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Information contained in this publication has been

developed for guidance of employees of the United

States Department of Agriculture-Forest Service its

contractors and its cooperating Federal and State

agencies. The Department of Agriculture assumes no

responsibility for the inferpretation or use of thisinfor-mation
by other than its own employees.

The use of trade firm or corporation names in this

publication is for the information and convenience of

the reader. Such use does not constitute an officialen-dorsementor approval by the United StatesDepart-mentof Agriculture of any product or service to the

exclusion of others that may be suitable.

The text in the publication represents the personal

opinions of the respective author and must not be

construed as recommended or approved procedures

mandatory instructions or policy except by FSM
references. Because of the type of material in thepub-licationall engineers and engineering technicians

should read each issue however this publication is

not intended exclusively for engineers.



ANOTHER PATENT AWARDED to

FOREST SERVICE ENGINEERS

Three engineers Teddy L. Pickett the Department of the Navy in

Isidro Ignacio and Marco Rojas California Rojas is employed by
were credited as inventors in a a private firm also inCali-patentissued July 14 1981 for fornia.
a machine that plantscontainer-izedtree and shrub seedlings. The patent describes afully-TheDepartment of Agriculture was automated machine for planting
designated as Assignee for Patent. nursery stock. The machine is

especially well-suited forplant-Workon this machine started in ing tree and shrub seedlings on
March 1977 while all three inven- slopes and irregular terrain.

tors were Forest Serviceemploy-eesstationed at the San Dimas The Soil Conservation Service

Equipment Development Center. plans to take the invention to

Ignacio is still on the staff at New Mexico where they willfur-SanDimas Pickett now works for ther test and possibly improve
it.
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United States Patent 19 11 4278035

Pickett et al. 45 Jul. 14 1981

54 MACHINE FOR PLANTING
CONTAINERIZED TREE AND SHRUB FOREIGN PATENT DOCUMENTS
SEEDLINGS 7811699 6/1980 Netherlands ................................ 111/2

75 Inventors Teddy L. Pickett Redmond Wash.
207548 12/1967 U.S.S.R ................................... 111/89

211915 2/1968 U.S.S.R ....................................
111/89

Isidro D. Ignacio Altadena Marco

Rojas La Verne both of if Primary Examiner-James R. Feyrer

Attorney Agent or Firm-M. Howard Silverstein
73 Assignee The United States of America as David G. McConnell

represented by the Secretary of

Agriculture Washington D.C. 57 ABSTRACT

21 Appl. No. 130634 A seedling planter consisting of a portable frame on

22 Filed Mar. 14 1980
which is mounted a horizontally rotatable vertically

movable index plate carrying a vertically movable

51 Int. C1.3 ............................................. AOIC 11/00 normally lowered scraper blade a telescopic seedling

52 U.S. Cl ........................................... 111/2 111/6 drop tube an auger an auger hydraulic motor and a

111/34 111/89 221/96 gear box coupling the motor to the auger. A carousel

58 Field of Search ..................... 111/1 2 3 4 6 7 tray containing seedlings is rotatably mounted on the

111/34 73 80 89 92 221/% 222/636 frame over the index plate being rotatable stepwise by

406/63 64 65 66 a pawl on the end of the piston rod of aretraction-exten-56References Cited sion hydraulic cylinder mounted on the frame. Apro-U.S.PATENT DOCUMENTS gramming circuit operates solenoid valves activating

respective hydraulic cylinders to perform a cyclecon-5167453/1894 Pitt .......................................... 111/3 sisting of first retracting the index plate causingscrap-147506111/1923 Frawley .................................. 111/2 ing of the ground then elevating the scraper blade then
1657944 1/1928 Stocker et al........................... 111/3

lowering the index plate and operating the auger so as
2520809 8/1950 Miller ...................................... 111/7

dig a hole then raising and extending the index plate
2749855 6/1956 Guigas ................................... 111/3

3306239 2/1967 Martin ..................................... 111/1
to bring the drop tube over the hole and to cause the

3394667 7/1968 White ................................ 111/89 X carousel tray to rotate one step to bring a seedling over

3712252 1/1973 Huang ..................................... 111/2 the hole and open a water valve to deliver a quantity of

3719158 3/1973 Roths ...................................... 111/2 water under pressure over the seedling to drive it

3943863 3/1976 Leonard et al ......................... 111/2
through the drop tube into the hole then extending a

3998171 12/1976 Lofgren et al .......................... 111/2
packing blade to pack soil around the seedling and then

4091751 5/1978 Dri et al .................................. 111/2

4111135 9/1978 Braun ...................................... 111/2 resetting the parts to starting positions.

4116137 9/1978 Westerhoven
.......................... 111/2

4186671 2/1980 Huang ..................................... 111/2 17 Claims 11 Drawing Figures
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ming circuit. The programming circuit is operated by a

MACHINE FOR PLANTING CONTAINERIZED push button switch to perform a cycle consisting of first
TREE AND SHRUB SEEDLINGS horizontally retracting the index plate causing scraping

of the ground area where the planting is to occur then
FIELD OF THE INVENTION 5

elevating the scraper blade then lowering the index
This invention relates to mechanical planters and plate and activating the auger so as to dig a hole then

more particularly to an improved automated machine raising and horizontally extending the index plate to
for planting nursery stock such as tree and shrub seed- bring the drop tube over the hole at the same time the
lings and which is especially suited for planting such carousel tray is rotated by the pawl through one step to
seedlings on slopes and irregular terrain and which 10

bring a seedling over the drop tube. At the end portion
performs the required steps automatically without re-

of the extension of the index plate a solenoid valve for
quiring human intervention.

a pressurized water supply conduit is energized so as to

BACKGROUND OF THE INVENTION deliver a quantity of water under pressure onto the

Ordinarily considerable human labor is required for 15 seedling and drive the seedling through the drop tube

the planting of nursery stock such as tree or shrub into the hole. Shortly thereafter a packing blade isex-seedlingsparticularly on slopes or other irregular ter- tended to pack soil around the seedling and after this

rain. In planting the seedlings it is first necessary to the parts are reset to starting positions.

transport them to the planting site clear the immediate Accordingly a main object of the invention is to

planting area dig a hole to proper depth for each plant
20

provide a novel and improved seedling plantingma-placetheseedling in the hole suitably moisten the plant chine which overcomes the deficiencies anddisadvan-andthen pack the soil around the plant root system to
tages of previously available planting machines.

insure proper nourishment and growth of the seedling. A further object of the invention is to provide an
Various mechanical aids and planting devices have

improved automated seedling planting machine which
been proposed but these devices have not been satisfac- 25

is arranged to automatically plant containerized tree or
tory mainly because they are not self-contained and

shrub seedlings and which can be efficiently used onbecause they cannot perform all the necessary steps in

slopes or on irregular terrain.
proper sequence and in a reasonably short time without

considerable human supervision and labor. Also in
A still further object of the invention is to provide an

most cases the prior devices involve a considerable 30 improved automated seedling planting machine which

amount of individual handling of the seedlings in per- can be readily positioned for planting seedlings even on

forming one or more of the required planting steps. steep slopes or on irregular terrain and whichautomati-Furthermoreuse of the prior proposed planting ma- cally sequentially performs the various steps required
chines is not practical on irregular terrain or on slopes. for correct planting of seedlings without requiring
A preliminary search of the prior art revealed the 35 human intervention and which performs these steps

following priorU.S. patents of interest efficiently and rapidly.

