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On the Hauling of Wood by Two-Endless Cable Crane

Sampei Yamawaxi, Takeo Iwanara, Kunihiko Isurr and Koichi TakaTor

I. Motive of the design for two-endless cable crane

In our mountain forests, either natural or artificial forests in Japan, one thousand
and several hundred cable cranes are assumed to be used for the transportation of wood
downhill or uphill, on excessively steep mountain sides, principally by the cable system
of the Tyler, Tyler-endless or Falling-block type. There is need to hold a counter-
weight of about 100 kgs weight or more, with a falling block, in wood-hauling oper-
ations by all these cable systems. Therefore, there is a constant weight loss of loads
transported by these cable systems because of the weight of a counter-weight, and also
there are some difficulties in handling both falling-block and tong-hook with a counter-
weight, when hooking up the load at the loading place.

This being so, we have designed our Two-endless-drum type cable crane in which
there is no need to hold either counter-weight or falling-block; and it is easily handled
in the falling of a tong-hook from the carriage overhead to the ground, and in hooking
the load at the loading place. This design has materialized by means of inventing a
special calrriagé*1 different from the ordinary one, which has mechanism capable of
winding several tens of metres of hoisting wireropes. The carriage and the exclusive
skidder in compliance with the former, has been submitted to a practical test for the

transportation of wood at the logging place.

II. Skidder and carriage manufactured for two-endless cable crane

1. Two-endless-drum type skidder

The specification of this skidder is summarized as:

overall length 1,840 mm

overall width 1,330 mm

overall height 1,055 mm

weight in working order 1,070 kg

endless drums (two) diameter=420 mm ; width=120 mm

engine (second hand} 25 IP at moderate estimate, gasoline fuel
speed change forwar}d: 1st, 2nd, 3rd, 4th

reverée: 1st, 2nd, 3rd, 4th
Elements of this skidder are as follows: engine (1), transmission gear (second hand)
(2), reversing gear (second hand) (3), two endless drums for both traveling line and
rotating line (4), two belt pulleys in the ratiol :1 (5), two chain-wheels in the ratio
1:4(6), two band brakes for two endless drums (7), two drum clutches for two endless
drums (8), drum shaft (9), two bearing for drum shaft (10), engine-clutch handle (11),
transmission handle (12), reversing handle (13), two drum-clutch handles for two endless

drums (14), two brake pedals for two endless drums (15), two brake stoppers for two

*1 The inventor of this special carriage for the two-endless cable system is Takeo Iwahara,
one of authors.
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endless drums (16), driver’s seat (17), iron sled (18), two bearing frames (19) (see Fig.
1—a & b; Plate 1, Photo. 1—a & b).

Two endless drums are set up to be capable of being revolved at the same revolution
speed and in the same direction of either forward or backward, or alternatively set up
to be capable of being separately revolved from each other: the one has its revolution
stopped by a hand operation causing its clutching out, and the other revolves, on the
contrary, in either forward or backward direction by a hand operation causing its
clutching in.

Accordingly, when we select the one drum serviced to some endless winding of
a traveling line*' and also the other.drum serviced to some endless winding of a rotating
line**, we can do cable-skiddings of this two-endless-drum type, by utilizing our special
carriage which will be explained later.

2. Carriage

This carriage is designed as shown in Fig. 2, and the elements are as follows: frame
(20), two sheaves which ride on the main line (21), capstan interlocked to the hoisting
drum (22), hoisting drum for winding wireropes of 60 m lengths or so, having a diameter
of 10 mm and layed by ordinary (23), interlocking gear (24), two guide rollers for
rotating wireropes around the capstan (25), two guide rollers for winding up wireropes
around the hoisting drum (26), two hcoks to which both ends of a traveling wirerope
are rigged (27) (see also Plate 2, Photo. 2—a & b).

This carriage is different form the usual type in point of which it is equipped with
one capstan and one hoisting drum, interlocked with each other through the intermediate
gear in the ratio 1:3, as mentioned above. It weighs about 121 kgs excluding the

wireropes wound around the hoisting drum.

