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The key uncontrollable from our point of view is the operatiﬁg environment.
One fact of life is that FMC machines tend to be used in places other machines
can't gef into. They have also been known to carry bigger loads than we advise.
Now, I would never say that 16ggers abuse our machines, but I would say that FMC

machines generally see a lot of rugged duty, which in turn can definitely affect

track life.

Looking at track cost, I would 1ike to make just a couple of points. Being
a tracked machine, FMC machines are often compared to conventional crawlers. This
comparison is often unfavorable if you look only at track life or the cost to turn
pins and bushings vs. the cost to rebush FMC track. A key point is that, due to
FMC's higher speed and payload capability, hour-for-hour we move more wood than a
conventional crawler. So if you compare us on a cost per unit of production basis,

you would find the results much more favorable.

The only other point I want to make on the subject of track cost is simply that
FMC has not raised track prices since September 1979 which underscores our commit-

ment to the logger to keep his operating costs to a minimum.

As a result of the improvements FMC has made in the track system, and because
we want to let the logger worry about logging, not operating costs, FMC has intro-
duced what I believé may be an industry "first" - a 2,000-hoyr/2-year warranty on
track. What this really means is that we have enough confidence in our current

configuration that if the loggers maintains his track as we advise, he should see

2,000 hours of cost-free operation.
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Many Toggers have gotten a 1ot more hours than this out of their track.
Sometimes it is due to very easy operating conditions - non-abrasive soil, flat
tarrain, light loads.  Sometimes it's because of exceptionaily good operator
training and preventive maintenance programs. What we are really saying is that

we'll give the Togger the first 2,000 hours, and if he exercises good management,

there are a 1ot more to .be had.

Lastly, let's discuss the ﬁHY of FMC skidders, or what benefits do FMC

machines afford the logger? The benefits fall into 2 broad categories:

Performance and Environmental.

Machine performanée is obviously critical to the logger, but because of all
the variables (timber size, stand density, ground conditions, etc.) that affect it,
it's difficult to discuss in a meaningful way in a2 forum like this. I would

simply 1ike to put two concepts before you.

The first is the concept of PRODUCTION. I'm told that many of you have
engineering backgrounds, which means you know a lot about math. If you have a pad

and pencil handy, please write down this relationship: Production is a function

of speed, payload and number of days worked.

Your math backgfoUnd will tell you. that this is a relationship, so you can

write the equation: Production = Speed x Payload x Number of days worked.

Now, the two quick comparisons. First FMC 220 CA vs medium size (125-175 hp)

crawler. We can be twice as fast, but say we're only 50% faster, so put a 1.5
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under speed. Our payload is about 50% greater, so put another 1.5 under payload.
FMC machines tend to be less affected by weather than other skidders. If the
crawler loses 10 days to weather a year, this amounts to about 5% of the days
~available, so put 1.05 under days worked. Multiply these together and you get
1.80, meaning its possible that an FMC skidder could be 89% more productive than

a crawler.

~

Briefly, comparing an FMC to a large wheeled skidder put .85 under "speed"
(under ideal conditions it can be faster), 1.6 under "payload" (FMC can carry
cbnsidérabiy more wood per turn) and 1.1 under "days worked" (wheeled machines
tend to lose more time to wéather). The result is 1.496, meaning FMC can produce

about 50% more.

Certainly this is a simplistic approach to a complex situation. The actual
values can vary considerably (the numbers I used are based on actual observations

of a flat 500 foot skid with 23" wood), but the basic equation won't change.

The second Performance concept I want to share with you is that of maximiz-
ing your investment in equipment. Let me explain that. Most of you are faced
with the problems of logging on steep slopes or environmentally sensitive terrain.

This means that yod are using cable systems which you have invested a good deal
| of money in. Your objective is to maximize the return on that investment, and

FMC can help. Here is how:

e Cleaning Corner: Depending on terrain, FMC vehicles can be

used to clean up corners out of cable reach.
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e Reducing Cable Placements: The ability of the machine to move

material quickly on many types of terrain can reduce the number

of cablie placements.

o Reaching Beyond Cable Lay: The machine has the ability to move

material from beyond the cable lay to the cable.

¢ Reducing Yarder Moves: The FMC logging vehicle can reduce the

number of times the yarder has to be moved to Tog an ‘area.

e Forwarding Material: The FMC machine can move material from the

yarder landing to a place where it can be transhipped to a mill.
Also, it can help pull trucks out of adverse conditions at the

landings.

e Moving Wood to Skyline: With a skyline, the FMC machine has been

moved to an otherwise unaccessible area to move timber to within

- skyline's reach.

¢ Minimizes Obstacles: It can bring logs over obstacles to cable

"systems for transhipment by the cable.

FMC Machines can also be used with helicopters.

e Use with Helicopters: The FMC vehicle can move logs to a central area

for the helicopter to pick up. It is also possible to leave the chokers
- pre-set to speed hook-up to helicopter. This.machine and its effective

use in a helicopter operation may reduce the number of flying hours
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needed to log an area by bringing logs to a central point for the
helicopter to 1ift to another landing where the logs can be moved
to the mill. By using pre-set chokers, the FMC vehicle can reduce
the number of choker setters needed for this type of operation.

In certain areas, the FMC machine may even replace a costly helicop-

ter operation.

Now let's consider the benefits to the user from an environmental point of

View.
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FOUR_IMPORTANT REQUIREMENTS

No. 1 CAUSE LITTLE OR NO COMPACTION.

Low Ground Pressure

Vehicle ground pressure is a key factor in soil compaction.

Since ground pressure is the measure of the weight on an average to each
square inch (centimeter) of supporting'surface, the less supporting surface
on the vehicle, the higher the ground pressure is going to be. For example,
wheeled skidders have their vehicle and payload weight supported only by small
sections of four tires. With so little area in contact wiﬁh the ground, they

can't help but deliver high ground pressure - up to 25 psi (172 kPa).

Tracked machines have more supporting area on the ground resulting in
far Tower ground pressures than rubber-tired machines. When comparing the

- pressures of tracked machines it is important to look at the design differences.

Most crawler tractors have a fixed suspension system. On an even surface
it applies pressure uniformly to its tracks. However as a crawler climbs
over an obstacle it must balance much of its weight on small sections of the
track. Even the iowest LGP track produces alarmingly high psi's as the crawler

transfers its weight to small sections of the track.

The FMC machine's flexible suspension system he]ps-keep a constant

ground-to-track contact providing broad weight bearing areas. As an FMC
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unit moves over an obstacle the track conforms to the obstacle keeping even
pressure on the forest floor. With tracks 20% longer than conventional crawler

track, the FMC unit delivers a ground pressure of less than 6 psi (41 kPa).

Another point to consider when comparing ground pressures of FMC units to crawler

tractors is the impact as the vehicles skid uphill. A loaded crawler tractor

is rear heavy so as it skids uphill exfra pressure is put on the rear sections

of the track. The pivit point of the load on a crawler tractor is at the rear

of the machine so as the crawler climbs the hill, even more of the weight.is
transferred to the rear sections of the track more than doubling the ground

pressure compared to operation on level ground. On the FMC machines the heavy

power train components are located forward. The log butts are 1ifted by the
extendable arch, and carried on the machine, transferring the load weight to

near the machine's center of gravity. The ground pressure on the FMC remains

fairly constant from level to uphill skidding.

Compaction can be even further minimized if equipment can operate effectively
on natural forest debris. Rubber-tired skidders and crawler tractors are often
slowed up and lose productive efficiency when working on debris. In contrast,
the FMC machines can work efficiently on a bed of natural debris. By doing so the

compaction of the soil beneath the debris is significantly reduced.

Vibrational Forces

In addition to ground pressure, vibrational forces from skidding equipment

can cause compaction. The more intense the shock load, the deeper the compaction.
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The rigid suspension system of a crawler tractor delivers all the shock loads
directly into the soil beneath the machine. On the FMC machines the torsion bar
suspension absorbs much of the vibrational force minimizing the impact on the

forest floor.
No. 2 MINIMIZE SOIL DISPLACEMENT AND DISTURBANCE

Soil disturbance and more critically soil displacement must be minimized

if site productivity is to be protected.

Rutting

Rutting is a common form of soil disturbance, and in the extreme case, can
cause soil displacement. Sinking and slippage are the primary causes. One look
at a wheeled skidder spinning out in soft ground.is all it takes to realize its
weakness in soft ground. Or watch a crawler tractor for a while. Notice its
aggressive grousers - how they sink into the surface. Watch the grousers,
pulled under high tension along the ground, moving the crawler forward. Thén
watch an FMC machine perform on sensitive soils. With its high tractive efficien-
Cy, grousers on the FMC track don't need to be as aggressive as crawler track to
be effective so there's less penetration of the soil. With the highest power-to-
weight ratio around, the FMC vehicle is able to provide a high payload capacity

with a comparative]y lower vehicle weight. Sinkage is minimized and in actuality,

positive soil scarification.

A crawler tractor, as it goes over a log or rock, climbs over the obstacle

then falls forward, digging into the soil. The high attack angle of the FMC
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track on the obstacle, however, means a minimum of impact. The track is front
driven so the majority of the tension is at the.top of the track leaving the

lower track section flexible. This results in a minimum of disturbance as the
track is 1aid onto surface contours, not pulied across them. It goes over the

obstacle without digging up the terrain behind or in front of it.

Turning

When turning, a crawler tractor may cause severe displacement. As it
turns, one track is braked and the other track rotates swiveling the machine
around. The surface beneath the braked track is torn up and pushed out of place.
In contrast, the FMC design features a unique planetary gear differential
capable of slowing down, but not stopping, one track and shifting the power
automatically to speed up the other track. Both tracks are constantly under

power which means minimal disturbance.

Butt Dozing

Significant soil displacement also occurs when log butts are skidded on
the ground. Butt dozing, as it's called, chews the soil as the log is skidded.
FMC machines are equipped with an extendable arch which 1ifts log butts on to

the machine, eliminating butt dozing.

'NO. 3 REQUIRE FEWER ROADS AND LANDINGS;

To protect for regeneration, the amount of ground area that is sacrificed
to roads and landings should be minimized. Wheeled skidders are fast for
lTonger skids which can reduce the number of landings required, however they

require skid and access roads for operation. Crawlers also require skid trails
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for productive operation and they are slow which means more landings are re-

quired.

The FMC machines are designed, however, to work without skid trails or
on trails with a minimum of preparation. With a mat of natural organix
materials left to protect the soils, the FMC.machine can work leaving the
env%ronment relatively undisturbed. On steep terrain the FMC's power-to-weight
ratio and tractive efficiency often allow direct return to the loading point.
Go-back road construction can be minimized, if not eliminated. And the speed of the

FMC means it can skid long distances efficiently, reducing the amount of regrowth

potential given up to landings.

In combination, the FMC's performance allows forest managers to design and

Tayout sales in an environmentally advanced and cost-effective way.

NO. 4 PROVIDE RESIDUAL STAND PROTECTION.

Protecting the forest soils for regeneration is useless if the residual
stands of timber are not protected as well.

Tree-scarring, one of the common ways of damaging young stands, is often
caused by the blade extending beyond the width of the basic machine. The
decking blade on FMC machines, in contrast to most crawler tractors, is within
the perimeter of the two traéks, reducing the chance of an operator scarring

trees as he travels through the developing timber.

The low ground pressure and flexible suspension system of the high speed
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steel track design mean less damageto root structures and to young growth.
The extendable arch 1ifts logs up and out of the young growth rather than
dragging the butt ends through it. And often new stands can be totally avoided

since the high speed of the machine allows it to skid around the timber without

considerable production loss.

THE BOTTOM LINE .

The real need of modern logging operations is maximum production with
minimal impact on the forest environment to protect its ability to regenerate
growth. For management of a forest cannot be truly effective unless several
group's objectives are met including those who are responsible for managing the
timber resource, purchasing the timber, and harvesting the timber. The ability
of a forest manager to consider a wide variety of planning and tactical options
to meet these goals depends greatly on the flexibility of the equipment. The

FMC skidder is one of the most flexible forest management tools at his disposal.

It can increase timber production with fewer passes.on easily compacted
soils. It can log effectively close to the landing or at skid distances of
2000 feet (610m) and more. It can operate with minimal impact on marginal and
sensitive terrain. And it can log in wet weather and on steep slopes without
significant soil damage. The combination of tractive efficiency, low ground
pressure, balanced weight, extendable arch, and other features makes the FMC
vehicle the most environmentally advanced skidding tool available giving the
_forest manager safe planning and layout flexibility in addition to operational,

economic and administrative benefits.
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HANDLING THE SMALL TREE RESOURCE WITH CABLE SYSTEMS

ABSTRACT

Harvesting young stands on steep terrain requires different equipment
and new techniques for cost efficiency. At Oregon State University, felling
and bucking studies have shown that cutting time per tree is reduced 15
percent when trees are thinned in a herringbone strip rather than in a
conventional, selective pattern. Eliminating lateral yarding and bunching
logs for larger turns with skyline yarders may reduce total thinning cost
as much as 39 percent. Multispan yarding extends yarding distance of
short towers on convex slopes; small yarders such as the Ingland-Jones
Trailer Alp and Koller K-300 are cost effective. Proper balance of crew
size and equipment is important; swinging logs away from the yarding
machine with a skidder improves yarding and loading production. Future
techniques and equipment should be designed to 1) obtain more pieces per
turn, 2) improve wood handling efficiency, 3) specifically yard the small-
wood resource, and 4) balance crew size with equipment needs. Silviculture-
harvesting must blend economical wood handling with environmentally sound

management of the small-tree resource.



In the Pacific Northwest, harvesting activities are rapidly moving from
old-growth stands to young growth staads (less than 70 years old). Beuter,
Johnson, and Scheurman (4) project that by 1995 timber supply on industrial
lands in Oregon will be in the 25-year to 30-year age class. In Region 6
of the U.S. Forest Service, future acreage thinned ananually is projected to
equal the acreage cut in old-growth timber (5). Harvesting cost increases
dramatically as plece size decreases, especially with cable yarding systems
required on much of the steep slopes and fragile soil of the Paclfic
- Northwest. The profit margin is often narrow with cable yarding because of
the high operating cost and the comparatively low selling price for small
logs (those averaging less than 17 ft3) (3,12). Silvicultural management
techniques and harvesting systems need to be carefully evaluated and
often modified to more efficiently manage the small-tree resource.

Harvesting research by the Forest Engineering Department at Oregon State
University (OSU) has focused on systematically identifying and developing
new techniques to improve the efficiency of harvesting smallwood (Fig. 1).
When evaluating new techniques and using new equipment, "mechanical” analy-
sis is needed to supplement production studies, and these have developed
together at OSU. Analysis of multispan support trees and criticai jack
angleé has helped establish safe rigging procedures aand proper field layout
(7, 39). Muéh of this information has been incorporated into the Oregon
Occupational Safety and Health Code. Studies of log drag resistance and
slackpulling help in the selection of current equipment and future designs
(16,17). Conceptual designs of smallwood yarders and skyline carriages have
also helped in selecting equipment for evaluating smallwood yarding tech-

niques (2,18,38).



This paper reviews current technology for handling the small tree
resource with cable systems (focusing on commercial thinning research at 0SU
and on techaiques adapted by industry) and discusses needed developments

which are exteusions of the techniques currently used.

Harvesting techniques

Thinning prescriptions

Felling trees in conventional selective thinning operations is often
time-consuming and difficult. It is best to fall trees at an angle ap-—
proximately 45° away from the skyline corridor to reduce yarding problems
and residual tree damage. Felling costs in thinnings lncrease as stand den—
sity increases and average tree gize decreases. For example, though the
nunber of trees felled per day were the same for two young Douglas-fir

(Pseudotsuga menziesii (Mirb.) Pranco) stands; one with 8-inch and the

other with 12-inch average dbh, the average volume per tree cut for the
first stand was approximately half that of the secoad. This difference
contributed to 80 percent higher felling and bucking cost per unit volume
(2,12). |

Thiﬁning prescriptions (amount removed and removal pattern) can signifi-
cantly influence felling and yarding operations (2,3). Strip-thinning pat-
teras with cable yarding systems have beean used extensively in foreign countries
(13,14,27,42) but have had limited trials ia the United States (2,29).

A herringbone thinning pattern 1s a variation of strip thinning
(Fig. 2); the side strips off the main strip allow more volume to be yarded
per skyline road. A limited study of this method at OSU showed harvesting

cost benefits. Average felling time per tree was approximately 15 perceant



less than with a coaventional selective thinning pattern (2). 1In a Norway
spruce (BEEEE"EEEEE) stand in Germany, felling cost for strip thinuing was

36 percent lower than that for selective thinning (27). During a cable
yarding operation, Aulerich showed that the average turn time was 17 percent
less with herringbone thinning than with conventlonal selective thinning (21).
Gains ia yarding producﬁivity have also been reported elsewhere (15,42); work
in New Zealand by Terlesk and Twaddle (42) showed that productivity increased
30 to 40 percent when more wood was concentrated into strips. The primary
feason for the galn was aa increase 1n pieces yarded per turn.

The increase in basal area growth and net yield from thinnings is highly
dependent on initial staund structure, stand age at the time of thinning,
intensity and frequency of thinning, and thinning method (41). Studies of
herringbone thinning or strip thinaing generally show that basal area growth
and net yield after thinaning is less than after selective thinning
(9,14,29). However, these studies also show that growth variations cor-
relate with variables characteristic of different patterns; width of the
leave strips and cut strips are especially important. Growth responses are
greater within a distance approximately 10 feet from strip edges than
farther from the edge. Growth response also appears to be greater as the
width of the cut strip increases.

Thinaing prescriptions and the felling operation significantly influeunce
stand management aand harvesting cost. Additional research oan techniques and
equipment is needed in this area. Concentration of logs in extraction
paths, herringbone or strip thinning, is a key requirement. Indications are
_ that this aids unit layout (eliminating individual tree marking), felling
production (reduciang hangups), aund yarding production (raducing haagups

and increasing the number of pieces per turn).



Herringbone thinning also reveals new techniques that need to be evaluated.

Whole-tree yardiang in coaventional selective~-thinning operations shows
potential benefits for handling smallwood (25). Whole-tree handling would
probably be more efficient in a herringbone than in a selective thinuning
pattern.

Mechanized thinning on steep terrain is another technique that merits
future investigation (11). A feller/buncher, Menzi-Muck principle (1), may
maneuver more effectively}in dense young stands within strip or herfingbone
patterns than within a conventfonal, selective thinaing pattern.