Miller U.S. Pat. No. 2520809 A still further object of the invention is to provide an
Guigas U.S. Pat. No. 2749855 improved seedling planter which includes astep-MartinU.S. Pat. No. 3306239 actuated carousel tray containing a substantial number
Huang U.S. Pat. No. 3712252 40

of containerized seedlings which can be planted inse-RothsU.S. Pat. No. 3719158
quence enabling said substantial number of seedlings toDri et al U.S. Pat. No. 4091751
be planted in successively selected locations withoutBraun U.S. Pat. No. 4111135

Westerhoven U.S. Pat. No. 4116137 requiring handling of the seedlings or human labor.

45 A still further object of the invention is to provide an
SUMMARY OF THE INVENTION

improved automated machine for plantingcontainer-Themachine of the present invention automatically ized tree or shrub seedlings said machine being readily

digs holes and then plants containerized seedlingsnurs- usable on irregular terrain or on slopes and beingar-erystock sometimes called tubelings of trees and ranged to perform in proper sequence all the necessary
shrubs and then packs soil around the seedlings. The 50 steps required for properly planting a seedlinginclud-machine

is adapted to be transported by a crane or ing first scraping the planting area then digging a hole
similar vehicle and is especially adapted for operation then positioning a seedling over the hole thendeliver-on

relatively steep slopes and in rough terrain.
ing water under pressure onto the seedling to drive it

In general the machine comprises a frame which is
into the hole and then extending a packing blade to

suspended from the boom of a crane or similar vehicle 55
pack soil around the seedling root system to insure

which can be operated to place the frame in a desired
proper growth conditions for the seedling.

planting location. A horizontally rotatable and verti- A still furtherobject of the invention is to provide an
rally movable index plate is provided on the frame said

index plate being provided with a normally lowered improved automated machine of the carousel type for

successively planting containerized tree or shrubseed-verticallyretractile scraper blade a telescopic seedling 60

drop tube and a digging auger. A carousel tray contain-
lings said machine being arranged to perform in proper

ing a substantial number of circularly arranged seedling sequence all the necessary steps for properly planting a

tubes is rotatablymounted on the frame over the index seedling and having arrangements for automatically

plate and is rotatable stepwise by a pawl driven by a advancing the containerized seedlings into discharge
solenoid valve-controlled retraction-extension hydrau- 65 positions over the holes prepared for receiving theseed-lic

cylinder mounted on the frame. Respective other lings so that the successive seedlings will be planted in

solenoid valve-controlled hydraulic cylinders and an successively selected locations without requiring the
auger motor are provided controlled by a program- handling of the seedlings by the operator.
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BRIEF DESCRIPTION OF THE DRAWINGS
other mechanism. Thus for each planting mechanism

the frame is provided with a rigidly mounted crossbar

Further objects and advantages of the invention will 19 the two crossbars being rigidly connected by acen-become
apparent from the following description and tral longitudinal frame bar 20. The frame also includes

claims and from the accompanying drawings wherein 5 vertical post members 21 forming the intersections of

FIG. 1 is a perspective view partly broken away of the longitudinal bar 20 with the respective crossbars 19
a seedling planting machine according to the present said post members having lower portions 22 depending

invention shown with one of the containerized seedling below the longitudinal bar 20. Said frame is provided
carousel trays lifted off the machine to show associated with opposite transverse end bars 23 23 rigidlycon-inner

structure. 10 nected by divergent short frame bars 24 24 to theadja-FIG.2 is an enlarged top plan view partly broken cent ends of the side bars 16 16.

away of the seedling planting machine of FIG. 1. Rigidly connected to the top end of post member 21

FIG. 3 is an enlarged side elevational view partly is a longitudinally extending horizontal arm 25 and

broken away of the seedling planting machine of FIG. rigidly connected to the bottom end of depending post
1. 15 portion 22 is a longitudinallyextending arm 26. Averti-FIG.4 is an enlarged end elevational view of the cal stationary shaft 27 is supportingly mounted in the

seedling planting machine of FIG. 1. free end portion of the bottom arm 26 and is rigidly

FIG. 5 is an enlarged fragmentary top plan view of clamped at its top portion to the end portion of top arm

one of the carousel trays and a modified form of an 25. A collar member 28 is rigidly secured on the upper

index-plate rotating pawl arrangement as employed in a 20 portion of shaft 27 subjacent arm 25. An elongated

seedling planting machine according to the present vertical sleeve member 29 is slidably and rotatablyen-inventionthe index plate being shown in an extended gaged on fixed shaft 27. A vertical hydraulic cylinder 30

planting position. is rigidly secured to sleeve member 29 in spaced parallel

FIG. 6 is a fragmentary top plan view of the structure relation therewith and has its piston rod 31 extending
of FIG. 5 showing the index plate in a retracted nor- 25 sealingly and slidably through its top end said piston

mal position. rod being rigidly connected to collar member 28 by a

FIG. 7 is an enlarged fragmentary vertical cross-sec- bracket arm 32. The hydraulic cylinder 30 is employed

tional view taken substantially on line 7-7 of FIG. 5. to raise and lower the sleeve member 29 betweenlimit-FIG.8 is an enlarged fragmentary vertical cross-sec- ing positions established by upper abutment collar 28

tional view taken substantially on line 8-8 of FIG. 5. 30 and bottom abutment arm 26.