1. Two-endless cable system
(See Fig. 3—a, b; Plate 3, Photo. 3—a, b & 4; Plate 4, Photo. 5)

This cable system has been named the ‘ two-endless’’ cable system by us. Kinds
of wireropes which are stretched over logging places, consist of the main line, the
traveling line and the rotating line. The traveling line is rigged to the carriage which
rides on the main line, at both ends of it, being stretched in a circle between the head
spar and the tail spar, after winding for some cycles around the one endless-drum of
the skidder. The rotating line is also stretched in a circle between the head spar and
the tail spar, in parallel with the traveling line, after winding for some cycles around
the other endless-drum of the skidder and more around the capstan of the carriage. Of
course, all these lines are stretched clear of the ground by the guide of snatch blocks
as in the other aerial cable system. But both traveling and rotating lines need a little

more proper tension, attained by means of the tension-adjustment mechanism indicated

*] The traveling line may be termed the hauling line, because of its service being to haul
the loaded carriage and haulback the unloaded carriage.

#2 The rotating line may be termed the lifting line, because of its service being to lift
and unlift the load by winding or unwinding the hoisting wirerope around the hoisting

drum of the carriage, by rotating the capstan of the carriage forward or backward (see

Section TI).



2=y Frvaer—7A27v—vic X 5EM (UK - B35 - F3F - & — 57 —

) H
& )
o J qlv ""

qs
760
s
1]
- 4
! :i
v
'
'
'
®

]
T
® 66

—175 —y

Fig. 2—b Carriage for multiple span (unit mm)



OQverall | | ' |
14°20

Grade f 1

Ground [ Es - = B ° = o 3 T Y
A o om M & S P 3% R

Height I N ¥ o F B T by

- o m = = S <

Horizontal[e ¢ 3 g 3 2 bR & H M

Distance S S & = %8 a ¥ £

.P. ¢ o0 o M by © S S o

&) § ¢ % s g g g g & <

@ main line

Fig. 3—a Diagram of overhead hauling by two-endless cable crane (in profile)
® traveling line (© rotating line @ heel line ® head spar @ tail spar @ tow-endless-drum type skidder
® carriage @ tension-adjustment (P oil dynamometer ® self-recording tension meter

LMY

& 801 %



ZB&EN (U - BE - B - B

2fA=v FrRxer—Tnzv—viz

(ueld uy) sueId 9]qeO SSO[PUs-0M) Aq SulIney pBIYIdA0 Jo weideliq q—¢ *Sig




— 60 — HERBEERE #1085

in Photo. 4, than the operation line in the other cable system. This is because these
lines are unable to fulfill their functions as a two-endless-drum type cable crane de-
scribed before when they slip around either the endless-drum of the skidder or the cap-
stan of the carriage in the course of their loose stretching over logging grounds.

Now, when both of the endless-drums in the skidder are driven in the same direction
at the same speed, both traveling line and rotating line move in a circle over all logging
places, and then the carriage runs on the main line either uphill or downhill, without
hoisting or unhoisting at all owing to there being no rotation of the capstan in the
carriage. When the one endless drum which serves the traveling line is not rotated
and, on the contrary, the other endless-drum which serves the rotating line is rotated,
the capstan of the carriage is rotated and accordingly the hoisting drum of the carriage
winds or unwinds the hoisting wirerope. Consequently, by these control operations of
the skidder, we can do the aerial cable hauling which consist principally of the hauling
or haul-back operation and the lifting or unlifting operation in addition to hooking or
unhooking loads by hand (see Plate 3, Photo. 3—a, b). In this cable system, that is to
say, we can haul wood overhead, either uphill or downhill, with no need of a counter-
weight for unlifting a hook.

