generated either by the engine through
the drive train, or by resisting torque supplied using
brakes, clutches or, 1in the case of hydraulic interlocks, a
hydrostatic drive. The engine and drive train will be
discussed in detail later. For the moment, assume that torque
will not be 1imited by the engine.

Torque is applied to the mainline drum, from the engine
and drive train, through a pulling clutch. In many yarders,
this clutch 1is designed not to 1imit the tension that can be
exerted by the drum. That 1is, the torque rating of the
clutch is adequate to tension the Tline close to its breaking
strength at any effective radius. However, in cases of high
tension requirements close to the landing, this clutch may
become Timiting to mainline tension.

As mentioned previously, the non-interlocked yarder
uses a brake, usually water cooled, to tension the haulback
Tine. In the <case of the mechanical interlock, the
regenerative clutch Timits torque available for tensioning
the haulback. Torque supplied by clutches and brakes is
assumed to idincrease Tlinearly with the pressure applied to
the friction surfaces. The pressure is commonly supplied by

compressed air. (Figure 11.). The following relationship is
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used To calculate the torque capability of clutches or brakes.

M= (p)(Cy) (10)
where,

M = Torque, in-1b

p = Air Pressure, psi

Ct = torque constant, in-1b/psi

The constant Ct is dependent on design and is available
from the manufacturer.
Example
Cy = 3000, p = 100 psi
The torque available = (100)(3000)
M = 300,000 in-1b

This would be the torque available to produce tension in
the haulback drum.

The resisting torque in the haulback of a variable ratio
hydraulic dinterlock 1is supplied by the hydrostatic drive.
This device consists of a fixed displacement hydraulic motor
placed between the mainline and haulback drums that 1is
supplied with torque through a variable displacement pump
driven by the engine. The torque rating, Ch, of the
hydraulic motor is a function of. the motor design,
displacement, and angular speed. The variation of output

torque to motor speed is relatively small and can be neglected
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for the range of speeds involved. Neglecting effects of motor
speed, the motor torque can be expressed as the product of the
torque rating and the hydraulic pressure differential ( Ap)
between the inlet and outlet ports of the motor. The torque
ava11ab1e at the haulback drum is a function of the hydraulic
motor torque and the speed ratio of the haulback to the motor
drive pinion (figure 3.). Therefore, the torque available in
the haulback drum of a hydraulically dinterlocked yarder can be

calculated as follows:

(ap)(Cy) (11)

nh/ni

Mhb

where:
Mhb = torque at haulback
Ap = pressure differential

Ch = torque rating of motor
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IV. RUNNING SKYLINE LOAD PATH

Payload capability 1is often determined by calculating
maximum load carrying capacity for a given haulback tension
and deflection (Carson,1976). For the purpose of yarder
modeling, a more useful method determines deflection, and
ultimately a 1load path, for a given 1load and tension.
Calculation of the Toad path yields three important pieces of

information relative to yarder modeling.

1) Mainline tension necessary for a static force
balance at the carriage.

2) The Tine speed ratio necessary for the carriage to
travel along the load path.

3) Deflection of the skyline, and whether the Toad is
fully or partially suspended.

Two separate procedures are used in Toad path
determination. One treats the fully suspended case while the

other deals with partial suspension.

Full Suspension

Analysis of the fully suspended Toad path was developed
by Carson and Mann (Carson and Mann, 1971). A brief summary

of this procedure is presented here.
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For each terrain point  the secant method 1is wused to
determine the value for deflection that will provide the
desired payload. This method requires two initial guesses for

Dy‘ The initial guess for deflection (D,:) is the value that

yi
would put the carriage on the skyline chord. The net payload
(wo) is calculated wusing the initial westimate of the
def1ect10h. For the second guess, a deflection equal to the
first guess plus one percent of the span is used. Once again,

the corresponding value for payload is calculated. The third,

and all successive trials for D are determined from the

y
secant formula:
] ) (Wg-Wg) (Dy=Dyy) .o (12)
Ynew (w-wo) y
where:
wg = desired net payload
wo = previous value for payload
W = current value for payload
D = new trial deflection
Ynew
Dy = current trial deflection
Dyi = previous trial def]ection

The method usually converges on Dy in 4 to 8 iterations.
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Once the fully suspended deflection is known, the
skyline clearance is calculated and checked to verify if full

suspension is possible.

Partial suspension

Carson (1975) discussed an algorithm which included the
effects of Tog drag in the determination of the running
sky11nev1oad path. However, this procedure assumed a known
log to ground angle (B) which was constant as daflection
varied (Figure 12). This is not the case since deflection is
a function of 8. Because of this another method was
developed. This procedure is somewhat similar to Carson's
fully suspended algorithm. Instead of iterating for Dy, the
secant method is used to find the log to ground angle that
gives'sufficient deflection to support the desired payload.
The secant method was slightly modified for this procedure.
[t was found necessary to restrict the search within certain

bounds associated with different ground conditions.

Condition 1

Condition 1 consists of the uphill yarding situation.
The two initial guesses define the Timits of the solution
space in the search for B. The first guess assumes the Tog
virtually Taying on the ground (Figure 13a.). This dinitial

guess for the log to ground angle (Bl) is calculated as:

81 = Sin"L(D/L) + 5
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/(

EFFECTIVE
CHOKER
LENGTH

L, LOG LENGTH

»
D, LOG DIAMETER

Figure 12. Log drag geometry.




A=sin” (D/L)+5 £=89-6

(LOWER LIMIT) (UPPER LIMIT)

Figure 13. Search Tlimits for log-to-ground angle.




38

where:

)
n

log diameter

—
n

Tog Tlength

The five degree addition is to dinsure a high positive value
for payload with the initial trial. The second gqguess for the
1og to ground angle (82) approximates the condition where the
log is hanging nearly vertica] (Figure 13b) and is calculated

as:

B, = 89 - ¢ (13)

where:

D
n

ground slope angle

Eighty nine degrees 1is wused because for flat slopes
(6= 0) the tangent of o which is used in the denominator of
subsequent calculations 1is zero resulting in .an undefined
number.

For the third and all successive guesses, the secant

formula is used.

(W_-W_ ) (B-B.)
Brew = - = Bo (14)
(W=W,)
where:
wg = desired payload
wo = previous payload
W = current payload

B = current log to ground angle
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If the calculated B new does not fall within 8, and B,,
it is arbitrarily adjusted to fall within these Timits. This
process eliminates extraneous values of B8, and considerably
speeds up the iteration procedure. Four to ten iterations

are normally needed to obtain values for payload within two

percent of the desired Toad.

Condition 2

Condition 2 occurs when the log is moving down hill and
the ground slope is Tess than the coefficient of friction.
The two initial guesses for this condition are the same as
for condition 1. Figure 14, illustrates the Tog to ground

geometry.

Condition 3

Condition 3 is when the ground slope is greater than the
coefficient of friction as the log moves down hill. Since
ground slope (decimal percent) is greater than the
coefficient of friction, the log must be held on the slope by
the haulback (Figure 15.),.

It would have to be very steep for the log to actually
run ahead of the carriage. However, this 71og to ground
geometry 1is consistent with the static analysis of forces
which 1is a major assumption 1in this analysis. Once again,
trials for B are held within the solution space defined by

the two initial guesses. Four to ten iterations are necessary
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A=Sin~ (D/L)+5

(LOWER LIMIT)

£=89-9

(UPPER LIMIT)

Figure 14. Search limits for downhill yarding
with ground slope less than ooefficient

of friction.
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£=180

(UPPER LIMIT)

£=89-6
(LOWER LIMIT)

Figure 15. Search limits for downhill yarding

with ground slope greater than
coefficient of friction.
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in order to find a 1og to ground angle which yields payloads
within two percent of the desired load (ngure 16.).

" Once the Toad path 1is established, mainline tensions at
each terrain point are known. These tensions are used with
mainline effective radius to determine the torque requirement
at the mainline drum. Finally, the 1line speed ratio is
calculated to determine the amount of power which is delivered
to the haulback drum during inhaul. Line speed ratio is

expressed as follows:

mainline speed
haulback speed

L = — where: MV

It can be rewritten as

AH1
L -_time where: AMT1 = change in Tlength of
srat AM1 mainline out
time AHT = change 1in Tength of

haulback Tine out.

The two time terms cancel out and Tleave:
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INITIAL PAYLOAD
DEFLECTION| |, ~GCORDING
TO DEFLECTION DESIRED
l ¥ PAYLOAD?
DEFLECTION
AS A FUNCTION
USE SECANT PAYLOAD Gr?gulﬁ%GAL%Lg— .
N
METHOD ACCORDING ¥ LﬂasEETﬁ%%ATJ
TO CHANGE | '|TO CURRENT| [INITIAL LOG TO CHANGE LOG
DEFLECTION | [DEFLECTION| |GROUND ANGLE TOA?I%CI)_%ND

OUTPUT:

I. MAINLINE TENSION
2.LINE SPEED RATIO
3.LOG CLEARANCE

Figure 16. Flow chart of procedure for load
path analysis.
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The vaTue for AMT or AH1 can be readily calculated from
the information obtained during the 7load path calculations.
The pythagorean theorem is used to determine the total amount
of haulback and mainline out at each terrain point. Less
averaging error is introduced if the terrain points are very
close together. The c¢loser the points, the <closer the
calculated value will approximate the differential value for
Tine speed ratio. This can be done by adding "dummy" terrain
points immediately on the tailhold side of the field measured
terrain points (Figure 17.). The procedure for adding the
extra points can be found in the program Tisting

(Appendix 2).
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. FIELD SURVEYED
TERRAIN POINTS

. “DUMMY” TERRAIN POINTS

Figure 17. Location of "dummy" terrain points
on skyline profile.
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V. ESTIMATING LINE SPEEDS

Once the 1load path has been established, the 1line

speeds at each terrain point may be calculated.

Non-interlocked

0f the three types of machines considered 1in this
paper, the non-interlocked yarder 1is the simplest to-mode1.
A11 of the power in the haulback Tine is dissipated through
the haulback brake. The engine and tordue converter merely
have to respond to the required mainline drum torque at each
terrain point. Once the converter operating condition is

found, the mainline speed (M is calculated wusing the

v)
following equation.

My = ngye (R) (2mrp)

where:

Nout = converter output speed, rpm
R = the total reduction from the
converter output shaft to the
mainline drum.

r_ = mainline drum effective radius
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Mechanical Interlock

Modeling of mechanical interlock yarder differs from
the non-interlocked yarder in the calculation of torque
required at the converter output shaft. The formula for

calculating output torque is.

[”m - (”hb)(“h/“m)] (R)

MOut = - (14)
where:
Mm1 = total torque required at the mainline
drum.
Mhb = torque available through the
regenerative clutch.
nh/nm = speed ratio from the haulback gear to

mainline gear.

E = overall efficiency

After the algorithm converges on the torque converter
operating point, the Tline speeds are calculated in the same

manner as for the non-interlocked yarder.
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Variable Ratio Hydraulic Interlock

The variab1é ratio hydraulic interlock 1is the most
complex of the three designs and, therefore, the most
difficult to model.

After completing the Tload path phase of the program,
total torque requirement at the mainline drum 1is known.

Converter output torque is then calculated as follows:

[”m-(”h)(”i/”m)] (R) (15)
M =
out E
where:
Mh = torque at the hydraulic motor
ni/nm = speed .ratio from the intermediate

shaft to the mainline drum gear.

The torque converter operating condition must now be
determined. This is complicated by the design of the
interlock.

In order to ca]éu]ate the converter capacity factor,
the input torque must be known. This was straight forward
in the two previous cases discussed. However, as illustrated
in Figure 3, the power take off for the pump is between the
engine.and torque converter. As a result, the input torque

to the converter 1is found by subtracting the amount of
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torque added (or absorbed) by the pump from the engine

torque. Therefore, the capacity factor can be written:

n

= _€
Kc (M_-M ).5 (16)
e P
where:
Mp = pump torque

Pump torque will be positive when the hydrostatic drive
is adding power to the drums, and negative when it s
absorbing power from the drums.

As in the case of the hydraulic motor, pump torque_is a
function of displacement and pressure differential. The
pressure differential is held constant. Pump displacement
is varied so that pump flow equals motor flow. Motor flow
is the product of differential speed and displacement. Pump
speed 1is proportional to engine speed. The ratio of pump
speed to engine speed is available from the manufacturer.

Once the desired pump displacement (D_.) is known, pump

p
torque (Mp) is calculated as follows:

(Dp)( psi) . (17)
M =

P 24+

A derivation can be found in Appendix 3.
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The direct solution for pump torque involves the
simultaneous solution of six equations and six unknowns. An
iterative method for the calculation of pump torque is used.
Initially pump torque is assumed to be zero. Converter
capacity factor, speed ratio, mainline speed, differential
speed, and pump displacement are then computed. Based on
these values, an improved value for pump torque is
calculated. This value is compared to the previous value.
If they are not within some acceptable tolerance, the
. ca]cu]atipns are repeated using the improved value for pump
~torque until the difference between them is within
acceptable Timits (Figure 18.).