A vériation of the herringbone pattern that combines selective leave-
strip thinniag and strip thinning may increase tree growth and net stand
yields to levels obtained after coaveutional thinaing. Some thinning opera—
tions outside the United States have combined row tﬁinning with selective
thinuning between~rows (26). Directional felling of trees in the leave strip

- towards side strips or the main strip (skyline corridor) could result in
little or no added logging cost (43). A combination of herringbone and
selective thinning may be a good compromise between efficient logging
methods and optimum staad growth.

Oﬁher potential bengfits of herringbone thinning are greater flexibility
for regeneratioa planting énd interplanting of a nitrogen—£fixing specles
within strips. Another potential techaique for some locations is agri-
forestry, which combines agricultural needs (crops or animals) with forestry
needs.

Recommeadations regarding any thinaing treatment require integration of
disciplines to combine ecoaomic avalysis of harvesting cost? market values,
interest rates, and expected future stumpage prices with consideration of

individual tree growth, net stand yleld, and stand damage. More studies are



needed to establish costs and benefits for different thinning prescrip-
tious. The felling operation is most dfrectly affected, but subsequent

harvesting components are influenced as well.

Prebunch and swing yarding

Besides thinning'prescriptions, another smallwood harvesting challenge
is to establish éechniques that achieve optimum payload for skyline
s8ystems. A major yarding problem in smallwood thinnings is low turn
volume. It is often difficult to avold underloading each turn in a yarding
system—~an especially costly problem with skyline operations that are more
expensive to operate than ground-based systems (3). 1In a selective-
thinning research project in which the average log size was 7 cubic feet,
the optimum payload for a Skagit SJ2 skyline yarder was 5,300 pounds (12),
equivalent to one large log or 13 small logs. To hook that nany logs in
one turn and yard them through a selectively éut stand is difficult because
logs are scattered in the stand. High residual tree damage also results.

Skyline yarding studies at OSU also show that the lateral yarding
sequence (lateral out, hook, lateral in) is time-coasuming, occupying as
much as 46 perceant of the total turn time and an additional 10 percent on
hangups.(B). This time 1s especlally expeasive when a costly yarder is
used.

A less expensive system for bringing logs into the corridor divides the
operation into two stages, prebunching and swinging, and uses two differeut
pleces of equipment (Fig. 3). Prebunching uses a low-cost system for the
" most time~consuming part of the operation—-lateral yarding. Equipment
lavestment is low and crew size small. Prebunching f{n the corridor enables

the more expensive yarder to swing more pieces per turn to the landing than



it can swing in full-cycle thinning (a complete yarding cycle without pre—
bunching). Crew size often 1s reduced when swinglng because lateral slack-
pulling is eliminated from the skyline yarding cycle.

Two current options exist for prebunching in a cable~thinning opera-
tion. The first uses 2 machine that moves along the skyline corridor; the
second uses a stationary machine on the landing, which :equires that the
yarding line be rigged in the corridor. Three OSU research projects eval-

uated these options (19,24,44). The first two were designed experiments
in which a portable winch was used to test the first option and a small
skyline yarder was used to test the second; The third project was an
observation of a contract logger applying prebunching techaiques.

The research studies show mixed results as to the profitability of pre-
bunch and swing cable yarding (Fig. 4) (22). The factors most eritical
for making the technique cost-effective seem to be a low-investment pre-
bunch'system and a swing system capable of handling a larger turn than that
obtained in full-cycle thinning. This yarding technique, like any other,
must be evaluated for each specific logging situation and not generally
applied. Where the hourly cést of‘;able yarding with a skyline yarder is .
high, a less expensive prebunching system can eliminate time-coasuming
lateral yarding. Where thinaing ofAsmall or scattered logs énd where
hooking enough logs to meet the capabilities of the skyline yarder is dif-
ficult, prebunch and swing-yarding can 1mprove production and reduce
thinning cost.

Achieving optimum payload for a skyline yarder becomes more critical
as yarding disﬁance increases. Most curreat thinaing operations have been
at distances of less than 1,000 feet. In the future, many areas where

roads are spaced farther apart will have yarding distances greater than



1,000 feet. Forest managers will consider commercial thinning of these
areas 1If the techmology is available for cost-effective operations (33).
Even if couwmercial thinning is not practiced, shorter clearcut rotatioas
will result in smaller logs; therefore advantages demonstrated with a pre-
bunch and swing system at relatively short yarding distances may prove to
be even more important at longer yarding distaaces.

A related problem requiring further research is that with the large
turn volumes achieved when swinging logs, stump failures could occur, espe-
‘cially at longer yarding distances. Many stands of small trees are unlform

in size, aad locating "large” stumps for anchors, tailtrees, or intermediate

support trees is difficult.

Multispan yarding

For the most part, yarders used for smallwood have short towers (20-50
ft) aad are relatively mobile so that rigging cost will be low. Short towers
Qith single-span skylines often restrict yarding distance on convex or broken
slopes. Multispan yarding uses intermediate supports and helps to alleviate
the problem (Fig. 5). Researchers at 0SU have evaluated multispans for
curreat skyline thinning operations in young stands and terrain typical of
the Pacific Northwest (21,35).

Most important to a successful multispan operation is good planning and
field layout. First, simple deflection analysis before logging can show
where multispans should be used (6) and can pinpoint potential problems
(the 1ifting of a skyline from an intermediate support, or a difficult
carriage passage). Planning is not complete without field checking and good
layout of the skyline corvidor. Second, road-changing time can be reduced

by prerigging corridors. Once the intermediate support is rigged, railsing
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the intermediate support jack and skyline usually takes less than 10 minutes.
Third, intermediate support rigging does not require large trees or lines
when yarding smallwood (34). A double-tree support system is commoanly used
in thinning operations (Fig. 4). No additional guylines are needed because

the support line is rigged to stabilize the support trees.

Loading-landing activities

As the number of logs per truck load increases, 1oading costs also
increase, and new chailenges are encountered. In a log-truck 1oading‘study
in the Intermountain Region, Schneider (37) reported that loading time per
truck was a linear Ffunction of pleces per truck.

During the suumer of 1979, Kellogg and Gabrielli examined harvesting
costs for small logs (7.5 ft3 average) to determine what tree sizes and
stand dengities could ﬁrofltably be thinned with a skyline system. The
third most costly item in the operation was loading and hauling (12).
Loading was done from cold decks after yarding. The average yarding produc-
tion rate with a Skagit SJ2, iacluding delays and road-change time, was 214
pleces per 8-hour day. The average truck load contained 126 pleces, or 3.26
thousand board feet. The yarding production rate, aud the many pleces per
load, did not justify the expense of hot loading. However, logs cannot
always be cold decked, and a loader or skidder swing 15 neede&.

A skidder can be used with small yarders for cost-effective handling of
thg'log deck. A study by McIntire (30) with a Koller K-300 yarder, John
Deere 440 choker skidder, and a Crowa Super 3000 self-loader showed that
production increased in both yarding and loading when logs were swung with a
skidder. Production increased on the yarding cycle because times for inhaul,

log reposition, unhook, and landing delays were reduced. A comparison of
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the loading operation from decks built by the yarder aad by the skidder
showed significant time was saved with skidder decks, which were sorted
decks oriented at small angles to the road. However, despite improved
overall production, the skidder and operator were not fully used and were
not cost effective when the full cost was charged to yarding production. A
skidder would be cost effective if there was other work in the overall har-
vesting operation for the skidder operator, such as nearby ground skidding.

Self-loading log trucks are well adapted to handling small logs and are
very mobile betweea deck locations. However, different loading techniques
can influence production rates and cost. At 0OSU, Clark's study (10) of
self-loading log trucks used for smali—diameter logs (less than 16-in.
average scaling diameter) showed that the specific decking configuration
influenced total loading time as much as 20 percent. The best configuration
was loading from presorted decks on the right side of the truck. When
operator visibility was good, decking logs parallel to the road was also
advised.

Past studies and experience show that problems on the landing are
related to factors common to smallwood cable operétions:_limited tower
height (less than 50 ft), lack of swing capability (common to many yar&ers),
the many pleces required per truck load, and limited decking space on steep
ground. In the future, technlques are needed on the landing for more effi-
cient handling of smallwood, and these techniques should tie closely to the
felling, yarding, and hauling portion of an operation. Felling and yarding
technliques determine the form of harvestable material (L.e. logs or whole
trees) and the arrival rate at the landing. Prebunch and swing techniques
result in more pileces per turn than coaventlional full-cycle thinning, and

longer yarding distances result in more pleces yarded per skyline road.
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Whole-tree yarding requires different wood handling techuniques; limbing and
bucking at the landing rather than in the brush by the felling crew. The
best location for further processing of whole trees (at the landing, at the
swing deck, or at the mill site after hauling tree-length material) needs to

be evaluated also.

Balance of crew size and equipment

The balance of people and equipment is critfcal and requires investiga-
tion in smallwood harvesting, for which yarding labor costs are often 50
percent or more of the total cost. Modifications in crew size or machine
use may be necessiary and should be fully evaluated for the most cost-
effective decision. To assess production, Kellogg and Olsen in 1980 exa-
mined crew size and skidder swinging for cable-thinning with a Koller K-300
'yardet (23,32). For the yarding operaﬁion alone (not iacluding felling or
rigging), the least expensive alternative was a two-persoa crew (one yarder
operator/chaser and one rigging slinger/choker setter) and a skidder used 30
percent for swinging and 70 perceat elsewhere. If the skidder could not be
used effectively elsewhere, the two-person crew alone was preferredf

Interaction among crew members can be observed by charting simultaneous
yarding.activities (Table 1). The chart for our selective thinning opera-
tion with a small yarder revealed that the chaser was idle except during
hooking and unhooking, that the second choker setter was not as effectively
used as the first (the rigging slinger) because the number of logs per turn
was swall, that intermittent activity of the skidder caﬁsed almost no delay,
and that the skidder was not fully used when only swinging logs. These find-
ings led us to integrate felling, yarding, and swinging with one crew. Research

was completed during the summer of 1981, and we are curreatly completing the
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data analysis and summary. The crew consisted of four persons; one yarder
operator/chaser, one skidder operator/bucker, one cutter/choker setter, and
one rigging slinger/choker setter. Trees felled during yarding were brought
to the landing without 1limbing or bucking in the brush. The cutter and
rigging slinger worked together ou most turns, and the skidder operator
bucked the trees after they were skidded from the yarder. This crew—
equipment balance appeared prodgctive for a small yarder such as the Koller
K-300. .

Crew size and equipment changes for any operation can be easily eval-
uated beforehand using a nomograph with the following information: 1) task
frequency in an 8-hour day, 2) operating cost per hour, 3) perceatage of
improvement an added crew member or machine would give, and 4) cost per day
of adding a crew member or piece of equipment (32).

- Good crew trailning 1s esseatial, especially when implementing new tech-—
niques for smallwood harvesting. Production in one of our prebuaching
studies increased approximately 50 percent when the key supervisor, with

more experience, replaced someone less skilled.

Equipment concepts

Yarding machines

Cable-yarding equipment currently used for smallwood harvesting fails
into three categories. The first is used yarders with low initial cost.
These machines are mobile, have two or three drums and booms less than
50 feet high (e.g. Skagit SJ series, cranes couverted to yarders, the
Schield-Bantam, and "home-built™ yarders).- Appropriate skyline carriage

selection and yarding techaiques help improve efficiency with this equipment



14

(21,23). The second category 1s new yarders of relatively high initial
cost. These are either four—drum noninterlocking machines such as the
Madill 071 and Thunderbird TMY45, or three-drum interlocking yarders such
as the Skagit 717 or Washington 78SL. This type of machine provides the
capability to yard old-growth as well as secoand-growth timber in a variety
of configurations. Techniques such as prebuanching can improve overall cost
effectiveness when handling small logs with this equipment (22). The third
category is new yarders of relatively low initial cost that are specifi-
cally developed for smallwood. Uatil receatly, no equipmegt manufacturers
in the United States produced cable y;rding equipment gpecifically designed
for smallwood; equipment and concepts have cdme from foreign countries
(23). Yardefs in this category typically have two or three drums, tower
heights between 20 and 30 feet, and a small engine with 40-100 average
horsepower (e.g., the Igland-Jones Trailer Alp and Koller K-300).

A cooperative research project between OSU and several timber companies
in the Pacific Northwest was establisheﬁ in 1976 to purchase aa Igland-Jones
Traller Alp and to evaluate the use of a small, inexpensive yarder in thin-
nings. Production studies showed successful use of the machine for uphill
thinaing (single span and multispan), downhill thinning, hardwood clear-
cutting, and release-conversion of a hardwood-brush site (22). It is
importaat, however, that small, low-cost yarders be used in relatively uuni-
form stands of small timber. They can handle occasional large logs 1if
prior planning assures that the capability of the yarder is not exceeded.

New equipment is needed in three areas. First, yarders capable of
handling a "large” payload at "long"” yarding distances with "fast™ line
speeds are needed. Techniques aimed at increasing the number of pieces per

turn will require yarding machines of the type described in the second
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category; however, modifications to reduce operating costs are needed.
Labor costs are a large portion‘of the operating cost, aund most loggliag
tasks do not occur simultaneously; one job must be completed while part of
the crew is idle. Equipment that will allow combining of two or more jobs
for one persoa will be more effective. An example is current small yarders
that allow wachine operating and chasing jobs (usually requiring two
people) to be accomplished by one person. The development of effective
self-releasing chokers may also accomplish this. Another example is a pre-
bunching winch that is radio-controlled by the choker setter. This prin—-
ciple could also be extended to larger yarders to reduce labor costs.

A second need is for machinery capable of completing more than one
function. Multi-functioa machines are necessary for steep-terrain
harvesting--to combine jobs such as felling and buhchtng; swinging and
loading; or swinging, bucking, and loading. Future techuniques and equip-
ment for handling smallwood should complement each other so that relatively
expensive machinery is kept productive. Machine idle time, as in lateral
&arding and in time-counsuming operations such as loading small logs, should
be reduced.

The third wneed is for small, siwple, low-cost yarders specifically
designed for smallwood. Research at 0SU and successful application by
contractors and timber companies have demonstrated that this type of equip~
ment has a place in future smallwood harvesting. Besides the timber
resources of large industrial ownership, where this machinery has typically
been utilized, small wvod}and resources also are valuable. Sound management
of such lands will not only benefit the land-owner but the timber industry
as a whole. Small yarders would adapt well to tﬁe needs of small woodland

owners and to many of thelr stands. Future success of small yarders will
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depend on reliable U.S. distribution of foreign-built yarders (equipment
knowledge, stocking of parts, and service) and on the development of this

type of equipment by U.S. companies.

Skyline carriages

The skyline carriage is a critical component of the cable yarding
system. For thinning, the carriage needs to be able to yard laterally and
to remain fixed oa the skyline when doing so. An OSU study by Aulerich
showed that turn time with a carriage having a separate stop device (Maki
cafriage) was 22 perceat less than with one requiring a haulback line (Ross
carriage) to keep the carr{age fixed during lateral yarding (21).
Carriages with a separate stop device (Maki or Christy) are mainly used for
uphill shotgun logging. Christy Company (Orofino, Idaho) also makes a
mo&ified carriage for mechanical slackpulling that increases the capabili-
ties for three-drum noninterlocking mobile equipment (for downhill yardiag
or yarding flat slopes).

When evaluating multispan yarding, OSU researchers have used various
carriages suitable for intermediate support passage. Among them are the
Koller carriages manufactured ia Austria aﬁd the Wyssen carriages manufac-
tured in Switzerland, both self-clamping carriages that can be used in a
gravity system or with a haulback line. The hydraulically coatrolled
Koller carriages clamp to the skyline when the carriage changes direction;
the mechanically controlled Wyssen carriages clamp by a time release. An
intermediate~support "truck” may also be adapted to the top of waany stan-
dard carriages. Available commercially in the Pacific Northwest, this

truck is commonly used with mechanical slackpulling carriages.
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. Future equipment improvenents iﬁ multispan logging should Accur in two
related areas: first, ia the running skyline System; second, in the
standing skyline system for areas where a grade breaks sharply at the
intermediate support and where mainline or haulback-line drag on the ground
creates a fire danger and wears the line excessively. A modified, in-
termediate, support jack and carrlage are needed for running skylines and a

standing skyline system where such line drag is a problem.

Suamary

The combination of smaller logs and harvesting operations on steep
terraln will increase in the future and continue to challenge the Northwest
logging industry to plaa harvesting operations carefully with methods that
are cost-effective for specific conditions. Curreatly, many good tech-
niques utilize productive equipment for cable-logging the small-tree
resource. Much has been learned from research aimed at lamproving harvest
operatlons in young forests‘on mountainous terrain. However, improvements
are needed as the timber supply increasingly comes from smallwood. Future
technique and equipment needs are extensions of current technology, and
they do‘not require drastic changes.

I believe that future developments should be aimed in the following
directions. First, thinning prescriptions not only influence felling but
subsequent harvesting as well. Preliminary studies at OSU have shown that
harvest production can be increased by varying them. The key 1s to con-
centrate wood in extraction paths (strip or herriagbone pattern).
Silviculturally, curreat strip~thinning patterns generally decrease basal

area growth and reduce net staad ylelds. However, veduced future stand
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yields have not yeg been balaunced against immediate harvesting-cost
savings. Secoud, yarding requires techniques aud equipment that complement
each other,

I see two geuneral needs for further yarding developmeut. Equipment
should be capable of handling a large uumber of pleces per turn at long
yarding distances, and it should combine functious and reduce labor cost by
combining crew jobs. Technliques such as prebunching and swinging should be
utilized. Also, small, relatively low-cost yarding equipment is needed.
Many small, scattered acreages cousist of young trees for which a low—cost,
highly mobile system will be advantageous. An expensive mechanized system
will not be cost effective because of move-in and set-up costs. Further,
crew and equipment balance aud an effective crew training program should be
congidered in yarding development.

Future studies should generally take a complete “systems approach” and,
equally important, should counsider more than just the harvesting operation.
Harvesting, stand biology, and other disciplines need to be integrated in
research and forest maunagement (8). The key to successful operation and
cost effectiveuness today and in the future will be to have several manage-—

ment and harvesting optious available and to fit equipment and techniques

to the specific situation.
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TABLE 1.-- Simultaneous activities during one turn of smallwood cable thinning,

from Olsen, 1981 (32).
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Crew member

Yarding cycle Second
(typical turn Yarder Rigging choker Skidder
4.6 minutes) operator Chaser slinger setter operator
Outhauling Releases Idle Watches Walks Away
carriage, carriage, to from
controls signals corridor landing
speed of stop
carriage
Lateral Controls Idle Pulls Pulls Away
outhauling drum un- rigging rigging from
spooling out out landing
1line
Hooking Idle Straight— Sets Sets Hooks
eus deck chokers chokers turn of
logs to
swing
away
Lateral Controls Idle Observes Idle Avay
iuhauling inhaul line inhaul, from
& resetting speed, stops resets 1if landing
line when necessary,
necessary glives
radio
signals
Inhauling Controls Idle Spots Idle Away
carriage next from
speed turn landing
Unhooking & Idle except Climbs Walks Idle Away
repositioning when reposi~ log deck, to from
tiouing unhooks corridor landing
signaled by logs

chaser




Figure 1. —

Figure 2. —

Figure 3, —

Figure 4. —

Figure 5, —

26

Harvesting research projects at Oregon State University.
Numbers in pareutheses refer to the source for more detailed

information in each area.
Hertiangboue thinning patterm.