Iv. Some results from the field test

After some preliminary tests of the model equipment for this cable hauling in our
laboratory room, the field test of hauling wood overhead by this cable system was
conducted at Kareo logging place of Kiso national forest, near Mt. Norikura of the
Japan Alps, in cooperation with Yabuhara District Forest Office, Nagano Prefecture, in
November 1957. The kind of wood which was transported during this field test by our
cable crane was seven foot pulpwood with two species of Japanese fir and Japanese
hemlock.

1. Set-up for this field test

The hauling distance and the kind of wirerope which was used for this field test
downhill, were as follows:

span of main line between head and tail spars 556.66 m
sag in the middle of span, at no load 5.57m

overall grade of main line between head and tail spars 14720’

hauling distance in practice 283~430 m
kinds of wireropes: main line 6X7, lang lay 22 mm dia.
traveling line 6X19, ordinary lay or rarely

lang lay, 10~12mm dia., total
lengths required of 1,114 m by
estimate

rotating line the same as above, total lengths
required of 1,105 m by estimate

hoisting line 6X19 or 6X24, ordinary lay, 10
~12 mm dia.

heel line and others the same as in other systems

2. Crews in operation
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In this hauling operation, the number of workers was as follows:
skidder’s driver 1

his helper (signalman with flags) 1

hookers 1~2
unhookers & sorters 2~3
marker 1

total 6~8

Hookers engaged in moving woods from stumps to the loading point by hand tumb-
ling and in making up loads besides hooking loads, while the loaded carriage ran to the
unloading point and the unloaded carriage returned to the loading point after unlifting
operations. Sorters engaged in piling wood at the unloading places located at the side
of the forest road, by the help of this cable crane.

3. Output rate with seven-foot pulpwood

The total production in hauling seven-foot pulpwoods during this field test conducted
last November, was roughly estimated at 700 koku*'. The average output in a cycle
hauling operation was, by count, 2.09 koku with a maximum of 5.37 koku, and a load
consisted of from 1 to 16 bolts, depending upon their sizes. The maximum load weighed
1,330 kgs or so, throughout the period of this field test.

The available data with regard to the rate of output at assumptive standard oper-
ation on 25 th November in 1957, was as follows:

average hauling distance 298 m from a maximum of 308 m to a minimum of 267 m

total trips made per day 42

average load per trip 2.32 koku, from a maximum of 3.55 koku to 2 minimum
of 1.05 koku
bolts per load 1~13

weight of maximum load 880 kg
output rate per day 97.25 koku
4. Results of time study
We made a time study of this cable hauling operation during the period in which

seven-foot pulpwoods of 412.44 koku with 870 bolts were transported. Results obtained

Table 1. Work time per day

Kind of work ‘ Work time ‘Percentage
| hr min sec | %
Net work } 5 06 06 712
engine starting | 1 39 0.4
engine adjustment | ‘ 102 0.2}
‘o gasoline supply ‘ 7 45 1.8
Additional work water supply I 2 | 30 0.6 !
under repair 21 | 34 5.0 .
total ! | 34 30 | 8.0
Sorting work ‘ 129 39 | 20.8
Total o7 w0 s | 100.0
a noon recess and others| 1 | 21 | 27
Recess and others {others ‘ 5 1 18
total [ 1 | 26 | 45

*1 1 koku = 0.278 m?®
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Table 2. Net work time per trip

Kind of net work Work time
Control of engine .
Elementary work and transmission Ave- |Percen Range
gear rage tage
min sec % | min sec min sec
Winding the hoisting wirerope with hook 4th gear 14 3.2 28~ 7
3rd gear 5 1.1 3 47~
Haulback of the unloaded carriage 4th gear 1 53 25.9 3 05~ 1 16
(total) 1 58 27.0 3 47~ 1 16
2nd gear 2 0.5 1 03~
Unwinding the hoisting wirerope with 3rd gear 3 0.7 1 10~ 50
hook 4th gear 34 7.7 59~ 9
(total) 39 8.9 2 28~ 9
engine stop 21 4.8 1 46~ 5
Hooking the load engine revolution 2 0.5 1 08~
(total) 23 5.3
low gear 3 0.7 1 52~
2nd gear 4 0.9 1 20~ 47
Lifting the load 3rd gear 1 00 13.7 43~ 26
4th gear 1 0.2 21~
(total) 1 08 15.5 3 05~ 34
2nd gear 1 0.2 51~
. . 3rd gear 13 3.0 2 06~ 9
Hauling the loaded carriage 4th gear 115 7.2 1 a6~ 28
(total) 1 29 20.4| 2 34~ 1 09
and gear 2 0.5 1 10~
ipes 3rd gear 11 2.5 3 35~ 25
Unlifting the load 4th gear 56| 12.8| 2 45~ 26
(total) 1 09 15.8 3 35~ 26
Unhooking the load engine revolution 17 3.9 1 27~ 4
Total 7 17 100.0