The program enters the torque converter phase each time
a value for pump torque is found. This is repeated until
the engine/coﬁverter_operating condition is determined. At
this point, mainline speed'is calculated in the same manner

as the other yarder designs.
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PUMP TORQUE| | CONVERTER

SPEED RATIO

-—>

ANGULAR SPEED

(Mp =0) > CAPACLTY ¥ OF MAIN DRUM
CURRENT VALUE - DIFFERENTIAL

FOR PUMP TORQUE
EQUALS IMPROVED

- |SPEED ACROSS

IN
VALUE TE]LOCK
“iic‘-f%o"é"&? IMPROVED REQUIRED
TRIAL VALUE VALUE FOR L PUMP
IN ENGINE-T.C. PUMIE’MTOS\'QUE  DISPLACEMENT
PROCEDURE . Pn

Figure 18. Flow chart of procedure for calculating

pump torque.
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VI. RESULTS

Three computer programs, which utilize the methodology
presented in this pdper for predicting running skyline
performance were written for use on the HP-9020. Complete
program listings and numerical examples are included in the
Appendix. A representative yarder was selected from each
design category. Figure 19a shows the relative efficiency
of the three machines yarding over the same profile.
Figure 19b shows the engine power re1ét1ve to power consumed
by the Toad if all three yarders could inhaul the same load
at equal speeds. In practice, a non-interlocked yarder
could probably not move a given Tload as fast as an
interlocked yarder because of the extremely high power input
and dissipation requirements. The shape of the plots ﬁn
Figure 19 reflect the overall design of the machine.

For example, near the tailhold the relative efficiency
of the mechanical interlock yarder drops-off markedly,
whereas the efficiency of the variable ratio idinterlock
yarder continues to 1ncreasé to a maximum in excess of one
hundred percent. The difference in efficiency 1is Tlargely
due to the different torque converters used in each yarder.
The mechanical idinterlock yarder in this case 1is equipped
with a torque converter and a two-speed gearbbx.’ While the

variable ratio interlock uses a different torque converter
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Figure 19(a) Relative efficiencies of three

yarders. (b) Required power for
each yarder to move the load at
equal speed.
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in combination with a 4-speed gearbox. The drop in relative
efficiency shown for the mechanical yarder is attributable
to 10Q converter efficiency resulting from the Tow drum
torque requirements of the relatively 1ight Toad (5000
pounds) wused in this example. _ The different torque
converter and 4-speed transmission allows the variable ratio
interlock machine to operate more efficiently over a wider
range of Tloading conditions. The high relative efficiency
near the tailhold demonstrates the —capability of an
interiock to utilize the potential energy given up by the
1og, thus reducing required input power. In fact, the
engine may need to function as a brake in some cases..

This illustrates that two yarders which can support the
same pay]dad may have very different productive potential.
Forest engineers can use the method of analysis presented
here to verify that production estimates for a given yarder
are reasonable,.

Figure 20 shows the potential error dinvolved when
predicting payloads using design tensions unrelated to the
tensioning capability of the yarder. If the safe working
Toad (one-third of the breaking strength) of a 7/8 inch line
were used as the Timiting haulback tension for the
mechanical interlock yarder, the payload capability would be

overestimated by as much as 86%.
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VII. CONCLUSION

A systematic approach for determining running skyline
performance based on the mechanical characteristics of the
yarder has been developed. This approach can be applied to
"the three basic deéigns of running skyline machines.
Computer code for implementing this procedure can be found
in the Appendix. These programs can be integrated into
existing skyline analysis software. Forest engineers should
be able to wutilize these algorithms in order to more
accurately appraise the relative performance of different
machines. This will assist in making decisions concerning

equipment selection and sale layout.



VIII. SUGGESTIONS FOR FURTHER STUDY

Further development of the procedures presented in this

paper is desirable:

1. Adaptation of the method to other systems such
as live and standing skylines.
2. Addition of a slackpulling Tine.

3. Model development for downhill yarding.

=

Using catenary relationships to estimate Tine
tensions and Tengths.

THe methods outlined in this paper would be readily
adaptable to other systems. Power flow for 1live and standing
skylines would be the same as that for the non-interlocked
yarder. Many running skyline systems wuse slackpulling
carriages. Addition of a slackpulling Tine would more
accurately model these systems.

Addition of downhill yarding capability to the model is
desirable since a significant proportion of running skyline
settings fall into this category. Downhill yarding has been
defined as any time the yarder engine must supply negative
torque in order to control the Toad. To add downhill yarding
to the model, closed throttle engine performance curves must
be related to <converter ‘"braking" data so the engine-

converter operating condition associated with the required
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braking torque can be determined. Finally, catenary
relationships <could be added in order to refine the
estimation of 1line tensions. This would be particularly
desirable when Tlow interlock or brake pressures result in
Tine tensions substantially below the safe working 1load of
the Tine. Catenary analysis would dincrease computational

time of the model.
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ynew

KEY TO SYMBOLS

Empty drum radius.

Torque

rating of motor

Torque rating of clutch or brake.

Log diameter.

Displacement of the hydraulic pump.

Current trial for deflection.

Previous trial for deflection.

New trial for deflection.

Diameter of wire rope.

Over all efficiency (not including converter).

Interlock efficiency.

Haulback Tine speed.

Constant equal to .2618.

Converter capacity factor.

Length of Tline stored on drum.

Log Tength.

Line §peed ratio.

Torque
Torque
Engine
Torque

Torque

delivered to drum.
transferred across the
torque.

at haulback drum.

at hydraulic motor.

interTock clutch.
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Torque at mainline drum.

Required converter out put torque.
Pump torque requirement.

Mainline speed.

Number of wraps of wire rope on drum.
Rotational speed of the engine.
Rotational speed of th haulback drum.

Rotational speed of the haulback or mainline drive
pinion. ~

Rotational speed of the mainline drum.
Converter output speed.
Air pressure.

Power Tost through the brake, clutch, or the
hydrostatic drive.

Hydraulic motor power.

Hydraulic pump power.

62

Total speed reduction from converter output shaft to

the mainline drum.

Effective radius of the haulback drum.
Effective radius of the mainline drum.
Drum effective radius.

Converter speed ratio.

Tension.

Calculated torque ratio (regression).
Actual torque ratio.

Current value for payload.

Drum width.



Desired net payload.

Previous value for payload.

Tagline angle.

Log to ground angle.

Previous trial for 1og to ground angle.
Change in length of haulback.
Differential speed or slip.

Change in length of mainline.

Hydraulic pressure differential.

Ground slope angle.
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APPENDIX II
EXAMPLES OF PROGRAM INPUT AND QUTPUT
and

COMPUTER CODES
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EXAMPLE OF NON-INTERLOCKED RUNNING SKYLINE MODEL

INPUT
Profile:
TERRAIN POINT X Y SLOPE DIST % SLOPE
0 0.00 1000.00 0.00 0.00
1 136.79 938.45 150.00 -45.00
2 322.48 864.17 200.00 -40.00
3 461,76 808.46 150.00 -40,00
4 647.45 734,18 200.00 -40.00
5 786.72 678.47 150.00 -40.00
6 972.42 604,19 200.00 -40.00
7 986.98  599.24 15.00 -35.00
8 1086.58 599.24 100.00 0.00
9 1228.1% 648.79 150.00 35.00
10 1369.73 698.34 150.00 35.00
Yarder:

EDCO Mustang III

Head spar/tailspar geometry:

YARDER IS LOCATED AT T.P.4¢ 0
TAILHOLD IS 20 FEET HIEGH AT T.P.3 10

External yarding limit:
Terrain point #6

Air pressure on haulback brake:

444444 BRAKE PRESSURE HELD CONSTANT AT 65 PSI #4344

Design payload:

PAYLOAD= 5000
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QuTPUT

T.P. MLT HBT. REQUIRED LSPD  SUSPENSION LOG CLEARANCE BETA
(LBS) (LBS) H.P. (FPH) (FT) (DEG)

1 14597 12148 397 586 PART 24 48

2 13996 11503 396 609 PART 20 40
3 13282 10923 396 639 PART 21 41

4 12717 10923 3% 658 PART 28 57

5 11628 10398 796 698 FULL 8 0

6 10827 9922 395 724 FULL 49 0

AVE. HORSE POWER DISSIPATED AT HAULBACK BRAKE=239.33

INDEX

Item Line Numbers
"Dummy" terrain points ....... ... .., 320-390
Yarder specifications ........... ... .. ..., e 780-1020
Log drag parameters ......... e ettt e 1060-1140
Effective radius ... ittt 1540-1570
Equation for engine torque .........cciiiieno... 3310
Speed ratio (Sr) . as a function of Kc ........... 3550-3610
Torque ratio (Trc) as a function of Sr ......... 3660-3710

A11 variables that are subscripted for retrieval from
memory, are listed between Tines 100 and 160. For internal
calculations, the subscripts are twice the terrain point
value. For example, the torque converter efficiency at

terrain point #4 is designated as Tce(8).
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~

PSSR SRR ER R0 0S NON- INTERLOCKED 4544548855888 5885408480 4544
|

é USES MODIFIED SECANT SEARCH PROCEDURE TO FIND LOAD PATH

|
fRINT PAGE
gEEUT "NAME OF PROFILE YOU WISH TO USE",F$¢ ! READS PROFILE DATA

DIM 5(100),A(100),X(100),7(100),5s(100),Aa(100) Sclear (100) ,Beta(100)
DIM Ey(luui L3(108) Mrig{100),Hrig(100) ,Drt (100501t (100),Skyl (100)
DIM Hre(100] Mre(108),Dratio(100)5Hbt (100),C1(108) ,Lsr (100),Ke (100)
DIM Erpm(100],Me(100) Mml (1007, Modt (100),Tr(100), Tt (100),5r(100)

DI Hrgm(lﬂﬂ) Hr m(lﬂﬁ),nlsgd(iﬂﬂ) P1(100),Tee (100) ,Unet (100) ,Wv(100)
DIM H1t(100), Theta(100) |Le(100) ,Gel100),A1pha(100) ,Apreq(100),Pnl (100)
DIM Mltmax(100),Tre (1003 Flc(108)

nsglsn $1°T0 *UiLBANKS/"dF$

Nn=0

READ #1;X(0),Y(0)

FOR 1=1'T0 100 ! LOAD EVEN # PTS. INTO ARRAY
J=2¢] I (ACTUAL TERRAIN POINTS)
READ #1;5s(1),0a(1)

IF ABS(Ss(1))4ABS(Aa(1))=0 THEN 320
A=ATN(Ra (1)7100)

X(J)=X(J-2)+5s (1)9COS(A)
Y(2)=Y(3-2)+5s (1) #SIN(A)

S(J)=Ss (1)
A(J)=Aa(l)
NaN+1
NEXT I
FOR I=0 TON ! LOAD ODD #_PTS. INTO ARRAY
Ja28]+] I (DUMMY TERRAIN POINTS)

X()=X(J-1)+.01#(X(J+1)-X(J-1))
Y(J)=Y(J-1)+,01#(Y(I+1)-Y(I~1))
S(J)=,01%5s(1+1)
A(d)=Ra(l+1)
Nn=hn+1

NEXT 1

N=N+Nn-1

ASSIGN $1 T0 #

PRINT "“WILBANKS/"&F$

PRINT

5(0)=0
A(0)=0

PRINT "TERRAIN POINT X Y
FOR =0 TO N STEP 2

Tp=1/2
PRINT USING 510;Tp,X(1),Y(1),S(1),AC1)
lnpeE 4X,4D,9%,50. 9D, 2% 50. 20 ,4X,9D. 20, 4X,50. 20

PRINT
INPUT “YARDER LOCATION 7*,Tpl
INPUT "LOCATION OF TAILHOLD AND HEIGHT ?",Tp2,Hh2
IF Tg2>Tp TheN
DISP *TAILHOLD MUST BE GETUEEN 0 AND'jTp;" PRESS CONT UHEN READY"

. GOTO 540

SLOPE DIST % SLOPE"
} PRINTS PROFILE DATA
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END IF
PRINT 51N 630;TL
IHAGE "VARDER 14 LOCATED AT T.P.4,3D

PRINT USING 660;Hh2,Tp2
IMAGE "TAILHOLD IS",3D,X,"FEET HIGH AT T.P.$*,3D

o1

éﬂ%ﬁ:ﬁrmm YARDING LIMIT 7" Eyd

Ixi‘dsydqp'z THEN Eyd=Eyd-2

| SRR EEHI IR RUNNING SKYLINE ANALYSIS #s#Ssiisiassssssisssss
iNPUT “WEIGHT OF TURN TO BE YARDED (LBS)?",lg

[sesersaessass YOROER SPECS. BASED ON EDCD MUSTANG 111 sssssessassssans

Rmain=. 0698 { REDUCTION : TRANS TO ML DRUM

Eqear=.8 | QVERALL MECHANICAL EFFICIENCY
r=7 : I MAINLINE BARREL RADIUS

Mbu=24 P oo DTH

‘Mle=2700 . (o ORUM CAPACITY

Hbr=? ! HAULBACK BARREL RADIUS

Hbw=24 . P Y WIDTH

Hlc=4200 P DRUM CAPACITY

Tower=50 ! TOWER HEIGHT

Hhl=Tower

[ H A I H R I R

!
INPUT "PRESSURE SETTING ON HAULBACK BRAKE (PSI)?",Psi
PRINT “$4¥4H4 BRAKE PRESSURE HELD CONSTANT AT*;Psi;"PSI HHHHH"

PRINT
PRINT "PAYLOAD=";lig
PRINT

M=Psi#208.3 ! TORGUE AVAILABLE AT HAULBACK DRUM

i
Diam=7/8 ! DIA. MAINLINE

Diah=3/4 I DIA. HAULBACK

Wl=1.04 ! WEIGHT/FOOT OF HAULBACK

W3=1,42 ! WEIGHT/FOOT OF MAINLINE

=600 ! CARRIAGE WEIGHT

Count=0

0

ISR NN | (00 DRAC PARAMETERS #HHHSSHIFHII IS
i

L1=32 ! LOG LENGTH

He=3 ! CARRIAGE HEIGHT

U=.6 ! COEFFICIENT OF FRICTION

Choke=24 ! CHOKER LENGTH

Logdia=2 ) | LOG DIAMETER (FEET)
Ce=Choke-P[*Logdia ! EFFECTIVE CHOKER LENGTH
fly=Ll+Ce+Hc | REQ. CLEARANCE TO FLY
[ I I
!