Iwo-step thinning system: (a) prebunching with a single-drum

winch; (b) swinging prebunched decks with a mobile yarder (24).

Yarding cost for full-cycle thinning and fo; three prebuunching
research projects at Oregon State University. (A) Full-cycle

thinning (set at 100 percent) using swing yarder aloue; (I)i

‘single-drum winch prebunching, Schield-Bautam swinging; (II)

Trailer-Alp skyline'yarder prebunching, Madil 071 (West Coast
Tower) swinging; (III) double-drum winch ian dump truck pre-

bunching, Madil 071 swinging.

Multispan yarding system: (a) standing skyline system with
Igland-Jones Trailer Alp; (b) Multispan carriage; (c) double

tree support system.
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SURVEY EXISTING SYSTEMS

(2)

-

TRACTOR, SKYLINE YARDING FELLING AND BUCKING
(3, 40) (2)
I__) HERRINGBONE THINNING |_
(2)
\
SMALLWOOD YARDER DESIGN
(2, 18) |
PREBUNCH AND SWING YARDING MAKI CARRIAGE
(24) (2)
SELF-LOADER LOG TRUCKS |< KOLLER CARRIAGE,
(10) MULTLSPAN YARDING
CARRIAGE (3, 35)
DEVELOPMENT LOG DRAG COEFFICIENT
(38) (16) MULTISPAN SUPPORT
JACK ANGLE
N
: MULTISPAN SUPPORT |_
—>| IGLAND-JONES TRAILER ALP TREE ANALYSIS
(39)
\ \
UPHILL HARDWOOD STAND RELEASE PREBUNCH DOWNHILL
THINNING || |CLEARCUTTING CONVERSION (19) THINNING
(31) 27) (36) (20)
\ \
KOLLER K-300 5-8" STANDS PREBUNCH LATERAL
CREW, EQUIP, (12) APPLICATIONS SLACKPULLING
(23, 30, 32) (44) CHRISTY
\ (23)

KOLLER K-300
HOT YARDING
(25)

SYSTEMS ANALYSIS
WHOLE TREE YARDING
(25)

Figure 1.

Harvesting research projects at Oregon State University.

Numbers

in pareutheses refer to the source of more detalled information

in each

area.
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Figure 3. — Two-step thinning system: (a) prebuuching with a single~drum

winch; (b) swinglug prebunched decks with a mobile yarder (24).



30

250

200

FULL-CYCLE THINNING

YARDING co;_;, %
ANNANWN

100 —
)/76 6l
50 / // -
0 : ///j ,//
A I I "
YARDING SYSTEMS
Figure 4. — Yarding cost for fu114cyc1e thinning and for three prebunching

research projects at Oregon State University. (A) Full-cycle - .
thinning (set at 100 percent) using swing yarder alone§ (1)
single-drum winch prebuuching, Schield-Bantam swinging; (II)
Trailer-Alp skyline yarder -prebunching, Madil 071 (West Coast
Tower) swinging; (III) double—drum winch in dump truck pre-

bunching, Madil 071 swinging.
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ABSTRACT

The U.S.D.A. Forest Service is developing three systems to accurately
simulate the tracking characteristics of modern rubber tire mounted road
construction and logging equipment traveling on low speed forest roads in
the Pacific Northwest. These systems are a scale model Drafting Vehicle
Simulator, a full scale Field Vehicle Simulator, and a Computer Vehicle
SimuTator program. The™ tracking characteristics of any single unit
vehicle, tractor-trailer-train combination, log truck, and self-propelled

log yarder with down-rigged tower can be simulated applying one or all of
these systems.

Each of the three systems has specific applications as related to the
engineering design of horizontal road geometry. The applications of
these systems can yield tremendous cost savings in road construction
costs as compared to traditional engineering design methods applied to
Tow speed forest roads on difficult terrain.

Vehicle simulation methods and techniques described in this paper have a
potentially wide application outside the logging industry as the tracking
characteristics of any rubber tire mounted vehicle traveling at low speed
can be simulated and analyzed rapidly at low cost. Each system and its
specific application is described. Comparisons of other vehicle tracking
methods 1is discussed, test results and analysis of pilot field
applications are presented.



Today, forest roads in the Pacific Northwest are required to accommodate
- various types of large road construction and logging equipment. Road
construction is being executed on more difficult terrain to facilitate
the harvest of remaining old growth timber. Forest road construction
costs have soared greatly over the past two decades. The National trend
of accelerating construction costs is displayed in Figure 1. The general
Construction Cost Index has risen from 820 in 1960 to 3,400 in 1982, an
increase of 415 percent.

Figure 1
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To meet the challenge of rapidly accelerating road construction costs,
the Forest Service is developing and implementing several cost savings
techniques and procedures. One technique under development is vehicle
tracking simulation. With proper tools and analytical techniques
tracking of most vehicles traveling at low speed incorporating Ackerman
Type Steering, Figure 2, can be accurately simulated.

Figure 2
Basic Ackerman Steering Diagram

L N/

T Track of tires at ground.

PC Distance between knuckle pivot centers (True).

0.5S. Offset, pivot center to track of tire on ground.

W.8. Wheelbase.

La.  Cross steering lever angle from axle centerline (True).

The ability of the forest road design engineer to accurately determine
horizontal road geometry for design vehicle passage is severly limited
when analyzing passage on short radius curves with large deflection
angles, or on short radius compound curves. The most common traditional
method of determining required road width through curves, curve widening,

is the application of the modified Voshell equation developed in the
1930's. This equation is:

400
Curve Radius (Ft.)




This equation yields inconsistent results when considering the passage of
modern vehicles on roads with short radius curves. Simulated offtracking
of the tractor trailer combination, Figure 3, is compared to-the results
obtained from the modified Voshell equation tracking the vehicle through
a- series of 50 ft. radius curves with varying deflection angles, Figure
4. The modified Voshell equation provides excessive tracking width
through 50 ft. radius curves with deflection angles less than 30 degrees
and yields inadequate widening for curves with deflection angles greater
than 30 degrees.

Figure 3
Tractor Trailer Design Vehicle
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The modified Voshell equation is inadequate for determining actual vehicle
travel width as it does not consider the tracing effects of:

3



1. Vehicle wheelbases,

2. Vehicle wheel widths,

3. Maximm vehicle steering cramp angle.

4. Vehicle tracking through compound curves,

§. Vehicle combinations.

6. Vehicle overhang, such as large log yarder towers.
7. Curve deflection angle.

The three methods under development to determine accurate vehicle
tracking characteristics are:

1. A Drafting Vehicle Simulator (D.v.S.), model scale: 1 in. = 10

2. A Field Vehicle Simulator (F.V.S.), full scale model,
3. A Computer Vehicle Simulator Program (C.V.S.)
The major goals in developing these three vehicle tracking systems are:

1. Accurate simulation of tracking characteristics of various
construction and logging equipment required to traverse
forest roads.

2. Efficient operation procedures attaining cost effective
results.

3. Low cost of equipment procurement and maintenance.

A drafting Vehicle Simulator is useful for simulating the tracking widths
of various transportation equipment. It is used to develop curve
widening design data for various vehicles or analyzing existing road-
ways, for adequate vehicle passage.

Scale model drafting vehicle simulation systems have been developed and
tested. In reviewing the capabilities of two units it was determined
that none met the range of common vehicle configurations operating over
forest roads. The capabilities of the U.S. Ammy's Vee-Tran and the
California State Department of Transportation's Tractrix Integrator
tracking model are compared to the U.S. Forest Service Drafting Vehicle
Simulator in Table 1.



Table 1

Comparison Of Three Vehicles

Drafting Models

Models
Parameters Vee-Tran Drafting Vehicle Simulator Tractrix Integrator
U.S. Army U.S. Forest Service California State
Highway Dept.
Lost Per Unit $16,000 $850 (Prototype) No Data
{1972) (1982)

Simulation of:
1. Logging Equipment No Yes No
2. Various Highway Transport

Equipment Yes Yes No
3. Tracking Through Compound

Curves No Ves Yes
4., Backing up & Turning

Manuvers No Yes Yes
5. Maximum Steering Axle

Cramp Angle No Yes No




The Forest Service Drafting Vehicle Simulator (D.V.S.) is designed to
accurately simulate and plot the tracking characteristics of the
following rubber tire mounted vehicles with a non-articulating frame:

Any single unit vehicle.
Tractor-trailer combinations.

Large Tog yarders with a down rigged towers,
Log trucks.

£ wr —
- - & .

To date the single unit, tractor-trailer, Figure 4, and self propelled
yarder, Figure 5, have been constructed and tested. The D.V.S. is
completely adjustable to simulate those critical vehicle dimensions under
analysis. The prototype is fabricated with machine tolerances of 0.00002

in. to 0.0001 in. It is adjustable to scales of 1 in. = 5 ft. down to 1
in. = 10 ft,

Figure 4

Drafting Vehicle Simulator

Tractor Trailer Combination




Figure 5

Drafting Vehicle Simulator:
Self-Propelled Yarder
With Forward Overhanging Tower

ORAFTING VEHICLE BIMULATOR
{D.v.8)
8ELF PROPELLED YARDER

SCALE: 1in.-10F¢t,

Table 2

CORRELATION BETWEEN DRAFTING VEHICLE SIMULATOR
AND TRACTRIX INTEGRATOR
48Ft. Rad. Curve on Outside Front Wheel

Curve CERTRAL ANGLE AREAD OF P.C.
Central 0 " "
Angle P.C.|25° ] 300 | 450 | 0 | 75 Ia'ﬂ 1059 | 1200 | 138 1500 | 165 P.T.
(Ft)
300
0.v.5, 13.4| 14.8 14.4
T.1. 13.41 14.8 14.4
600
D.v.S. 15.0] 17.8] 19.4] 19.7 18.3
T.1. 15.0f 17.8] 19.4) 19.7 18.4
900
D.v.S. 15.0] 185§ 21.4| 23.4| 23.4] 22.8 21.1
7.1. 16.0) 18.5| 21.4]| 23.4] 23.4] 22.9 21.1
V.S, 15.0f 18.5] 21.4| 23.4] 25.0] 25.7 | 26.4 725.‘ 22.7
T.1. 15.00 18.5] 21.4) 23.4} 25.0] 25.7 | 26.0 25.0 22.9
D.v.S, 15.01 18.5] 21.4] 23.4] 25.4| 26.5 | 22,0} 27.9 | 27.6 | 26.5 26.5 24.4
T.1. 15.0) 18.50 21.4] 23.3[ 25.3] 26.5 27.8 _28.0 27.7 26,5 | 26.5 24.4
10.v.s. 15.0f 18.5| 21.4] 23.4| 25.3| 26.5 | 27.8 | 28.8 | 29.2 29.4 1 29.4] 27,9 | 25.2
T.1. 15.0f 18.5) 21.4] 23.4) 25.3{ 26.5 27.8 | 28.9 29.5 29.5 29.5 | 27.7 25.2
P.C. < Polnt of Curve or Beginning of Curve TEST VEHICLE: Tractor wheel base 18°
P.T, = Point of Tangent or £nd of Curve Trailer wheel base 36'
D.¥.S. - Drafting Vehicle Simulater Wheel width 10*
T.l. .« Tractrix Integrator 4. B' actual wheel width

b. 2* added for driver error



The D.V.S. was tested replicating test curves published in Truck Paths in

Short Radius Turns, C. Otte, 1972, excellent correlation was obtained,
Table 2. The test vehicle simulated is displayed in Figure 3. Tracking
of the D.V.S. operated in the log yarder configuration was correlated
simulating a Skagit BU-199 Log Yarder mounted on a T-110HD self-propelled
rubber tire mounted undercarriage. Results are correlated with actual
field data provided by the Skagit Corp., Seattle, WA., Table 3.

Table 3

Tracking Correlation Between Field Tests of the Skagit BU-199,
T-110HD Yarder and Drafting Vehicle Simulator

Minimum Turning Radius (Ft.)
Inside Front Outside Inside Tower
Axle Wheel Front Rearaxle Overhand
Axle Wheel Wheel
BU-199 61.0 70.8 56.1 83.8
T-110HD
D.V.S. 59.5 70.6 56.2 82.3

NOTE: In this table the minimum turning radius are executed at maximum
steering cramp angle. ‘

The tricycle steering arrangement on the D.V.S. requires that the maximum
cramp angle of the simulated vehicle be recomputed as the D.V.S. steering

wheel is on centerline of the model. The D.V.S. maximum cramp angle
computation is described in Figure 6.
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A full scale Field Vehicle Simulator was designed and constructed in 1979
by Mr. Garry Bergstrom, Rogue River National Forest, Medford, Oregon.
This simulator is designed to simulate a large self-propelled rubber tire

mounted log yarder. It was designed with a tricycle steering arrangement
similar to the D.V.S., Figures 7 and 8.

Figure 7

Field Vehicle Simulator
Yarder Configuration

Figure 8

Field Vehicle Simulator
Steering Mechanism and Cramp Angle Indicator Plate




The vehicle is constructed of aluminum pipe, plate and wheelbarrow wheels
with a gross operating weight of 68 1bs. The Log Yarder Simulator is an
excellent tool to evaluate yarder passage on existing roads. The log
yarder tower overhang tracking position is rapidly determined by applying
known vehicle dimensions, a split image range finder and a clinometer
when traversing inside curves with high cutbanks. To date this simulator
hds been used on several U.S. Forest Service road projects in the Pacific
Northwest Region. In 1980 a cost savings of $330,000. was obtained on a
three mile road reconstruction project on the Olympic National Forest.
There were 22 sites on the road requiring structures to attain required
vehicle travelway width applying traditional road design techniques. The
number of structures was reduced to six when the road was analyzed
applying the yarder simulator. On another project the yarder simulator
was modified to simulate a large bus to facilitate reconstruction of a
forest visitor rest area to accomodate this class of vehicle.

The Log Yarder Simulator has been modified to a combination yarder-
tractor trailer simulator. This combination simulator is the Field
Vehicle Simulator (F.V.S.). A 5th wheel was constructed and adapted to
the yarder simulator frame to simulate an adjustable tractor unit. The
trailer is adjustable from 10-40 Ft. and it is fabricated with a light
weight aluminum radio tower, aluminum plate and wheelbarrow wheels having
a total operating weight of 175 1bs., Figure 9. Total fabrication costs
of the prototype F.V.S. was $1,850. This unit is planned to be field
tested in September 1982,

Figure 9

Field Vehicle Simulator
Tractor Trailer Configuration
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Vehicle tracking correlation of the Field Yarder Simulator and the
Computer Vehicle Simulator program is displayed in Figure 10.

Figure 10

FIELD SIMULATOR VS COMPUTER SIMULATOR PROGRAM
RADIUS OF CURVES 70 Ft.

VOOCLE CENTER LINE OFFTRACKNG ()

EREELELE

[ 20 40 60 80 100 120 140 180 180
OEFLECTION ANGLE (DED.)
VENICLE WHEELBASE: 23 FL.

In 1978, the U.S. Forest Service San Dimes Equipment Development Center
developed a computer algorithm to accurately compute the tracking of a
single unit vehicle tracking through simple or compound curves. The
algorithm is developed by integrating the tractrix path and reverting the
variables of resulting equations to obtain true tractrix angles on a
given curve, Figure 11,

Figure 11
Tractrix Problem - General Case
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The original program 1is being modified on the Hewett Packard 9845
computer to correlate the tracing of multi-unit vehicles and log yarders
with overhanging towers, both up and down, a given roadway alignment to
determine maximum vehicle offtracking. The two-way tracking -analysis of
a single unit vehicle is displayed in Figure 12. The program has been
modified to provide vehicle offtracking on simple curves with the option
of tabular or graphical output, Figure 13 and 14.

Figure 12

Data Input and Output:
Maximum Vehicle Offtracking
Forward and Reverse Through Campound Curves

TH1® 18 HOW YOUR CURVE DATA LOOKSI

P.C. _P.T. _RAD.. DEF, ANGLE
! e.e0 .00 8.00 8.0000
‘ 200.00 265.10 65,00 75.0000
? 315.00 427.60 -75.00 -86. 8000
‘ 600.00 620.00 0.00 8.0000
PROJECT NAME: TEST RUN #3
DATE: 9-15-82 PAGE 2

ROAD SURFACE WIDTH = @ Ft, WHEEL WIDTH= 11,75 Ft.
TRAILER LENGTH = 23 Ft. INCR., = 20 Ft. WHEEL WIDTH= 11,75 Ft.

*ssseness FORWMARD STATIONING (MAX 0.T7. Fud & Rev RUNS) #essssssass

TRAILER  ON CURVE OFFTRACK
STATION OR TANGENTY WIDEHNING ¢Ft,.)
0+ 43.00 TAN 5.9
8+ 63,00 TAN S5.9
0+ 83.00 TAN S$.9
1+ 63.00 TAN 5.9
1+ 23.00 TRN S5.9
1+ 43,00 TRAN S.9
1+ 63.00 TAN S.9
i+ 82,99 TAN 5.9
2+ 82.66 POC 7.3
2+ 22.82 pPOC 8.9
2+ 42.50 POC 9.5
2+ 62.49 poC 9.8
2+ 83.14 POC 9.1
3+ 03.09 TAN -7.4
3+ 22,76 POC -9.2
3+ 42.6S POC -9.4
3+ 62.63 POC -9.3
3+ B2.62 POC -9.1
4+ 02,62 POC -8.9
4+ 23,03 POC -?7.3
4+ 43.04 TAN -S5.9
4+ 63.01 TAN -5.9
4+ 83,00 TAN -5.9
S+ 03.00 TAN -%.9
S+ 23.00 TAN =-5.9

##&¢&6% DATR HAS FINISHED PRINTING #nssse

13



Figure 13
Tabular Curve Widening Output

VEHICLE TYPE:

CURVE RAD,(Ft.)
60
ge
€0
-1
8o
80
6o
6o
e
ee
-]
ee
60
80
00
-1

CURVE RAD.CFt.)
90

9@
90
98
56
90
90
90
90
50
9
90
90
90
90
90

CURVE RAD. (Ft.)
100
100
180
1008
100
100
100
1060
100
108
100
100
100
160
1ee
100

##4 MXIMUM OFF TRACKING###

DELTR (Deg>

DELTR (Deg)

DELTA (Deg)

14

BU-199 (SPRNM)

%@
108
110
120
130
140
150
160

10
20
30
40
Se
60
?0
ee
90
100
110
120
130
140
1%5e
168

WHEEL BASE:

23 Ft.

MAXINUM O,T.(CFT,)

ARXIMUN

MAXIMUM

POPOEOONPN-
W= OOhON

® o 5 o e 5 0 0 @
LoD hDLLAW

o] [~ WOWWW
o o o

WD
DOOOODOOD®~N LN

O WWWWWWW

® o v o 0 v 0 @
NN NGO N

RN RR AR e

MEBERIDD
NNNNNNN-



Figure 14
Graphical Curve Widening Output
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The multi-unit vehicle and log yarder tracking algorithm is currently
being completed. When completed, the computer algorithm will greatly
enhance computer designed roads.