Table 3. Work time for hooker

. Work time per trip
Kind of work Work time per

day Ave- Percen-‘ Range

rage tage g
hour |min|{sec|min sec % |min sec

Tumbling the load 1oysi|os| 2 39| susf g %

Net work { Making up the load 2 201201 3 20 39.7 ~g gg
. 1 50
Hooking the load 29| 0 42 8.2\ 5 20
Allowance and some recess excepting 1 9 25
a noon recess | 1 12/} 55 ! ‘44 20-6 ~0 40

Total 5 53 | 20 8 25 IO0.0!

from the time study of the eight-hour work on 25th last November which was assumed
a standard operation for this field test, are shown in Table 1, 2 & 3.

From data indicated at Section 3 & 4, it was recognized that the daily output was
about 100 koku when the crews in this hauling operation worked for a full 5%/ hours,
excluding consideration for the sorting operation. Therefore, it appeared to us that the
daily output in this hauling operation would easily reach approximately 120 koku within
the range of from 300 # to 500 m hauling distances, if these workers became accustomed

to the operation of this cable system.
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5. Some data of this cable crane in motion

The fuel consumption rate to the volume of wood transported by this cable crane
was 0.35 litre per koku, in the model daily work on 25th last November.

The hauling speed of the loaded carriage was average 3.30 m/sec, with a maximum
of 3.81 m/sec to a minimum of 2.00 m/sec, in top gear primarily and 3rd gear secondly,
provided that a minimum speed was only rarely obtained in 2nd gear.

The haulback speed of the unloaded carriage was average 2.52 m/sec, with from a
maximum of 3.51 m/sec to a minimum of 1.36 m/sec, in top gear principally, provided
that a minimum speed was only rarely obtained in 3rd gear.

The speed of winding or unwinding the hoisting wirerope around the hoisting drum
in the carriage, at no load, was about 1 m/sec in 4th gear principally. The driving of the
rotating line for the lifting or unlifting operation was practiced in 3rd, 2nd, 1st gear,
and 4 th gear rarely.

Some tensions of two endless wireropes of both traveling and rotating lines were
simultaneously measured by means of two oil dynamometers which were connected to
a two-element recording pressure gauge by two high-pressure rubber tubes, at the hauling
side of their wireropes placed near the two-endless drum type skidder (see Fig. 3—a).
And some tensions of the main line were measured at the same time, by means
of a selfrecording tension meter at the fixed end of the tightening line through a pair
of heel blocks equipped with either three or four sheaves (see Fig. 3—a).

Data obtained from this tension test applying to each line in this hauling operation,
are given in Table 4.