IF_Tpl=0 THEN

First=2
ELSE -

Firgt=Tpl+l
END IF

FOR I=First TO Evd
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SIS FIND LOAD PATH 38 1A
i
Drag=0
6=0 } COUNTER FOR Dy ITERATION
Sclear(1)=0
Beta(l)=0
IF .01#A(1)>U THEN ! TEST FOR SLOPE GREATER THAN
Slide=l ! COEFFICIENT OF FRICTION
ELSE
Slide=0
END IF
IF Drag>0 THEN
GOSUB 4430

ELSE
G0SUB 4190
| END IF
[ S EEEHE R0 00888 CALCULATE LINE LENGTHS 3454888440088 54000
!
Hrt=Dy(1)-Lh
L3(1)SUR(D1t (1)*2+Dy(1)2)

Mrig(I)=L3(1)+Touer ! MAINLINE OUT
Hri?(l)=L3(I)+2*SQR(Drt(I)“2+Hrt“2)+Touer ! HAULBACK QUT

Sky (I)=Hri?(l)+Hrig(l)

Mi=Mic-Mrigll) I MAINLINE ON DRUM
El-géiéHrlg(]) ! HAULBACK ON DRUM

SIS RSN CALC, WORKING HB TEN. $45S438355 565450083 0 44004

i
Hn=INT ((~Hbr+ (Hbr~2+(Diah*2#H]/ (K¥Hbw) ) )2.5)/Diah)+1
Mn=INT((-Mbr + (Mbr* 2+ (Diam*2#M1/ (K¥Mbu) ))*.5)/Diam) +1
Hre(I)=Hbr+(Hn-.5)#Diah
Mre(1)=Mbr+(Mn=-.5)%Diam

IF G=1 THEN
Hbt (1)=M/(Hre(1)/12) ! HAULBACK TENSION
Mltmax (1)=27150/ (Mre(1)/12) i MAX MAINLINE TEN, AS

END IF LIMITED BY PULLING CLUTCH
IF Drag=1 THEN
Hbt(?)=H/(Hre(l)/12)
Mltmax(1)=271%0/(Mre(1)/12)
END IF
IF Slide=2 THEN :
Hbt (1)=M/(Hre(])/12)
Mltmax([)=27150/(Mre(1)/12)
END IF
ISR CONPUTE SEGMENT FORCES Hs88ss883580000000003
!
i
[ L HHH S GKYL[NE LEFT #8535 660550a a0 0500444
i .
) ! TENSION AT YARDER

GOSUB 5910
V1=Vt

ﬂlﬂH
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[HEESEESSSEE A H0EE 4 GUYLINE RIGHT +H#$833330 548884484444
|

IF Hrt>0 THEN
Tu=Hbt (1)-WitLh  TU @ TAILSPAR
Hh=Hrt

ELSE
Tu=Hbt ([)-W1¥Dy( 1) ! TU @ CARRIAGE -
Hh=-Hrt

H2=

IF Hrt»0 THEN V22U
IF HetcD THE V2=-(ULouLeL)

[ SIS [OULBACK $HH855 5550 RN
:

IF Hrt>0 THEN
Tu=Hbt (1)-W1#Lh ITU @ TAILSPAR

Tu=Hbt (1)-W1*Dy( 1) ! TU @ CARRIAGE
Hh=-Hrt

IF Hrt>0 THEN V4=Vl
%F Hrt<0 THEN U4=-(U1+W1%L)

[SFS IS EEISEEE PAYLOAD AND MAINLINE TENGION $+#sssssssssssssssss
IF Drag>0 THEN

GOSUB 3900 ! DRAGGING
ELSE

GOSUB 4058 ! FLYING
END IF

T I I R EH R R H

IF Drag>0 THEN
IF ABS(Z)<,02%dg THEN
IF HI>=50 THE! { TEST FOR SUFF ICIENT
qml(l)=ﬂlt(I)*(Nre(l)/12) ! HAULBACK LENGTH

IF Mml(1)¢27150 THEN ! TEST FOR CLUTCH LIMITING
GOTO 2510

SE
BA?$ ZHQINLINE DRUM CLUTCH IS LIMITING AT TERRAIN POINT $";1/2

GOTO 2510
END IF

ELSE
8A?$ ZHAULBRCK LENGTH EXCEEDED,TRY AGRIN"
GOTO 760
END IF
END IF
ELSE
IF ABS(Z)<.02%Jg THEN 2470
END IF
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?UTU 1350
iFDCl(I)<Fly THEN { TEST FOR FULL SUSPENSION
raq=
6070 1350
END IF
vEXT |
5SS EHERERR SRS CALC. POUER BALANCE #+#48808880s5asisas0tiass

|
FOR 1-Tple2 T0 Egd STEP 2

Et=0
IF Et>0 THEN
E0SUB 3350 ! ITERATE FOR THROTTLE SETTING
GOSuUB 3530 ! CALC SPEED RATIO
GOSUB 3650 ! CALC CONVERTER TORGLE RATID
EngSUB 3750 ! CALC ACTUAL TORGUE RATIO
£0SUB 3160 ! ITERATE FOR ENGINE SPEED
G0SUB 3530 ! CALC SPEED RATID
GOSUB 3650 ! CALC CONVERTER TORGUE RATIOD
6OSUB 3750 ! CALC ACTUAL TORQUE RATIO

TEST FOR NEGATIVE OUTPUT TORGUE

FIRST ITERATION OF ENGINE SPEED
ROUTINE (GO SPD), MUST REDUCE
THROTTLE SETTING IF 2t IS NEG.

END IF
IF Mout(1)<0 THEN GOTO 2990
Zt=Tr([)-Tre(])
IF Et=0 THEN
IF T=0 THEN
IFE$t<0 THEN

END IF
IF ABS(Zt)<.001 THEN ! IS OPERATING COND, ERROR ACCEPTABLE?
IF Ke([)>=49,86 THEN ! IS OPERATING COND. FEASIBLE?

IFEErgm(I)>2100 THEN
G0TO 2580
END IF
ELSE
PRINT "INFEASIBLE LOAD AT TP$";1/2
G0TO 2980
END IF
ELSE
T=T+1
GOTO 2580
END IF
Mrpm(1)aSe (1) #Erpm(1)#Rmain ' MAIN DRUM RPM
Mlspd(1)=Hrpm(I)#(Mre(1)/12)¥24P] ! MAINLINE SPEED
Pml(1)=Mml (1) #Mrpm(1)/5252 I POWER IN MAINLINE
60SUB 3820 ! CALC POWER LOST AT HB BRAKE
G0SUB 5800 i CALC AUE POWER LOST AT BRAKE
ngg%q§l)-He(l)*Erpm(l)/5252 ! REQUIRED HORSE POWER
| AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAANAAAAAAAAAAAAAAAAANAN
BOSUB 5420 ! PRINT OUTPUT
INPUT "DO YOU WISH TO CHANGE YARDER LOCATION OR TAILHOLD GEOMETRY ?*,T$
IF T$="ND" THEN 3120
INPUT "NEW YARDER LOCATION ?*,Tpl
INPUT *NEW LOCATION OF TAILHOLD AND HEIGHT ?",Tp2,Hh2
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~u

PRINT USING 630;Tpl
PRINT

PRINT USING 660;Hh2,Tp2
PRINT

Tpl=23Tpl
Tp2=2#Tp2
Brake=0
=070 760

END P44 44444444444 4444444444444 44 4443440044441 4 44444444 14444

} SUBROUTINE UARIES ENGINE SPEED ==mmmmmmmmmmememmne
%E ng T@ Erpn(1)=2100 | TRIAL ENGINE SPEED (GOV SPEED)
Erpm(1)=1400
Delta=200
END IF
IF T>1 THEN
IF Zt<0 THEN
Erpm(l) Erpm(1)+Delta | INCREASE RPM IF NEED LESS TORQUE

?m(l)=Erpm(I) -Deitas2 ! DECREASE RPM [F MEED MORE TORGUE
a=Delta/2

5T
e(1)=2219,12-,59*Eron( 1)
I)=Erpm(!)/SQR(He 1)
RETURN

! CALC. ENGINE TORGQUE AS FCN. OF RPN
! CALC. CAPACITY FACTOR

SUBROUTINE VARIES THROTTLE SETTING -

|
l
]
{F Et=1 THEN

Ergm(l)=2100 | GET ENGINE AT GOVERNED SPEED
Ke(1)=49.86 :

Delta=10

Et=Et+l

ELSE
IF Z2t<0 THEN
EL§6(1)=Ke(I)*Delta ! INCREASE Ke IF NEED LESS TORQUE

Ke(1)=Ke(I)-Delta 2 ! DECREASE Ke [F NEED MORE TORGQUE

De}ta=Delta/2 .
END IF
Me(1)=Erpm(1)*2/Ke(1)*2 t CALC. ENGINE TURQUE AS FCN , OF
RETURN i THROTTLE SETTI
: SUBROUTINE CALCULATES SPEED RATIOD -----=-m=ccemeaaaa
IF Ke(1)¢52.9 THEN Sr(1)=(Ka(1)-49. 86)* 050775 ! TD-11500-MS-340
IF Ke(1)»=52.9 THEN

IF Ke(13¢=63.38 THEN
Sr(1)=,00010%EXP(.13956%#Ke (1))

ELSE
Sr(1)=,01534*EXP (. 06060%Ke (1))
ND IF
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IF Sr(1)<=.709 THEN
Tre(1)=5,08129EXP(~2.2878%5r (1))

ELSE

Tr?él)=-.11566-3.3549B*LOG(Sr(l))
Tee([)=Tre(1)#5p (1) ! CALC. CONVERTER EFFICIENCY
$ETURN
E -------------- SUBROUTINE CALCULATES ACTUAL TORQUE RATID ------eeoeeeen
Mol (1)=H1t (1)#(Hre(1)/12) ! TOROUE REQ. @ MAIN DRUM
Mout (1)=Mm] (1)*Rmain/Egear ! TORQUE REQ. @ OUTPUT SHAFT
Tr(1)=Mout (1)/Me(]) { ACTUAL TORQUE RATIO
$ETURN
2**************** CALCULATE ANEULAR VELOCITY OF HAULBACK s¥sssssssstssss
Dratio(1)=Mre(1)/Hre(1) ! DRUM RADIUS RATIO
Lsr(l)= ABS((Hrlg(I+1)-Hrlg(l))/(Hrlg(l+1) -Mrig(I))) ! LINE SPEED RATIO
Hrpm(D)=Mrpm(1)*0ratio(1)¥.sr (1) ! HAULBACK RPM
Pl(l)-H*Hrpm(l)/5252 ! POUER DISSIPQTED AT HB BRAKE
?ET RN
I!AAAAMAAAAAAAAAAMAA CUHPUTE NET PRYLURD DR“GGING AAAAAAAAAAAAAAAAANAAA
ﬁnet=((Dy(l)/Dlt(l))*(H4+H2-H1)-.5*H3*L3(l)-Hc+U1+U2+U4)/(Nl-N2*Dy(I)/Dl

Hv([)=linet M1
?h=Unet*N2

;! AAAAAAAAAAAAAAAAAAA CQLC DRRGE ] NG m ] NL ] NE TENS ] UN AAAAAAAAAAAAAAAAAAAA

H3=H2 +Hd-H1 +th
U3=biv( 1) +le-U1-U2-U4

M1t (1)=5AR(H3~2+4U3°2)+W3*Dy (1) ! MAINLINE TENSION
-Hnat-U? | DRABGING PAYLOAD ERROR
gg%ear( =Ce+He-Xp*TAN(Theta(l)) ! DRAGGING SKYLINE CLEARANCE
1

[S58853438000045% CALC SUSPENDED MAINLINE TENGION #ssssssssssssssssssss
|

H3=H +Hé4-H1
U3=H3#Dy(1)/D1t (1)-.543%L3(1)
Lt (T)=SOR(H3"2+ (U3 +U5#L3(1))72)

s sEsEsEsassassss COMPUTE NET PAYLOAD SUSPENDED ##ssssssssssssssssssss
!
W=U1+Y2+U3 +V4-lic I NET PAYLOAD
IF G=0 THEN Wo=u
C1(D)=Y(Tpl)+Hh1-Dy(D)-Y(1) ! CALC SKYLINE CLEARANCE
Fle(D=C1{1)-Fly { CALC SUSPENDED LOG CLEARANCE
%-w-w | SUSPENDED PAYLOAD ERROR
E@@@@@@@@@@@@ SUBROUTINE FOR FULLY SUSPENDED DEFLECTION 900QQ000R00R0R0A
D1t (1)=X(1)-X(Tpl) | GEGMENT GEOMETRY
Drt (1) =X(T 2)-X(I)
Sﬁan=Drt(lg
%F é(Y(Tﬂl)+Hh1) (Y(Tp2)+Hh2))

Dvi=D1t (1)#Lh/Span I 1st GUESS FOR DEFLECTION



iy

9(1)=Dyi

00

IF G=1 THEN
Dy(1)=Dyi+Span/ 100 { 2nd GUESS FOR DEFLECTION

END IF

IF G>1 THEN
Slo&e=(w-wo)/(0y(l)-0yi)
lo=

Dyi=Dy(1) .
Dy( 1)=(big-tio)/Slope+Dyi ! NEW GUESS FOR DEFLECTION

END’ IF

RETRN

}@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

| SUBRUTINE FOR ORAGGING DEFLECTION HbHHHHHHIH

Fle(D)a0
Theta(1)=-ATNC. O14(D)) | GROUND ANGLE

[ esessssstasEsestant [ OC TO GROUND ANGLE (BETA) HHEFHH33EE883EE400444

IF Slide>0 THEN 4840

IF Drage=1 THEN : ! CONDITION 182
" Betap=ASN(Logdia/L1)+5 | 1st GUESS FOR BETA
Lay=Betao | “(LOUER LIMIT)