FIG. 9 is a schematic diagram of the hydraulic oper- Rigidly secured to and extending horizontally from

ating circuit of a seedling planting machine according to the lower end portion of sleeve member 29 is an index

the present invention. plate 33 which in its normally elevated position is

FIG. 10 is a schematic electrical wiring diagram of a spaced slightly above the level of the frame 13 as

typical programming system which may be employed in 35 shown in FIG. 3. Rigidly secured on the outer end

accordance with the present invention with the hy- portion of plate 33 is an upstanding vertical shaft 34. An
draulic circuit of FIG. 9. indexing hydraulic cylinder 35 is horizontally andpiv-FIG.11 is a timing diagram for the typical program- otally mounted on the frame 13 substantiallytrans-mingsystem of FIG. 10. versely thereof near the end bar element 23 as shown

DESCRIPTION OF PREFERRED
40 in FIG. 2 being pivotally connected at an intermediate

EMBODIMENTS portion thereof shown at 36 between the top arm of a

Z-shaped bracket 37 and a bottom supporting bracket

Referring to the drawings and more particularly to 38 rigidly connecting the bottom flange of theZ-FIGS.I to 4 12 generally designates a typical tree or bracket 37 to the adjacent frame bar portion 24 as

shrub seedling planting machine constructed in accor- 45 shown in FIG. 4. The piston rod 39 is provided with an

dance with the present invention. The machine 12 com- end sleeve 40 rotatably receiving the upstandingbear-prisesan elongated generally rectangular portable ing shaft 34. In FIGS. 2 and 4 the piston rod 39 is shown

frame 13 having a pair of depending downwardly and in its retracted position. Extension of said piston rod

outwardly extending supporting leg structures 14 14 at rotates index plate 33 in a counterclockwise direction

the corners of one end thereof and having a depending 50 as viewed at the left side of FIG. 2.

downwardly and outwardly extending supporting leg A horizontal supporting plate 41 is rigidly secured to

structure 15 at the opposite end thereof said leg.struc- vertical sleeve 29 and carries a vertically mountedhy-turesbeing adapted to support the frame in a stable draulicmotor 42. The shaft of motor 42 is connected via

position over a selected planting site. The frame 13 a coupling 43 and a conventional reducing gearasseni-includesopposite longitudinal square tubing 16 16 55 bly 44 secured to the underside of plate 33 to adepend-formedwith holes 17 to receive eye bolts 18 enabling ing vertical ground-digging auger 45. In the retracted

the frame to be suspended from the boom of a conven- position of piston rod 39 shown in FIG. 2 the auger is

tional crane vehicle or other suitable vehicle by means located to dig a hole at the desired location for planting

of suitable cables not shown whereby the machine may as will be presently described.

be transported to and lowered onto a selected planting 60 Designated at 46 see FIG. 3 in a telescopingde-sitefor example on a slope adjacent to a highway. In pending seedling delivery tube or drop tubedepend-the
typical embodiments herein described and illus- ing from a delivery aperture 47 see FIGS. 8 and 10

trated in the drawings the frame is designed to carry provided in index plate 33 at the same radial distance

two identical planting mechanisms each being located from shaft 27 as auger 45 but angularly spacedthere-ata respective end of the frame. In the following de- 65 from by an angle corresponding to the angle ofclock-scriptionthe detailed elements associated with only one wise rotation of said index plate produced by theexten-ofthe planting mechanisms will be described it being sion stroke of piston rod 39 namely through the angle

understood that the same elements are employed for the required to move the drop tube 46 into registry with a
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planting hole dug by the auger as will be presently recesses 72 are spaced to correspond with therespec-described.tive indexing steps required to move the seedlingcon-Verticallysecured to and depending from gear box tainers successively into registry with the seedlingdis-44
at the same radial distance as auger 45 and drop tube charge aperture 60 of stationary flange 59 for successive

46 but substantially midway between them is a scraper 5 planting cycles of the machine presently to bede-hydrauliccylinder 48 whose piston rod carries a scraper scribed.

blade 49 which is located so as to scrape the ground and In the embodiment of FIGS. Ito 4 a pawl member 75

clear it for digging during the initial retraction stroke of is resiliently secured to piston rod sleeve member 40 and

cylinder 35 as will be presently described. The scraper is located so as to drivingly engage with a ratchet tooth

blade can be elevated to permit the descent of the index 10 71 with each extension stroke of piston rod 39 namely

plate 33 and the auger 45 for digging the required with each activation of indexing cyclinder 35 to

planting hole by activating the hydraulic cylinder 48. thereby advance the seedling carrier one delivery step.

At each end of the frame 13 there is provided a down- On the subsequent retraction stroke the resiliently

wardly and inwardly directed packing blade cylinder 50 mounted pawl 75 slides past the adjacent ratchet tooth

located substantially in the central longitudinal vertical 15 71 the seedling carrier being then held againstmove-planeof the frame with a piston rod 51 carrying a ment by the detent ball 73 seated in the last-engaged

depending packing blade 52 for packing soil around a detent recess 72.

seedling deposited in a hole 53 dug by the auger 45 as In the modification shown in FIGS. 5 6 and 8 a pawl

shown in FIG. 3. The cylinder 50 may be connected at membershown at 76 is pivoted on the upstanding shaft

its top end to a longitudinal arm 54 projecting out- 20 34 and consists of spaced parallel identical top andbot-wardlyfrom the end frame bar 23 and may be supported torn elongated plate members 77 78 rotatably engaged
in a suitably inclined position by a supporting link rod on shaft 34 above and supported on the end bearing

55 connecting the intermediate portion of the longitudi- sleeve member 40 of piston rod 39. The elongated plate

nal arm 54 to the intermediate portion of the cylinder. members 77 78 have inclined front edges which are

In the retracted position of the piston rod 39 shown in 25 rigidly connected by a vertical rectangular platemem-FIG.2 the auger 45 is located substantially in said ber 79 having a vertical front edge 80. The rear end

longitudinal vertical plane so that the planting hole 53 portions of the elongated plate members 77 78 arecon-willbe properly located with respect to the packing nected by a vertical pin 81.

blade 52. In the normal position of packing blade 52 it is An upstanding vertical arm 82 rigidly secured to

elevated as shown in FIG. 3 in full line view but when 30 bearing sleeve member 40 extends upwardly past lower

cylinder 50 is activated the blade 52 is extended sub- plate member 78 as shown in FIG. 8. A flat elongated

stantially to its dotted view position. spring 83 is rigidly connected at its front end to vertical

