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A declining land base, an increasing demand for boom of a carrier vehicle. The specially designed
forest products, plus energy shortages have all con- mounting mechanism between the shear and boom
tributed to an increased incentive to better utilize permits the operator to rotate the shear assembly to
forest residues. Forest residues include tops, limbs, almost any orientation. This high maneuverability
cull trees, and cull logs, as well as other unused wood makes it possible to sever large protruding limbs and
not directly attributed to logging operations such as then align them with the butt of the main stem of
that from trees that are insect-infested, diseased, the top. Once all large limbs are severed and aligned,
wind-blown, or fire-damaged, the compacted top is skidded to a woods landing for

chipping.
It is estimated that slightly more than 200 million

dry tons of wood can be recovered annually from The experimental topwood shearing device was
these forest residue categories on harvested areas in designed to sever and bunch limbs up to 12 inches
the eastern United States (Mattson et al. 1978). Re- in diameter. The carrier vehicle was a Gafner series
gionally, 63percent of these residues are in the South mini-skidder. _ To allow for fast and efficient opera-
and 37 percent in the North, and generically, 68 per- tion, we modified the hydraulic control system to
cent are hardwoods. With current practices and combine seven machine functions into two _'joystick"
equipment, chipping is the most feasible technique controls plus one foot pedal. The shear was attached
for converting forest residue into a usable form. Skid- to the rear-mounted knuckle boom by a rotatable
ding entire tops with limbs intact is one possible coupling mechanism. The carrier vehicle was se-
approach to topwood recovery. However, in selec- lected not because of its superior suitability but rather

' tive!y cut stands, roots and boles of residual trees because of its availability. 2

1 may be damaged excessively (Dye 1972, Steinhilband Dye 1973). Damage may be especially severe if

, wood is recovered, during spring and early summer
, when the bark is loose. Chipping tops with large

crowns is difficult because they do not feed well into

the chippei,. _Mention of trade names does not constitute en-
Forest Service Scientists developed the concept of dorsement of the products by the USDA Forest Serv-

mechanically compacting large hardwood tops into ice.
a form more suitable for grapple skidding (fig. 1). 2Memorandum of Understanding between Gafner

The experimental topwood processing device to com- Machine, Inc., and North Central Forest Experiment
pact the tops is a small, highly maneuverable, hy- Station, U.S. Department of Agriculture, Forest Serv-
draulically actuated shear mounted on a knuckle ice--April 30, 1976.
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in northern hardwood stands. Sugar maple and
American elm constituted the major species with mi-
nor volumes of basswood, yellow birch, red maple,
and hemlock totaling 149 trees and 116 square feet
of basal area per acre before harvesting (figs. 2, 3).
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Figure 2.--Topwood study--trees per acre by diam-
eter class (1977).
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Figure 1.Din-woods preparation of hardwood saw- _

timber tops for harvesting (top) Typical hardwood c_ .
' saw log top (bottom) Compacted top.
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'The 21-acre study area was located on Michigan __
Technological University property at the Ford For- .
estry Center, L'Anse, Michigan. Preharvest inven-

tory of this northern hardwood stand indicated 7,000 oo 61 81 101 12! 141 161 181 '20 22
board .feet (Net Scribner) of saw logs and 6 cords of
pulpwood per acre. The soil, classified as Allouez, DIAMETERCLASS(INCHES)
was a well-drained, coarse gravelly loam. The tract
was on level terrain and was traversed by an all-
Weather road. Previous selective logging in 1938 and Figure 3.DTopwood study--basal area per acre by
1967 had removed most of the cull trees often found diameter class (1977).
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In 1977, 1,800 board feet of saw logs (Net Scribner)
and 5.1. tons (2 cords) of pulpwood per acre were

. selectively harvested. Most of the pulpwood volume
came from the upper stem portions of saw log trees.
Utilization of upper stem wood, which varies con-
siderably from one logging job to another, depends
largely onthe availability of a pulpwood market and
on the degree of utilization required by the timber
sale contract. On this particular site initial pulpwood
recovery from tops was above normal.