Be a(l)=Betao
END 1

IF Dra? =2 THEN
Betall)=89-Theta(l) { 2nd GUESS FOR BETA
Hanan tta(l) i (UPPER LIMIT)
={ine

END IF
IF Drag>2 THEN
Slope=(linet-Wo)/(Beta()-Batao)
Wo=linet
Betao=Beta(l)
Step=(lig-lo)/Slape
Beta([)=Step+Betao ! NEW GUESS FOR BETA
IF Beta(I)>Hang THEN
Ste =Ste8/2

GOTO 467

END IF ' ! KEEP SEARCH WITHIN

IF Beta(I)<Lay THEN | {iPPER AND LOWER BOUNDS
SteB=Ste /2

IF Beta(l)<Lay4 1 THEN ! CHECK FOR SUFFICIENT

IF Betao(LaﬁF | TENSION/DEFLECTION
DISP "IN FICIENT DEFLECTION AT TP#" ;172
GOTU 760

END IF

END IF

END IF

IF Slide=1 THEN { CONDITION 3 (LOG SLIDES)
Betao=180 { 1st GUESS FOR BETA
Lay=Betao ¢ (UPPER LIMIT)
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4870  Beta(I)=Betao

4880 END IF

4890 IF Slide=2 THEN

4900° Beta(1)=89-Theta(l) ! 2nd GUESS FOR BETA

4910 Hang=Beta(l) I (LOWER LIMIT)

4920 slinet

4930 END IF

4940 IF Slide>2 THEN

4950 Slope=(Wnet-Wo)/(Beta(l)-Betao)

4940 Wo=Wnet

4970 Betao=Beta(l)

4980  Step=(lig-Wo)/Slope

4990 Beta(I)=Steﬁ;Betao | MEW GUESS FOR BETA

5000 IF Beta(I)<Hang THEN

5010 Ste =SteB/2

5020 GOTO 499

G030 END IF

5040 IF Beta(l))Lay THEN ! KEEP SEARCH WITHIN

5050 e =Step/2 | UPPER AND LOWER BOUNDS

300 P

5088 IF Beta(I)>179 9 THEN { CHECK FOR SUFFICIENT

5090 IF Betao>179.9 THEN | TENSION/DEFLECTION

g%gg DI?P "INSUFFICIENT HAULBACK TENSION AT TP$";1/2

5120 GOTO 760

5130 END IF

5140 END IF

i vor

G170 [HHHEEEHE SR80S TACLINE ANGLE #-HS83H358E 008 1 E0E0S

5180 !

6190 Kk=2#(1+Ui*¥TAN(Beta(l)))

?%99)/Eé=1-(005(Theta(I))-SIN(Theta(I))*TAN(Beta(I)))*(COS(Theta(I))-U*SIN(The
ta
(I?g}gkkN2=(CUS(Theta(I))-SIN(Theta(I))*TAN(Beta(I)))*(SIN(Theta(I))*U*CUS(Theta

g%gg ?lpha=ATN(N2/N1)

5240 Ga=Beta(l)+Theta(I)-ATN(Logdia/Ll)

6250 Le(1)=LI#SIN(Ga)-(L1#COS(Ga)*TAN(Theta(1))) | CALC LOG END CLEARANCE

g%gg | ! (VERTICAL)

5980 Ii{iii*itii*i&!&i&!&!& COMPLTE SEGMENT GEOMETRY #HHHESESisissssisitisss

5290 '

5300 Xp=Ll*COS(Beta(I)+Theta(l))+Ce*SIN(Al ha)

6310 Cec= LI*SIN(Beta(I)*Theta(I))*Ce*CUS(Alpha)

5320 DIt(1)=X(1)-X(Tpl)-¥

5330 Drt(1)=X(Tp2)-X(1)+Xp

5340 an=Drt(I +D1t (1)

5350 ((Y(Tgl)*th) (Y(Tp2) +Hh2))

g;gg Dy(I)-Y( pl)*th Ce-He-Y(1) ! DEFLECTION

5380 glldegﬂ THEN Slide=Slide+l

5390 RETURN

5408

Et#######t#################################################t############
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SIS RS EEH ISR E NS PRINT OUTPUT $6$8844085HE0 5000540 810044044
|

PRINT

PRINT

-Pg&#gn"T.P. mT HBT - REQUIRED  LSPD SUSPENSION LOG CLE
PRINT (LBS) (LBS) H.P. (FPM) (
(DEG) b

PRINT
FDR I= Tgl+2 T0 Eyd STEP 2
IF Mout (1)>0 THEN
IF Fle(I)>0 THEN
ELPEINT USING 5650;Tp,M1t(1),Hbt (1) Hpreq(l),Mlspd(1),Flc(]),Beta(l)
ENER%NT USING 5660;Tp,MIt(1),Hbt (D) ,Hpreq(1),Mlspd(1),Lc(1),Beta(l)
ELSE
IF Fle(1)>0 THEN
ELPEINT USING 5670;Tp,M1t(1),Hbt(1),Hpreq(1),Mlspd(1),Flc(I),Beta(l)
ENSR%NT USING 5680;Tp,M1t(1),Hbt (1) ,Hpreq(1),MIspd(1),Lc(1),Beta(l)
Brake=1
END IF
IMAGE 3D,5X,5D,6X, SD ,9%,40,6X,4D,5%, "FULL" ,11X,3D,8X,3D
IMAGE 3D, SX SD 6X SD 5X 4D X D?SX "PART" 11Xﬁ3D BX 3D
IMAGE 3D 5%, SD 6X SD SX w Ty 6* . u FU(L" 11X,3D,8X,3D
E&HAGE 3D, SX SD 6X SD 5X . 6X Tng u "PﬁRT“,llX 3D BX '3D
IF E?a#e=l THEN
PRINT "# NEGATIVE ENGINE TORQUE REQUIRED,SPEED INFORMATION NOT AVAILAB
END IF
PRINT
PRINT USING 5760'931
gg?ﬁ% "AVE, HDRSé OWER DISSIPATED AT HAULBACK BRAKE=",3D.2D
RETURN
li’itiittiitii’iti SUBROUTINE FOR AVE. HP DISSAPATION ssssssssssssssasss
J-J+1
IF J=1 THEN
TE1=P1(I)
ELS
Tpl=P1(1)+Tpl
A
ggmaﬂ
E******‘***’** SUBROUTINE FOR H,V (RIGID LINK MOMENT ARMS) s##sssiisssss
L=GQR(DA2+Hh*2)
HaTu*D/L#SAR(1-(, S#biu#D/Tu)42) -, S¥idw*D*Hh/L

Ul=H¥Hh/D-, S#utL
RETURN
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EXAMPLE OF MECHANICAL INTERLOCK RUNNING SKYLINE MODEL

INPUT
Profile:
TERRAIN POINT X Y SLOPE DIST % SLOPE
0 0.00 1000.00 0.00 0.00
1 136.79 938.4% 150.00 -45.00
2 322.48 864.17 200.08 -40.00
3 461,76 808,46 150.00 -40.00
4 647.49 734.18 200.00 -40.00
5 786.72 678.47 150.00 -40.00
é 972.42 604.19 200.00 -40.00
7 986.58 599.24 15.00 -35.00
8 1086.58 599.24 100.00 0.00
9 1228.15 $48.79 150.00 35.00
10 1369.73 698.34 150.00 35.00
Yarder:

PSY 200 (original model)

Head spar/tailspar geometry:

YARDER IS LOCATED AT T.P.4 0
TAILHOLD IS 20 FEET HIGH AT T.P.# 10

External yarding 1limit:
Terrain point #6

Air pressure on interlock clutch:
Hit4444 INTERLOCK PRESSURE HELD CONSTANT AT 75 PSI 44444444

Design payload:

PAYLOAD= 5000
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ouTPUT
T.P. T HBT  REQUIRED LSPD SUSPENSION LOG CLEARANCE  BETA
(LBS) (LBS) H.P. (FPM) (FD) (DEG)
1 14382 11803 414 1181 PART 22 © 43
2 14357 11803 417 1222 PART 19 36
3 13720 11285 420 1252 PART 18 36
4 13140 11285 411 1257 PART 26 53
5 11944 10811 397 1291 FULL 3 ]
6 11601 10811 386 1246 FULL 52 ]
- AVE. HORSE POWER DISSIPATED AT INTERLOCK CLUTCH=144.13
INDEX
Item Line Numbers
"Dummy" terrain points ....... .. . i i, 340-410
Yarder specifications ......... e ... 800-1050
Log drag parameters ............. ettt 1080-1170
EFFECtive radius  woeueeneonenenneneenennannennn 1560-1590
Equation for engine torque ..... et et 3170-3210
Speed ratio (Sr).as a function of KC ........... 3460-3530
Torque ratio (Trc) as a function of Sr ......... 3580-3620

A11 variables that are subscripted for retrieval from
memory, are Tisted between Tines 120 and 180. For finternal
calculations, the subscripts are twice the terrain point
value. For example, the torque converter efficiency at

terrain point #4 is designated as Tce(8).
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I SEESSSEEESE00 80088 MECHANICAL INTERLOCK $S335588355555885555058044
t

E USES MODIFIED SECANT SEARCH PROCEDURE TO FIND LOAD PATH

4
i@@@@@@@@@@@@@@@@@@@@@@ BASED ON PSY-200 @@RRREEEACEAAREEARRALERAERARARRE
?RINT PAGE

gggUT "NAME OF PROFILE YOU WISH TO USE",F$ ! READS PROFILE DATA

DIM 5(100),AC100),%(100),Y(100),5s(100) ,8a(100) ,Sc lear (100} ,Beta(100)
DIM Dy(1007,L3(108),Mrig(100),H¢ig(100) ;Drt (1007 ,D1t(100),SKy1(100)
DIM Hre (100}, Mre(100) ,Drat ioi00) Hbt (100),C1(100) ,Lsr (100) Ke(100)
DIN Erpm(1003,Me(100) Ml (100) ,Mout (100),TF(100),Trt(100),5¢c(100)
DIt rpm(100) e n(100),Mispd(100) ,P1(100),Tce(100) ,lnet (100) ,iiv(100)
DIM MIt(100),Theta(100) ILc(100),Ge(100),Alpha(100),Fipreq(100) ,Pml (100)
DIt Hltmax(100),Trc (1003 ,0n (1003, Hbspd (1007 ,Phb (100 Re(100),F1c(100)

ASSIGN $1 T0 "WILBANKS/"#F$

N0

Nn=(0

READ $1;X(0),Y(0) :

FOR 1=1 70 160 ! LOAD EVEN 4 PTS, INTO ARRAY

J=2¢] I (ACTUAL TERRAIN POINTS)
READ $1;5s(1),Aa(l)

IF ABS(Ss(1))4ABS(Aa(1))=0 THEN 340

A=ATNCAa (1)7100)

X(J)=X(J-2)+3s (1)#COS(A)

Y(3)=Y(J-2)+s () #SINCA)

S(J)=Ss(1)
A(d)=Aa(l)
NeN+1
NEXT 1
FOR I=0 TO N ! LORD OD # PTS. INTO ARRAY
J=28]+1 : ! (DUMMY TERRAIN POINTS)

X(J)=X(J-1)+.01%(X(J+1)-X(J-1))
Y(J)=Y(J-1)+.01%(Y(J+1)-Y(J-1))
S(J)=.01#5s(1+1)

A(d)=Ra(l+1)

ASSIGN 41 T0 #
PRINT "WILBANKS/"&F$
PRINT

5(0)=0

AC0)=0

PRINT “TERRAIN POINT X Y  SLOPE DIST % SLOPE"

#0$ 1;9210 N STEP 2 { PRINTS PROFILE DATA
PRINT USING 530;Tp,%(D),Y(1), (1) ,AC1)

Rl 4X,4D,9 5D. 20, 2K 15D. 28 ,4x ,3D.20 4,50, 2D

PRINT

INPUT "YARDER LOCATION ?",Tpl

INPUT "LOCATION OF TAILHOLD AND HEIGHT ?",Tp2,Hh2
IF ggg;Tp THEN

DISP "TAILHOLD MUST BE BETWEEN 0 AND";Tp;" PRESS CONT WHEN READY"



PAUSE
G0TO 570
END IF
PRINT USING 650;

Tpl
- IIAGE “VARDER 18 LCATED AT T.P.4¢,30

PRINT USING 680;Hh2 T 2
IN?GE "TAILHOLD IS” X,"FEET HIGH AT T.P.3",3D

T 1=2*T 1
lﬁPUT "EXTERNAL YARDING LIHIT 7" ,Eyd
Eyd=T§2 THEN Eyd=Eyd-2
|§*****i§§§§**¥ii!§!§ RUNNING SKYLINE ANALYSIS ststssssssssssssssssssss

|
{NPUT "WEIGHT OF TURN TO BE YARDED (LBS)?",Wg

188044 YARDER SPECS. BASED ON PSY 200 ##3ssasssssasssissss
]
Rmaine, 07146 ! REDUCTION : TRANS TO ML ORUM
Hinp=.2456 i REDUCTION : HB GEAR/INT. SHAFT
Hlnp= 3111 } REDUCTION : MAIN GEAR/INT. SHAFT
Rinp=Hinp/Hinp { SPEED RATIO : HB TO ML
Bear(1)=,976
Gear(2)=1,964
Egear=.8 | OVERALL EFICIENCY
Hbr=15 i MAINLINE BARREL RADILIS
Hbw=13 ' ‘  WIDTH
Mlc=1600 [ DRUM CAPACITY
Hbr=14 ' ! HAULBACK BARREL RADIUS
Hbuw=28,75 P " YIDTH
Hle=3700 | ow DRUM CAPACITY
Lﬁ?e§'50 { TOWER HEIGHT
=lpuer
[ I I IR H R H R I H
I
INPUT “PRESSURE SETTING ON INTERLOCK (PSP)2" Psi
MaPs 4250 TORQUE AVAILABLE AT INTERLOCK
Diam=7/8 ! MAINLINE DIAMETER
Diah=7/8 | HAULBACK DIAMETER
Wl=1.42 { WEIGHT /FOOT OF HAULBACK
W3=1,42 I WEIGHT/FODT OF MAINLINE
We=600 | WEIGHT OF CARRIAGE
Count=0
[ st airirssne st | 0G DRAG PQRQHETERS FHFFHHE I R R H R R
I
L1=32 | LOG LENGTH
He=3 | CARRIAGE HEIGHT