Each of the these vehicle simulation systems described in this paper will
give the Forest road design engineer the ability to accurately analyze
horizontal road geometry to accommodate design vehicles. The potential
saving in road construction costs has been demonstrated on those projects
incorporating these vehicle simulation techniques.
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Abstract

Timber harvesting in the Pacific Northwest is rapidly shifting from
large growth material to smaller second growth. Efficient methods and
equipment is needed to harvest this material on steep slopes. One type
of machine that shows great promise for harvesting small timber on steep
slopes are '"walking feller-bunchers". Computer simulation studies
indicate that a "walking feller-buncher" when used in conjunction with
medium sized cable yarders can provide an economically feasible way to

harvest small timber. This paper presents the results of the simulation

studies and the programs used.
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1.0 INTRODUCTION

1.1 Problem Statement

The forest products industry in the Pacific Northwest (PNW) faces
difficult problems with the transition from old-growth logging to
second-growth harvesting. The over all problem relates to both the
_yarding logs on steep slopes along with the decreased volume of the logs
being yarded. Cable yarding system operating costs are highly sensitive
to the size of the logs being yarded. Small logs require large amounts
of time and labor relative to their volume in collection and handling.

Since only 23% of the commercial forest land base is on slopes less
than 20%, cable yarding systems remain the dominant yarding system in
the PNW, both today, and into the future.

At the present time, there is no economic or environmentally
acceptable way to utilize small diameter trees and/or residue on steep
slopes. The amount of wood fiber left behind unutilized is staggering.
Some 14 million tons of logging residue accumulate each year in the
Pacific Coast region alone. Likewise, the amount of material from
precommercial thinnings left in the forest is significant with a fire
hazard created by the remaining slash.

Potentially more serious is the problem of delayed thinning entries
into a stand resulting in a less than maximum fiber yield from a given

site.

1.2 Potential Solution

Utilization of residues, precommercial thinnings, short rotation
plantation trees and small diameter trees present similar problems.

Foremost is the need for a system whereby material that is small, bulky



and of a highly variable nature be altered to permit safe, economical
handling and transport on a large scale. The first requirement for
handling is to collect or bunch small individual pleces prior to trans-
port to a central area or landing. The second requirement for handling
is to process and prepare the delivered trees on the landing for trans-
port to the mill site. It is the first requirement with which the
research 1s concerned.

Mechanized tree harvesting has been one solution to deal with the
problem of small volume - large piece count. So-called feller~bunchers
mechanize the tree cutting process and at the same time arrange cut
trees in bunches or bundles of several trees per bundle. Each bundle is
now ‘comparable in volume and weight to an old-growth log turn. These
bundles are then forwarded to a landing. Feller-bunchers are now used
in both clearcutting of small diameter trees and thinning operations.
Feller-bunchers typically are converted prime movers such as a hydraulic
shovel, skidder or front-end loader. As a result, mechanical harvesting
(felling and bunching) has been restricted to slopes less than 25%.

This makes the majority of the forest land base in the PNW not access-
ible with present-day mechanized harvesting systems.

A machine design is now available which holds great promise as a
feller-buncher on steep slopes (Figure #1). The "walking" backhoes, so
called because of their means of locomotion, are widely used for
construction and pipeline work on steep, broken terrain. Instead of
wheels or tracks the "walking" back hoe uses its' hydraulically
adjustable legs, boom and stick to propel itself across the ground.
Initial tests in the Northeast (Arola 1980) and Southeast (Deal 1981)

have confirmed the possibility of using such a machine as a
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feller-buncher for small diameter trees on steep slopes. In the two
field trials in "walking" backhoe was fitted with a tree shear and used
to fell and bunch trees upto 12 inches in diameter on slopes as steep as
85%Z.

| Based on the results of these two field trials a simulation study
was performed by the Logging Engineering group, University of
Washington.
This simulation study addresses the performance and production of
various combinations of yarding machines and a "walking" feller-buncher
for harvesting small diameter stands in the Pacific Northwest. This
effort was funded and aided by the U.S. Forest Service, Pacific

Northwest Range & Experiment Station, Seattle, Washington.

2.0 THE MODEL

2.1 Model Description

This study was limited to the felling and yarding portion of the
timber harvest process. Other costs normally involved in timber harvest
such as, log hauling, road construction, and engineering costs are not
explored. The model estimates the unit cost of moving whole trees from
their location within a timber stand to roadside. All production
estimates and costs are based on published studies, or from functions
extrapolated from data on the two Menzi-Muck field studies.

Production estimates for logging by conventional logging techniques
were also developed for each model run. This enables direct comparisons
to be made between harvest systems. The conventional harvest system
used in this study consisted of men hand felling the stand with chain

saws, with no bucking or prebunching. Yarding the felled trees with the



same yarder used by the "walking" feller-buncher, yarder combination
being simulated. The yarding machines are rigged in the same yarding
configuration, with the trees felled by conventional means yarded in
turns where a fixed number of chokers is being flown from the carriage.
While trees felled and bunched by a "walking" feller buncher are yarded
in bunches sized to match the payload capacity of the yarder in use.

The simulation model used in this analysis is written in BASIC for
HP 9845B desk top computer system. With minor modifications the coding
for the program could easily be loaded and run on similar desk top
system. A listing of the program is included in Appendix 2.

The simulation program is interactive, prompting the user for the

required inputs. See flow chart (Figure 2).

2.2 Required input

Unit size (acres)

Average slope (%)

Basal area per acre (ftzlac.) or stem per acre and Ave. D.B.H.
Equipment identifer

Yarding system to be used (RS. shotgun)

Line sizes, weights (1bs/ft)

Average linespeeds (ft/min)

Fairlead height (ft.)

Tailspar height (ft.)

carriage weight (1bs.)

minimum carriage to ground clearance (ft.)

number of chokers flown from carriage (convential)

Road change time (min.)



FLOW CHART

i (:: START ::) :

INPUT TERRAIN & TIMBER STAND DATA
INPUT YARDING MACHINE PARAMETERS
PRINT SUMMARY OF INPUT PARAMETERS
v | \ i
CALCULATE FELLING & BUNCHING |. . CALCULATE FELLING TIMES
TIMES FOR THE MEN;I-MUCK FOR BUSHLERS

CALCULATE MAX. PAYLOAD

OES WEIGHT OF SINGLE TREE YES

EXCEED MAX. PAYLOAD?
CALCULATE NUMBER OF TREES PER TURN PRINT
(BUNCH SIZE) FOR EACH SYSTEM DIANOSTIC

v

CALCULATE TIME/TURN FOR EACH SYSTEM

v

CALCULATE COSTS, PRODUCTION RATES
FOR EACH SYSTEM .

v

PRINT RESULTS BY D.B.H. CLASS
FOR EACH SYSTEM.

C:D\ g
J

Figure #2: Simplified Harvest Simulation Model Flow Chart.




Lateral yarding distance (ft.)
owning and operating cost of yarder ($/hour)

move in - moveout cost ($)

2.3 Harvest Unit

The harvest units modeled are of rectangular shape with uniform
side slopes. Parallel access roads run along the upper and lower
boundaries of the harvest unit See Figure #3., Unit size, and percent
side slope, is specified by the user. Unit sizes may range from 5 to 55
acres, with side slopes anywhere from 35 to 100%. This range of slopes
was chosen to represent suitable terrain that a "walking" feller-
buncher might operate in. The lower boundary of 35% was chosen because,
on slopes of this steepness or less slopes ground skidding systems are
appropriate, rather than "walking" feller-bunchers and cable systems.
The upper bounds of the 100% slope represents an assumed, practicable

operating limit of the "walking" feller-buncher used in the study.

2.4 Timber Stand

Two types of timber stands may be simulated. Either a pure Lodge
pole pine stand, such as might be found on the east side of the
Cascades, or a red alder stand, typical of many unmanaged lowland stands
on the west side of the Cascades.

The board foot measure cannot be accurately used for the
measurement of smallwood, hence biomass is used (oven dry toms). This
author feels that weight gives an accurate representation volumes found
in young and second growth stands., With total tree harvesting, many

portions of trees previously thought to be waste, such as branches and
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tops are now being used as chips, fuel or some other project. Volumes
are estimated for whole tree lengths, exclusive of leaves. Oven dry
weights are based on formulas by Gholz et al, 1979. Please see appendix
for formulae used.

The stand density is user specified. By using basal area rather
than a stem count per acre, the stand is more accurately modelled, since
the relative area of wood remains constant for the various average

diameter.

See Table #1 for a summary of typical values.

Table #1

Average Average Ave, green weight (1bs)
DBH Stems/ac. per whole tree

4 2520 70

6 1120 190

8 630 390

10 400 660

12 280 1010

14 210 1460

2.5 Felling & Bunching

The felling and bunching portion is handled in one of two modes.
Either with conventional methods of hand fallers felling the trees on an

hourly rate with power saws or the "walking" feller buncher felling and



10

bunching trees into bundles matched to the payload size of the yarder in
use.

The production functions from which felling and bunching times for
a walking feller-buncher were developed, were from data and results of
field trials in North Carolina and Michigan hardwood stands. A
Menzi~Muck 3000EH was fitted with a prototype shear head. These were
very limited field trials. The most significant result of the study in
N. Carolina was that slope appeared to have no influence on either
travel time between felling- bunching positions or felling and bunching
timé (See Figure 4). There appeared to be no significant difference
between travel times on the various percentage side slopes.

Even though the North Carolina study was conducted in Southeastern
Hardwood stands, rather than Pacific Northwest conditions and of a very
limited scope, it is the best study to date. In the North Carolina
study regression equations were developed for felling and bunching times
per tree for various diameter stems. The various elements of cutting
cycle time were not broken down, move and travel time is included as a
portion of the total cycle time. The felling and bunching times from
the study in North Carolina compare favorably with the Forest Service
Study in the Northeast.

The effects of using an accumulating shearhead on a "walking"
feller buncher was also explored. In both previous field trials the
shearhead used was of the non-accumulating (singletree) type. Based on
the results of those field tests and data on accumulating shearheads, a
theoretical production curve for a walking feller-buncher with an

accumulating shearhead was developed and incorporated into the model
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(See Figure 5). Because of practical limitations on the shear head the
maximum diameter tree handled is 14 DBH.

The method conventially used to fell second growth timber in the
Pacific Northwest is manual felling by crews of men with chainsaws. The
trees are then limbed and bucked into logs prior to yarding. In this
simulation study the manual felling crew fells the timber with
chainsaws, no bucking is done, since the trees will be yarded whole to
the landing. No attempt is made by the cutting crew to pre-bunch the
trees. When possible however, the trees are felled in lead. The
production functions used in this simulation study are based on research
conducted at Oregon State University (Aulerich 1975).

The study on manual felling was conducted in second growth timber
stands in western Oregon. The stand consisted of 35 year old
Douglas—fir with stem diameters ranging from 10 to 14 inches DBH.
Felling and bucking was divided into seven elements: select tree, fell
tree, correct hang up, buck tree, limb tree, delgy and other (includes
site preparation, moving, collection of equipment. Felling of
non-merchantable material and helping another worker). 1In this
simulation study all the time elements except for the bucking and
limbing portions were used. Typical hourly production for a cutter was
25 trees per hour in a 10 DBH stand. The fellers work at the rate of
$12.85 per hour.

In both operating modes, manual felling and walking feller buncher
felling and bunching, clearcutting is the only harvest option., In the
manual felling mode the trees are only felled. While in the walking
feller buncher mode the trees are felled and bunched to facilitate

yarding. In both modes no bucking is done.
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2.6 Yarding

Yarding is by cable systems. A running skyline configuration is
used. The yarder is set up on the upper road, yarding whole trees
uphill to road side. The trees are continuously decked along the
roadside. The program permits tail holds to be rigged or a tail cat to
be used as a tail hold on the lower road.

Payload size is determined by a rigid link approximation. When the
Menzi-Muck fells and bunches trees the bunches are sized to match the
payload capacility of the yarding machine in use. When bushlers fell

the trees a fixed number of chokers are flown from the carriage.

2.7 Comparison of the Two Harvest Systems

The two harvest systems modeled by this study represent on one hand
the current thinking for harvesting of small diameter trees on steep
slopes, versus the potential of using "walking" feller bunchers in
conjunction with a yarding machine to harvest small trees on steep
slopes,

The current "conventional® harvest system for small trees on steep
slopes is to first fell the stand by conventional means (men felling
with chain saws). These whole trees are then yarded to roadside using a
small, low cost, low-labor requirement cable yarder. Because of the
limited payload capacities of small yarders the turns are of low volume.

The use of a "walking' feller~buncher changes this system. As the
"walking" feller-buncher fells the stand it bunches the cut trees in to
bundles sized to match the payload capacity of the yarding machine to be
used. Each bundle is yarded as a separate turn, with the yarder opera-

ting at near full capacity with each turn.
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A "walking" feller-buncher, unlike the more conventional crawler or
vheel mounted feller-bunchers does not rely on powered tracks or wheels
for in woods mobility. Instead "walking" feller-bunchers use their boom
and stick in conjunction with the stabilizer legs for locomotion. To
move the machine the operator bottoms the shear head on the ground
either close to the machine or out in front of the machine depending on
whether the machine is to be pushed or pulled. The stabilizers are
raised by down pressure from the boom, so that the machine is only
resting on the shear head and rear wheels. By applying power to the
boom and stick the machine may move ahead or back by pushing or pulling
in an "inch-worm" manner up to nine feet, depending on the ground slope.
This "inch-worm" locomotion pattern is repeated until the machine is
into a position where trees can be reached with the shear head. Travel
is most usually straight up or straight down the fall line of the slope.
Sidehill traversing is possible, but is less efficient on the steeper
slopes,

Once in position to begin cutting the stabilizer legs are lowered,
and by hydraulically adjusting the legs and wheels the machine is
leveled to attain a stable platform. (Move and level.) The boom is
then extended to a tree and the shear position at the base of the trees.
(Reach and position.) The top clamps of the shear head are closed on
the tree and the shears close to sever the tree from the stump (Shear).
The whole tree is lifted and angled toward the cab for stability, either
swung into position for bunching. (Lift and swing.) Or, if the tree
size permits, other trees are cut and accumulated until the shear head
is fully loaded, then swung into position and placed in bunches for

later yarding. (Bunch) When all trees within the reach of the machine
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have been cut, the machine moves ahead in its inch-worm fashion to a new
position where the felling and bunching cycles are repeated.
A schematic. diamgram of these functions is shown below.

Please see Figure 6 for a summary comparison of the two harvest

systems.



Move & Level

Reach & Position

Lift & Swing

17



Figure #6
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Comparison of Harvest systems used in model

Criteria

Felling

yarder

Conventional hand

felling with yarder

Menzi-Muck

& Bunching with

Felling

feller-buncher

Bucking

Bunching capability
Felling cost/hr.
Accumulating shearhead
Yarding configuration
Crew size

Chokers

Lateral yarding

capability

Decking

Yarding direction

Felling by men with

chain saws

None

No

$12.85

No

Running Skyline,
4=-5

Fixed number flown

from carriage

Yes

Continuous decking

at road side

Uphill

"walking"

None
Yes

$47.61

Optional
Running Skyline
45

Pre-Set

Yes

Continuous

Uphill
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Ability to size
bunches to Yarder

Payload No Yes

3.0 RESULTS

In the smaller diameter stands (3"-9" D.B.H.) felling and bunching
costs are higher for the Menzi-Muck than for bushlers (See Figure 7).
Yet total costs are lower when the Menzi-Muck is used (See Figures 8, 9,
and 10). Why is this so?

The hand fallers are only able to fell the trees, while the Menzi-
Muck can fell and pre-bunch the trees in to bundles of a size matched to
the payload of the yarder. This allows the yarder to bring in near
maximum payloads with each turn, hooking only one bundle. When using
bushlers for felling payloads are limited by the number of chokers flown
from the carriage.

The ability of the Menzi-Muck to bunch trees into bundles matched
to yarder's payload capability is the key to increased yarding
performance. Since larger volumes of wood may be brought in with each
turn, total yarding time and cost will be lower for a given logging
unit. Whole tree yarding will greatly reduce the amount of slash left
after logging, eliminating any need for slash cleanup or burning.

The ability of the Menzi-Muck to comstruct bunches of trees to
match the payload of the yarder allows much larger yarder to be used
than would be expected in a small diameter stand (See Figure 11). If

Walking feller bunchers utilizing a yarding machine as large and
expensive as a Washington 118 could be operated in stands as small as 5

in average D.B.H. with lower unit costs than if a Pee Wee yarder was
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FELL & BUNCH COSTS ($-/0DT)

25

r-4%)

15

10

)

MENZI-MUCK

T
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Figure #7

Felling and Bunching costs for the Menzi-Muck vs. Hand Felling costs for Bushlers.
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Figure #9

Harvest costs for Lodge pole pine when harvested by a Washington 78 and Menzi-Muck felling
and bunching versus hand felling and a Washington 78.
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Figure #10

Lodge pole pine harvest costs for a Washington 118. Felling and bunching is done by
a Menzi-Muck or hand felling (no bunching).
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PEE-WEE VS. WASHINGTON 78
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Comparison of harvest unit costs for a Pee-Wee yarder - hand felling operation versus
a Pee Wee yarder or Washington 78 yarder used with Menzi-Muck felling and bunching.
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used instead, though the Washington 78 still offers the lower unit cost

in all but the smallest stands (See Figure 12).

Larger yarders offer advantages over smallwood yarders in many
situations. The more versatile larger yarders are widely available in
the Pacific Northwest and are suited for both large and small diameter
stands. A logger can harvest smallwood using a yarder he already owns,
.rather than having to invest in another yarder. The greater payloads
and linepulls allow a larger yarder to operate in stands with scattered
larger trees where a smallwood yarder might be forced to leave the trees
in the woods or require they be sub-optimally bucked and yarded in
several turns, when a larger machine would have yarded the bigger tree
in one turn.