The carousel assemblies carrying the containerized arm 82 and bears against pin 81 biasing the pawlmem-seedlingsare designated generally at 56 56. Each car- ber 76 counterclockwise as viewed in FIGS. 5 and 6
ousel assembly 56 comprises a generally hat-shaped 35 namely in a direction urging the pawl edge 80 toward

body having a cylindrical main portion 57 see FIGS. 2 the outer retaining wall 68. A stationary cam 84 issuit-7and 8 with a circular top wall 58 and an annular ably fastened to the frame 13 and has an inclinedcam-bottomflange 59 which has a seedling discharge aper- ming edge 85 located in the path of retractile movement

ture 60. The hat-shaped body is fixedly secured on the of the vertical pin 81 being receivable between the

frame 13 coaxially with the associated fixed vertical 40 spaced top and bottom plate members 77 78. When rod

shaft 27 for example by diametrically opposed Z- 39 is retracted the stationary cam is engaged by pin 81

shaped brackets 61 61 connecting the flange 59 to the causing the pawl edge 80 to be rotated clear of the

opposite longitudinal square tubes 16 16 as shown in ratchet teeth 71 as shown in FIG. 6. Extension of rod

FIGS. 2 3 and 4. Flange 59 is provided with a layer 62 39 causes pin 81 to disengage from cam 84 allowing
of suitable bearing material such as Teflon or the like. 45 pawl edge 80 to drivingly engage a ratchet tooth as in

The top wall 58 has a central aperture 63 which receives FIG. 5 showing the pawl 76 at the end of the extension

the top end of fixed vertical shaft 27 and allows said top stroke of index plate 33. At this point a seedling to be

wall to bear on a collar 64 provided on shaft 27 above planted has been placed in a position of vertical registry

arm 25 see FIG. 3 insuring rigidity of the stationary with the discharge opening 60 and the drop tube 46.

hat-shaped body of the assembly. 50 A vertical downwardly directed discharge conduit

An annular channel-shaped rotatable carrier for the 86 see FIG. 10 is rigidly secured to the frame 13 by

containerized seedlings is provided said carrier having suitable bracket means not shown in a position todis-a
cylindrical inner wall 65 an annular bottom flange 66 charge into the top of a seedling container 70 when it is

forming the bottom wall of the carrier and an upstand- in the position of FIG. 8 namely in registry with the

ing relatively short cylindrical outer retainingwall 68 55 discharge aperture 60 of the fixed carousel flange 59.

as shown in FIGS. 7 and 8. Bottom flange 66 is formed The conduit 86 is connected to a suitable source of

with circular discharge apertures 69 registering with water under pressure through a normally closedsole-the
cylindrical seedling containers shown at 70 said noid valve 87. As will be presently explained valve 87

containers 70 being received vertically between the is energized to open responsive to the extension of index

inner wall 65 and the outer retainingwall 68 as shown 60 plate 33 to its discharge position namely to the position
in FIGS. 7 and 8. The outer wall 68 is provided with shown in FIG. 8 wherein the drop tube 46 is in registry

regularly spaced indexing ratchet teeth 71 projecting with said discharge aperture 60. The valve 87 isener-outwardlyfrom its upper portion. gized for a short time near the end of the extension

As shown in FIG. 7 flange 66 is formed with uni- stroke of index plate 33 by the passing engagement of a

formly spaced bottom indexing recesses 72 to yieldingly 65 cam 88 on the edge of index plate 33 with the operating

receive a springbiased detent ball 73 forming part of a plunger of a stationary microswitch 89 suitably

ball detent assembly 74 mounted in stationary flange 59 mounted on frame 13. This passing engagement opens
and extending through bearing lining 62. The detent the valve 87 at the appropriate point in the planting
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cycle as will be presently described to provide a short The respective normally open switch contacts of the

sustained pulse of pressurized water injected into the delay relays R1 to R4are shown respectively at 120 121.

top of the subjacent seedling container 70 sufficient to 122 and 123.

force the seedling downwardly into the seedling hole 53 The circuit employs a suitable power source such as

previously formed therebelow and to adequately 5 a 12-volt battery which has a grounded negativetermi-moistenthe seedling and the surrounding soil. nal. The retract solenoid 102 of indexing cylinder

Referring to FIG. 9 a typical hydraulic circuit for valve 97 has one terminal grounded and its othertermi-theabove-described seedling planting machine 12 is nal connected via a wire 124 and the lower contacts

illustrated. The hydraulic circuit comprises a conven- associated with the lower pole 125 of a two-pole push

tional hydraulic power supply pump unit 90 which may 10 button switch 126 to a 12 volt terminal wire 127. The

be mounted on the associated supporting vehicle said upper contacts associated with the upper pole 128 of

unit 90 for example having a 2000 PSI output. The switch 126 are connected between a 12 volt line 129

high pressure output conduit 93 of the unit 90 is con- and one terminal of the winding of relay R3 via wires

nected via a check valve 91 to a high pressure line 92. 130 131 the remaining terminal of said relay being

The return conduit 94 is connected to a return line 95. A 15 grounded.

conventional relief valve % is connected across the The switch contacts 122 of relay R3 are connected

lines 92 95.
between the 12 volt line 129 and one terminal of relay

The hydraulic carousel indexing cylinder 35 is con- R4 via wires 132 133. The remaining terminal of relay

nected to the lines 92 95 via a conventional normally-
R4 is grounded.

closed reversing solenoid valve 97 and conduits 98 99
20 One terminal of the winding of the relay R2 iscon-includingrespective adjustable flow control valves 100

netted via a wire 134 and the switch contacts 123 of

101. The valve 97 has an index plate retraction solenoid
relay R4 to the 12 volt line 129. The remainingtermi-102

and an index plate extension solenoid 103 adapted
nal of the winding of said relay R2 is grounded.

to be alternately energized as will be presently de-
One terminal of the winding of relay R1 is connected

scribed.
25 via a wire 135 and the switch contacts 121 of relay R2 to

The hydraulic motor 42 is connected to lines 92 93
the 12 volt line 129. The remaining terminal of the

via a conventional normally closed solenoid valve 104
relay winding is grounded.