]
i
U=, | COEFFICIENT OF FRICTION
Choke=24 | CHIKER LENGTH (FEET)
i
1

Logdia=2 ! LOG DIAMETER (FEET)
e=Cboke-Pl*Logdxa { EFFECTIVE CHOKER LENGTH
Fly=Ll*Ce*Hc ! REQ. CLEARANCE TO FLY

I!**!**i{i’*i’**i{**i’**!!**!!**!!!****i*{!**!*’*i’**i{*i{!&i’!&**!!i*{!
|
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IF Tpl=0 THEN
First=2

ELSE
First=Tpl+l
END IF
FOR I=First TO Eyd

g&i**;&tia*;;;;; 4448448 FIND LOAD PATH 5448555355545 888 55455800440

Drag=0
6=0 ! COUNTER FOR Dy ITERATION
Sclear(l)=0
Beta(l)=0 '
IF_.01%A(1)>U THEN ! TEST FOR SLOPE GREATER THAN
Slide=1 ! COEFFICIENT OF FRICTION
ELSE
Sl}de-ﬂ

END IF
IF Drag>0 THEN
ELgE 4400 ! LOG DRAG SUBROUTINE
ENBU?EB 4160 ! FULL SUSPENSION SUBROUTINE

{
|88 CALCULATE LINE LENGTHS ###6$88855883435480444
i

Hrt=Dy(
L3(I)=SQR(Dlt(I)“2+Dy(I)“2)

Mrig(I)=L3(1)+Tower ! MAINLINE OuT

Hrl?(l)=L3(l)*2*SQR(Drt(I)A2*HrtA2)*Tower I HAULBACK ouT
(I)=ﬂr1%(l)+Hr1g(I)

MlaMlc-Mrig ! MAINLINE ON DRUM

El=gégéHr1g(l) ! HAULBACK ON DRUM

]
SRR EERE TN [ALC. LORKING HB TEN. #ststssssssssssssssssant
]

Hn=INT((-Hbr+ (Hbr*2+ (Diah"2¥H]/ (K*¥Hbw}))~.%) /Diah)+]

Mn=INT((~Mbr+ (tthr 2+ (Diam"2#ML/ (K¥Mbw)))~.5)/Diam) +1

Hre(1)=Hbr+(Hn-.5)#Diah

Hre(I)=Mbr+(Mn-.5)%Diam

[F G=1 THEN Hbt([)=H/(Hre([)/12) ' HGULBRCK TENSION

IF Drag=1 THEN Hbt (D)=t (Hre(1)/12) " DRAGING

]
[SEEEEES SRS 0888 4 CONPUTE SEGMENT FORCES ####+88548355 440050344444
!
1
i!&!&tit!!!!&t!!!!!!i{!&ti{! SKYLINE LEFT 6383456558808 8 88 58848004

) ! TENSION AT YARDER

GDEUB 5880
V1=Vl
Hl=H

§
{
LSS AR 888 SKYLINE RIGHT #S$5343585 0154004450 100 1004
[

" IF Hrt>0 THEN
Tu=Hbt (1)-U1#Lh | TU @ TAILSPAR
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Hh=Hrt

ELSE
Tu=Hbt (1)-W1¥Dy(1) ! TU @ CARRIAGE
Hh=-Hrt

Wu=lil

GOSUB 9880

H2=H

IF Hrt>0 THEN V2=V1

| IF Hrt<0 THEN U2=-(V1+W1%L)
(SRS [AULBACK $HHHSI MR IR IS
i

" IF Hrt>0 THEN _
Tu=Hbt ([)-W1#Lh {TU @ TAILSPAR
HE=Hrt :

Tu=Hbt (1)-U1#Dy(1) | | TU @ CARRAIGE

=-Hrt

END IF

D=Drt (1)

bwsW1

GOSHB 5880

IF Hrt>0 THEN U4=V]

IF Hrt<0 THEN U4=-(U1+H1*L)

!
[HSEEEEEEEERERIEREEE PAYLOAD AND MAINLINE TENSION ###$#sssssssssssstsss

IF Drag>0 THEN
G 3860 | DRAGGING

ELSE
BD?UB 4010 I FLYING

CEND IF
[EH I I O I L
IF Drag>0 THEN

IF ABS(Z)¢,02%dg THEN
IF H1>=50 T ! TEST FOR SUFFICIENT
c GETU 2350 ! HAULBACK LENGTH
DI?P "HAULBACK LENGTH EXCEEDED,TRY AGAIN"
6070 780
END IF
END IF
ELSE
IF ABS(Z)<.02%Jg THEN 2310
END IF

?UTU 1370

IF CI(I)<Fly THEN ! TEST FOR FULL SUSPENSION

rag=
6070 1370
END IF
vEXT I
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AT

2370

S EEE SRS IR E (ALC. POUER BALONCE #HRSSssstsssdsssssssssisss

FOR 1=Tpl+2 TO Eyd STEP 2
Ge(D)=1 -

T=0

Et=0

IF Et>0 THEN
GOSUB 3250 I ITERATE FUR THRUTTLE SETTING
GOSUB 2430 ! CALC SPEED RATID
GOSUB 3560 | CALC CONVERTER TORQUE RATIO

ELgESUB 3660 i CALC ACTUAL TORQUE RATIO
GOSUB 2020 I ITERATE FOR ENGINE SPEED
6OSUB 3430 t CALC SPEED RATIO
60SUB 3960 { CALC CONVERTER TORGUE RATIO
GOSUB 3660 ! CALC ACTUAL TORQUE RATIO

END IF
IF Mout(I)<8 THEN GOTD 2840 TEST FOR NEGATIVE OUTPUT TORGUE
Zt=Tr(D)=Tre(D)
IF Et=0 THEN FIRST ITERATION OF ENGINE SPEED
IF T=0 THEN § ROUTINE (GOV SPD), MUST REDUCE
IF Zt<0 THEN THROTTLE SETTING IF Zt IS MEG.

END
IF_ABS(Zt)<.001 THEN ! IS OPERATING COND. ERROR ACCEPTABLE?
IF Ke(1)¢49.86 THEN .

! IS OPERATING COND. FEASIBLE?
IF Ge(I)=1 THEN
PRINT "INFEASIBLE LOAD AT TP$";1/2
GOTO 2840

ELSE
%eﬁl)*Ge(I)-l ! DOWN-SHIFT IF POSSIBLE
GOTO 2430
END _IF
END IF
SE
TaT+1
GOTO 2430
END IF
GOSUB 3730 I CALC POWER LOST AT INTERLOCK
GUSUB 5770 ! EEb%CGUE POWER LOST THROUGH
Hpreq(l)=ﬂe(l)*€r m(1)/5252 { CALC REQUIRED HORSE POWER
Re([)=(Pmi(D)- Phb(l))/Hpreq(I) ! CALC RELATIVE EFFICIENCY
r]lExAIA/I\AAMAAAAAAAAAAMAAAAMAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
GOSUB 5390 ! PRINT

0UTPU
INPUT “D0 YOU WISH TO CHANGE YARDER LOCATION OR TﬁILHDLD GEOMETRY ?°,T$
IF T$="NO" THEN 2970

INPUT “NEW YARDER LOCATION ?*,Tpl

INPUT "NEW LOCATION OF TﬁILHUfD AND HEIGHT ?",Tp2,Hh2

PRINT USING 490;Tpl

PRINT
PRINT USING 480;HhZ,Tp2
PRINT
Tpl=2#Tpl
Tp2=2#Tp2
Brake=0

Gl=0
GOTO 780

END P44 4444444444 4444424424044 42 0440002044444 444 444444444444
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i
: SUBROUTINE UARIES ENGINE SPEED -—-
IF T=0 THEN Erpm(1)=2100 ! TRIAL ENGINE SPEED (GOV SPEED)
IF T=1 THEN
Erpm(1)=1652
Delta=200
END IF
IF T>1 THEN
IF Zt<0 THEN
ELEEpm(I)=Erpm(I)*Delta | INCREASE RPM IF NEED LESS TORGUE
Eer(I)=Erpm(I)-Delta/2 ! DECREASE RPM IF NEED MORE TORGUE
Delta=Delta/2
END IF
END IF
IF Er?m(l)>=1652 THEN
ELgE( )=1286.64071-.11172%Erpm(1) | CALC. ENGINE TORGQUE AS FCN. OF RPM
He(1)=1102.07944. "
END IF :
Ke(I1)=Erpm(1)/SOR(Me(1)) ! CALC. CAPACITY FACTOR
$ETURN
: SUBRCUTINE VARIES THROTTLE SETTING
IF Et=1 THEN ,
Erpm(1)=2100 { GET ENGINE AT GOV. SPEED
Ke(1)=49.86 ! TRIAL THROTTLE SETTING
Delta=10
Et=Et+]
ELSE
IF 2t<0 THEN
Eng(I)=Ke(I)+Delta ! INCREASE Ke [F NEED LESS TORQUE
Ke(I)=Ke(1)-Deltas2 _ { DECREASE Ke IF NEED MORE TORGLE
Delta=Delta/2
END IF
END IF
Me(1)=Erpm(1)*2/Ke(1)72 ! CALC. ENGINE TORGUE AS FCN. OF
$ETURN ! THROTTLE SETTING
: SUBROUT INE CALCULATES SPEED RATID ------cmemmmmmeo
1
IF Ke(1)¢52.9 THEN Src(I)=(Ke(1)-49.86)%,050775 I T0-11500-M5340
IF Ke(I)»=52.9 THEN

IF Ke(I)¢=63.38 THEN
Src(1)=.00010#EXP(.13956%Ke (1))

ELSE
gr?él)=.ﬂl534*EXP(.0606*Ke(l))-.02011

R SUBROUTINE CALCULATES CONVERTER TORQUE RATIO -----o-oeomnm

!
IF Src(1)¢=.709 THEN ! TD-11900-15340
Tre(1)=5.0812%EXP(-2.2878%5rc (1))

ELSE
Tre(1)=-.11566-3.354984L0G(Src (1))
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END IF
Tc%6é§=Trc(I)*Src(I) ! CALC. CONVERTER EFFICIENCY

et SUBROUT INE CALCULATES ACTUAL TORQUE RATIO ----------=--o-

Ml (1)=M1t (1)#(Mre(1)/12) , | MAIN DRUM TORQUE
Hout(l)*(Hml(I)-H*Rinp)*Rmaxn*Gear(Ge(I))/Eggar ! CONU OUTPUT TORGUE
ggééﬁihout(l)/na(l) ! ACTUAL TORQUE RATIO

|
[ $Rsassssaarssssss (Ol CULATE POUER LOST AT INTERLOCK ##sssssssasssssssss
{

Dratio(1)=Mre(I)/Hre(I) ! DRUM RADIUS RATIO
Lsr(I)=ABS((Hr;E(I*l)-Hrig(I))/(Hrig(l*l)-Hri?(l))) {LINE SPEED RATIOD
Mrpm(1)=Src(1)¥rom(])*Rmain¥Gear (Be (1)) | MAIN DRUM RPM
Mispd(D=Mrpm(I)¥(Mre(1)/12)#2%P] ! MAINLINE SPEED

Pml(1)=tm] (1)¥rpm(1)/5252 | POMER IN MAINLINE
Hbspd(1)=M1spd([)*Lsr (1) | HAULBACK SPEED

Phb(1)=Hbt (I)#Hbspd (1)/33000 , i POMER IN HAULBACK
On([)=Mrpm([)*(Dratio(1)#Lsr([)-Rinp) i DIFFERENTIAL SPEED

P1(1)=M*Dn(1)/5252 POMER DISSIPATED AT INTERLOCK
s -

EAAMAMAAAAAAAAAAMA CUnPUTE NET PRYLUQD DRAGGING AAAA-AAAMAAAAAAAAAAAA
Wnet=((Dy(1)/D1t(1))#(HA+H2-H1 -, SHU#L3 (1)-te +U1+U2+U4)/ (N1-N2#Dy( 1) /D]
W [)=binet #N1

?h=Unet*N2 |

I!AAMAAAAAMAAMAAAA cﬁLc DRRGGING nﬁ]NL]NE TENS]ON AAAAAAAAAAAAAAAAAAAAN
HB=HD +H4-H1 +ih

U3=tiv( 1) +hic-U1-U2-U4

MTt(1)=GORIH3A24U372 ) +U3#Dy (1) i MAINLINE TENSION

Z=Nnat-H% | DRAGGING PAYLOAD ERROR
gﬁ%ﬁﬁﬁ(] =Cc+He-Xp*TAN(Theta(1)) | DRAGGING SKYLINE CLEARANCE

§
[#essssasasstasaans CALC SUSPENDED MAINLINE TENSION sssssstssssssssssss
|

H3=H2 +H4-H1

U3=H3#Dy(1)/D1t (1)-.583%L3 (1)

HIt(1)=SUROH3"2+ (U3+i3#L3(1))%2)