With the advantages of larger yarders are some problems. In second
growth and small diameter stands the availability of suitable anchors
for tail holds and guylines can be a problem, even for small wood
yarders. An option might be to use the Menzi-Muck to place tail hold
anchors, or the use of a tail cat. The higher operating costs of larger
yarders dictate more careful hérvest planning and engineering if
profitability is to be maintained.

The effects on production when an accumulating shearhead was used
was significant in the smaller diameter stands. The increased
production translates to lower unit costs. The lower unit costs of

production are proportionate to average stand diameter. The smaller the



diameter the greater the saving in unit cost, when compared to a

non-accumulating shearhead. (See figures 8, 9, 10).

26
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Figure #12

Comparison of harvest unit costs for a Washington 118, Washington 78, ‘and Pecllee yarder
using a Menzi Muck felling and bunching with an accumulating shear.
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A thinning study at Oregon State University compared a Prebunch &
Swing method of skyline thinning to conventional skyline thinning
methods. The prebunch & swing method studied involved using a small
single drum winch to prebunch logs in a skyline corridor prior to the
yarding operation (Swing). The stand thinned conmsisted of mixed second
growth Douglas-fir and western hemlock, 10" - 14" DBH. The results of
the study showed the prebunch and swing method reduced yarding costs by
27%, when compared to conventional methods (Kellogg 1976).

A simulation run was made with a "walking" feller-buncher compared
to conventional harvest methods. The stand was of similar size to the
0.5.U., study, but of pure lodgepole pine with a clearcut harvest
precription. The yarding machine used was of similar capabilities. The
results of this run suggest that a savings of 35% in yarding costs could
be expected when using a "walking" feller-buncher to fell & prebunch
prior to yarding, rather than yarding by conventional means.

While direct comparison between these two studies is not possible
because of differences in the stands and harvest prescriptions. It can
be observed that there is a potential for significant reduction in
yarding costs when prebunching is used (see Figure 13). Several factors
contribute to the yarding cost savings when prebunching is used.
Production is lower when logging by conventional methods, the volume per
turn is less when chokers are flown. The increased time to set several
chokers compared to hooking bundles also contributes to higher costs for

conventional methods.
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Figure #13

Yarding costs with two methods of prebunching compared to conventional yard
without prebunching

'"Walking" feller-buncher simulation $/0.D. ton

Felling and prebunching with a "walking" feller-buncher, 13.22

Washington 78 yarder )

Conventional felling, no prebunching, Washinaton 73 varder 22.15
0.5.U. thinning study*

Prebunch with a single drum winch, swinging with a

Schield-Bantam yarder 14.43"

No prebunching, yarding with a Schield-Bantam yarder 19.83!

* Kellogg and Aulerich, 1976

Convert from cunits by: 0.D. tons = (cunits *-3200)/2000.
Inflated to 1982 dollars, (103 annual inflation assumed)
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4.0 DISCUSSION

In applying the results of these studies to softwood stands in the
Pacific Northwest some caution must be used. The felling and bunching
times for the Menzi-Muck are believed by this author to be conservative
for Pacific Northwest applications. A number of factors indicate that
actual performance in small diameter softwood stands in the Pacific
Northwest would be better.

* The operator of the Menzi-Muck in both previous field trials,
while familiar with operation of the Menzi-Muck, had no experience
felling and bunching. An operator with felling and bunching experience
could be expected to produce more favorable felling and bunching times.

* The machine used in both of the previous studies was the Menzi-
Muck 3000EH. When compared to a Kaiser "Spyder" X-5 the Menzi-Muck is
physically smaller with a much more limited hydraulic capacity. Both
the Menzi-Muck and the Kaiser "Spyder" are stoutly built and can be
expected to stand up well to felling and bunching operations.

* The shear head used in the previous studies is an experimental
prototype of the non-accumulating type. This shear head was of light
weight construction and did not hold up well to the felling demands
placed on it. The shear head to be used in the field trials here in the
Pacific Northwest will be a proven, double-~bladed shearhead, fitted with
an accumulator. An accumulator should significantly improve the felling
and bunching times in the smaller diameter wood (4" to 10").

* Softwood trees are easier to fell & bunch than hardwoods.
Softwood stems are of a lower density than the hard hardwoods of the

Southeast, which should result in quicker shear times. The excurrent
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form of conifers makes them easier to bunch, when compared to hardwood
trees.

"Walking" feller-bunchers of the "Menzi-Muck"/Spyder" type can be
used to increase the total fiber utilization of the forest resource.

These machines expand the limits of economic availability into
marginal stands and currently unutilized harvest residues, they increase
silvicultural options in second growth stands.

Specific benefits would be in three areas:
1) Clearcutting of small diameter stands. Alder conversions on Steep
slopes become an economically attractive option where previously they
had not. Harvesting of beetle killed Lodgepole pine, both for fire
hazard reduction and fiber can be undertaken with possible economic
gain,
2) Thinning on steep slopes with cable systems becomes an economically
feasible option. The ability of the Spyder XS to reach into a stand and
remove individual trees can translate to improved silvicultural response
over current strip thinning processes.
3) Clean up on clearcuts. YUM yarding can be separated from the
yarding of merchantable material on conventional logging shows. The
"walking" feller buncher can pile residue material into bundles
immediately behind the conventional yarding operation, to be yarded in
more economical bundles when merchantable yarding is completed. Results
of such a separation can potentially be significant.

The advantages of such a system are a) unmerchantable material,
which is typically smaller than conventionally bucked logs, is bunched
together to a turn which approaches the payload capacity of the yarder.

Yarding time spent on yarding unmerchantable material is presumably
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reduced for the same volume of residue. There is no need to bring in a
smaller yarder to deal specifically with YUM material. Move-in and
move-out costs are saved. The critical question is if the added costs
of prebunching unmerchantable material is adequately offset by:
a) Presumably higher stumpage prices since only merchantable logs are
yarded.
b) Lower yarding costs for YUM material because of
- prebunching

- separating YUM operations from the yarding of merchantable

material.

5.0 CONCLUSION

"Walking" feller bunchers such as the MenziMuck or the Spyder X-5
are promising new developments for mechanized harvesting in the Pacific
Northwest. The ability of these machines to fell and bunch small
diameter trees into bundles matched to the payload of the yarding system
used, while on steep slopes can significantly lower harvest costs for
small wood on steep slopes.

However, the results of this study should be viewed with some
caution, since the study is based on two very limited field trials,
neither of which was in the Pacific Northwest. Data from a field trial
of a "walking" feller buncher in the Pacific Northwest would be useful
in making estimates of felling and bunching costs for "walking"

feller-bunchers.,
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7.0 APPENDIX #1

7.1 Program Variable list

Average yarding distance. (feet)

Average yarding slope. (%)

Basal area per acre of harvest unit., (ft.?2?)

Total foliage biomass, lodgepole pine. (Kg.)

Live branch biomass, lodgepole pine (Kg.)

Stem, bark & wood biomass, lodgepole pine (Kg.)

Number of stems in bunch per turn.

Output control variable (alpha string)

Weight of carriage and chokers. (1bs.)

Average number of chokers flown per turn.

Minimum acceptable carriage to ground

clearance. (ft.) (C$ Yarding machine identifier.
Horizontal distance to loaded point (ft.)

Average D.B.H. of stand. (in.)

Averagne D.B.H. of red alder. (in.)

Ave. D.B.H. of lodgepole pine. (cm.)

Tree species identifier.

Felling & bunching time for lodgepole pine by hand felling,
per tree. (min.)

Time to fell hardwood tree by conventional means, handfelling
(min.)

Total time to hand fell LPP stand. (min.)



36

Fbrate Fell & bucking rate for hand felling. (trees/hour)

Ge Ground condition code. 1=fair to average ground conditions,
H Elevation difference tower fairlead to tailblock. (ft.)
Hefb Hand felling wage rate ($12.85)

L Horizontal distance, head spar to tail spar. (ft.)

Line spd Average inhaul-outhaul line speed of yarding machine

(Ft./min.)
Lyd Average lateral yarding distance. (ft.)
Mmrate "Walking" feller-buncher machine rate, 0&0 cost. ($/hr.)

Mmtime Average time/tree to fell & bunch for walking feller-buncher.
Move Yarding machine movein-move out cost. ($)
Mmrateb,ch Yarding machine owing & operating costs, for bunches, or

chokers. ($/hr.)

Nbucks Number of bucking cuts made on the average tree. (l=whole
tree)

Nlogs Number of logs per average tree. (l=whole tree)

Otlp,pp Felling delay time per tree for Lpp-(1p) and Ponderosa pine

(pp). (min./tree)

Optime b, ch Operating time by system. (hours)

Payrs Net yarder payload per turn. (1bs.)
Pl Output control variable.
Slope Average ground slope of harvest unit.

Tailspar Tailspar height, ground to tail block. (ft.)

Talp Stem per acre, (average).

Immcost Total felling & bunching costs for the harvest unit, using
a "walking" feller buncher. (%)

Immtime Total felling & bunching time for the harvest unit, using a



walking feller buncher. (min.)

Thourb,ch Number of turns yarded per hour by harvest system.

37

Toc Type of cut. (@ = clearcut.)

Tower Height of yarding machine, ground to tower fairlead. (ft.)
Ifb Total felling time for the stand by hand felling.

Tonac Average biomass per acre. (0.D. tons/ac.)

Totalhtra Average total tree height for Red Alder.

Tract Harvest unit are (ac.)

Trdch Total yarder road change time. (hrs.)

Tree wt Green weight of average

Ts Yarder road change time (min.)

Te Travel time between trees, hand felling. (min.)

Tturnb,ch Time per turn by harvest system (bundies, chokers). (min.)
Tunitcostb,ch Total unit cost by system. ($)

Turnsb,ch Total number of turns by harvest system.

Tycostb Total yarding cost by harvest system.

I7 Safe working load or tension capability of yarder, which ever

is less. (1bs.)

Ucfell Unit cost for hand felling ($/ton)

Ucmenzi  Unite cost for felling & bunching with a "walking" feller

buncher. ($/ton.)
Unitydb,ch Gross unit yarding cost by harvest system. ($/ton)
Voltb,ch Volume per turn by yarding system. (lbs.)
Wgrs Gross yarder payload per turn. (lbs.)
Wtadry Oven dry (biomass) weight of average tree. (1bs.)
Wtlp Green weight of average lodgepole pine. (1bs.)

Wtra Green weight of average Red Alder. (lbs.)



WL

w3
¥
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Skyline weight. (lbs./ft.)
Combined mainline and slackpuling line weight.. (1lbs./ft.)
Elevation difference to loaded point, headspar to loaded pt.

(ft.)

Ydcostb,ch Yarding cost by system ($)

Ydrd

Z1

Total number of yarding read in harvest unit.

Counting variable in llogs used to calculate costs bo D.B.H.

class,



7.2 Simulation Program Output

S e e T 0 e oy o S e o 20— . e o - — - - - s - — o
..-.:_-—=—————--——————-—---—-.'-':2——--::_-::2:——::2—.-===_—=-—==—--=_===

- D R N S e e ey e e - A B —— 8 et b 2 oy - —— - e v - ——— ———— - -
EE R 2ttt 3 P 1 T R P T p R ey ey = == =2 =-=

TREE SPECIES=LODGEPOLE PINE =
ROAD CHAMGE TIME <min,= {5,080

MOYEIN-MOYEQUT COSTS ($)>= 750.09

AVERAGE LINE SPEED (ft. /min. = 600,00

LATERAL YARDING DISTANCE :ft.)= 75.08

R N T N e o o s T T o0 o o o =9 0 o o e e e Y B > v v > D = - — v - - — - - —— - - .
——_——_—--_———----————--.——.-_-———-——-———-—=_—--22_---=_=---::—-—.—--:2-

MENZI-MUCK PRODUCTION FIGURES

YARDER=PEE-KEE YARDER OWN & OP. COST= 75.94
SLOPE= 68.00 X UNIT 3I2E= 40,90 acres

Al s st S LA LIS LS R T n L L T g A A A U U A AT RO
ALL UNITS ARE: $-0.D.TOMS OF BIOMASS. EASAL ARREA= 259.98 FT.~2-AC.

BUNCH SIZE MENZ I -MUCK HAND FELLIMNG
DBH (TREES) F$B YARD TOTAL FELL YARD TOTAL
M R R D R D D it o S SR AR A S U AU
4 12 38.586 12.88 42.58 8.13 7v2.26 39,44
S g8  20.56 16.65 31.21 .85 42.85 492.69
é 3 14.99 11.82 25.81 6.86 27.%7 34,03
7 3 11.53 12.84 24,138 . 9.94 19.52 25.85
8 2 9.23 13.75 22.98 S.15 21,26 26.4£
9 2 7.60 16.47 13.67 4.87 16.15 21,92
18 1 .49 16.87 22.47 4.63 24.98 29,53
11 1 S5.48 12.87 18.33 4.44 19.91 24,34
12 1 4.77 18,51 15.28 4.27 16.23 28v.59
PAYLOAD TO SMALL TO YARD 3UCESSFULLY 1889.33

WEIGHT QF 13.09 DBH TREE= 1191.83



~ WITH ACCUMULATOR SHERR MERD o MENZIommer T TTTTTIme
ROAD CHANGE TINE <min.ve 1500 | @ TTTTTmsssszsssas
MOYEIM~MOVEQUT COSTS <(8)= 759,089

AYERAGE LINE SPEED (ft.’/min.>= 6560.80

LATERAL YARDIMG DISTANCE :ft,)= 75.86
===sssassssasassssssssssssssssssssssassssssssssssssssssmsssmceon:

MENZI-MUCK PRODUCTION FIGURES
YARDER=WASHINGTON 73 OUWN % OP, COST= 92.232

SLOPE= 68.609 % UNLT SIZE= 49.96 acres

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
ALL UNITS ARE: $-0.D.TON3 OF BIOMASS. BASAL AREA= 259.99 FT.~2-RC.

BUNCH S1zZE MENZI-MUCK HAMD FELLIMG
DBH (TREES> F£B YARD TOTAL FELL YARD TOTAL
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
4 12 14.98 15,03 29,16 8.11 7?9.32 87.93
) 12 190.64 9.09 19.73 6.79 47.31 S4.19
é 18 8.42 .16 18,59 6.81 30.83 36.89
? 7 6.89 .88 13,97 5.58 21.54 27.04
8 S S.78 ?.18 12,97 5.12 15.79 28.91
9 3 4.95 8.%2 13.87 4.83 12.92 16.85S
19 3 4.30 7.81 11.31 4,69 9.43 14,92
11 2 3.78 8.29 12.03 4.49 11,18 15,58
12 1 3.37 13.22 16.59 4.24 17,91 22.15
13 1 3.82 18.98 14,99 4.89 14,35 18.94

14 1 2.73 9.25 11.98 3.97 12.49 186.48



-
. ======================a==:===a========================:===========

TREE SPECIES=LODGEPILE PFINE

ROAD CHRANGE TIME <min, = (5.99
MOVEIN-MOVEQUT COSTS ($)>= 750,00
AVERAGE LINE SPEED (ft.~/min.»= £60.00

LATERAL YARDING DISTANCE (ft.,)= 75.9090

MENZI-MUCK PRODUCTION FIGURES
YARDER=WASHINGTON 78 OWN % OP. COST= 92.32
SLOPE= 60.00 ¥% UNIT 3IZE= 498.80 acres

AR L Y R R L L G A PRI UIARra
ALL UNITS RRE: $-0.D.TONS OF BIOMRSS. BASAL AREA= 259.99 FT.~2-RC,

BUNCH SIZE MENZI-MUCK HAND FELLING
DBH (TREES) F$B YARD TOTAL FELL YARD TOTAL
AR e e L S Y R L TR LR LY S 2 2 L O S A S A AP PAT AR
4 12 30.56. 15.88 45.64 8.18 79.82 88.99
S 12 20.56 9.09 29.6S 6.85 47.32 S4.18
6 10 14,99 ?.17 22.18 6.05 30.38 36,94
4 e . 11.53 7,08 18.61 S5.54 21.55 27.99
8 S 1 9.23 7.19 16.41 S.16 15.79 29.95
9 3 7.60 8.92 16.52 4.87 12.82 16.89
10 3 6.40 .82 13.41 4.63 9.43 14,06
11 2 S.48 8.38 13.78 4.44 11,18 1S.862
12 1 4,77 13.23 18.990 4.27 17.92 22.18
13 1 4.20 18.98 15.18 4.12 14.85 18.98

14 1 3.74 9.25 12.99 4.98 12.49 16.49



e e L L e LT L T T T T T I raylpignpy
WITH ACCUMULATOR SHERR HEAD OM MEMNZI-MUCK

=========:===============m=======================================

ROAD CHANGE TIME <min.)= |5.09

MOVEIN-MQYEQUT COSTS ($>= 750,080

AYERAGE LINE SPEED (ft. min.) = 6393.09

LATERAL YARDING DISTANCE <{ft.)= 75,089

=========================z=========================:=============m
MENZI-MUCK PRODUCTION FIGURES

YARDER=PEE~-WEE YARDER OWN & OP. COST= 7S.04
SLOPE= 68.00 % UNIT 3SIZE= 49.88 acres

++++++++++++++++++++++++;++++++++++++++++++++++++++++++++++++++++
ALL UNITS ARE: $-0.D.TON3 OF BIOMASS. BASAL AREA= 2S53.99 FT,~2.-AC.

BUNCH S1ZE MENZI-MUCK HAND FELLING
DBH (TREES) F$B YRARD TOTAL FELL YARD TOTAL
AAAARAARARS SRS A e DD S A s S L L R S O
4 12 14.08 12.80 26.98 8.11 72.26 80.37
S 8 19.64 10.65 21.29 6.79 42.84 49.63
é 5 8.42 11.81 19,44 6.81 27.97 33.99
? 3 6.89 12.64 19.53 5.590 19.52 25.92
8 2 5.78 13.75 19.58 5.12 21.26 26.38
9 2 4.95 10.47 15.42 4.33 16.15 20.98
19 1 " 4,39 16.87 26.37 4.80 24,99 29,49
11 1 3.78 12.87 16.85 4.49 19.99 24.30
12 1 3.37 18.51 13,88 4.24 15,23 29.47
PAYLOAD TO SMALL TO YARD SUCESSFULLY 1952.83

WEIGHT OF 13.90 DBH TREE= 1191.83



b L R LR L 2 2 2 ¢+ F 2 -5 § F F 1 F-%-3

B T o o o o T T T S ES e e T o o D e 4o D s 9O S ot T A ey . A - — — e m n o n - e -
I e RS 2 - 3 P F E T  F T p e p e

TREE SPECIES=LODGEPOLE PIHE

ROAD CHANGE TIME <min.)= |S.00
MOVEIN-MOYEOUT COSTS ($)= 758.09
AYERAGE LINE SPEED (ft. /min.)= 708.00

LATERAL YARDIMG DISTANCE Ift.)= ?75.99

MENZI-MUCK PRODUCTION FIGHRES
YARDER=THUNDERBIRD OUN & OP. CBST= 94.71
SLOPE= 60.90 % UNIT 3IZE= 49.90 acres

AR R L L L A T ¥ A G O G R R R
ALL UNITS ARE: $-0.D.TONS OF BIOMASS. BASAL AREA= 258.99 FT.~2-AC.

