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~01. Synopsis

#01. Rel ease Mechani sns
Most of popul ar aerotow rel ease nechani sns are poorly engineered, inefficient, overbuilt, and unreliable.

#02. Actuation
Mechani cal ly inefficient release designs require overbuilt actuation systems, often insecurely mounted in | ocations at
which they will becone inaccessible during a | ockout, bridle snag prone, and operable only with undue conplication and
difficulty. A proper two point system actuation device belongs on the basetube, properly nounted, and is snaller than
hal f a grape.

#03. Bridles
Qpening bridles are unnecessarily prone to fouling upon actuation.

#04. Drag
Rel ease systens are critical to safety concerns and worthy of being built in but parasitic drag inducing slap-on systens
are the normon gliders which aerotow to the exclusion of all other |aunch nethods. Running cable outside of the |ength
of a faired downtube is insane.

#05. Secondary Rel eases
A secondary release is not a backup release. |Its sole purpose is to release a wapped bridle - not, as popularly
bel i eved and practiced, to conpensate for an unreliable or inoperable primary primary rel ease. Depending upon the trim
of the system an out of sequence actuation of a secondary rel ease could prove i nmedi ately cat astrophic.

#06. Emergency Rel ease

Two hands are required to fly a glider and it is pure insanity to launch with a rel ease configurati on whose actuation
demands a surrender of control in a critical situation

#07. Weak Links
"A. Purpose
The sol e purpose of a weak Iink is to serve as a fail safe nmechanismto prevent an aircraft from being overl oaded and
damaged. It is not and cannot be reliably used as a crutch to conpensate for every real or inagined threat, defective
rel ease system blown |aunch, and/or degree of pilot inconpetence at the cost of being rated for the ragged edge of
sustainable tow This w despread attitude and approach has lethal potentiality.

"B.  Configuration

A weak link at one end of a bridle |ong enough to wap does not guarantee protection - weak |inks at the ends of the tow
line or at both ends of the bridle do.

"C.  Range



Weak |inks should be selected as close as possible to 1.4 Gs - the mddle of the 0.8 to 2.0 strength range defi ned by
the FAA and the narrower ones specified in sailplane pilots' operating handbooks. As hang gliders are nuch nore
difficult to control than their counterparts they are unable to tolerate the bottom of the range and require a m ni num
of 1.0 Gs. The ubiquitous single |oop of Greenspot on a bridle end usually translates to well below half of the
strength typically required.

"D. Reliability

A weak |ink should fail only when the tow tension becones excessive (and a rel ease should have been actuated | ong before
t hat happens).

"E. Durability

A weak link should retain its integrity for nore than a fraction of a tow

#08. Inertia
The general state of affairs is stagnant because the hang gliding public has inprinted on erroneous initial concepts
whi ch have gone untested and little chall enged and changed over the nany years since their inceptions. The small
portion of individuals applying effective thought to these issues tends to reach simlar conclusions and devel ops
convergent design strategies but unnecessary failures continue to occur due to the | ack of w despread inplenentation
~02. Sail pl anes

#01. Rel eases

Tost sail plane rel ease nechani sns are mission specific, cost nultiples of the price of their counterparts assenbled from
conponents designed to dunp boat sails and stop bicycles, have no backup options, and do not fail

#02. Weak Links
Al t hough they are much easier to control on tow, because of their size, weight, and perfornance sail planes can il
afford to separate in situations with little air below and runway ahead. Therefore their weak |ink systems cost nore
than a penny's worth of material and a minute's worth of |labor and do not routinely fail fifty feet up for no apparent
reason. Their failure rates are sonething on the order of one per thousand.
~03. Conventional Rel ease Configurations
While the current crop of gliders, tugs, and dollies nakes aerotowi ng an incredibly safe way to | eave the ground, the
status with respect to popular rel ease configurations is abysnal. There are problens with actuation, failures commonly
occur as a result of design, installation, and adjustment problens and totally inadequate weak links, virtually all two
poi nt systens exact a substantial drag penalty, and slack |line performance can be probl enatic.
Note: Although the term"two point" is somewhat anbi guous as there is one attachnent point per harness shoul der strap
in terns of dynamics of the bridle systemthe pilot represents a single point and the glider another. The term"three
point" is best reserved for the early, obsolete, and | ockout conducive schene of control frame apex and corners.