[ssssssussssnsassssss CONPUTE NET PAYLOAD SUSPENDED ###H#sssssessrsrsass
| ,

WU U2 +U3+U4 e ! NET PAYLOAD

IF G=0 THEN Wo=l

C1(T)=Y(Tp1)*Hh1-Dy(D)-Y(1) i CALC SKYLINE CLEARANCE
Fle(D=CI(D)-Fly | CALC SUSPENDED LOG CLEARANCE
Z=id-b | SUSPENDED PAYLOAD ERROR

RET

E@@@@@@@@@@@@@ SUBROUTINE FOR FULLY SUSPENDED DEFLECTION ¢Qe0eeeeeoeees
DIt{1)=X(1)-X(Tpl) ! SEGMENT GEOMETRY

Drt (1)=X(Tp2)-%(1)

Span=Drt(1)+D1t (1)
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Lh=((Y(¥ﬁ1)+Hh1)-(Y(Tp2)+Hh2))

By%T?IB;I)*Lh/Span

ENDyIF

IFDG?I) BEN Span/100
=Dyi+5Span

o

END IF

IF 61 THE
SloBe=(u-wo)/(Dy(I) Dyi)
Dyi=Dy(1)
Dy(1)=(lg-Wo)/Slope+Dyi

ENDy g- petly

G=G+1

86

! 1st GUESS FOR DEFLECTION

! 2nd GUESS FOR DEFLECTION

i NEW GUESS FOR DEFLECTION

RETURN .
}@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
;!mtttm#mm SUBROUTINE FOR DRAGGING DEFLECTION HitiHittidiisist

Fle(1)=0
Theta(1)=-ATNC. 01#A(1))

! GROUND ANGLE

Ilti!i&itii&*t*iti’i&i LOG TO GROUND ANGLE (BETA) #eesssssssssssssssssss

IF Slide>0_THEN 4810
[F Drag=1 THEN

Betao-RSN(Logdla/Ll)+2

¥- Betao

a(l)=Betao

END IF

IF Drag=2 THEN
Betall)=89-Theta(l)
Hang=Beta(l)
No et

END I
IF Dra »2 THEN

Wo=Wnet
Betao=Beta(l)
Step=(Ug-Uo)/Slope
Beta(1)=Step+Betao
IF Beta(I)YHang THEN
Steg=5te /2

464
END IF
IF Beta(l)<Lay THEN
e =Ste 72

END IF
IF Beta(I)<Lay+. 1 THEN
IF Betao

Sloae-(Unet -Wo)/(Beta(l)-Betao)

! CONDITION 182

I lst GUESS FOR BETA
! (LOWER LIMIT)

! 2nd GUESS FOR BETA
! (UPPER LINIT)

i NEW GUESS FOR BETA

! KEEP SEARCH WITHIN

! UPPER AND LOWER BOUNDS

! CHECK FOR SUFFICIENT
| TENSION/DEFLECT ION

La
DISP "INSEFFICIENT HALULBACK TENSION AT TP$";1/2

GUTU 2370
END I

END I F
END IF



5170
ta(1)))7Kk
5180
(1)))/Kk

IF Slide=1 THEN | CONDITION 3 (LOG SLIDES)
Betao=180 ! 1st GUESS FOR BETA
Lay=Betao ! (UPPER LIMIT)
Beta(l)=Betao

END IF .

IF Slide=2 THEN
Beta(l) 89 Theta(l) ! 2nd GUESS FOR BETA

an Beta(l I (LOWER LIMIT)
Ho- et

IF Slxde>2 THEN
Slope=(linet-to)/(Beta(1)-Betao)
Wo=knet
Betao=Beta(l)
Ste, -(Mg-Ho)/Slope
Beta(l)=5te +Betao i NEW GUESS FOR BETA
IF Beta(I)¢Hang THEN
SteB=Ste 72

496
IF Beta(l)>Lay THEN : ! KEEP SEARCH WITHIN
e =Step/ ! UPPER AND LOWER BOUNDS
496
IF Beta(l)>179 9 THEN I CHECK FOR SUFF ICIENT
IF Bstao>179.9 THEN ! TENSION/DEFLECTION

3A?P ZINSUFFICIENT HAULBACK TENSION AT TP$";1/2
GOTO 2870
END IF

END IF
%ND IF

[ SEEEEEEEEEEIHEITHIIINIINS TACLINE ANGLE $EHSHEHIEEITIEHEIIEIIIANS
f

Kka2#(1+L#TAN(Beta(1)))
Nl=1-(COS(Theta(1))-SIN(Theta (1)) #TAN(Beta(1)))#(COS(Theta(1))-L#SIN(The

A= (COS(Theta(1))-SINCTheta(1))4TAN(Betal 1)) #(SINC Theta( 1)) {USCDS(Theta
Alpha=ATN(KZ/ND)
Ga=Beta(1)+Theta(1)-ATN(Logdia/L1)

. Lc(I)=Ll*SIN(Ga)F(Ll*CDS(Gg)*TRN(Theta(I))) I CALC LOG END CLEARANCE

, I (VERTICAL)
i»n;aa»»m» COMPUTE SEGMENT GEOMETRY ##$$$38385404480844334

Xp =L 1#C0S(Beta(I)+Theta(l))+Ce*SIN(Alpha)
Cc*Ll*SlN(Beta(I)*Theta(I))*Ce*CDS(Alpha)
DIt (D)=X(1)-X(Tpl)-Xp
Drt(l)=X(T§2) X(I)*Xp
Lﬁan*Drt(I DIt
((Y(Tq_ )+Hh1)-(Y(Tp2)+Hh2))
Dy( [)=Y( pl)*th -Ce-He-Y(1) | DEFLECTION
Drag Dra?
llde 0 THEN Slide=Slide+l

! m#ﬁ###ﬂ#ﬂm#ﬁ######ﬂ#ﬂ#ﬂﬂ################ﬂ##
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5390 | #ei#a AR RN SRS DRINT OUTPUT 4484835858 18541308 4 H 1L S

5400 !

5410 PRINT

5420 PRINT :

5430 PRINT "T.P.  MLT HBT  REQUIRED LSPD GSUSPENSION LOG CLE
ARANCE  BETA"

5440 PRINT (LBS) (LBS)  H.P.  (FPM) (
F1) (DEG)

5450 PRINT

5460 FUR x=751+2 10 Eyd STEP 2

5470 TF

5480 Mout (1)>0 THEN

5490 IF Fle(i)>0 THEN

gggg ELPEINT USING 5620;Tp, M1t (1), Hbt (1), Hpreq(1),Mlspd(1) Fle(1),Beta(l)

5520 PRINT USING 5630;Tp,MIt(1),Hbt (1), Hpreq(1),Mlspd(D),Lc(1),Betall)

5530 END IF

5540  ELSE

5550 IF Flc>0 THEN

5560 PRINT USING 5640;Tp,MIt(I), Hbt(I) Fle(1),Beta(l)

5570 ELSE

5580 PRINT USING 5650;Tp,MIt (1), Hbt(I),Fle(I),Beta(l)

5590 END IF

5600 Brake=1

5610 END IF

5620  IMAGE 3D,5X,5D,6X,5D,5%,4D,6X,4D,5X , "FULL" ,11X,3D,8X, 3D

muxmnwuwuwmoxwwmﬂmmwm

5640  IMAGE 3D)5X,5D,6X,50,5%," ~ * b gk me T FUin’11x 3D 8,30

5650  IMAGE 30,5X,5D,6X,9D,5K," # “6X)"+ = "paRT"’11%)3D,8X.3D

5660 NEXT |

5670 IF Brake=1 THEN

5680  PRINT
LEgs9u PRINT "# NEGATIVE ENGINE TORQUE REQUIRED,SPEED INFORMATION NOT AVAILAB

5700 END IF

PRINT
PRINT USING sm-a%

QE?GE "AUE. HORSE POWER DISSIPATED AT INTERLOCK CLUTCH=*,3D.20

RETURN '

umn&m&ann SUBROUTINE FOR AVE. HP mssgpmmn HEHSH IS
J=J+1

IF J=1 THEN
TE1=P1(I)

ELS
Tpl=P1(1)+Tpl
END IF

EE%=T 173

!
‘************* SUBROUTINE FOR H,U (RIGID LINK MOMENT ARMS) #¥ssssssssss

L=SﬂR(D“2*Hh“2)

HaTu$D/L#SQR(1- (. 5%w*D/Tu)*2)- . S#Ww*D¥Hh/L
Ul=HeHh/D=, 54t

RETURN
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EXAMPLE OF VARIABLE RATIO, HYDRAULIC INTERLOCK RUNNING
SKYLINE MODEL

INPUT
Profile:
TERRAIN POINT X Y SLOPE DIST % SLOPE
0 0.00 1000.00 0.00 0.00
1 136.79  938.45 150.00 -45.00
2 322.48  B64.17 200.00 -40.00
3 41.76  B0B.46 150.00 -40.00
4 647.45  734.18 200.00 -40.00
5 786.72  678.47 150.00 -40.00
6 972.42  604.19 200.00 -40.00
7 986.58 599.24 ~ 15.00 -35.00
B 1086.56  599.24  100.00 9.00
9 1228.15  648.79 150.00 35.00
10 1369.73  698.34 150.00 35.00
Yarder:

Washington Iron Works model 118

Head spar/tailspar geometry:

YARDER [S LOCATED AT T.P.4 0
TAILHOLD IS 20 FEET HIGH AT T.P.4 10

External yarding limit:
Terrain point #6

Hydraulic pressure at interlock:

$$433444 INTERLOCK PRESSURE HELD CONSTANT AT 1850 PSI #4444
Design payload:

PAYLOAD= 5000
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OuUTPUT
T.P. MT HBT  REQUIRED LSPD SUSPENSION LOG CLEARANCE BETA
(LBS) (LAS) H.P. (FFM) (F (DEG)
1 14210 11648 290 1576 PART 24 46
2 13614 10977 261 1629 PART 17 33
3 13375 10977 249 1639 PART 19 36
4 12402 10379 139 1453 PART 23 45
5 11503 10379 93 1601 PART 31 48
6 10582 - 9842 A ¥ FULL 42 1]
* NEGATIVE ENGINE TORQUE REQUIRED,SPEED INFORMATION NOT AVAILABLE
INDEX
Item Line Numbers
"Bummy” terrain points ........ . . i, 340-400
Yarder specifications ........ ... i, 840-1190
Log drag parameters ......ieetriennteenteeenen 1250-1330
Effective radius ... ..t iiinennnns 1740-1770
Equation for engine torque .........c..iio... 3560-3600
Speed ratio (Sr) as a function of KC ........... 4000-4040
Torgque ratio (Trc) as a function of Sr ......... 4080-4120

ATl variables that are subscripted for retrieval fr
memory, are listed between lines 110 and 180. For intern
calculations, the subscripts are twice the terrain poi
value. For example, the torque converter efficiency

terrain point #4 is designated as Tce(8).
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[SSEESESHRES RS04 UARIABLE RATIO HYDRAULIC HS#+##8553345835 583858044

E USES MODIFIED SECANT SEARCH PROCEDURE TO FIND LOAD PATH

!
?RINT PABE

ggPUT "NAME OF PROFILE YOU WISH TO USE,F$ ! READS PROFILE DATA

6
DIM S(100),A(100),X(108),Y(100),Ss(100),Aa(100)

Sclear(100),Beta(100)

DIM Dy(100,L3(104) Mrig{100),Hrig(100) Drt (100501t (100),Skyl (100)

DIM Hre (100} Hre(100),Dratio(i00)
DIM Ke(100) ,Erpn(100),Me(100)
DIM Trc(1003

Mi 100
Src(100) Mrpm(100) 115

Hbt(160),C1¢108),Lsr (100 g(lﬂﬂ)
Ml (100),Mout (1003, Tr{1
dt100),Dn(100) ,Pm(108) ,Pp(100)

1)

DIN P1(100),Tce (100) inet (100),Ww(100) M1t {100), Theta(100) JLc(100)
DIM Ge(100) Alpha(lﬂﬂ)iHEreq(lﬁﬂ),Flc(iﬂﬂ),Hbspd(lﬂO),Pml(iOO),Phb(IOO)

DIM § t(lﬂﬂf,stEB(lﬂﬂ (Re(100)
ASSICN #1 70 *UILBANKS faFs

Nn=0
READ $1;X(0),Y(0)
FOR 1=1'70 100

3081

READ #1;5s(1),Aa(D)

IF ABS(Ss(l
A=ATN(Ra (1)
X(J)=X(3-2)
Y(D)=y(3-)
5(3)=5s(1)
A(D)=Aa(l)
NaN+1

NEXT 1

FOR 1=0 TON
Ja2#[+]
X(d)=2X(J-1)+,01%(X(J+1)-X(J-1))
Y(J)=Y(J-1)+.01#(Y(J+1)-Y(J-1))
S(J)=.01#5s(1+1)
A(d)=Ra(1+1)
Nn=Nn+1

NEXT 1

NaN+Nn-1

ASSIGN #1 TO #

PRINT "WILBANKS/"&F$

PRINT

S(8)=0

A(D)=0

fRINT "TERRAIN POINT X
J=0

FOR ITOJTO N STEP 2

D,

))+

7100)
+Ss(1)#C0S(A)
+Ss (1)#SIN(A)

IMAGE 4X,4D, 9%,
J=3+1

NEXT 1
PRINT .
INPUT "YARDER LOCATION ?",Tpl

ABS(Aa(1))=0 THEN 340

! LOAD EVEN $ PTS. INTD ARRAY
! (ACTUAL TERRAIN POINTS)

! LOAD ODD $ PTS. INTO ARRAY
L (DUMY TERRAIN POINTS)

Y SLOPE DIST % SLOPE"

! PRINTS PROFILE DATA

Tn=1-
PRINT USING 5405Tp (1), ¥(1),8(D) ACD)
$0.9D,2%5D. 20, 4%, %D. 2D, 4X ,5D. 20
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Count=0
J=0