BUNCH SIZE MENZI-MUCK HAMD FELLING
DBH (TREES) FSB YRRD TOTAL FELL YARD TOTAL
MR AR ARt s D R R L T T S O P G OO
4 12 39.56 15.73 46.29 8.18 82.95 91.12
S 12 29.56 9.48 38.04 6.85 49.16 Se.01
6 12 . 14.99 6.30 21.29 €.85 32.88 38.14
7 12 11.53 4.59 16.03 5.54 22.38 27.92
8 9 9.23 4.36 13.58 5.16 16.40 21.Se
9 7 7.60 4.23 11.82 4.87 12.48 17.3S
10 S 6.40 4.55 10.98 4.63 9.79 14.42
11 4 S.48 4.52 19.09 4.44 7.87 12.31
12 3 4.77 4,35 9.62 4.27 6.45 18.72
13 2 4.29 5.91 18.11 4.12 7.90 12.82
14 2 3.74 5.00 8.74 4.9 6.87 16.85



R O o R s o o s o o o o 8 e e b e o o v >y A s
e i i - - F F F F P F F ¥ -F-F-F_F ¥

TREE SPECIES=LODGEPOLE PINE

ROAD CHHNGE‘TINE min, = |S5,90
MOYEIN~-MOYEQOUT COSTS ($>= 759,99
AVERAGE LINE SPEED (ft.’/min.)= £090.90

LATERAL YARDING DISTANCE (ft.)= 75.00

MENZI-MUCK PRODUCTION FIGURES
YARDER=ECOLOGGER II OWM % OP. COST= 79.89
SLOPE= 6P.00 % UNIT 3SIZ2E= 49.09 acres

R R i S b b A b il d g LT L e L L T O
ALL UNITS RRE: $-0.D.TONS OF BIOMASS. BASAL AREA= 258.80 FT.~2-AC.

BUNCH SIZE MENZ T -MUCK HAND FELLING
DBH (TREES>  F$B YARD  TOTAL FELL  YARD TOTAL
M D D G S
4 12 38.55 12.76 43.32 8.13 67.77 75.95
5 12 20.56  7.71 28.27 6.85 49.19 47.04
6 11 14,99  5.57 20.56 6.85 26.24 32.31
7 8  11.83  5.31 16.35 5.5¢4 18.82 23.85
8 6 9.23  5.15 14.37 5.16 13.44 18.690
9 4 7.60  5.76 13.36 4.87 18.24 1S.11.
10 3 6.4  5.95 12.35 4.63 8.04 12.67
11 2 5.48  7.82 12.51 4.44 9,52 13.98
12 2 4.77  5.76 18.54 4.27  7.79 12.88
13 1 4.20  9.28 13.49 4.12 12.64 16.76

14 1 3.74 7.82 11.96 4.99 19.63 14.83



Ss=s= ===================3’=======================================

WITH ACCUMULATOR SHEAR HEAD ON MENZI-MUCK
==========================3=======================================
ROAD CHANGE TIME <min.)= |5.08

MOVEIN-MOVEQUT COSTS ($)= 750,00

AYERAGE LINE SPEED (ft./min.)= 608.00

LATERAL YARDING DISTANCE {ft.)= 75.90

MENZI-MUCK PRODUCTION FIGURES
YARDER=ECOLOGGER II OWN % OP. COST= 79.89
SLOPE= 60.980 % UNIT S1ZE= 498,00 acres

AAAAASOSERSARASAR S LTI LD L S
ALL UNITS ARE: $/0.D.TON3 OF BIOMASS. BASAL AREA= 258.89 FT.~2.-AC.

BUNCH SIZE MENZTI-MUCK HAND FELLING
DBH (TREES)> F$B VYARD TOTAL FELL YARD TOTAL
AAARAASRA RSt d L T O
4 12 14.88 12,75 26.83 8.11 67.77 75.83
S 12 19.64 7.71 18.3% €.72 40.19 46.98
é 11 8.42 5.57 13.99 6.81 26.24 32.25
7 8 ' 6.89 5.31 12.28 S.58 18.32 23.81
8 6 S.78 5.15 18.93 S.12 13.43 18.55
9 4 4.95 5.76 106,71 4.83 19.23 15.058
19 3 4.30 5.95 1@.25 4.89 8.04 12,83
11 2 3.78 7.82 19,81 4,49 9.52 13.92
12 2 3.37 8.78 9.13 4.24 7.79 12.83
13 1 3.02 9.28 12,30 4.89 12.83 16.73

14 1 2.73 .82 109.56 3.97 18.63 14.89



R N s T e on e = v aw am E R R Y |
R+ ¢ 1 S=s==

TREE SPECIES=LODGEPOLE PINE 0=
ROAD CHANGE TIME <min.»= (S.00

MOYEIN-MOVEQUT COSTS ($>= 750.900

AVERAGE LINE SPEED (ft.~min.)= 7989.39

LATERAL YARDING DISTANCE (ft,)= 75.89

a====::=====.—.==========:==::====:= “““““““

MENZI-MUCK PRODUCTION FIGURES
YARDER=MADILL 671 OUN & OP. COST= 93.74
SLOPE= 68.80 % UNIT SIZE= 40.00 acres

AR AR SRR AR ARl R d L A S A S PR
ALL UNITS ARE: $-0.D.TONS OF BIOMASS. BASAL ARERA= 259.99 FT.~2.-AC.

BUNCH SIZE MENZI-MUCK - HAND FELLING
DBH (TREES) F€B YARD TOTRL FELL YARD TOTAL
M R i T R e T T o R S
4 12 38.56 15.57 46.13 8.13 82.1v 9v.28
S 12 29.56 9.38 29.94 6.85 48.65 55.51
€ 12 - 14,99 6.24 21.23 6.86 31.75 37.32
? te 11.53 5.25 18.79 3.54 22.15 27.89
8 7 9.23 5.42 14,55 S.16 15.23 21.40
9 S 7.60 5.69 13,29 4.87 12.38 17.22
10 4 6.49 5.53 11.93 4.63 9.69 14,32
11 3 S5.48 5.84 11,32 4.34 ?.79 12.23
12 3 4.77 4,30 9.53 4.27 6.39 10.88
13 2 4,29 5.85 10.9S 4.12 7.82 11.94
14 2 3.74 4.95 8.69 4.908 6.68 19.59



================.======a==:========================================

WITH ACCUMULATOR 3HEAR HEAD ON MENZI-MUCK
=========================================--""
ROAD CHANGE TIME <min.»= |5.00
MOYEIN-MOVYEOUT COSTS ($)>= 758.00
AYERAGE LINE SPEED (ft. min.)= 799.99

LATERAL YARDING DISTANCE :ft.)= 75.99

=======:=====3====================================================:

MENZI-MUCK PRODUCTION FIGIRES
YARDER=MADILL @71 OUN % OP. COST= 393,74
SLOPE= 60.89 % UNIT SIZE= 48.90 acres

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
ALL UNITS RRE: $-/0.D.TON3S OF BIOMASS., BRASAL AREA= 259.99 FT.~2-RC,

BUNCH SIZE HEMZI-MUCK HAND FELLING
DBH (TREES)  F$B YARD  TOTAL FELL  YARD TOTAL
HAAARARAR RS AR RSt Rl S A S
4 12 14.08 15.57 29.65  8.11 82.18 98,21
5 12 10.64°  9.38 20.02 6.79 48,66 SS.45
6 11 8.42  6.76 15.19 6.01 31.75 37.76
7 7 6.89  7.38 14.20 5.58 22.15 27.65
8 5 5.78  7.41 13.20 5.12 16.23 21.35
9 4 4.95 7,91 11.96 4.82 12.35 17.13
19 3 4.30 ?7.24 11.54 4.60 9.65 14.28
11 2 3.78  8.56 12.34 4.48 11,49 15,89
12 2 3.37  7.02 10.38 4.24  9.40 13.63
13 1 3.02  11.34 14.36 4.89 15.27 13.36

14 1 2.73 9.55 12.28 3.37 12.84 16.8t

47



TREE SPECIES=LODGEPOLE PIHE

ROAD CHANGE TIME <min.)= 1S.00
HOYEIN-MOVEOUT COSTS ($>= ?750.00
AYERAGE LINE SPEED (ft. min.)= 758,89

LATERAL YARDING DISTANCE :ft.)= 75.00

=======3883=2============:§==:=:====

HENZI-MUCK PROBUCTION FIGURES

===============================!

YARDER=WASHINGTON 113 DWHN & QP. COST= 247,98
SLOPE= 60.08 % UNIT SIZE= 48,00 acres

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
ALL UNITS ARE: $-0.D.TON3 OF BIOMASS. BASAL AREA= 250.98 FT.~2.AC.

BUNCH SIZE MENZI-MUCK HAND FELLING
DBH (TREES) F$B YRARD TOTAL FELL YARD TOTAL
++++++++++++++++++++++++f+++++++++++++++++++++++++++++++++++++++++
4 12 398, %8 41.37 71.93 5.18 219.27 227.44
S 12 20.58 24.7S5 45,31 8.85 129.73 136.83
6 12 | 14.99 16.33 31.32 €.895 84.54 90.61
? 12 11.53 11.53 23.97 3.534 S58.26 64.40
8 10 9,23 18.14 19.37 S.18 43,04 43.20
9 7 7.60 190.86 13.45 4.87 32.67 37.S5¢
10 é 6.40 9.89 18.29 4.63 25.356 39.19
11 4 5.48 11.67 17.15 4.44 28.48 24,92
12 3 4.77 12.56 17.33 4.27 16.74 21.01
13 3 4.20 19.47 14,87 4,12 13.92 18.85
14 2 3.74 12.98 1€.72 4.98 17.32 21.32



el s e e L - 2 1 1 %]

RORD CHAMGE TIME <min.>= 15.90

MOYEIN-MOVEQUT COSTS ($>= ?750.R90

AVERAGE LINE SPEED (ft./min.>= 759.08

LATERAL YARDING DISTANCE (ft.)= 75.00

MENZI~MUCK PRODUCTION FIGURES

YARDER=WASHINGTON 118

SLOPE=

AR L T e R Rt g T T S O N

€9.00 %

e a2 1§13}

OUN & OP. COST= 247.99

UNIT 3IZE= 48.99 acres

E2—3-—2- 2+ 1 F F 3 2+ 1 1 ¥

49

ALL UNITS ARE: $-0.D.TON3 OF BIOMASS. BASAL RREA= 259.99 FT.~2-AC.
BUNCH SIZE MENZI-MUCK HRAND FELLING
DBH (TREES) FEB YARD TOTAL FELL YARD TOTAL
AR Rl AR S LR e L L g L R L T X T N A R AT P,
4 12 14.88° 41.36 55.44 8.11 219.26 227,37
S 12 18.64 24,74 35.38 €.79 129,77 136.57
6 12 8.42 16.32 24.74 6.81 84.54 99,55
4 12 6.89 11.53 18.42 5.39 58.86 64,35
8 10 5.78 18.13 15,92 S.12 43.83 48.15
9 ? 4,95 10.85 15.80 4,83 32.87 37.50
io 6 4.30 9.89 14.19 4,60 25.55 38.15
11 4 3.78 11.66 15.4S 4.49 20.47 24.37
12 3 3.37 12.58 1S5.92 4.24 16.74 20.937
13 3 3.82 10.47 13.49 4.99% 13.92 18.91
14 2 2.73 12.98 15.71 3.97 17.32 21,23



7.3 Program Listing

19 | RE-STORE "MENZI2 :F"

20

30

49

se

60

70

80

90

100
118
120
130
148
158
160
179
180
190
200
218
220
230
249
250
269
278
288
290
300
310
320
330
340
358
360
370
380
390
409
410
420
430
440
450
460
470
430
490
500

! MENZI-MUCK HARVEST SIMULATOR FOR NON~RCCUMULRTING SHEARHERD
! BY REESE S. MARTIN, UNIYERSITY OF WASHINGTON, PH# 223-283u

PLOTTER IS 13,"GRAPHICS"
GRRPHICS

CSI1Z2E 8,.5

MOVE 18,98

LARBEL "WELCOME TO THE"
DEG

FOR Angtle=1 TO 12

CSIZE 10, .6,Angle

MOVE S,79

LABEL "AMAZING MENZ(-MUCK"
NEXT RAngle

LABEL “HARVEST SIMULATION"
LABEL "PROGRAM"

CSIZE 5,.6,0

MOVE 28,35

LABEL "“THE MENZI-MULCK VS, HAND FELLING"
CSIZE 4

LABEL "By Reese S. Martin"
MOVE 8,5 ’

WRIT 3996

GCLEAR

SCALE -1,1,-1,1

FRAME

CsSlZe 7

LORG 5

MOVE 9,9

LABEL "Are vou ready ®
LABEL "to begin?*

WRIT 1609

GCLERAR

MOVE 9,9

CSIZE 9

LABEL "Here w2 go!"
GCLEAR

SCALE -19,19,-~10, 10

AXES 1,2,90,9,5,4,8

SETGU

CSIZE 3

FOR Loop=! TO 19

MOVE RND#123,RND#123
LORG S

LABEL "¢

NEXT Loop

WAIT 3000

GCLEARR

BEEP

OPTION BRSE 1

50

JUNE 32



S1a
5209
539
540

51

FIXED 2

DIM Wgrs<?>,C3(38),33¢39>

QA7=9

INPUT "Want output on th2 screen? (YES or NO> =If NO ,output will bz on th

e printer.",Bs

S58
560
579
Sse
599
600
619
620
638
640
659
669
670
689
699
709
710
729

IF B#$C1,11="Y" THEM S90

IF B3C1,11<>"N" THEH 548

Pi=9

GOTO €989

P1=16

Bs:ll n

PRINTER IS P1

GCLEAR ,

Mmrate=47.61 ! SPYDER MACHINE RRTE $-HOUR .

Mmrate=47.61/60 |$/MIN,

INPUT "What is the area of the unit? (SSac max.>",Tract

IF Tract>55 THEN 658

INPUT "What is the average slope of the unit?",Slope

IF (Slope>3S> AND (3lope<189) THEMN GOTO 719

INPUT "Slope must be greater than 35% but less than 189%! Try again",Slop=e
GOTO é89

INPUT “TREE SPECIES (RA or LPP)?",D$

INPUT "BASAL AREA PER ACRE (FT~2>?",Ba Ithis version calc. treessac. fro

m basal arw2a.

730
740
750
760
770
780
799
809
810
929
839
840
859
860
870
880
899
900
919
920
930
9549
950
960
979
9809
990

IF @7<>1 THEN 760

INPUT "Do you want <o use the same production variables? (Y or N>",Bs
IF B$[1,13="%" THEN GOTO 1450

Nbucks=1

Ge=1 |IFair to average ground conditions

Toc=0 IClearcut

GOTO 1220

Treeut: IF DSC1,11='R" THEN 890 ==mm oo omm oo ccaem

Demlp=Dbhavex2,.54
BftaEXP(-3.6187+1.8352:L0G¢(Dcmlp))
BIp=EXP(?4.6604+2.3533*L06(Dcm!p))
Bsp=EXP(-2.9849+2.423?*LUG(Dcmlp)) N
Wt 1p=(Bsp+BIp+Bft)#2,2%1,.8 IKET WEIGHT LODGEPOLE PINE
Tresuwt=ltlp
Wrdry=(B3sp+Blp+Bft)+2.2
GOTO 980
Dbhra=Dbhave
Totalhtras-47,6306+509. 3831 +L0G(Dbhra)
Dcmra=Dbhra%*2.54 !DIA TO METRIC
Hto=Totalhtra#,3048 ! TO METRIC
X93Demrar2#Hto0/100
But=,02+2,.094X9~, 00 |52X9~2
Wtra=Buwt*2,241.8 INET WT OF RED ALDER
Tresut=ltra
Utdryaltras.S
RETURN
GOTO 1220

1008 F211: HNbucks=Nlogs !Nbuck3=l for wholsz treg—-mmmee—cccm;ceccccccmeo————

1919

! 11 lexr424SINGLE TREE!! !



1020
1930
1840
1958
1088
1678
1939
18909
1100
11109

1128
1130
1148

Ispp~2

1150
1160
1179
1180
1199
1200
1210
1220
1230
1249
1250
12¢€06
1279
1280
1250
1369
13190
1320
1330
1340
1350
1360
1370
1380
1390
1400
14190
1420
1430
T?