105 106. Valve 104 has a valve-opening
The extend solenoid 103 of indexing cylinder valve

and

solenoid1conduits
97 is connected between ground and wire 135 via a

30 wire 136 and a normally closed microswitch 144.Mi-Theauger lowering and raising cylinder 30 is con- croswitch 144 is held closed by a lug 145 on sleeve

nected across lines 92 95 via a conventional reversing member 29 in its elevated normal position. Microswitch

solenoid valve 108 and lines 109 110 including an ad- 144 opens shortly after sleeve member 29 starts itsde-justableflow control valve 111. As will be presently scent and closeswhen said sleeve member completes its

described cylinder 30 and sleeve member 29 are in
35 ascent on its upstroke as will be presently described.

elevated positions relative to piston rod 31 at the begin-The solenoid 107 of the auger motor valve 105 is

ning of a planting cycle reversing valve 108 being then connected between ground and a 12 volt terminal

deenergized and being biased to the condition illus- wire 137 via a wire 138 and a normally openmicro-tratedin FIG. 9. Valve 108 has an operating solenoid switch 139. Microswitch 139 is held open by a lug 140

112 which reverses the valve when energized. Reversal 40 on sleeve member 29 in its normal elevated position

of the valve causes cylinder 30 and sleeve member 29 to said microswitch closing when the sleeve member starts

descend. to move downwardly thus energizing the auger motor

The cylinder 50 is connected to lines 92 95packing 42.

via a conventional reversing valve 113 and lines 114 The solenoid 112 of the index plate lowering and

115 including an adjustable flow control valve 116. The 45 raising valve 108 is connected between ground and wire

valve 113 has an operating solenoid 117 which when 134 via a wire 141.

energized reverses valve 113 and causes the packing The solenoid 117 of the packing cylinder valve 113 is

blade 52 to be extended. Normally valve 113 maintains connected between ground and the 12 volt line 129

the packing blade in a retracted position. via a wire 142 and the switch contacts 120 of relay Rt.

The scraper cylinder 48 is connected to lines 92 95 50 The solenoid 119 of scraper cylinder valve 118 is

via a conventional solenoid-operated reversing valve connected between ground and wire 135 via a wire 143.

118 having an operating solenoid 119. Valve 118 nor- The solenoid of water valve 87 is connected between

mally maintains the scraper blade 49 in a lowered posi- wire 135 and ground via a wire 146 and the microswitch

tion at the beginning of a planting cycle. The scraper 89 closed for a short time period when lug 88 moves

blade 49 is elevated by the reversal of valve 118 respon- 55 therepast as above mentioned.

sive to the energization of solenoid 119. Referring to FIGS. 10 and 11 in operation a typical

Referring to FIG. 10 a typical timing circuit for cycle begins with the retraction of index plate 33 by

performing a planting cycle with the above-described actuation of the push button switch 126 and holding the

seedling planting machine is illustrated. The typical button thereof pressed for a short time for example

timing circuit comprises a conventional off-delayrelay 60 two seconds. The actuation of the push button causes

set for 5 seconds off-delay shown at R2 a conventional pole 125 to bridge the lower contacts of the switch to

on-delay relayRt set for 3 seconds on-delay a conven- thereby energize the retract solenoid 102 of valve 97

tional off-delayrelayR3 set for 5 seconds off-delay and The simultaneous bridging of the upper switch contacts

a conventional on-delay relay R4 set for 5 seconds by upper pole 128 energizes the off-delay relay R3 via

on-delay. The relays R1 to R4 are preferably of the 65 wires 130 131 which will close its contacts 122 and

adjustable-delay type to enable programming of the hold them closed for 5 seconds after the push button is

various cycle events to desired time values other than released namely until the 7-second point of the cycle is

these typically employed herein. - reached. The index plate 33 is thus moved to the dotted
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view position thereof of FIG. 10 from its previous full- At this point all the relays RI to R4 are deenergized

line extended position. The scraper blade 49 being in its with the index plate 33 in its elevated extended position

lowered position thus scrapes the ground area where a in FIG. 10 and the remaining parts in position to repeat

seedling is to be planted and the auger 45 is brought to the above-described cycle responsive to anotheractua-a
position over the planting site. 5 tion of the push button switch 126. The machine is

Since the contacts 122 of relay R3 are closed so as to therefore now reset to repeat the cycle after being

energize the on-delay relayR4 at the 5-second point of moved to the next planting location.

the cycle contacts 123 close. This turns on relay R2 While certain specific embodiments of an improved
causing contacts 121 to close and at the same time ener- machine for planting containerized tree and shrubseed-gizessolenoid 112 of the index plate lowering and rais- 10

lings have been disclosed in the foregoing description it

ing cylinder valve 108 causing sleeve member 29 to will be understood that various modifications within the
move downwardly this opens microswitch 144 and

scope of the invention may occur to those skilled in the
closes microswitch 139 energizing the solenoid 107 of

art. Therefore it is intended that adaptations andmodifi-theauger motor valve 104 via wire 138. Thus the index cations should and are intended to be comprehended
plate 33 moves downwardly and the auger rotates caus- 15 within the meaning and range of equivalents of the

ing a planting hole 53 to be dug. The closure of contacts disclosed embodiments.
121 connects wire 135 to the 12 volt line wire 129 What is claimed is
which energizes solenoid 119 of the scraper cylinder 1. A seedling planter comprising portable frame
118 via wire 143 and causes the scraper blade to be

means vertical bearing shaft means mounted on said

raised so that it does not hinder the descent of the 20
frame means a horizontal index plate rotatably and

auger. -

slidably connected to said vertical shaft means and
As the 7-second point of the cycle is reached relay

being movable between two vertically spaced levels on
R3 times out opening contacts 122 whereby relay R4

said vertical shaft means depending auger meanscar-becomesdeenergized opening contacts 123. This deep-
rigid by said index plate at a radial distance from said

ergizes the solenoid 112 of the valve 108 restoringsaid 25
vertical shaft means said index plate having a seedling

valve to its original configuration and causing cylinder

30 to raise the index plate 33 and auger 45 to their origi-
discharge opening at said radial distance but spaced

nal elevation. Also the auger motor 42 is turned off by
from said auger means said index plate being rotatable

the opening of microswitch 139 by lug 140 as sleeve
between a retracted position and an extended position

member 29 reaches its upper limit of travel. As this 30 means to lower said index plate in said retractedposi-upperlimit is reached microswitch 144 is closed by lug
tion so that said auger means forms a planting hole

145. This energizes the extend solenoid 103 of index- means to thereafter raise said index plate and rotate it

ing cylinder valve 97 via wire 136 causing index plate
horizontally to said extended position said discharge

33 to be extended from the dotted view position to the opening being in vertical registry with said planting

full-line position thereof in FIG. 10. As this occurs the 35
hole in said extended position of the index platecarou-the

pawl element 75 FIGS. 1 to 4 or 76 FIGS. 56 and sel seedling tray means mounted to rotate around said

8 engages a ratchet tooth 71 on the containerized seed- vertical shaft means said tray means being peripherally

ling rotatable carrier and moves a seedling container 70 formed to carry a plurality of evenly spaced vertical

into vertical registry with the subjacent stationary dis-
tubular seedling containers at said radial distance

charge opening 60 and drop tube 46 and with the up- 40 means to rotate said tray means in steps such as to cause

wardly adjacent vertical water discharge conduit 86.
such vertical containers to respectivelycommunica-Asthe index plate 33 rotates to its extended full-line tively register with said discharge opening when the

position of FIG. 10 which takes place in about 1 sec-
index plate is brought to said extended position and

ond the cam 88 engages and moves past the plunger of means to inject water under pressure into the top end of

microswitch 89 near the end of the extension stroke and 45 a registering seedling container responsive to themove-therebyenergizes the solenoid of water valve 87 pro- ment of said index plate to said extended position

viding a short-length period of discharge of pressurized whereby to move a seedling downwardly from itscon-water
through conduit 86 into the newly presented tainer into the planting hole previously dug by the

seedling container 70. auger means.