Table 4.
Tensions which acted on both main and operation lines at skidding operations (kg)

" in haulback_—

in hauling the

. . of the in lifting the in unlifting
Kind of wirerope unloaded load | coaded the load
carriage g
!
Main line Tpg* 5,154~6,283 | 5,766~7,526 ‘ 6,229~7,459 | 5,712~6,518
i

operating

Endless [Traveling line 322~1,210 | 537~2,162 1 707~2,500 473~1,078
line

Rotating line 114~419 : 149~483 | 110~511 96~375

I |

* Tension of main line at lower supporting points, calculated by the following
formula:

_ . A8—-1
Tp=8 Tsz—.sz

provided

Tp=tension of main line at lower supporting point

Te:=tension of heel line at the rigged point to stump

n=efficiency of heel blooks consisting of three and four

1, a%—1

T8 A(a-1)
r=coefficient of loss=1.05

From Table 4, we knew that the tension which acted on the traveling line was
somewhat greater than that which acted on the rotating line. The peak tension value
that acted both in lifting the load and in hauling the loaded carriage, was registered

when the load was given a shock by obstacles on the ground and by striking stumps or
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when the load was dragged on the ground. And it seemed that high tension was
produced in the wireropes when the splice of endless wireropes consisting of some worn-
out ones which were short spliced, ran through either the endless drum or capstan and
squeezed each other. Both traveling and rotating lines were pretensioned by a force
of about 550 kgs in the former and about 200 kgs in the latter, at this field test.

V. Possibilities of this cable crane

Based on some results of this field test, the advantages and disadvantages of this
two-endless cable crane may be listed as follows:

Advantages

1. A distinctive feature of this cable crane is that there is no need of either falling
block or counter-weight which weighs 100 kgs or more, utilized in the other cable crane.

2. Though the construction of this carriage has mechanism different from the
ordinary ones, it is simple and may be easily repaired even if it gets out of order.

3. This skidder is more simple in design than the ordinary ones, and has only two
small endless drums instead of the ordinary drums and permits winding of the wirerope
of several hundred to one thousand or more meters in length. Therefore, this skidder
may be manufactured cheaper and lighter than the ordinary skidder.

4. The operation of moving wood from the stump to the launching point by hooking
wood may be more easily practiced in this cable system than is possible in the ordinary
cable system.

5. This cable system is apparently more simply and cheaply applied to the
unloading and piling operations at the landing palce of either logging areas or sawmills
than the other cable system.

Disadvantages

1. The weight of this carriage is greater than that of the ordinary type.

2. This skidder cannot be used for stretching the operation line overall the logging
areas in its present form, because of not being equipped with winding-drum as in the
ordinary one.

3. Required lengths of the operation lines in this cable system are longer than
those in the ordinary cable system using the two-drum type skidder.

4. The endless operation lines must be properly pretensioned by the use of a simple
set-up for tension adjustment.

5. The wirerope for operation lines used in this cable system wears away in more
degree than the one used in the ordinary cable system, because of being endlessly
stretched overall the logging areas with some pretensions after being wound around
both endless drum and capstan several times.

6. The application of this cable crane for overhead skidding is limited to the

single-span skidding, at present.
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Summary

The authors have conducted trial-manufacturing of both two-endless-drum type
skidder and special carriage, and have examined the capacity for wood transportation
of that equipment by actual field tests. Results obtained from the trial manufacture
and field test are summarized below:

1. We have ascertained that the cable hauling of wood by the two-endless cable
system using the skidder and carriage manufactured on trial by us can be done.

2. The distinctive feature of this two-endless cable system is that the carriage has
a special mechanism different from the ordinary type, having no need of either falling
block or caunter-weight.

3. In actual field tests, we were able to do the cable-hauling of wood, about 100
koku of seven-foot pulpwoods, in the net work time of about 52%/; hours a day, by this
cable system. Therefore, it was assumed that our equipment has the capacity for cable-
hauling of about 120 koku of wood in the net work time of 8 hours.

4. The tension which acted on two endless operation lines in this field test seemed
to be some what greater than the tension created in ordinary ones, and our operation
lines were assumed to be more abrasive in action than those in other systems.

5. We consider that this cable crane may be set up for unloading and piling of
woods at landing‘places more simply and cheaper than the ordinary ones. Of course,
this cable crane may be used without hindrance for the aerial cable hauling of wood

at a single-span of up to 600 m length or so.
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Photo. 2—b Carriage for multiple-span
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Photo. 3—b Unlifting operation

Photo. 4 Tension adjustment of operation lin
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