1440
1450
1450
1479
1480
1499
1500
1519
1329

52

Mmtime=,34328+.87373%Dbhavesl.471 | Time/tres for the menzi-muck

Tmmt ime=Mmt ine#Talp+«Tract | TOTAL TIME FOR MENZI-MUCK

Tomcost=Tmat imesMmrate ! TOTAL COST FOR MEMZ2I-MUCK

IF Vih=9 THEN GOTO 199g

IF Ych=0 THEN GOTO 1999

Fbh=,0801631+%{(Vih,/Ych)

GOTO 1190

Fbh=9

Tt=,38483+,29203%Ton=-,12825+G¢ {Travel time between trses
Flblp=.5?961+.29233@Toc-.12925*5c+.22626*Dbhaue“2—.99913*Dbh3u9+.245*Hbuck

0t1p=.33%Fiblp !F&B Delay time
FBlp=(F1blp+0tlp+Ttr*Talp*Tract+.802933 ITotal fell &b time lodgepole
Flbpp=.45366+.29283¢Toc-.12025*Gc+.BB?B?3*deA2+.S$B£*Nbucks+.BBGQBil?ﬁ*Vo

Otpp=.33%Flibpp
Fbpp=(F1bpp+0tpp+TtJﬁTapp*Tract*.BBEGBS

TfbaFblp

Fbrate=TfbsYolgross

Hcfb=12.85 IBushler wage rate $/hr.
Ucfell=Hcfb*TfbsVolgross

RETURN

INPUT “"movein-moueout costs? ($£3", Move

INPUT "Road change =ime? minut=2s)",Ts

Ts=Ts~/60

INPUT "Lateral yarding distancs? (feetd®,Lyd

INPUT "Mininum carriage to ground clearance? (feetd",Clear
INPUT "Do you wish 20 use the PEE-WEE YARDER as Your yarder¢YES or NO)>",B$
IF B$C1,11="N" THEN 13388

C$="PEE-WEE YARDER"

Mrateb=75.84 | PEE-MEE YARDER 0%0 (BUMCH>

Mratech=85,21

W1=,59

W3=1.18

T7=9700

Tower=37.0

Linespd=600

GOTO 1460

INPUT "Yarder identifier, (30 characters max,)",Cs

INPUT "Yarder Owning % Operating cost(3$>?",Mratszb
Mratech=Mrateb ‘

INPUT “Skyline weight? (1bs. ft.>", Ul

INPUT "Combined mainline and slackline weight? (lbs. ft,.", W
INPUT "S.H.L .of skuline or tension capablity, whichever iz less? (lbs.>",

INPUT "Tower height? (feet)", Tower

INPUT "Average linespeed? (ft,/min.) nos maximum line spezad”,Linespd
INPUT “Carriage weights (lbs)",Carut

INFUT “Tailspar height (Feetd",Tailzpar

PRINT "=========a==u=======================================m=====ﬂ======“
PRINT "============u=======================================z============“
IF D$(1,11="R" THEN D$="RED ALDER"

IF D$C1,13="L" THEM D£="LODSEPOLE PIME"

PRINT "TREE SPECIES=";Ds
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PRINT

PRINT “ROAD CHANGE TIME (min,)=";Ts+EQ

PRINT

PRINT "MOVEIN-MOVEOUT COSTS ($)=";Move

PRINT

PRINT "AVERAGE LINE SPEED (fr./min,)=";Lin2spd

PRINT

PRINT "LATERAL YRARDING DISTANCE (Ft.o=";Lud

PRINT .
PRINT "=========u==a====================================================="
PRINT “MENZI-MUCK PRODUCTION FIGURES"

PRINT

PRINT "YARDER=";C$, "' OWN & OP. COST=";Mrateb

PRINT

PRINT "SLOPE=";Slope;"%","UNIT SIZE=";Tract;"acres"

PRINT

PRINT "+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++"
PRINT " ALL UNITS ARE: $-0.D.TONS OF BIOMASS. BASAL AREA='j;Ba;"FT.~2/RC. '

PRINT
PRINT * BUNCH SIZE MEMZI-MUCK HAND FELLING".
PRINT " DBH (TREES> F$B YRRD TOTAL FELL YARD TOTAL"

PRINT B R D L T L S G U PR
PRINT

FOR 21=4 TO 14 ! .Loop for calec. costs by dianster class
Dbhave=s2y '
Talp=Ba#144/<{(Dbhave*,5)~25PI) I calculate treessacre from basal area

GOSUB Treewt .
Tonac=Talp#Wtdry-~,20M3 | BIOMASS FER ACRE (DRY TONS)
Volgross=Tonac*Trac-

Treevol=Treeuwt

GOSUB Fel)

GOSUE “Yardc

GOTO 2399

Yardc! Bh=SQR(Tract-+43560-3) ! YARDING ROUTINE FOR CONTINOUS DECKING--~--

Ays=Slope

Ayd=Bh%#S1ope/1990-SINCATN(S10pe,108)),2
Ydrd=Bh#8/(Lyd#2} !ICALCULATE # OF YARDING ROADS

L=Bh

H=Bh#(Slope~/100)+Tower-Tailspar

4=,5 ICalculate running skyline pavload

D=Bh#X

Y=Bh#X#(Slopes/100)>+ Tower-Clear)+29 IMidspan

T1=Y/D l#ss¢e%%%% rigid link calculations *#x#ss%s%s
T3=(Y-H>/<(L-D>
H2sW1%(L-D)/SQR(2% (1 +T342) ) #(SARCAF(T7/CHI#CL=D) D) Y=SQAR( Y1/ (L=D> 51>
R1=H1#D#SARC1+T3~2)>

R2=H1%{L-D)4SQR(L+T342)

R3=U3#D*SARL1+T2+2)

N=X+10

Hgr3=2+#H2#(T1+T3~,54(R1+R2+R3)

Ngrs=Ngrs?1.85 'ADJHST FOR DRAGGIMG LOG
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2048 Payrs=WHgrs-Carwt
2059 IF Payrs<=0 THEN Help
2068 Bunch=INT{Payrs/Treswtl
2070 IF Bunch<{1l THEN Help

2888 IF Bunch>12 THEN Bunch=12 ! !11Mo more than 12 treezsbunch
2099 GOTO 2149

2198 Help: PRINT "PAYLOAD TO SMALL TO YARRD SUCESSFULLY",Payvrs
2110 PRINT "MEIGHT OQF";Dbhave"DBH TREE=";Trescut

2120 SToP

2130 RETURN

2148 Chok=Bunch

2158 IF Chok>3 THEN Chok=3

2168 Voltb=Bunch+Tresuol I volsbunch
21790 Voltch=Chok#Treevol

2189 IF Voltch{=0 THEN Voltch=.1

2199 Tturnb=.5+1.5+.5+.4+Linespd/(2%Aud) | time /turn

2200 Tturnch=,S5+3+.5+,3+Linespds(2%Ayd)>

2210 Thourb=68/Tturnb ! turns per hour

2228 Thourch=608/Tturnch

2238 Trdch=Ts#(Ydrd=-1: ltotal road changs time inhours
2248 Turnsb=Volgross#29883-/VYolthb ! total turns for the unit

2258 Turnsch=VYolgross#20838-%oltch
22680 Optimeb=Turnsb/Thourb+Trdch

2278 Optimech=Turnschs/Thourch+Trdch ! operasing time by system
2280 Ydcostb=Mrateb#0Optinehb ! vard cost by system

22990 Ydcostch=Mratech#0psimech

2388 Tydcostb=Ydcostb+Mowye ! total yard cost by system

23190 Tydcostch=Ydcostch+Move

2328 Ucmenzi=TmmcostsVYolgross | Unit cost for menzi-muck

2339 Unitydb=Tydcostb/%Yolgross ! gross unit cost by system
2340 Unitydch=Tydcostch-'Yolgross

2350 Tunitcostb=Ucmenzi+Unitydb

2368 Tunitcostch=Ucfell+Unitydch

2379 RETURN i :

2388 IMAGE 3X,DD,8X,DD,3%,DDD.DD2X,DDD.DD, X,DDD. DD, 3%, DDD. DD, %, DND. DD, X, DDD. DD
2390 PRINT USING 2388;Dbhave,Bunch,Ucmenzi,Unitudb, Tunitcostb,Uci2ll,Unitydech, T
unitcostch

2480 PRINT

2419 NEXT 21

2420 PRINT -
24308 PRINT »

2440 PRINT

2450 INPUT "Do you want %o try again?",B$

2460 IF B3[1,1J="N" THEN 2499

2478 Q7=1

2480 GOTO €506

2490 PLOTTER I3 13, "GRAPHICS"

2590 GRAPHICS

2519 FRAME

25280 CSIZE 7

2539 LORG S

2549 LABEL "THE END"
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RE-STORE "ACCUM :F"

I Menzi-muck harves: simutatiom program for accumulating shearhzad

| BY REESE S. MARTIN,University of bWashington, ph# 323-2538 Juns 82
PLOTTER I35 13, "GRRPHICS"

GRAPHICS

CSIZE 6,.8

MOVE 16,99

LABEL "WELCOME TO THE"

DEG

FOR Angle=1 TO 12

CSIZ2E 19,.6,Angle

MOVE 5,78

LABEL "AMAZING MENZ2[-MUCK"

NEXT Angle

LABEL "PRODUCTIOM PROGRAM"

CSIZE 5,.6,06

MOVE 20,35 ’

LRBEL "THE MEHZI-MULK ¥S. HAMD FELLING"
CSIZE 4

LABEL "By Reese 5. Martin"

MOVE 9,5

GCLERR

SCALE ~1,1,-1,1

FRAME

LORG S

MOVE 9,0

LABEL "This version is for a Menzi-muck"
LABEL "with an accumulating she2ar hzad."
WAIT 16600

GCLERR

OPTION BASE 1

FIXED 2

DIM Wgrs(?>,C3(30)

QA7=0

INPUT “Want output on the zcresn? (YES or NOJ -If MO ,output will be on th

e printer.",B%

369
379
389
398
490
410
420
430
440
450
4560
479
489
499
S8e

IF B${1,11="%" THEN 480

IF B$(1,13<>"N" THEN 350

P1=0

GOTO 419

Pi1=16 v

B$=n "

PRINTER IS P1

GCLERR

Mmrate=47,.61 ! SPYDER MACHINE RATE $-HOUR
Mmrate=47,61-60 13- MIN,

INPUT "What is the area of the unit? (S5Sa: max.>",Tract
IF Tract>35 THEHN 481

INPUT "What iz the average slope2 of the unit?",51ope

IF (Slope>3S) AND (31ope<i9d) THEH GATO 529

INPUT "Slope must be grsatsr than 355 bus lezs than 199351 Try again",3lope
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5190 GOTO 499

529 INPUT “BASAL AREA PER ACRE (FT~2>2?",Ba

530 IF @7<>1 THEN Sé6

§549 INPUT "Do vou want %o use the same production variables? (Y ap M>",Bs
550 IF B$C1,11="¥" THEN GOTO 1139

Sé0 Nbucks=1

579 Ge=1 IFair to average ground conditions

580 Toc=8 !Clearcut

599 GOTO 949

600 Treewt! Dcmlp=Dbhave*2.54 !----------------—--—-------—---m---—------f--
619 Bft=EXP(-3.618?+1.8362*LOG(Dcm1p))

€29 Blp=EXP(-4.6934+2.3533*L06(Dcmlp))

630 Bsp=EXP(-2.9849+2.423?*L06(Dcmlp))

640 Wt 1p=2(Bsp+Blp+Bftd%2.2%1.8 INET WEIGHT LODGEPOLE PIME
650 Dcmra=Dbhra%2.54 1DIA TO METRIC

6609 Hto=Totalhtra®,3048 ! TO METRIC

670 X9=Dcmrar2%Ht 0100

:4-1:) But=,082+2,09%X9-. 0B 5%)49~2

699 Wtra=But#2.2%1,8 INET WT OF RED ALDER

700 RETURN

710 GOTO 940

720 Fell:  Nbucks=Nlogs [INbucks=1 for whole bLree=—--co—mmm oo com oo
730 ! 111l##*424THEORTICAL PRODUCTION OF ACCUMULATOR#&%%11111
7409 Mmtime=.,10114Dbhave-.0296%1.471 ITimestree for the menzi-muck

750 Tmmt ime=Mmt ime*Talp+Tract | TOTAL TIMNE FOR MENZ I ~MUCK

7608 Tmmcost=Tmmt ime*Mmrate ! TOTAL COST FOR MENZI~MUCK

°78 IF Vih=8 THEN GOTO 3196

7’80 IF Vch=0 THEN GOTO 2190

790 Fbh=,881831%{(Vih/Ych)

800 GOTQ 829

810 Fbh=0

8290 Tt=,38483+,.29203%To~.12025+Gc !Travel time betwesn trees

839 Flblp=.5?961+.29203+Toc-.12925*Gc+.22626*Dbhave“2—.89913§Dbhaue+.245*ﬂbuck

840 Ot1p=.33%Flblp !F&B Delay time

850 Fblp=(F1blp+0tip+Ttr*Talp*Tract*.002083 ITotal fell &b times lTodgepole

860 Flbpp=.45366+.29203*Toc-.12025*5c+.0099?3*@md*2+.6662§Nbucks+.899991196*90
1sppr2

8790 Otpp=.33%Flibpp

880 Fbpp=C(Flbpp+0tpp+Tt1%Tapp*Tract+.002923

890 Tfb=Fblp

960 Fbrate=TfbsYolgross

910 Hcfb=12,85 !Bushler wage rate $/hr.

929 Ucfell=Hcfb#TfbsVolgross

938 RETURN

949 INPUT “"movein-mousoutr costs? {($0", Mows

950 INPUT "Road change sime? (minutes)", Ts

968 Ts=Ts/60

979 INPUT "Lateral yvarding distance? (Feetd®,Lyd

989 INPUT "Mininum carriage to graund clearancs?  (festd",Clear

999 INPUT "Do you wish <o use ths PEE-WEE YARDER as your yarder(YE3 or NO>",B%
1800 IF B5C1,11="N" THEN 1100

1919 C$="PEE-WEE YRRDER"
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Mrateb=75.84 | PEE-WEE YARDER 0%0 (BUMCH)
Mratech=35.21

Wi=,59

W3=1.18

T7=97088

Tower=37.0

Linespd=609

GOTO 1189

INPUT "Yarder identifier, (29 charactsrs max. )", C$

INPUT "Yarder OQuning & Operating Cost($2?", Mrateb

Mratech=Mrateb

INPUT "Skyline weight? (lbs./ft.>", Ul

INPUT "Combined mainline and slackline weight? Clbs./ft, 0, W2

INPUT "S.H.L .of skuline or tension capablity, whichever is less? (lbs.)",
INPUT "Tower height? (feet)",Touer

INPUT "Average linespeed? (ft.’/min.> not maximum ling speed",Linespd
INPUT "Carriage weight.” (ibs)",Carut

INPUT "Tailspar height (feet)",Tailspar

PRINT "============a=======================================m============“
PRINT " WITH ACCUMULATING SHEAR HEAD OM MENZI-MUCK"

PRINT "============m=======================================a============"
PRINT "ROAD CHANGE TIME (min,)=";Ts50

PRINT ‘

PRINT "MOVEIN-MOVEOQUT COSTS ($)=";Move

PRINT

PRINT "AVERAGE LINE SPEED (ft./min,)=";Linespd

PRINT '

PRINT "LATERAL YARDI{MG DISTANCE (fe.o="3Lyud

PRINT

PRINT “============w:======================================a============="
PRINT "MENZ2I-MUCK PRUDUCTION FIGURES"

PRINT B

PRINT "YARDER=";C$," OWN & OP. COST=";Mrateb

PRINT

PRINT “"SLOPE=";Slope;"%", "UNIT SIZE=";Tract;"acres"

PRINT

PRINT "4++4+tdtdttdbddtttdttttdbtttrrtirtrdittttrtibditttbtrtddtttrtdrtrtedrs
PRINT " ALL UNITS ARE: $-0.D.TOMS OF BIOMASS. BASAL AREA=';Baj"FT.~27/AC.
PRINT

PRINT " BUNMCH SIZE MEMZ I-MUCK HAND FELLING"

PRINT " DBH (TREES)» F$E YRRD TOTAL FELL YARD TOTAL"
PRINT "4+ttt ttetrrtdittdttrrttdditttrtrrrdttttddtdddirbibbbdtrriddtdtttrss"
PRINT

FOR Z1=4 TO 14
Dbhave=21
Talp=Ba*#144/{(Dbhave#*,5)~2%PI1>

GOsSUB

Treeut

Wt lpdrysit 1pe. S6

Tonacs=

Talp#Wtlpdry 2000 !BIOMASS PER ACRE (DRY TONS)

Yolgross=Tonac#Trac-
Treevol=|tip
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GOSUB Fell
GOSUB Yardc
GOTO 21190
Yardc: Bh=SQR(Tract-43560,3> ! YARDING ROUTINE FOR COMTINOLS DECKING
Ays=Slope
Ayd=Bh#510pe 190-SIHCATNC(S1ope/18985),2
Ydrd=Bh#8/(Lyd#*2) !CALCULATE # OF YARDIMG ROADS
L=Bh lx#sexde% rigid link payload approximation ###s#%%
H=Bh#(Slope~/108)+Tower-Tailspar
=.3 lCalculate running skyline payvload
D=Bh+¥X
Y=Bh#X#%(Slope 180>+ Tower-Clear)+28 !Midspan
Ti=Y/D
T3=(Y=H)/7<L-D
H2=W1#{L-D)/SAR(2%# (L +T342) )% (SQAR(4*(T7/CH1%(L=-D)>>)>)=SARCY1/¢L=-D)>=1)
Ri=W1£D*SARC1+T3~2)
R2=W1#{L-D)*SAR(1+T3~2"
R3=W3#D#SARC1+T2~2)
N=X*19
Hgrs=s2#H2#%#(T1+T3-,5%(R1+R2+R3
Ugrs=lgrs#1.85 'ADJUST FOR DRAGGING LOG
Payrs=HNgrs-Caruwt
IF Payrs<=0 THEN Help
Treewt=Wtl1p
Bunch=INT(Payrs/Tresut)
IF Bunch<i THEN Help
IF Bunch>12 THEN Bunch=12 1111No more than 12 tresssbunch
GOTO 1859
Help: PRINT "PAYLOAD TO SMALL TO YARD SUCESSFULLY",Payrs
PRINT "WEIGHT OF";Dbhavz;“DBH TREE="jTrecut
STOP
RETURN
Chok=Bunch )
IF Chok>3 THEN Chok=3
Veltb=Bunch#Tresvol ' vols/bunch
Voltch=Chok#Treevol
IF VYoltch<=8 THEMN VYoltch=.1
Tturnb=,5+1.5+,5+,4+Linespd/(2%Avd> | time ~turn
Tturnch=,5+3+,.5+, 4+ inespd/(24Ayd)
Thourb=£60/Tturnb ! turns per hour
Thourch=838,Tturnch
Trdch=Ts#{Ydrd-t ltotal road change time inhours
Turnsb=Yolgross#2099/¥0ltb ! total turns for the unit
Turnsch=VYolgross#29993/Yoltch
Optimeb=Turnsb/Thourb+Trdch
Optimech=Turnsch/Thourch+Trdch P aperasing time by sustem
Ydcostb=Mrateb#0pt ineb ! yvard cost by swstenm
Ydcostch=Mratech#0p=-imech
Tydcostb=Ydcostb+Moue ! total yard cozt by system
Tydcostch=Ydcostch+Move
Ucmenzi=Tmmcost/Volgross ! Unit cost for Menzi-muck.