Hr igmax=1
qrigmax=1

SR EINEIININNS (0 DRAC PARAMETERS HHHHH55E58s88 8880480800004
[

L1=32 { LOG LENGTH

He=3 ! CARRIAGE HEIGHT

U=.6 | COEFFICIENT OF FRICTION

Choke=24 I CHOKER LENGTH (FEET)

Logdia=2 t LOG DIAMETER (FEET)

Ce=Choke-PI¥ ogdia _ | EFFECTIVE CHOKER LENGTH
fly=Ll4Ce*Hc ! REQ. CLEARANCE TO FLY

'! &n&nmn;mnnnn;n;nn;nnnnnn&mnnunnnnan;i&n

!
IF_Tpl=0 THEN
First=2
ELSE
FirstaTpl+l
END IF
FOR I=First TO 132-1
SIS0 FIND LOAD PATH $$$454455545 0554044 4501000
i
Drag=0
B=0 ! COUNTER FOR Dy ITERATION
Sclear(1)=0 '
Flc(I)=0
Beta(l)=0
IF .01%AC1)>U THEN | TEST FOR SLOPE GREATER THAN
Slide=1 ! COEFFICIENT OF FRICTION
ELSE
Slide=0
END IF
IF Drag)ﬂ THEN
GOSUB 4690
ELSE
G0SUB 4450
: END IF
[ HEEEEEEH A (O CULATE LINE LENGTHS $3SS$58800 5088444504444
i
Hrt=Dy(1)-Lh
L3(1)=5AR(D1t (1)*2+4Dy(1)*2)
Mrig(l)=L3(1)+Tower ! MAINLINE OUT
Hrig(l)=L3 (1)+2#S0R(Drt (1)*2+Hrt*2) +Tower I HAULBACK OUT
Sky (I)=Hri?(l)*Hrlg(l)
Ml=Mlc-Mrigll) { MAINLINE ON DRUM
El=gé§BHr1g(I) ! HAULBACK ON DRUM

|
[EESESEEEEEEEMMRERERNNE COLC, WORKING HE TEN, sS83ss5stssssssssssss
|
Hn= INT((-28Hbr + (4¥ibr~2-4#Diah*(-Diah*H1/ (K¥Hbw) ) )*.5)/(2#Diah) ) +1
Mn=aINT ((-28Mbr+ (43Mbr~2-4#Diam* (-Diam#t1/ (K¥Mbw) ) 1*.5)/(2%Diam) ) +1
Hre(])=Hbr+(Hn-.5)*Diah
Mre(l)=Mbr+(Mn-.%)*Diam
IF G=1 THEN Hbt{I)=.98#h/Hinp/(Hre(1)/12) | HAULBACK TENSION
IF Drag=1 THEN Hbt(I)=,98%h/Hinp/(Hre(1)/12) ! " " DRAGING
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PRI

L

INPUT *LOCATION OF TAILHOLD AND HEIGHT ?*,Tp2,Hh2
IF T Tp THEN

DlagE"TRILHULD MUST BE BETWEEN 0 AND";Tp;" PRESS CONT WHEN READY"
GOTO 590

END IF
PRINT USING 670;Tp1
IFGE "YAROER 1€ [GCATED AT T.P.44,30

PRINT USING 7003Hh2,T, 2
IMAGE "TAILHOLD 1S",3D,X,"FEET HIGH AT T.P.$",3D

IﬁP "EgTERNﬁL YARDING LIMIT 7",Eyd

'#E =Tp2 THEN
EyleEh 2

END" IF
{
[Heasssataanssant RUNNING SKYLINE ANALYSIS seissassssssssssssssss

iNPUT "WEIGHT OF TURN TO BE YARDED (LBS)?",Wg

[ #SSESERESSARERES YARDER SPECS. FOR WIW 118 sesssssssissssssssssiss
!

Rmain=. 0944 ! SPEED RATIQ : TRANS.TO ML DRUM

* Hinp=.2857 1 SPEED RATIO : HB DRUM/INT. SHAFT
Hxnp= 2268 ! SPEED RATIO : MAIN DRUM/INT. SHAFT
Rinp=Hinp/Minp ! SPEED RATIO : HB TO ML
Gear(1)= 1/5 31

Gear(2)s1/2.71
Gear(3)=1/1.4
Gear(4)=1/.71

Egear=.80 ' | OVERALL EFFICIENCY
r=18 | HAINLINE BARREL RADIUS
Mbw=36 i " WIDTH
Mlc=1620 . i " DRUM CAPACITY
Hbr=13 | HAULBACK BARREL RADIUS
Hbw=36 i " " WIDTH
Hic=3300 P DRUM CAPACITY
Touwer=53
Hhl=Touer
1**&*i*&t&&&i&;*&*&t&&a&&&&*ﬁ*&;;&ta&t&t;&t&&ta&a&&ta;&a&t&t&;a&a&at&;&&

INPUT "HYDRAULIC PRESSURE TO INTERLOCK (PSI)?",Psi
PR}:; "4 INTERLOCK PRESSURE HELD CONSTANT AT*;Psi;"PST HH4HHH"

Cpump=510 " | CHARGE PUMP PRESSURE
Ups Pai-Counp | HYDRAULIC PRESSURE DIFFERENTIAL
Hh=Dps#3 | TORQUE AVAILABLE AT INTERLOCK

l FHHHHHHH I R I R R H R I R I

Disgm=226 { MOTOR DISPLACEMENT (FI¥ED)
Ee. | EFFICIENCY OF HYDROSTATIC DRIVE
Dian=7/8 | DIA. MAINLINE
Diah=7/8 ! DI, HAULBACK
Wl=1.42 | WEIGHT/FOOT OF HAULBACK
W3=1, 42 ! UEIGHT/FOOT OF MAINLINE

| UEIGHT OF CARRIAGE

We=600
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1810

[ 4484441 5440448888 COMPUTE SEGMENT FORCES $#S##345804480044444
|
|
[SEEESHEE ISR IS CUYLINE LEFT S804t ss 4805380 400000

|
) ! TENSION AT YARDER

Ww=Ul
GOSUB 6040
V1=l
| H1l=H
!
[HEES S SRS SRR848 SKYLINE RIGHT #4545 HH 411311102
i
IF Het>0 THEN
TusHbt (1)-U1#Lh ! TU @ TAILSPAR
Hh=Hrt

ELSE
Tu=Hbt (1)~W1*Dy(1) ! TU @ CARRIAGE

=-Hrt

Ww=i1

G0SUB 6040

H2=H

IF Het>0 THEN V2=Vl

: IF Hrt<0 THEN U2=-(Ul+U41%L)

SRS HALLBACK $$S85585 8N
{

" IF Het>0 THEN

TuzHbt (1)-Wi#Lh ITU @ TAILSPAR
Hh=Hrt

ELSE
Tu=Hbt (1)~W1*Dy(I) t TU @ CARRIAGE
Hh=-Hrt :

END IF

D=Drt (1)

Ww=i1

GOSUB 6040

H4=H

IF Hrt>0 THEN U4=V]

IF Hrt<0 THEN U4=-(Ul+U1¥.)

|
!@?g@ggg@ggegags@@@@@@ PAYLOAD AND MAINLINE TENSION @ReQeepeeeeeeoeeeeee

GOSUB 4160 | DRAGING
ELSE
ENgo?ga 4310 | FLYING
f@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
" IF Drag>0 THEN ;
IF ABS(2)<.02%g THEN
IF HIY=50 THE { TEST FOR SUFFICIENT
ggtu 2540 | HAULBACK LENGTH

EL
DISP "HAULBACK LENGTH EXCEEDED, TRY AGAIN."
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2580

WAIT 4
GOTO 3096
END_IF
END IF
FLSE
IF ABS(2)¢.02%4g THEN 2500
END IF
GOTO 1550
IF_CLCI)<Fly THEN

rag=
GOTO 1550
END IF

T=0
Et=0
Dratio(l)sMre(])/Hre(l)

Ler(1)=485 (Hrig(1+1)- Hng(m/(nng(M) Mrig(D)))

IF Et>0

GOSUB 3230

GOSUB 3980

GOSUB 3760

GOSUB 4060
_ GOSUB 3620

IF Mout (1)<0 THEN GOTO 3050
ELSE

GOSUB 3390

505UB 3620

IF Mout(1)<0 THEN GOTO 3050
~GOSUB 3980

G0OSUB 4060

G0SUB 3760
END IF
Zt=Tr(D)=Trc()
IF Et=0 THEN

IF T=0 THEN

IF Zt<0 THEWN

Et=1
GOTO 2630
END IF
END IF
END IF
IF ABS(Zt)<.001 THEN

IF Ke(I)¢<é4 THEN
IF Ge(l)=1 THEN

! TEST FOR FULL SUSPENSION

NEXT |
I!*iit“**ii’i*l*“*i’il** CALC. POWER BALANCE #¥##333#3555555HEEEE1S

2570 FUE I;Tpl*Z TO Eyd STEP 2

IDRUM RADIUS RATIO

ILINE SPEED RATIO

ITTERATE FUR THROTTLE SETTING
CALC SPEED RATIO

CALC PUMP TURQUE DEMAND

TABULAR TORQUE RATIO

CALC -ENGINE INPUT TORGUE

TEST FOR NEGATIVE OUTPUT TORGQUE

ITTERATE FOR ENGINE SPEED
CALC K

E
TEST FOR NEGATIVE OUTPUT TORQUE
CALC SPEED RATIO
TABULAR TORGUE RATIO
CALC PUMP TORQUE DEMAND

CALC DIFF. BETUEEN Tr & Tre
FIRST ITERATION OF ENGINE SPEED

ROUTINE (GOV SPD), MUST REDUCE
THROTTLE SETTING IF 2t IS NEG.

| 1S OPERATING COND. ERROR ACCEPTABLE?
| IS OPERATING CUND FEASIBLE?

PRINT "INFERSIBLE LOAD AT TP$";1/2

GOTO 3050
ELSE
%e(l)-Ge(I)-l

E0T0 2610
END IF
END IF
ELSE
T=T+1
Mp(1)=Hpo=0

| DOWN-SHIFT IF POSSIBLE
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GOTO 2610
END IF

Hpreq(I)=Me (I)¥Erpm(])/5252
Re({)-(Pml(l)-Phb(l))/Hpreq(l)

I CALC. REQUIRED HORSE POWER
! CALC. RELATIVE EFFICIENCY

| AAAAAAAAAAAAAAAAAAAAANAAAAAAAAAANAAAAAAAAAAANAAAAANAAAAAAAAAAAAAANAAAAAANAA

GOSUB 5680
PRINT

! PRINT QUTPUT

INPUT D0 YOU MISHGEU CHANGE YARDER LOCATION OR TAILHOLD GEOMETRY?",T$

JF T$="NO* THEN 32

INPUT “NEW YARDER LOCATION ?",Tpl

INPUT “NEW LOCATION OF TAILHOLD AND HEIGHT ?",Tp2,Hh2

PRINT USING 670;Tp1
PRINT

PRINT USING 700;Hh2,Tp2
PRINT ‘

Tpl=2%Tpl
Tp2=2%Tp2
Brake=0
5070 820
END

R SUBROUTINE UARIES THROTTLE SETTING

i

IF Et=1 THEN
ErEm(l)=2100
Ke(l)=45
Delta=10

Ke(1)=Ke(1)+Delta
ELSE

Ke(1)=Ke([)-Daltas2
Delta=Deltas2
END IF

END IF
$ETURN

!

IF_T=0 THEN
Er?m(l)=2100

END IF

IF_T=1 THEN
Erpm(1)=1400
Delta=212.5

END IF

IF T>1 THEN
IF Zt<0 THEN

Erpm(1)=Erpm(1)+Delta

ELSE

Erpm(1)=Erpm(1)-Oelta/2
Delta=Deltas2
END IF
END IF
i3 Er?m(l)<=2100 THEN
ELgE( )=1413.3554-.19351*Erpm( 1)
Me(1)=11681.45707-5.08873*%Erpm(1)
END IF

RETURN

R R R R R R R R RN R R R R R R XY AR R R TR R R R R R R TR R R R R X L)

i SET ENGINE AT GOV, SPEED
! TRIAL THROTTLE SETTING

! INCREASE Ke IF NEED LESS TORGUE
| DECREASE Ke [F NEED MORE TORGUE

SUBROUTINE VARIES ENGINE SPEED -——

! TRIAL ENGINE SPEED (GOV, SPEED)

! INCREASE RPM [F NEED LESS TORQUE
| DECREASE RPM IF NEED MORE TORQUE

! CALC. ENG. TORQUE AS FCN. OF RPM
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4030
I)A3- 0072861

S SUBROUTINE CALCULATES CONVERTER CAPACITY FACTOR ------------

; OR ENGINE TORGUE

IF Et>0 THEN He(l)=Erpm(l)A2/Ke(I)A24Hp(I) LIF VARYING THROTTLE CALC Me

Mi(1)=Me(I)- Hg
Pml(l)=ﬂlt(l) (Mre(1)/12) ! MAIN DRUM TORGUE

ﬁout(l)=(Hml(l)-(.9B*Hh/Ninp))*Rmain*Gear(Ge(I))/Egear [CONV OUTPUT
i TORGUE
?r(l)=ﬂout(l)/ﬂi(l) IACTUAL TORGUE RATIO
éETEéﬁﬂ THEN Ke(I)=Erpm(I)/SOR(ABS(Mi(I)}) ! IF VARYING RPM CALC Ke
fommeoeeeeee SUBROUTINE CALCULATES PUMP TORGUE DEMAND
Hr m([)=Erpm(])*¥Src(])*Rmain*Gear (Ge(I)) IMAIN DRUM RPM