The burst of pressurized water has sufficient force to 50 2. The seedling planter of claim 1 and extensible soil

drive the seedling into the hole 53 and provides the packing blade means carried by said frame means and

seedling and the adjacent soil with an adequate initial
located adjacent to the site of the planting hole.

amount of moisture for subsequent growth. 3. The seedling planter of claim 2 and means toex-Threeseconds after contacts 121 of relay R2 close tend said packing blade means against the soil adjacent

namely at the 8-second point of the cycle the contacts 55 to the planting hole after the seedling has been moved

120 of on-delay relayR1 close said relay RI having been into said planting hole.

energized via wire 135 and contacts 121. This energizes 4. The seedling planter of claim 1 and retractile

the solenoid 117 of packing cylinder valve 113 via wire scraping blade means depending from the index plate at

142 and causes packing cylinder 50 to be operated so as said radial distance and being located between said

to extend the packing blade 52 and to pack the soil 60 auger means and said discharge opening.

around the newly planted seedling. 5. The seedling planter of claim 4 and means toele-When
relay R2 times out namely 5 seconds after the vate said scraping blade means substantially out of

opening of contacts 123 of relay R4 at the 12-second ground contact when said index plate and auger means

point of the cycle relay R1 becomes deenergized by the are lowered to form a planting hole.

opening of contacts 121 and opens its contacts 120. This 65 6. The seedling planter of claim 1 and wherein said

deenergizes packing cylinder valve solenoid 117 and index plate is provided with hydraulic cylinder means

causes the packing cylinder 50 to retract the packing to rotate it horizontally between said retracted and

blade 52 to its original starting position. extended positions.
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7. The seedling planter of claim 6 and wherein said tion when a containerized seedling is in registry with

hydraulic cylinder means comprises a hydraulic cylin- said discharge opening.
der pivoted to said frame means and having a piston 12. The seedling planter of claim 11 and retractable

rod upstanding vertical shaft means on the index plate scraping blade means depending from the index plate at

and pivot means on said piston rod slidably and rotat- 5 said radial distance and being located between said

ably engaged with said last-named upstanding vertical auger means and said discharge opening and means to

shaft means. elevate said scraping blade means substantially out of

8. The seedling planter of claim 6 and wherein said ground contact when said index plate and auger means

means to rotate the tray means in steps comprises are lowered to form a planting hole.

evenly spaced ratchet teeth on the periphery of said 10 13. The seedling planter of claim 12 and wherein said

carousel seedling tray means and pawl means movably index plate is provided with hydraulic cylinder means

coupled to said hydraulic cylinder means and being to rotate it horizontally between retracted and extended

drivingly engageable with said ratchet teeth responsive positions.

to retraction and extension cycles of said index plate 14. The seedling planter of claim 13 and wherein said

performed by said hydraulic cylinder means. 15 index plate is provided with further hydraulic cylinder
9. The seedling planter of claim 8 and wherein said means to move it vertically between said vertically

pawl means is resiliently connected to said hydraulic spaced levels on said first-named vertical shaft means.

cylinder means. 15. The seedling planter of claim 14 and extensible

10. The seedling planter of claim 1 wherein said soil packing blade means carried by said frame means

index plate is provided with hydraulic cylinder means 20 and located adjacent to the site of the planting hole and

to rotate it horizontallybetween retracted and extended - means to extend said packing blade means against the

positions said hydraulic cylinder means comprising a soil adjacent to the planting hole immediatelysubse-hydrauliccylinder pivoted to said frame means and quent to the delivery of the seedling into said planting

having a piston rod upstanding vertical shaft means on hole.

the index plate and pivot means on said piston rod 25 16. The seedling planter of claim 15 and wherein said

slidably and rotatably engaged on said last-named up- packing blade extension means comprises a furtherhy-standingvertical shaft means and wherein said means draulic cylinder carried by said frame means and being

to rotate the tray means in steps comprises evenly operatively connected to said packing blade means.

spaced ratchet teeth on the periphery of said tray 17. The-seedling planter of claim 15 and timedpro-meanspawl means rotatably mounted on the last- 30 gramming means for first rotating the index plate to said

named upstanding vertical shaft means spring means retracted position then energizing the auger means and

biasing said pawl means toward driving engagement lowering the index plate to dig the planting hole then

with said ratchet teeth and means to disengage said raising the index plate and auger means then rotating

pawl means from the ratchet teeth responsive to retrac- the index plate to said extended position activating said

tile movement of said piston rod by allowing the pawl 35 water injection means for a brief period as the index

means to drivingly engage the teeth during extension plate reaches said extended position whereby to expel

movement of the index plate. the seedling from its container into the planting hole

11. The seedling planter of claim 1 and wherein said then extending the packing blade means to compress

rotatable carousel tray means and said frame means are soil around the seedling and then retracting the packing

provided with cooperating yieldable detent means to 40 blade means.

yieldably hold the carousel tray means in stepped posi-

45

50

55

60

65



VERTICAL SPAR GUYING A BRIEF
EXAMINATION OF FORCES

John J. Warner to the skyline or high-leadmain-LoggingSpecialist line only. Line weight and
Alaska Region sheave friction have no bearing

on the problem.
Dennis J. Caird
Logging Specialist
Southwestern Region RIGGING ARRANGEMENTS

Virgil W. BinkZey
Logging Specialist When working with guylineanaly-PacificNorthwest Region sis or design with vertical

Devon B. Nickerson spars three basic situations

Visual Simulations Inc.
are encountered

Glendale. Arizona
1. Portable yarder/spar

combinations distance fromdrum-The
guyline system for vertical

set to spar is fixed by machine
design.metal or wooden spars and tail

trees is designed to resist the
2. Wood spar/yardercom-resultanthorizontal component binations rigged tree orfree-offorce generated by the ten-

standing metal spar withsioned operating lines as they separate sled- or trailer-mountedchange direction at the spar or drumset that can be located attail tree. This is a complex
varying distances from the spar.problem because the magnitude and

direction of this horizontal com- 3. Tail or lift trees
ponent changes with the geometry
of the setup. Developing a feel standing trees at the back of a

skyline setting away from thefor the magnitude and direction yarder used to provide elevationof the horizontal component is to the skyline.essential to predictingsatis-factorylocation and distribution
of guylines both for thedesign-erand the woods worker. DESCRIPTION OF GEOMETRY