Fifty-two percent of the initial harvested saw log .,, - _ .,_:, /7_',._ __ _ , _,

"volume was sugar maple, 38 percent American elm, --',i( ! _)i _i/i_I. _' _" _ "4 percent basswood, and the remaining 6 percent j .-:,= ./ /_ -_:-'_ * _"
made up .of yellow birch, red maple, and hemlock.
Basal area was reduced from 116 square feet to 80
square fee_ per acre in trees 5 inches d.b.h, and larger.
A to_al of 304 trees were marked making an average
of 14.5 trees per acre. Sixty-seven trees (22 percent)
were less than 11 inches d.b.h. The initial harvest
was a conventional short log system except that
pulpwood-sized trees were skidded tree length. The
logging contractor was not aware that topwood har-
vesting would follow the logging operation.

The principal equipment used in the topwood har-
vesting recovery trials were the prototype USDA
Forest Service shearing de_ice, a Clark Ranger 667
GS Grapple Skidder, and a Morbark 22-inch XL
Chiparvestor Chipper (fig. 4).

Postlogging damage to residual trees was assessed
following the initial conventional selective saw log
har.vest on seven 1/5-acre study plots. All felling and
skidding damage from conventional saw log removal
was identified and recorded. After topwood harvest-

.- ing, all additional damage was identified and re-
corded on the same seven plots. Each damaged tree
was .photographed so future rot progression due to
!oggingdamage could be evaluated.

. Immediately after felling the trees, the following Figure 4._Field trials with mechanized topwood re-
data were collected: species, diameter (d.b.h.), total covery: Compacting of residue hardwood top (top);
height, crown width and length, and butt diameter Grapple skidding of processed top (center); and
of the top outside bark. Cubic foot volume of tops to Conventional chipping of processed topwood (bot-
a 1.5-inch minimum diameter outside bark was also tom).
determined on Sample trees by calipering the mid-
points Outside bark of sections ranging from 1 to 8
fee t in length (figs. 5-7). These measured tops were kept separate from the unmeasured tops.
chippe d and weighed separately, so cubic foot/weight Prior to skidding, the topwood harvester sheared
relations could be developed. All sample tops were and bunched only limbs from the larger crowns. Small
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Figure 5.--Topwood volume by diameter class and height.
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Figure 6._Topwood volume by diameter class (95 percent confidence level).
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tops with no large, protruding limbs were not proc- to 1 ton/top. This is comparable to earlier topwood
essed with the topwood shear. The tops were then recovery studies. 3 The per-acre yield on the study
skidded to the roadside, area would have increased from 6.8 tons to 11.9 tons/

acre. A chip sample analysis indicated a moisture

A chain saw operator was stationed at the landing =content of approximately 40 percent (green basis).

site to sever any remaining limbs or stubs that hin- The prototype topwood harvester was used to cut
dered chipping. The chipper had a grapple with large and bunch 115 tops. In addition, the operator arbi-
teeth welded to the outside. This enabled the oper- trarily decided that 40 tops were too small to process.
ator to split limb forks apart by placing the closed The measurements of the trees were as follows:
grapple between them and then opening the grapple.

Tops were then fed into the chipper. Chips were blown Processed Skipped
into piles and later hauled by self-loading vans. Totaltops (number) 115 40
Twenty tons of chips could be loaded in approxi- D.b.h. oftrees (inches) 18.7 13.2
mately 20 minutes. The vans were weighed to de- Heightof trees (feet) 79 68
termine chip weight (green weight). Topwidth(feet) 27 17

Toplength(feet) 37 37
Time and motion studies were performed on each D.o.b. ofbutt end (inches) 13.4 9.1

key element of-the topwood recovery operation in-

clUding vehicle travel between tops. Fuel consump- Processing of the 115 tops ranged from 1 to 7 cuts/
tion, number of cuts per top, and diameter of severed top. Diameters of cut limbs ranged from 2 to 11 inches
limbs were also tallied. Performance of the Clark with an average of 6.5 inches (fig. 8).
Ranger 667 GS Grapple Skidder and Morbark 22-
inch XL Chiparvestor were also time studied to de- Topwood harvester delays were classified into three
termine productivi,ty and operating costs, groups: (1) unavoidable_those associated with pro-

duction, such as operator decision-making prior to
processing, cutting saplings that impeded topwood

RESULTS AND DISCUSSION processing, and repositioning or moving limbs to im-
prove accessibility to complete a top; (2) mechani-