Hls d(l)=ﬂrpm(l)*(Hre(l)/12)*2*Pl IMAINLINE SPEED (FPM)

Hbs d(1)=MIspd(I)¥ sr (1) IHAULBACK LINE SPEED (FPM)
Phb(l)=Hbs d(l)*Hbt(l)/33000 IHAULBACK LINE POWER (HP)

Pml(l)=le d()#Mit (11733000 IMAINLINE POWER (HP)
Dn(I)=Mrpm I)*(Rlng -Dratio(I)*Lsr (1)) IDIFFERENTIAL SPEED (RPM)
Pm(1)=Dn(1)#Mh/525 IPOWER AT INTERLOCK (HP)
Flow=Dispm®Dn(I) THYDRAULIC FLOW (CU, IN./MIN)
Dlspﬁ(l)=Flou/Erpm(l) INECESSARY PUMP DISPLACEMENT
0=
IF Dn(I)>0 THEN VIF PUHER FLOW POSITIVE
(1)=(Dpsi#Dispp(1)/(24+P1))/E PUMP TORQUE
? ([)=Pp(1)*(1- lPIJUER LOST AT INTERLOCK

! QUE
Pm(1)*(1 IPOWER LOST AT INTERLOCK
EE(I) Mp (1)*Erpm(1)/5252 ! PUMP POKER (HP)
SUBROUTINE CALCULATES SPEED RATIO -

ELSE ! IF POMER FLOW NEGATIVE
Hq(}) (Dps 1*stpE(I)/(24*PI))*E IPUMP_TOR
END IF

IF Ke(I)>139 THEN
Src(I)=(Ke(1)-139)%.000136824+.98

ELSE
Src(l)--? 364243008+,246378172%Ke (1)-.002381983#Ke (1)2+.000007492%Ke(

040 END IF
4050 RETURN
2%35 SUBROUTINE CALCULATES TORQUE RATIO ----mmmmmmmemmmmmem
4080 IF Src(1)>.98 THEN
4090 Tre(D)=-(Src(1)-.98)%20.71428571+,.725
4100 ELSE
04;%397 Tre(1)=1.79-.72662374%5rc(1)+,7865674245r¢ (1)72-1.134595545rc (1)43-, 04
4120 END IF
4130 Tee(I)aSre(1)#Trc(l) | CALC. CONVERTER EFFICIENCY
sy
2]]..33 ‘!’MAAAAAAAAAAAAAMAA CU"PUTE NET PﬂYLUﬁD mﬁGG]NG AAAAAAAAAAAAAAAAAANAANA
/D?%??))ﬂnet(I)=((Dy(l)/Dlt(I))*(H4+H2-H1)-.S*HS*L3(I)-wc+U14U2+U4)/(N1~N2*Dy(I)
4190 tv(D)=linet (1)#N1
4200 Uh=lnet (1)*N2

4210
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4810

l! AAAAAAAAAAAAAAAANA CALC DRAGE ] NG NA ] NL ] NE TENS ] UN AAAAAAAAAAAAAAAAAAAAA

H3=H2 +H4-H1 +lh

U3=lu(1) +lc-V1-U2-U4

Mit()= SQR(H3A2*U3A2)*U3*Dy(I)

Z=tinet (1)-Ug IDRAGGING PAYLORD ERROR
ag%aaa(l) Cc+He-Xp*TAN(Theta(l)) IDRAGGING SKYLINE CLEARANCE

|
[ #4HasEEtEa0488 CALC SUSPENDED MAINLINE TENGION ##8ssssssa850004404

H3=H2 +H4-H1
U3=H34Dy( 1) /D1 (1)- . 5H3AL3(])

MLt (=SOR(H3"2+ (U3+U3#L3 (D)) ! MAINLINE TENSION
ina&ntm&mnn COMPUTE NET PAYLOAD SUSPENDED ###sss#iiisssiiiisss
!

UL Ul ~ 1 NET PAYLOAD

IF G=0 THEN

CLCD=Y(T 1)+Hh1 Dy(D)-Y(D) | SUSPENDED SKYLINE CLEARANCE
Fle(D)=CL{T)-Fly | SUSPENDED LOG CLEARANCE
i | SUSPENDED PAYLOAD ERROR
10006680906009 SUBROUTINE FOR FULLY SUSPENDED DEFLECTION 0R008086080000
DIt (])=X(1)-X(Tpl) | SEGMENT GEOMETRY

Drt (1)=X(Tp2)-X(I)

Span=Drt(1)+DIt (1)

Lhe ((Y(Tpd) sHh1)-(1(Tp2) #h2))
Dyi=D1t(1)#Lh/Span { 1st GUESS FOR DEFLECTION
Dy(1)=Dyi

END’ IF

IF 6=1 THEN
Dyc1=Dyi+Span100 | 2nd GUESS FOR DEFLECTION

END IF
]Fs%)l TTENM )7 (Dy(1)-Dyi)
ope=\W-Wo -yl
uo=ﬁ Dy(1)-Dy

Dyi=Dy(1)
DY 1)=Clig-to) Slape-Dyi | NEW GUESS FOR DEFLECTION

G=6+1
RETURN
T
}tt#t########t#### SUBROUTINE FOR DRAGGING DEFLECTION $HHHHHHHHHH

Fletl)=0
Theta(1)=-ATNC. 0184(1)) | GROUNG ANGLE

SRS (00 TO GROUND ANGLE (BETA) $Ses4883883s00080a43044
|

IF SIide>d THEN 5100

IF Drag=1 THEN -1 CONDITION 182
Betao=ASN(Logd1a/Ll)45 ! 1st GUESS FOR BETA
Lay=Betao ! (LOWER LIMITY

Beta(l)=Betao
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4820 END IF
4830 IF Dra?=2 THEN
4840  Betall)=90-Theta(l) | 2nd GUESS FOR BETA
4850  Hang=Beta(I) ! ( UPPER LIMIT)
4860  Uo=lnet(I)
4870 END IF
4880 IF Drag>2 THEN
4890  Slope=(Wnet(!)-llo)/(Beta(]}-Betao)
4900  Betao=Beta(I)
4910 io=binet(I) '
4920  Step=(lig-Uo)/Slope
4930  Beta(!)=Step+Betao ! NEW GUESS FOR BETA
4940  IF Beta(I)>Hang THEN
4950 Steg=5te /2
4960 GOTO 493
4970  END IF ! KEEP SEARCH WITHIN UPPER
4980  IF Beta(I)<Lay THEN ! AND LOWER BOLNDS
4990 Ste =Steg/2
5000 GOTO 493
5010 END IF
5020  IF Beta(I)<Lay+.1 THEN ! CHECK FOR SUFFICIENT
5030 IF Betao<Laﬁ*.1 THEN ! TENSION/DEFLECTION
5040 DISP "INSUFFICIENT DEFLECTION AT TP$";1/2
5050 WAIT 4
5060 GOTO 3080
5070 END IF
5080 _END IF
5090 END IF
5100  IF Slide=1 THEN | CONDITION 3 (LDG_SLIDES)
5110 Betao=180 ! 1st GUESS FOR BETA
5120 Ln?=Betao ! (UPPER LIMIT)
5130 Beta(l)=Betao
5140 END IF
5150  IF Slide=2 THEN
5160 Beta(])=89-Theta(l) | 2nd GUESS FOR BETA
5170 Hang=Beta(I) I (LOWER LIMIT)
5180 Wo=linet ()
5190  END IF
5200  IF Slide>2 THEN
5210 Slope=(Wnet (1)-Wo)/(Beta(l)-Betao)
5220 Betao=Beta(l)
5230 Wo=linet (1)
5240 Step=(kg-ko)/Slope
5250 Beta(I)=5tep+Betao ! NEW GUESS FOR BETA
5260 IF Beta(l)<Hang THEN
5270 SteB=Ste /2
5280 6070 525
5290 END IF
5300 IF Bata(i))Lay THEN ! KEEP SEARCH WITHIN
5310 Step=Step/2 | UPPER AND LOWER BOUNDS
5320 607D 525
5330 END IF
5340 IF Beta(1)>179.9 THEN ! CHECK FOR SUFFICIENT
5350 IF Betao>179.9 THEN | TENSION/DEFLECTION
5360 DISP "INSUFFICIENT HAULBACK TENSION AT TP$";1/2
5370 WAIT 4
5380 GOTO 820
5390 END IF
5400 END IF
END IF
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[ $EEESEHEHEE IS AR ERO IS TACLINE ANGLE $HHSS5E5355000 18000 1000 4ES

5430

5440 !

5450  Kk=2#%(1+j#TAN(Beta(l)))
: 54??)))/E&*l-(CUS(Theta(l))-SlN(Theta(l))*TﬁN(Beta(l)))*(CUS(Theta(l))-U*SIN(T
eta

??g?)/KkN2-(CUS(Theta(I))-SlN(Theta(l))*TRN(Beta(I)))*(SlN(Theta(I))+U*C08(The
ta

3233 | Alpha(1)=ATN(N2/N1)

5500  Ga=Beta(l)+Theta(I)-ATN(LogdiasLl)

5510  Le([)=L1#SIN(Ga)-(L1#COS(G3)*TAN(Theta(I))) ' CQLC LDS END CLEARANCE

gggg : (VERTICAL)

ggég ;um&um»um& COMPUTE SEGMENT GEOMETRY #3###33#338355545444444

5960  Xp=LI¥COS(Beta(])+Theta(l))+Ce*SIN(Alpha(l))

5570  Ce=L1*SIN(Beta(I)+Theta(l))+Ce*COS(Alpha(l))

5980  DIt(I)=X(1)-X(Tpl)-Xp

5590 Drt(l)=X(Tg2) X(l)+Xp

5600  Span=Drt(1)+D1t(I)

5610 ((Y(T%1)+Hh1) (Y(Tp2)+Hh2))

5620  Dy(D)=Y( p1)+Hh1 Ce-He-Y(D) | DEFLECTION

5630 Dra =Dra?

2233 RETUllde 0 THEN Slide=Slide+l

3293 ;###########t####i#################################1########i###########

5480 | HHESEHIHISESEIIE I SIS PRINT OQUTPLUT #4483 S H LI

5690 |

5700  PRINT

57210  PRINT
] 5720 .Pgé#g""T.P. MLT HBT  REQUIRED LSPD SUSPENSION LOG C

5730  PRINT ¢ (LBS) (LBS) H.P. (FPH) {
FT) DEG)

5240  PRINT " "

5750  FOR I=Tgl+2 T0 Eyd STEP 2

5760

5770 I Mout ([)>0 THEN

5780 IF Me(I)>0 THEN

5790 IF Fle(1)>0 THEN

(??00 PRINT USING 5930;Tp,M1t (1) ,Hbt (1) Hpreq(l),Mlspd(1),Flc(I) ,Bet
a

56810 ELSE
(]?820 PRINT USING 5940;Tp Mit(1),Hbt (1) ,Hpreq(D) ,Mispd(1),Le(1),Beta

5830 END IF '

5840 END IF

5890 ELSE

5860 IF Fle(I)>0 THEN

5670 PRINT USING 5950;Tp,Mit(D),Hbt (1) ,Flc(l),Beta(l)

56880 ELSE

5890 PRINT LSING 5960;Tp,M1t (1) Kbt (1), Le(1) Betal])

5900 END IF

5910 Brake=1

5920 END IF

5930 IMAGE 3D,%X,5%D,6X,9D,5X,4D,6X,4D,5%, "FULL",11X,3D,8X,3D

5940 IMAGE 3D, SX SD 6X SD SX 4D 6X '4D SX “PART“ IIXZBD BX 3D

5950 IMAGE 30 5X SD X, SD SX " i u 'FU[L" 11X,3D,8X,3D

5960 IMAGE 3D, SX SD 6X SD SX Ju * " 6X "* " "PQRT“ 11X 3D BX '3
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NEXT | o
IFPEE?‘I{;'I THEN
PRINT "# NEGATIVE ENGINE TORQUE REQUIRED,SPEED INFORMATION NOT AVAIL

END IF
RETURN

lim»mm* SUBROUTINE FOR H,U (RIGID LINK MOMENT ARMG) estssssssss
L=SAR(DA2+Hh"2)

H=Tu*D/L¥SQR(1- (. 5¥tD/Tu) ~2) -, S¥Uw*D¥Hh/L
Ul=H¥kh/D-, S¥ihtl :
RETURN
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APPENDIX III
DERIVATIONS
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NUMBER OF WRAPS

di —
w
Sketch a Sketch b
From Sketch a: L
4
d Volume = dL dR dW 4
( ( ( Sketch c
Volume = | dL ] dR | dW

—
[= 8
=

L[}
=

Volume 2t W J R dR

Length of the wire rope equals the volume divded by the
cross-sectional area of the rope. If it is assumed that the
rope is "stacked" on the drum as illustrated in Figure 10,

and the effects of <c¢rushing are neglected, the <cross-
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sectional area 1is equivalent to the square of the rope

diameter (sketch ¢).

Therefore:

R dR

—
n
~nN
=3
=
—

dZ
This gives L in inches. A more convenient unit is feet.
L in feet equals:

) r o rbr‘+nd (b +nd)z b 2
L = 27 W RdR = 27 W R dR = wr L - =L
) T7ar 2 2

b,

12d?

(b_+nd?)-b ﬁ
L = 2618 W { r r
dZ

Letting K = .2618 and solving for n yields

5
b+ | (b.2+ d2L) |
r [ r X ]

d
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HYDRAULIC PUMP TORQUE

Mp =( p)(Dp)

Displacement (D_.) is measured in cubic inches per revolution

p
_ . 2y, 3y _ .
Mp = (1b/in®)(in~) = 1b-in/rev.

To convert to pound-feet:

Mp = (1b-in/rev.)(l ft/12 in)(1l rev./2m radians) = 1b-ft