Not e: For standardi zation purposes in this discussion the secondary bridle and rel ease conmponents of the two point
systemretain those designations with respect to one point tow ng.

#01. Tow Tension Distribution
Two basic options exist for routing tension fromthe tug to the glider
"A. One Point

a. Advantages

One point towing of fast, |low pitch pressure gliders is attractive in terns of convenience, the mninml equipnment
i nvol ved, and the virtual absence of aerodynanic conpromse in free flight.

“b. Disadvant ages
i. Trim Speed

As tug tow speeds are above glider trimspeeds, negative pitch control pressure nmust be maintai ned throughout the tow
and the difficulty of staying level with the tug increases.

ii. Contro
Because all of the towtension is routed to the bottomof the pendulum the pilot is shifted fore with respect to nornal
control frame relative position and thus is |lost the top of the speed range and an easy view of instrunents. Likew se
when the glider is tracking off line, the pilot is pulled to the forenost side and the control range to counteract the
roll is reduced thus naki ng the configurati on sonewhat nore prone to | ockout.

"B. Two Point

Two point systens distribute by neans of a bridle the tow tension between the pilot and glider and thus better or
normal Iy position the pilot over the basetube.

Two nounting options are conmonly enpl oyed.

“a. Carabi ner Mount
The carabi ner attachnment option is the nost easily installed and results in the effective tow point being about a third
of the way up between the pilot and the suspension. Wth the release point at the top end of the bridle a downside of
this configuration is the requirenment of a considerable | ength of housed cable to allow play between the downtube and
suspensi on through any extrenity of control novenent.

“b. Keel Mount

In the optinal progression the prinary release is nounted on the keel at the trimpoint. Forward pressure is taken off
the bar. |If the trimpoint is significantly fore, directional stability is enhanced.

"C. Recommendati ons



The downsi des of one point towing are | esser issues than often believed and that node should be opted for with respect
to any glider which can be so towed confortably.

#02. Rel ease Points
Two options exist with respect to release points for either the one or two point configuration
A, Closed Bridle

Both the ends of a two - or, in theory - one point bridle remain attached with the weak |ink being installed and rel ease
being effected, nobst suitably with a Linknife or renote barrel release, between a ring at the apex of the bridle and the
tow | ine, the advantage being that no fouling of the bridle with a towring or, in anything approaching nornal

ci rcunst ances, nose wire is possible. Anchoring the |anyard(s) at the aerotow | oops ninimzes the effect of pitch
attitude changes on lanyard slack. As actuation in two point node demands rel ease of the basetube it is an unacceptable
configuration. |In one point node it offers no advantage.

"B. Opening Bridle
One end of the bridle is released and that half nust clear the tow ring.
“a. One Point

As nose wires spread and recede from nose to basetube ends the potential for fouling is fairly negligible.
Additionally, the pilot is pulled fore with respect to the glider during towin this configuration. Thus there is no
practical advantage to increasing bridle assenbly I ength and the bridle can and nmust be short enough to be physically
i ncapabl e of wrapping. Wth incorporation of any of the energency rel eases described below slack |ine separation is
easily attained with the dedication of one hand at nost.