By making a simplifyingassump-tionand examining three common The skyline is broken into two
rigging arrangements sufficient segments for analysis figure 1.
examples can be developed to give One segment describes thesky-anidea of what is happening to line from the support or spar to
the horizontal component of the the anchor or drumset. Theas-resultantforce during various sociated vertical angle measured
types of spar loading. from the horizontal is called

the back vertical angle of the
skyline. The other segmentde-BASICASSUMPTION scribes the skyline from the
support or spar to the setting
and generates the front vertical

To keep the-problem simple and angle of the skyline. Vertical
easy to visualize we have lim- angles are visualized from the
ited the possible operating lines top of the spar or support.

17
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Figure 1.

In plan view the direction of CASE 1 PORTABLE YARDER/SPARCOMBINA-theskyline segment from the spar TIONS
or support to the anchor or drum
is called theback azimuth of the
skyline figure 2. The direc- A unique feature of portable
tion of the skyline segment from yarder/spar combinations is the
the spar or support to the turn fixed distance from the drumset
or setting is called the front to the spar. In most cases this
azimuth of the skyline. These provides a back vertical angle of
azimuths are also visualized from the skyline of more than 80. In
the top of the spar or support. this discussion the backverti-calangle is assumed to be 80.
In the discussion that follows
graphs are used to display the
magnitude and direction of the STRAIGHT LEAD
horizontal component of there-sultantforce generated by the
tensioned skyline or mainline For the first example examine a
in the case of high-lead spars yarder/spar combination set up in
for the three basic rigging ar- straight lead. In plan view the
rangements. Remember that the drum set is at 0 azimuth and
vertical component of force the the skyline headed toward the
compression load is accepted by turn is at 180 azimuth.
the spar itself.
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Figure 5 expresses the magnitude component reduces toapproxi-ofthe resultant horizontal com- mately 48 percent of skyline
ponent as a percent of skyline tension.
load. The back vertical angle of
the skyline is fixed at 80 and Figure 6 illustrates thedirec-thefront vertical angle is al- tion azimuth of the resultant
lowed to vary through a 100 force. In a straight lead the
range. As might be expected the direction of the resultant does
maximum horizontal force on the not change as the front vertical
top of the spar is generated with angle of the skyline changes.
the tensioned skyline horizontal The load is always directly away
and amounts to about 82 percent from the drumset at an azimuth of
of skyline tension. At steep 180.
yarding angles the horizontal

Back Az

of Skyline

50
0 Az

Drum

Back Vert Support
Angle of
Skyline -50

-80

180 Az

Drum Support Front Az

of Skyline

Figure 3. Figure 4.
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SQUARE LEAD tension as the front vertical
angle varies. For a yarder/spar
combination with an 80 back

If you talk to a yarder engineer vertical skyline angle the
he will tell you that a square magnitude varies from a little
lead pulls harder. For our over 65 percent of skylineten-exampleassume the drumset is sion at steep yarding angles to
at an azimuth of 0 as before around 102 percent of skyline
but the azimuth of the front tension when the yarding angle
segment of the skyline is at 90. is horizontal. The direction of

this force varies about 5 as
various front vertical skyline

Figure 8 shows the variation in angles are examined figure 9
magnitude of the horizontal com- and it is always inside the right
ponent of the resultant force.in angle described by the front and
terms of percentage of skyline back skyline azimuths.
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Figure 8.

SUMMARY YARDER/SPAR COMBINATIONS as the skyline in straight lead
and is at least 100 inside the
spar when rigged in square lead.

What can be inferred then about it follows that a guyline set
guying yarder/spar combinations directly behind the skyline in

square lead is still at least 10
1. A straight lead produces away from truly opposing the load

the smallest horizontal load for imposed on the tower.
a given range of vertical angles.

4. The maximum horizontal
2. When rigged in square component of the resultant force

lead horizontal loads at the occurs when the front segment of
top of the spar will approach or the skyline is horizontal.
exceed the skyline tension as the
front vertical skyline angle 5. Changing the location
approaches horizontal. of the back guys occasionally

while yarding through a quarter
3. The load at the top of will help to oppose the resultant

the spar is in the same direction load more efficiently.
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Figure 9.

CASE 2 WOOD SPAR/YARDER COMBINATIONS

50

Using the process developed above Front Vert
for portable spar/yarder combina- Angle of

tions we can investigate the Skyline
magnitude and direction of the -50
horizontal component of theresul-tantforce in rigged trees with Back Vert

separated drumsets. Angl a of

Skyline -50
For a worst-case situation such
as might occur on a restricted
landing a back vertical skyline
.mainlin angle of 501 isas-sumedfigure 10. As before we Drum

Supportwill let the front vertical angle
vary between plus and minus 50.

Figure 10.
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Back Az
STRAIGHT LEAD

of Skyline

0 Az With the drums at 0 azimuth and
Drum the skyline mainlinestraight-awayat 180 azimuth figure 11.

the following graph is obtained

The resultant horizontalcompo-Supportnent with the back verticalsky-lineangle fixed at 50 varies
from zero when the frontverti-calangle is either plus or minus

180 Az
50 to about 35 percent ofsky-linetension when the front

Front Az vertical angle of the skyline is
of Skyline zero horizontal figure 12.

Figure 11.
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Figure 12.
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What direction does the force would not be visible. Foril-assumelustration we have shown a
sloping line between the 90 and

This situation is impossible to 1800 azimuth. When the front
display clearly in figure 13 vertical skyline angle becomes
because when the front and back less than the back vertical
vertical skyline angles are equal angle regardless of algebraic
in straight lead there is no sign the direction of there-resultant.The forces are either sultant immediately switches from
all compressive when both angles 0 to 180 or toward theflat-arenegative or neutral when test angle. No shock load is
the front angle is positive. On apparent during this seemingly
the graph this would be dis- violent transition because the
played as vertical lines up and magnitude of the resultant is
down the -50 and 50 axes and zero figure 12.
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Figure 13.
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In straight-lead yarding with a must resist. The direction of

separated drumset an extreme the resultant is also veryre-casemay be encountered when vealing
downhill logging or when landing
logs close to the base of the The spar feels a force pushing
tree. The magnitude of the front it toward an azimuth of 45 for
vertical skyline angle can ex- equal front and back vertical

ceed the back vertical angle. angles through about 57 when

This causes the azimuth of the the skyline is horizontalfig-resultantto switch toward the ure 16. In other words if
drumset since the back vertical suddenly cut loose the spar

skyline angle is now the flattest would tend to fall between the

angle. Again no shock load is log slip and the yarder.
introduced because the magnitude
of the resultant is very small Flatter back vertical angles
during the transition. accentuate this problem. For

instance a square-lead setup
with a 10back vertical angle

SQUARE LEAD generates a resultant force
toward an azimuth of only 33 if
the front vertical angle is 50.