- — - -
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2079
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Unitydb=Tydcostb/Volgross ! gress unit cost by zystem
Unitydch=Tydcostch/Volgross

Tunitcostb=Ucmenxi+Uninydb

Tunitcostch=UcPelI+Unitydch

RETURN ’

IMAGE SX,DD,SX,DD,3K,DDD.DDEX,DDD.DD,X,DDD.DD,SX,DDD.DD,X,DDD.DD,X,DDD.DD
PRINT USING 2899;Dbhaue,Bunch,Ucmenzi,Unitydb,Tunitcostb,UcFell,Unitydch,T

unitcostch

2110
2120
2130
2148
2150
2169
2179
2180
2190
2209
2210
2229
2230
2248
2259
2269
2278
2289

PRINT
NEXT 21

PRINT

PRINT

PRINT

INPUT "Do you want 5o try agzin?",Bs
IF B$C1,11="N" THEN 2280
Q7=1

GOTO 460

PLOTTER IS 13, "GRAPHICS"
GRAPHICS

SCALE -1,1,-1,1

FRAME

CSIZE 9

LORG 5

MOVE 8,9

LABEL "THE END"

END
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TENSION RELATIONSHIPS FOR STEEL CABLE ON NOTCHED STUMPS

ABSTRACT

Tension relationships were determined in steel cable passed through
a stump notch and anchored to another object. Tensions were measured
in the cable coming into and leaving the notch with ome full wrapron the
stump. Data was collected from two sites with two test. stumps (15.7 to
37.5 inches inside notch diameter) per site and two cable sizes (3/4 and
7/16 inch diameter) per stump. Tensions measured in the cable coming
into the notch ranged from 4063 to 18701 pounds.

Results show that the coefficient of static friction as determined,
assuming the V-belt tension equations, increases with increased inside
notch stump diameter and increased caﬁle size. The coefficient of
friction decreases with increased cable tension. A regression equation
was developed incorporating these variables. The mean coefficient of
friction was 0.1768, This represents a 9.?2 tol ratio of cable tensions

coming into and leaving the notch with a full wrap (360°) on the stump.
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TENSION RELATIONSHIPS FOR STEEL CABLE ON NOTCHED STUMPS

I. INTRODUCTION

Much has been written about the shift in emphasis in the Pacific
Northwest from the harvest of old growth timber stands to second growth
or young growth stands (Tedder, Nbv., 1979) Inherent in this shift is
the decreased availability of suitably large stump anchors for logging
machinery and skylines. Design of multiple stump anchoring
configurations is essential to the feasibility of many settings.

Present design guidelines (Studier, 1974) address multiple stump
anchors and specifically stump anchor series. The stated rule-of-thumb
is that a third of the cable tension is transmitted to the back line
after the cable is passed around the stump one full circle.
Measurements recorded in March 1980 by the U.S.D.A. Forest Service
Advanced Technical Training Group indicated a lesser tension transfer
than the rule-of-thumb. Recorded measurements of the cable tension
transfer range from 0.1290 to 0.2375 (n=9, s=0.0286) to the backline.
(Data is unpublished and is on file with Donald D. Studier, Civil
Engineer, U.S.D.A. Forest Service, Peavy Hall, 0.S.U., Corvallis, OR
97331)

A simple force balance on the main stump anchor in a stump anchor
series (see Figure 1) illustrates that the stump must resist the
difference in load between the active side and the tieback. The sum
of the horizontal components of the tension in the tieback and the root
system must equal the horizontal component of the tension in the active

Tine,



Tieback anchor

active

vert,

~N

4
[
Q
>

—

T, hor.

Figure 1. Stump anchor series.

This paper is an analysis of measurements taken in April, 1981 to
determine a coefficient of static friction for a steel cable and a
notched stump. The assumption was made that the cable would behave
as a V-belt inside the notch‘(See Fig. 2). The ratio of the tension
(Deutschman, et.al., 1975, Levinson; 1978) in the active side of the

cable (T;) to the tension in the tieback is evaluated as:

0

-4
T, - . (’sin 12/2) )

where //4(
ol

/A

coefficient of friction

angle of contact within the groove or notch,
in radians

groove or notch angle, in degrees

-2 -



In this equation,)u is dependent on whether or not the belt is allowed
to slip. The coefficient of static friction is used when the belt is
" not allowed to slip. Otherwise, the coefficient of sliding friction

is used. In the case of a steel cable in a stump notch, there should

be no slippage.

R=2(N) singB /2)

L

— - &
T2 el sin(lg/z}

where R
N

//k

Figure 2. V-belt force diagram

resultant force

normal force

coefficient of friction

Results are for Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco),

the predominant stand component in the Coast and Cascade Mountain Ranges

and are applicable to other species in the forest stand.



II. OBJECTIVES

This study was set up with the following objectives:
1. Determine the coefficient of static friction ;a) for notched,

green Douglas-fir (Pseudotsuga menziessi (Mirb.) Franco) stumps and

steel cable.

2. Test hypotheses that stump diameter and cable diameter do not
effect the tension relationships in a steel cable after it is passed

through a stump notch.



ITI.

LITERATURE REVIEW

Limited information on the coefficient of static friction for steel
and wood surfaces js available in the Titerature. The following is
a more general review of the literature involving wood as a frictional
surface. Leonardo da Vinci observed that the frictional force was one-
quarter of the load and constant for all materials (Dowson, 1979).
Amontons countered in 1699 that the frictional force was actually closer
to one-third of the load in his experiments with wood and friction
(Bowden and Tabor, 1973). 1In more recent times studies have been
conducted with metals and wood.

The classical derivation (Deutschman, et.al, 1975 and Levinson,
1978), for the tension relationships in a belt drive incorporates the
assumptions that pulley radius and belt size do not affect the
relationship and that frictional force is proportional to the normal
force. McKenzie and Karpovich, 1968, found the effects of load and
nominal contact area to be minor. They found sliding speed to be the
most significant determinant of the coefficient of sliding friction.
The coefficient exhibited a monotonic reduction, greater in wet wood
than in dry wood, with an increase in sliding speed. None of the
searches made revealed any past work done to determine coefficients
of static or sliding friction between steel cable and wood surfaces.

Bowden and Tabor, 1973, report that study results are erratic
due to presence of wood fats. Hydroxyl groups in the cellulose cause
appreciable adhesion between the wood and metal which accounts for the
greater part of the frictional force. The coefficient of friction for
wet wood is approximately 20% lower than the coefficient for dry wood.

They also assert that wood acts much like a polymer in the way it



deforms. Suh and Turner, 1975, discuss the frictional behavior of
polymers and with Bowden and Tabor, 1973, assert that the coefficient
of friciton is dependent on the normal stress. As the normal force
increases, the coefficient of friction will decrease.

Many values for coefficients of friction are available in the
literature. Deutschman, et.al., 1975, and Levinson, 1978, present
tables for different surfaces. Wood-on-metal values are from 0.2-0.3.
McKenzie and Karpovich, 1968, tested different species at a range of

moisture contents and found Douglas-fir (Pseudotsuga menziesii (Mirb.)

Franco) to have values of 0.11 (10-14% moisture content, slow sliding
speed and smooth steel), 0.16 (fibre saturated, slow sliding speed,
smooth steel) and 0.57 (fibre saturated, slow sliding speed and rough
steel). They defined rough steel as "steel abraded with 60-grit

paper",



Iv.

PROCE DURE

Data was collected in the SE1/4, NW1/4 Section 8 and the NE1/4,
SW1/4 Section 16, Township 10 South, Range 5 West, Willamette Meridian.
Sites are within Oregon State University's Paul Dunn Forest north of
Corvallis, Oregon (Figure 3).

Sites were selected for alignment of stump anchors, accessibility to
road system and to include a range of stump diameters. Alignment of
the rigging stump, main anchor stump and the tie back anchor was to
maintain a nearly uniform angle of cable/stump contact among samples.
The range of stump diameters was to test the hypothesis that pulley
(or stump) diameter does not affect the tension relationships in the
cable. Groundslope on each site was 0-5%.

Experimental design is 2x2 factorial, testing a number of levels of
each variable (stump size and cable size) for all possible
combinations. Total sample size was calculated using unpublished data
from March, 1980 measurements made by Studier, et.al. The assumptions
were made that the observations have a normal distribution, desired
significance level is 95% and desired confidence interval width is

0.01. For continuous data, sample size, n, can be calculated as:

n = 2 (Zc,(/z)m’ 2

W

where @ = estimate of population standard deviation from subsample
w = width of desired confidence interval

JA /2 = probability of normal distribution at level.
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Applying subsample data:

. - _2(1.96) (0.0286)%
0.01

126 samples

Site preparation required felling three Douglas-firs on site 1 and
two on site 2. On site 1 (Figure 4) stumps one and two were notched
at heights of 13 inches and 18 inches (respectively) to accommodate
the cable wrap. Measurements of the notch ang]eiél were taken at 6
points (60%apart) and averaged. Stump A was wrapped with a 3/4 inch
diameter cable choker to anchor the block configuration. On site 2
(Figure 5) stumps three and four were notched at a height of 13 inches
and the notches were measured as above. The block configuration was

anchored to a bigleaf maple (Acer macrophyllum Pursh). Table 1 is a

summary of the measurements made on the main stump anchors.

TABLE 1: Summary of test site measurements

Site Stump Notch angle Inside Notch Wrap angle
(degrees) Stump Diameter (radians)
(inches)
1 1 65 22.2 2
2 73 37.5 2.083317
2 3 70 18.1 217
4 74 15.7 27



Tieback anchors
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Main anchor stump 2(:) (:) Main anchor stump 1
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Figure 4. Test Site 1
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Tieback anchors §:>
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Figure 5. Test site 2
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Tensioning of the test cable was achieved with use of a 6,000 pound
capacity JET Grip-Puller. The tensioning line was passed through six
blocks (see Figure 6) to increase possible system loads. The test cable
was shackled to the purchase configuration and was then wrapped around
the main stump anchor and tied back to standing live trees. Two cables,
7/16 and 3/4 inch diameter, were tested on each of the four main stump
anchors. Both test cables were in good condition with no discernable
fraying or cracking.

For each test a bar tensiometer (Tri Coastal Industries, Inc.,
Seattle, Washington, Model SLT-4-1593, Serial 112) was clamped to the
cable between the main stump anchor and the block configuration. It
was attached to a guage (Tri Coastal Industries, Model 12, Serial
5556). A Dillon Dynamometer (W.C. Dillon & Co., Inc., Van Nuys,
California, 1500 pound capacity, Serial 27703) was shackled to the 7/16
inch diametef cable between the main stump anchor and the tie back
anchor. When the 3/4 inch diameter cable was being tested a Martin
Decker Tension Indicator (Martin Decker Co., Santa Ana, California,
Model UAI-100, 20,000 pound capacity) was clamped to the cable between
the main stump anchor and the tie back anchor.

The bar tensiometer was calibrated in Oregon State University's
Civil Engineering Laboratories. The Martin Decker Tension Indicator
and the Dillon Dynamometer were calibrated at 0.S.U.'s Forest Research
Laboratory.

Tensions in the test cable on both sides of the main anchor stumps
were recorded using the Grip-Puller, the system was tightened in
intervals of 100-1500 pounds. Intervals were difficult to regulate due
to some slippage in the notch and tightening of the whole system.

Readings were taken when movement ceased.

-12 -



Dillon Dynamometer or Martin Decker Tension Indicator

Main anchor stump with single wrap of
test cable

shackle holding test cable,
tensioning 1ine and
three blocks

Ny
shackle holding
three blocks and
choker

choker anchored to rigging\anchor

Figure 6. Block rigging configuration

-13 -



V. DATA ANALYSIS AND DISCUSSION

Eight tests were run in all. Data for the tensions in the test
cable on both sides of the main anchor stump were fitted into the
equation presented in the Introduction to this paper. fg and & are

from Table 1. Table 2 is a summary of the test data:

Table 2: Data summary

Inside Notch Cable Range of Sample Mean Standard
Stump diameter T1 size Coefficient Deviation
Diameter (in) (pounds) (n) (ed)
(in) /“
22.2 7/16 4115-11215 18 .1694 .0175
37.5 7/16 4482-11955 14 .2133 .0071
37.5 3/4 4246-15831 17 .1991 .0063
22.2 3/4 4063-15831 18 1774 .0165
18.1 3/4 4706-18701 18 .1549 .0157
18.1 7/16 4942-11770 10 .1374 .0066
15.7 3/4 4798-15634 14 .1970 .0384
15.7 7/16 4115-9183 7 .1274 .0079

The variation in the range of values for T, was due, in part, to the

cable size being tested.. The safe working load for 7/16 inch extra-
improved plow steel (EIPS) is 6800 pounds and for 3/4 inch EIPS is
19,600 pounds. When testing the 7/16 inch line on stump 4 (15.7 inch
inside notch diameter) the cable cut into the notch more than 1/2 inch
in places and the system tensioning was halted at Tq= 9183 pounds.

An analysis of variance was performed to test the null-hypotheses

that the mean coefficients of friction for the four stumps were equal,
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the means for the line sizes were equal and that there was no
interaction between these variables. The Fixed Effects Model was
utilized because of the nonrandom selection of stumps and cables. The
computed F value (2439.58) for the interaction effects exceeds the
critical value (2.08) at the o= .05 significance level. Therefore
the hypothesis that there is no interaction must be rejected. (Bowker
and Lieberman, 1959; Neter and Wasserman, 1974; Steel and Torrie,
1980). A one-way analysis of variance was performed on the data by
cable diameter. For both cables, the calculated F values (2027.00 for
the 7/16 inch cable and 16.00 for the 3/4 inch cable) exceed the
critical value at the oG .05 significance level (3.01). The null
hypotheses that variance in values for the coefficient of static
friction can be explained by cable size alone is therefore rejected.

A1l test data pairs from each stump were tested for equal variances
and only one pair (on stump No. 1) was not rejected at the 95% level.
Using a Student's t-test, tests on stump No. 1 were found to have equal
mean coefficients of friction. The null hypothesis in the modified
t-test (for unequal variances) tests the means of the two samples and
equality was rejected for all other pairs (stumps 2, 3, and 4).

A1l data was put into the Statistical Interactive Programming System
on Oregon State University's Control Data Corporation-3300 computer
(Cyber Operating System). The calculated values for the coefficient
of friction were regressed against six variables in stepwise regression
procedure to determine regression coefficients and the coefficients
of multiple determination (Rz). Three interaction terms were introduced
to reflect the results of the analyses of variance. Partial results
are presented to illustrate the relative changes in the RZ value with

the addition of variables.
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In the following discussion and equations:

DIAM
CABL
TENS
DICA
DITE
CATE
COEF

*

3) COEF

= Inside notch stump diameter, inches

Diameter of cable, inches

Tension in cable, T1s kips
= (DIAM) X (CABL)
= (DIAM) X (TENS)
= (CABL) X (TENS)

Coefficient of friction

Indicates the regression coefficient is significantly
different from 0 at the 0.005 probability level.

Indicates the regression coefficient is significantly
different from O at the 0.01 Tevel but not at the
0.005 1level.

Indicates the regression coefficient is significantly
different from 0 at the 0.05 level but not at the 0.01 level.

-0.035779

+0.007584 §DIAM *
+0.257547 (CABL) *
-0.008736 (DICA) *

= 0.5043

-0.026848
+0.007731 (DIAM) *
+0,281307 (CABL) *
-0.002902 (TENS% *
-0.008806 (DICA) *

0.5869
-0.00440

+0.006768 (DIAM) *
+0.321073 (CABLi *

-0.007993 (TENS) *
-0.010465 (DICA) *
+0.000213 (DITE) **

0.6190

- 16 -



-0.003065

+0.006774 (DIAM) *
+0.319153 (CABL) *
-0.008194 (TENS) ***
-0.010479 (DICA) *
+0.000213 (DITE) **
+0.000278 (CATE)

0.6190

4) COEF

po)
[aV]
1]

A discussion of the order in which variables entered the stepwise
regression is noteworthy. The first to enter was DIAM with a
corresponding R of 0.3216. The second variable was CABL
(R2 = 0.3724) and addition of the interaction term, DICA, increased
the RZ to 0.5043, thus reflecting the results of the analyses of
variance. The order of incoming variables illustrated further in the
models presented above.

The most representative model for the data is Model 3 due to the
comparison of R2 values with adjacent models. Four of the six
regression coefficients (DIAM, CABL, TENS, and DICA) are
significantly different from zero at the = 0.005 level. The
regression coefficient for tension (T;) is negatively correlated
with the coefficient of static friction as aiscussed by Suh and
Turner, 1975, and Bowden and Tabor, 1973. Model 3 also illustrates
a positive correlation with inside notch stump diameter and cable
diameter though the literature (Deutschman, et. al., 1975 and
Levinson, 1978) indicated these parameters would have no effect on
the tension relationships. However, Model 3 explains 61.9% of the
variability in the coefficient of static friction as calculated under
the aforestated assumptions.

Relative values of the regression coefficients may be evaluated
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in a graphical method. Assuming an inside notch stump diameter of
24" and varying cable diameter, the coefficient of static friction

is graphed against cable tension (Ty) in Figure 7. An increase of
0.25 inches in cable diameter will increase the coefficient of static
friction by approximately 0.0144. In Figure 8 cable diameter is

held constant at 5/8 inch and various inside notch stump diameters
are examined with the coefficient of static friction graphed against
cable tension (Tl). Increasing the inside notch stump diameter
utilized by six inches will increase the coefficient of static
friction by 0.0269 at 20,000 pounds tension and 0.0460 at 35,006

pounds tension.
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Possible sources of variability in the data were considered
during the data collection period besides those identified by
Bowﬂen and Tabor, 1973. The main anchor stump notches had corners
or edges where the cutter moved to another angle. Test cables "dug"
into the wood on these corners during tensioning and assumption of
the V-belt equation at these points may be erroneous. Another source
may have been inability to discern cessation of movement of the test
cable in the notch., Values obtained more nearly correlate with those
observed by McKenzie and Karpovich, 1968, for the coefficient of
sliding friction than with those presented in Levinson, 1978, and
Deutschman, et.al., 1975, for the coefficient of static friction.
These factors or possible sources were not measured or examined in

the experiment procedure.
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VI.

SUMMARY AND APPLICATION OF RESULTS

The coefficient of static friction can be predicted for use in
the standard V-belt equation presented in the introduction to this
paper. Two of the variables measured in this study (cable diameter
and inside notch stump diameter). Explain 50.4% of the variability
in the data collected. Cable tension, considered with cable diameter
and inside notch stump diameter explain 61.9% of the variability.

Caution should be exercised in use of the multiple regression
equations presented. The user should recognize the range of tensions
over which the data was collected (4063-18701 1bs) and the cable
sizes tested (7/16 and 3/4 inch diameter). Results show that the
tension relationships for steel cable in a notched stump are not
a pure mechanical system.

The sample mean for the entire data base for the coefficient
of static friction is 0.1768. When inserted in the V-belt equation
assuming a wrap angle of 2Pradians and a notch angle of 60°, the
ratio of T; (active tension) to T, (tieback tension) is 9.22:1,

This is in contrast to present design guideline of 3:1 (Studier,
1974). To examine further the relationship éf Ty to Tp, values from
Figures 7 and 8 were input into the V-belt equation (again assuming
a wrap angle of 2fradians and a notch angle of 60° ), and are
presented in Table 3. (Note that the ranges of active tension

(Tl) and cable diameter are beyond the scope of collected data.

They illustrate, however, a range of ratios of tension.)
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