“b. Two Point
The top end of the bridle is rel eased.
i . Weaknesses and Count er measur es

A two point bridle, by definition, positions the tow ring upwi nd of the nose wires but is capable of wapping. Its top
end can, if the glider has yawed an extrene degree off line, foul with a nose wire after separation fromthe rel ease
nmechani sm (al t hough this may have never happened in actual practice). Either of these situations is addressed by the
freeing of the bottomend. A worst case scenario of fouling with the nose wire and a subsequent bottomend wap at the
towring is abated by a release of the front end of the tow |line and/or parachute depl oynent.

ii. Advantages

As the rel ease nechanism |anyard, and actuation devices may all be firmy nounted on and/or in the airfranme, |anyard
free play and thus actuati on novenent and effort nmay be ninim zed.

#03. Har dwar e

A, One Point

a. Release Mechani sm

The one point systemis based on a barrel release (Bailey) constructed using a half inch webbing base, curved pin, and,
typically, 5/8-.049 x 1.75 inch OD flared al um num tubing barrel and attached at the aerotow | cop of a harness shoul der
strap. There is very little reason not to enploy port and starboard units.

“b. Bridle
The one point bridle spans the port and starboard connections.

"B. Two Point

a. Release Mechani sm

The core nechani smof the vast majority of two point systens is the Wchard Qui ck Rel ease Shackle. The 2673 nodel, the
snal l est in the manufacturer's line of snall bail spinnaker shackles, is the nost appropriate for the task and nost
conmonl y enpl oyed, al though heavier nodels frequently appear. |t appears to be the best off the shelf solution of such
nmechani sns for the demands, has an excellent latch configuration, and is beautifully engineered for the purpose of

hol ding Iines of dianeters between about four to fourteen millinmeters under a range of tension fromslack line (with
adaption) up to an el even hundred kil ogram safe working load. (It does not, however, performwell as a release under

| oads much in excess of those limted by hang glider range weak |inks.)

“b. Lanyard
A cable is swaged around the spring | oaded | atch, routed through a cylindrical cable housing stop welded to the bai

(the swivel being disabled by welding to acconmpdate this design), and through about seven feet feet of housing down to
the vicinity of the pilot. This configuration allows function in a slack |line situation

c. Actuation

The cable is termnated at either a velcro nounted bicycle brake | ever assenbly or a | oop through which a hand may be
inserted after the end of the housing is anchored to the downtube.

“d. Bridle
The two point bridle spans the spinnaker shackl e rel ease and the aforenenti oned one point bridle.
"C. Weak Link
A weak link is typically a |ight Dacron line length formed in a loop by joining the ends with a Fisherman's Knot,
installed on the primary bridl e eye by neans of a Double Lark's Head with the Fishernman's Knot at its center, and
engaged by the primary rel ease.

#04. Defi ci enci es

A, One Point



a. Structure
i. Accidental Rel ease

The di aneter and shape of the flared barrel decrease clearance fromand increase propensity to actuate as a result of
contact with the basetube as the pilot nmakes a negative pitch input to correct for a high attitude.

ii. Bridle Wap

As the aerotow | oops are so narrow y separated the unnecessarily long bridles frequently incorporated result in very
little tension reduction at the price of introducing a wap potential. The conmon practice of nounting a single barre
rel ease with the weak link anchoring the bridle at the opposite aerotow | oop magnifies the problem

“b. Mechani cal Advant age

Because of the nechanically inefficient design, actuation under high loading may be difficult as a result of side
| oadi ng.

c. FErgonomcs
The short flared barrel provides for neither an effective nor confortable grip.
“d. Actuation

Actuation requires a surrender of the grip of a hand on the basetube and thus of glider control

e. Slack Line Performnce

A slack line release requires both hands sinultaneously if the built in resistance of the rel ease nechani smequal s or
exceeds the remai ni ng opposition force.

"B. Two Point

a. Structure
i. Spinnaker Shackle

The spi nnaker shackle is designed for holding nearly fourteen tines the | oad that the ubiquitous one mllineter solo
weak |inks can deliver and a |ine cross sectional area capacity overkill factor of about 196.

Much of its strength is owed to a notched interface between the gate and base. The notch on the fornmer can snag and
wi || degrade the weak |ink and can delay or prevent release.