Of a total of 220 chipped tops, 137 were sampled cal_those associated with production using a pro-
totype machine such as problems with the controlsfor volume/weight relations (green weight). The av-
or shear blades, oil leaks from loose or poorly pro-

erage top was 19.0 cubic feet, 65.3 lbs/ft 3, and 0.62 tected fittings, etc., would normally be eliminated in
tons (table 1). The 83 unmeasured tops were also the production machine; and (3) avoidable _ those
weighed which permitted the calculation of an es-

related to the prime mover, such as lifting and low-
timated cubic foot volume by dividing by the sample ering stabilizer pads and climbing in and out of the•weight of 65.3 lbs/ft 3. This calculated to 21.4 ft3 and

two seats required to operate this machine. Lunch0.70 tons/top for the 83 unmeasured tops. The com-
and breaks were not included. The average process-bined average for all 220 tops was 19.9 ft 3and 0.65
ing time per top was as follows:

t0ns/t0 p. The total weight on 21 acres amounted to
285,700 lbs or 6.8 tons/acre. Processingtime/top

Ifthe 5 i tons/acre of pulpwood initially harvested Timeper top (withoutdelays) (Minutes)' " 4.1

during conventional logging had actually been re- Unavoidabledelays .2
covered with the tops, an additional 0.35 tons/top Mechanicaldelays .8
would have been realized and increased the top weight Avoidabledelays .6
Table 1. '--Topwood recovery weights and volumes Total 5.7

NumberTotal Total Average Average It should again be noted that the prime mover was• oftops volumeweightvolume/topweight/top
not selected because it was an ideal machine butCuft Lbs Cuft Tons

Measuredtops 137 2,597,4 '169,500 18.96 0.62 rather because of its availability.
chipped
UnmeaSuredtops 83 1,780.6 116,200 ,21.45 0.70 3United States Department of Agriculture, 1976.
chipped Unpublished data from prototype shearing develop-
Total 220 4,378.0 285.700 19.90 0.65 ment project. U.S. Department of Agriculture, Forest

,Themeasuredtopweightpercubicfoot(65.3Ibs.)wasusedtocalculate Service, North Central Forest Experiment Station,
theunmeasuredtopvolume(1,4001bs/top �65.31bs/cuft= 21.4cuft/top). Forestry Sciences Laboratory, Houghton, Michigan.
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to ,an in,   s utt e" in
 L_J TOTALNUMBEROFTOPS: 155 which larger loads of tops were piled at intermediate

4o_" locations along the service road before skidding the
remaining distance to the landing. The purpose of
"shuttle" skidding was to simulate the productivity

30- ,and costs for a two skidder system. Average round
_ trip skidding distance was 1,700 feetm828 feet inr_

the woods and 872 feet on skidding road. Skiddero
_. 20. productivity was as follows:

_o.. Direct Shuttle

I ['--] _-_ skidding skidding4o r--] r---q Skidderutilization(percent) 75 81
0 1 2 3 4 5 e 7 Tops/load 1.2 1.6

CUTS/TOP(NO.) . Tons/load(greenweight) 0.84 1.12
Tops/hour(withoutdelay)_ 8.9 21.1
Tops/hour(withdelays) 6.7 17.1

25[ Tons/hour(withoutdelay, 6.3 14.8

• l greenweight)_, 20 Tons/hour(withdelays, 4.8 12.0
. greenweight)

_lS- The study was expected to run from August through
December of 1977; however, due to delays it was

z necessary to extend it further into the winter. TherD lO

z resulting snow depths of 30 inches or more adversely
• _ affected operation efficiency. It reduced performance

s because the skidder had difficulty maintaining trac-
tion. Also many tops were nearly completely covered

0 with snow and some were frozen to the ground and
2 3 4 5 6 7 8 9 10" 11 needed to be broken free. An increase in productivity

BRANCHDIAMETER(INCHES) of at least 10 to 20 percent could likely have been
realized with better conditions.

Figure 8.mSummary of number (top) and size (bot-
tom) of limbs severed. As shown in the following tabulation, chipper

utilization was low:

Because of the high degree of utilization in the
conventional harvest and resulting small tops, top- Direct Shuttle
wood processor productivity was low: skidding skidding

•. (Greentons/hr)
Chipperutilization 25 32

, Topwoodprocessor (percent)
productivity Withoutdelays6 17.5 25.7

(Tops/hr) (Greentons/hr) Withalldelays 4.3 8.3Withoutdelays 14.6 10.2
Withunavoidable

delays 11.7 8.2
Withall.de!ays 10.5 7.4 4Based on one skidder operating 2.6 days in the

woods and I day on the road to the landing.