Assuming the previous 50 back The correct placement of the
vertical angle and placing the primary load-bearing guylines is

system in square lead with the hardly intuitive in this case
drums at 0 azimuth and the front

segment of the skyline at 90
azimuth figure 14 what occurs SUMMARY WOOD SPAR/YARDER COMBINATIONS

The magnitude of the resultant
horizontal component varies from 1. Guying a wooden tree is

90 percent of skyline tension significantly different from

when the magnitude of front and guying a portable spar/yarder
back vertical angles are 50 to combination because the load the

nearly 120 percent of skyline spar feels can come from the

tension when the skyline is hori- front side or back of the spar
zontal figure 15. Because of as yarding direction changes from

the separated drumset this system straight to square lead and as

definitely pulls harder in the front vertical angles change

square lead at least when con- during each yarding and landing

sidering the force the guylines cycle.

2. Because of this a more
Back Az uniform guyline arrangement is
of Skyline necessary than for the portable
0 Az spar/yarder combination since

Drum side front or front-quarter

guys may become primaryload-bearingguys as a square lead is

approached or when landing logs.

3. It follows that guy

Support 90 Az Front Az anchor selection can be more
of Skyline critical. Indeed there may be

no safe quadrant in which to

Figure 14. hide a questionable anchor or
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Figure 15.

get by with an excessively steep increase ground clearance to make

guyline angle. lateral yarding easier.

4. An operator should Established state logging safety
weigh the possibility of moving codes limit some of the cable
the yarder as leads change in geometry at tail trees. For the
order to lessen the magnitude of purpose of this example thefol-thehorizontal component of the lowing assumptions which are
resultant force. within the tolerances of current

state logging safety codes are
made.

CASE 3 TAIL OR LIFT TREES
1. The vertical angle of

the skyline from the tail tree to
Tail or lift trees are employed the skyline anchor is 301fig-inskyline yarding to elevate the ure 17.
skyline at the back end of the
setting to provide additional 2. The skyline azimuth in
deflection to improve skyline front of the tail tree towards
load-carrying capability and to the setting is 0 figure 18.
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3. The back azimuth of the angle could approach 500. The
skyline from the tail tree to resultant force is pushing on
the skyline anchor is 172. In the tail tree toward an azimuth
other words the anchor is 8 of 150 or only 30 away from
out of line with the skyline being pushed straight overback-figure18. ward. As the load proceeds

toward the landing the front
4. The front vertical angle vertical angle changes. When

of the skyline will not exceed the front vertical angle of the
50 figure 17. skyline reaches horizontal the

tail tree feels a force toward
Using these assumptions and an azimuth of 40 figure 19.
tracking the situation from log
pick-up to landing what force This azimuth is only 40 from
does the tail tree feel and pulling the tail tree straight
from what direction over frontward. In other words

during any yarding cycle the
When a turn is picked up near the tail tree can feel bothfront-tailtree the front vertical ward and backward pulls. If the
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Figure 19.
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anchor is out-of-line with the vertical angle to a high of
skyline as in our example 25 percent of skyline tension
there is also a force component when the front vertical angle is

trying to push the tail tree at a maximumof 501 yarding
over sideways. from directly in front of the

tail tree. Another high point
Using the same geometry we can of about 18 percent of skyline
examine the magnitude of the tension occurs when the skyline
resultant force on the tail tree. is horizontal figure 20.

For the 30 back skyline vertical The magnitude of the backverti-angleand the 8 misalignment cal angle of the skylinedeter-wehave assumed the magnitude of mines when the maximum resultant
the horizontal resultant varies load occurs. When the back
from a low of about 12 percent vertical angle is steep the
of skyline tension when the maximumforce occurs when the
front vertical angle is balanced front vertical angle approaches
in magnitude with the back verti- horizontal and the tree is being
cal angle regardless of the pulled forward into the setting.
algebraic sign of the front Conversely when the backverti-FrontRz- 0 Back Rz- 172
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cal angle is flat the maximum lateral forces on the tree and
force occurs when picking up a simplifies the guying problem.
turn from directly in front of
the tree at which time the 5. The maximumhorizontal
front vertical angle is maximum. load on a tail tree occurs either
The tree is being pushed over when the back skyline vertical
backward toward the anchor. angle is steep and the front

segment of the skyline ishori-zontalor when the back vertical

SUMMARY TAIL OR LIFT TREES
angle is flat and the front
vertical angle is steep as when
picking up a load immediately in

1. Four guylines spaced
front of the tail tree.

uniformly around the tail tree
should be employed whenever

CONCLUSIONS
yarding activities will generate
a wide range of front skyline
vertical angles. In some states The foregoing discussion isin-thisis a requirement. tended to give the loggingen-2.The back vertical angle

gineer or woods foreman a sense

of the skyline and the range of
for the direction and magnitude

possible front vertical angles
of the horizontal loads imposed

should be taken into account
on various types of spars or

when guying a lift tree with supports. These horizontal

only two guylines. The possi-
loads must be resisted by the

bility of putting the guys on
guyline system. Ideal guying

the wrong side of the tree is
situations are seldom found in a

very real.
cable logging operation but
careful attention to the general

3. It might be helpful to
observations made should help

consider selecting tail or lift
avoid problems and make the best

trees beyond the area to be
of the situations we face.

yarded. This has the effect of
When faced with limited or

minimizing the range of front
questionable guyline anchors

vertical skyline angles experi-
unusually tall spars high

enced while yarding the entire
operating tensions limited

setting thereby simplifying the

guying problem.
yarder positions or artificial
anchor designs a more detailed
analysis may be helpful. See

4. It is worth some extra Vertical Spar Guyline Force
effort to select a skyline Analysis Using a DesktopCompu-anchoras in-line with the sky- ter D. Nickerson U.S. Forest
line as possible. This mini- Service Region 6 12/80 for
mizes the magnitude of the one such analysis technique.
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