The girth of the gate increases fromhinge to free end. This characteristic, in a one point configuration, has
prevented release with fatal results.

It incorporates a sw vel conponent which is useless for rel evant applications.
ii. Primary Bridle

Bridle construction is such that wapping is somewhat nore |ikely and i nadequate splicing techniques result in failure.
iii. Bridles Interface

The bottom eye of the primary is engaged by the secondary bridle. It is possible for this interface to lock in the
event the release nmust be effected with a barrel release and the two el ements abrade each other in the course of nornal
t owi ng.

“b. Mechani cal Advant age

Reportedly the hinge area of sone portion of spinnaker shackles affords an environnent hostile to weak link material. A
few m nutes worth of careful work with a small file to dress any sharp edges will ensure that this piece of hardware is
fiber friendly when closed. However, a nodification addressing this issue involves the bul kiest portion of the

spi nnaker shackl e's base (just fore, fromour perspective, of the latch pivot area) being drilled through. This allows
installation of a nounting cable to substitute for the bail as the component by which attachnent to the glider is
achieved. The tow force, consequently, is redirected fromthe hinge about 90 degrees to the gate such that about half

of the stress is being transnitted through the latch and there is an increase in required trigger tension

“c. Lanyard Configuration

The spi nnaker shackle is designed to be actuated with |ight tension delivered by a light |eechline lanyard. The
adapti on of 480 pound strength cable to performthis three and a half pound function is problematic. Changes in
direction require substantial turn radii, binding malfunctions result in releases prenature and failed, and housing is
fairly easily damaged

“d. Actuation - Brake Lever
i. Mechanical Limtation

A brake lever is designed to deliver in excess of fifty tines the tension required to open the unnodified spinnaker
shackle. As it commands a very short range of cable novenent as a consequence of the mechanical advantage trade-off,
adjustment with respect to housing is critical. Assenblies have been known to ship incapabl e of opening the spinnaker
shackl e by virtue of the fact that the lever bottons out on the tube on which it is nounted before enough cable is taken

up.
ii. Pl acenent

Wil e any two point configuration is fertile ground for finger on the trigger capability, brake |levers are often nounted
on downt ubes thus potentially lethally amending the rel ease sequence with the sane three requirenents of the one point.
Additionally, as the pilot is a pendulumw th respect to the airframe, the relative positions between | ever and pil ot
are subject to considerable change and it can and has happened that a pilot has |ocked out to port and fallen bellowthe
poi nt at which a starboard nounted brake | ever is inaccessible.

iii. Snag Potenti al



Brake | evers do, however, present a snag potential which is greater if basetube nounted. A bridle wapped on one can
lethally linmt control novenent.

iv. Mounting
Strapping a brake | ever assenbly to a tube using velcro fasteners is an inadequate neans of securing a critica

conponent of a critical system On both round and faired downtubes it has happened that an attenpt to rel ease has
resulted only in the rotation of the lever to the outboard side of the downtube.

e. Actuation - Loop

A loop is a superior actuation device although the potential exists for interference with hand noverment and thus glider
control and infliction of injury in a crash (although these risks - in practice - appear to be negligible).

“f. Drag

Mounting a brake |l ever near the pilot and housed cabl e outside of the |length of a hollow faired downtube reduces glider
performance about a point for the renainder of the flight after the one instant mssion is fulfilled.

"C.  Weak Link

Unreliable and inappropriate weak |inks and systens inproperly configured routinely result in inability to remain on tow
to altitude. The potentially catastrophic situations defused by weak links are rare and invariably a consequence of the
pilot failing to take tinely and appropriate action. The frequent breaks taken as the cost of doing business are, in
fact, dangerous. A clinb to altitude is always safer than an unplanned | anding froma |ow starting point and the
mandat ory rel aunch and pilot's are occasionally in situations in which towline tension is the only thing keeping them
alive. Additionally - unnecessary breaks result in clogged flight |ines, wasted tine and fuel, engine wear, and | ost
soaring and conpetition opportunities.