Previous residue studies (Mattson and Carpenter 5Work elements were (1) reach, position, and grap-
1976) showed that in similar stands in which product ple; (2) lift and set; and (3) travel. All other elements
utilization was not as high, nearly half of the weight were considered as delay time.
of harvested trees was left in the woods. 6Work elements were (1) reach, position, and grap-

ple; (2) lift, swing and feed; (3) chip; (4) blow onto
TWOskidding methods were tried: (1) direct skid- the pile on the ground. All others were considered as

ding of both processed and unprocessed tops from the delay time.

6



The main reason for the low chipper productivity was Table 2.mSummary of cost for harvesting
the limitedskidder could not feed it to capacity. Chip- hardwood saw log tops
per productivity was greater for shuttle skidding than

for direct skidding because of the larger skidder loads. (In 1980 dollars)
This allowed the chipper operator to increase the size
of grapple loads when feeding the chipper, thus re- Productioncost'

ducing the delay time waiting for tops: Costpertop Costpergreenton

Equipment Shuttle Direct Shuttle Direct
Equipment Withoutdelays Withdelays skidding skidding skidding skidding

(Minutes/ton) Topwoodprocessor 2.37 2.37 3.39 3.39
TopWoodprocessor 5.9 8.1 Skidder 2.70 6.41 3.85 9.05

SHUTTLE SKIDDING METHOD Chipper 1.75 2.57_ 2.50 3.67
Skidder 4.1 5.0 Chainsaw 0.21 0.21 0.30 0.30
Chipper. 2.'3 7.2 Total 7.03 11.56 10.04 16.41

DIRECT SKIDDING METHOD 'At100percentutilization(withoutdelay).
Skidder " 9.5 12.5
Chipper 3.4 14.0

The 22 percent total damage compares closely with
Because the experimental processing head of the a topwood skidding study conducted in 1957 in which

topwood harvester was unable to sever all limbs close 21 percent of the trees 5 inches d.b.h, and larger
to the main stem, some of the remaining limb stubs sustained injury (Hooker 1957).
had to be cut before the main stem could be fed into

the chipper. Although this was not time consuming, Hesterberg (1957) determined that wound width
it resulted in added chipper delay. The chain saw and wound surface area are the best indicators of
cost at the landing was $0.30 per green ton. An im- the severity of logging damage. He found that 50

. proved top.wood processor head should be capable of percent of the wounds 150 square inches or greater
removing limbs closer to the main stemand preclude show decay at the end of 10 years. Stem wounds
the need to trim short stubs, thus eliminating a man exposed for more than 20 years had a 50 percent
at the landing. In comparing costs, the skidder op- frequency of decay when more than 60 square inches
eration .had the highest cost per ton and per top, of sapwood was exposed, and 80 to 100 percent fre-
amounting to $3.85 (shuttle'skidding) and $9.05 (di- quency of decay when 130 square inches or more
rect skidding) per green ton (table 2). Total produc- were exposed. He further concluded that 92 percent
tion cost, excluding transportation, ranged between of the decay could be explained by the original wound

width. More than 50 percent of the stem woundsabout $10.00 to $16.50 per green ton depending on
skidding method used. The reader is cautioned that show decay within 10 years when logging scars are
these costs should be tempered by the fact that they more than 7 inches wide. For a 20-year-old injury,

50 percent show decay when they are 4 to 7 inchesare the result of a single case study with an exper-
imental machine, wide and 100 percent show decay when the wound

' is 7 inches wide or wider. Because few of the injuries
exceeded 50 square inches surface area, we arbi-

RESIDUAL TREE DAMAGE trarily divided the injuries as either medium (26square inches or more of cambium or wood exposed)
or light (less than 26 square inches of cambium or

•Damageto the residual trees was as follows: wood exposed). Eighty-three percent of the bole in-
Damagecategory Damagetrees juries due to conventional skidding were classified

(No./acre) (Percent) as "light" and 17 percent as "medium." Topwood skid-
CONVENTIONAL LOGGING ding resulted in 75 percent "light" and 25 percent

Felling 4.3 4 "medium" injuries. Measurable root injuries oc-
Skidding ' 12.9 11 curred only during the conventional logging phase

Total 17.2 15 of the harvest which was conducted during the sum-
TOPWOOD SKIDDING mer. Topwood harvesting was conducted on snow-

Additionaltreesdamaged 5.0 4 covered ground, thus eliminating additional root
Additionaldamageto damage. Of those roots damaged by conventional

previouslydamagedtrees 3.6 3 skidding, 90 percent were "light" and 10 percent were
Total 8.6 7 "medium."

o
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The injury level recorded in this study appears to tional whole-tree chipping of pulpwood-sized trees
be acceptable because none of the damage was se- and consequently requires skilled operators.
vere. The majority of the wounds exposed less than
50 square inches of sapwood. Based on Hesterberg's Sawtimber operations typically leave large tops
work, we expect most of the smaller wounds to heal from which pulpwood sticks have not been removed.
over without causing significant amounts of rot. Also, This added top length facilitates feeding into the
some of the more seriously damaged trees will prob- chipper because it gives the chipper feed rolls some-

thing to engage to get the top started. It may beably be harvested before major decay occurs.
desirable to leave the pulpwood sticks in other types

The ioggi.ng contractor's awareness of the impor- of logging, too, if topwood is to be salvaged.
tance of minimizing damage can contribute signifi-
cantly to maintaining quality residual trees. For this study, a chain saw operator was stationed

at the chipper at all times to make any necessary
cuts on the tops so they could be chipped. Because
this operator was utilized only 13 percent of his time,

CONCLUSIONS AND it might have been more efficient to have the chipper
RECOMMENDATIONS operator also do the chain saw work. Another alter-

native would be to replace the chipper grapple withJ

Because of low yields and the necessity of a highly a grapple that utilizes a hydraulically actuated chain
mechanized system, the feasibility of any topwood saw built within the grapple and controlled by the
recovery system will depend heavily on economic chipper operator. An improved topwood processor
and market conditions. This unique field trial eval- should be capable of severing limbs closer to the
uated the potential and identified various problems, main stem thereby eliminating the need to do any
many of which Could be eliminated. This approach chain sawing.
torecovering topwood is only one of several possible
approaches. " Another approach is to use a topwood harvester

outfitted with bunk skidding capabilities. This basic
. Of the 155 tops in the topwood harvester plot, 115 type of machine is already available and is typically

were compacted by the topwood harvester and 40 equipped with a loader and inverted grapple on the
were skidded as_is, because of an arbitrary decision carrier bed. If the loader were adapted with a top-
that they could be skidded intact without causing wood processing head, a single vehicle could reduce
severe residual stand damage. After observing the tops as well as load and skid the processed tops.
residual stand damage, it appears that these figures
could likely have been reversed--40 compacted and This study has demonstrated the potential of re-
ll5skipped. In some instances it was easier to skid covering tops through compaction without greatly
uncut tops because the short, crooked pieces of the damaging the residual stand. Harvesting during the
cut tops slipped out of the grapple when the load spring or early summer, when bark is slipping, would
shifted. A skidder with a constant pressure grapple most certainly increase damage. Stands with many
should lessen this problem, pole-sized trees (5 to 9 inches d.b.h.) would probably

make harvesting more difficult and also result in
' A major consideration is how to increase the size increased damage to the residuals.

of skidder payloads. Although two methods were tried
.in this study, neither was satisfactory. A choker skid- This study has documented the topwood volumes
der may prove more productive than a grapple, pri- that might be recovered from selectively cut north-
marily because several tops could be collected in the ern hardwoods. If low quality trees were harvested
woodsalong With large limbs, thus eliminating dou- along with the tops, volumes per acre would increase
ble handliffg. At the landing the tops and limbs could and the economic picture would be even more at-
be bucked into highest value products with the small tractive. As the demand for whole-tree chips in-
branches chipped and the logs set aside for transport creases and the value of chips for fuel becomes more
to the sawmill, attractive, topwood harvesting will be of greater im-

• portance. It is in the interest of the forest industry
This was a one-of-a-kind study with no chance to that good sound production and cost figures are

improve operator skill. Skilled operators obviously available for harvesting logging residues.
would increase productivity and overall efficiency of
any logging Operation. The handling and chipping The results of this unique approach establish
of saw log topwood is more difficult than conven- baseline data for one method of recovering tops and

o
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