“a. Strength Graduation
Strength options are limted by the availability of material and installation configurations. An identical weak link is
typically enployed for solo gliders with weights varying by as nuch as two hundred pounds and is appropriate only for
t he bottom end.

“b. Consi stency

Variations in the length, dianeter, and coefficient of friction of the naterial of the bridle on which a weak link is
installed greatly affect the tow line tension the weak |ink can withstand.

c. Length

Excessively long weak links are prone to snaring the tow ring and otherw se wapping and preventing rel ease. The |ength
of material extending fromthe bridle is doubled when a break occurs at the interface with the bridle.

“d. Durability

Strength dimnishes with the wear of use, particularly the substantial damage virtually guaranteed as a result of
spi nnaker shackl e actuation, thus mandating frequent inspection and repl acenent.

“e. Nullification
If a weak link is present only at the release end of a long bridle which waps, the glider is no | onger protected.
~04. Dolly
The use of a dolly is assumed and shoul d be mandatory for all launches for the followi ng reasons.
#01. Hook-1In
The hook-in check is built in.
#02. Control

AL Trim

The dolly insures that the glider begins noving with wings | evel and an appropriate pitch attitude. Roll renains | ocked
and angle of attack adjusts automatically as airspeed increases to the desired separati on point.

"B.  Prone

The pilot remains prone fromthe tine he arrives at launch until and unless he rotates up to land. His hands remain

properly positioned on the basetube and he is at all tinmes capable of releasing without sacrificing control. He is

freed fromthe tasks of running and changing his grip fromthe downtubes during the nost critical phase of the flight.
#03. Launch Reliability

Bl own | aunches are virtually nonexi stent.

~05. Phot ogr aphs

Phot ographs illustrating the aerotow rel ease systens options are avail able at:

http://ww. flickr.conl photos/ aerot ow el ease/

in the AT System Conponents set and should be viewed prior to and while reading the follow ng (tedious) descriptions.
#01. Orders

Phot os are organi zed i n orders:

Primary to Secondary to Weak Link

overview to detail

views - Top, Lateral, Bottom
operation - nornal to energency



#02. Background Col or Codi ng - Perspective

Green - Top (bird's eye)
Blue - Lateral and Bottom

#03. Aft Orientation

Left - Top, Starboard, Bottom
Ri ght - Port

#04. Loading

Secondary Conponents are nounted on a frane and tensioned to a | oading conparable to that to which they are subjected
during tow.

#05. Di screpanci es

I nconsi stencies - usually mnor - between photos and di screpancies fromtext descriptions herein reflect design
revi sions not yet photographed or justifying reshoots.

~06. Revi sions

#01. Cord Lanyard
If the concept of cable actuation and the conveni ence of quickly slapping an assenbly onto a glider going back to the
nount ai ns next weekend is tossed in favor of a sem permanent installation with a | eechline Ianyard a | ot of advantages
start accruing. The cord routing can undergo sharp changes in direction around pulleys with little or virtually no
increase in resistance and installation in the port downtube is as sinple a matter as is the VGline in the starboard.
Additionally it is very easy to positively secure its bottom end.

#02. Stored Energy
In the reconmended configuration tension supplied by a bungee inside the basetube is held by a pin controlled by the
pilot's left hand. Wien the pin is pulled the Ianyard routed up through the port downtube takes up any slack in the
actuation conponents and transnits the force to the keel nounted rel ease nmechani sm

#03. Bl ock and Tackl e

A two to one nmechani cal advantage pulley systemthrough which the top end of the lanyard is routed provides the
foll owi ng two advant ages.

“A. Actuation
An overkill actuation force is delivered to the rel ease mechani sm
"B. Reset
The bungee tension reset is facilitated after the systemis fully assenbl ed.
#04. Barrel Rel ease
The spi nnaker shackle is replaced by an adaptation of a straight pin barrel release incorporating a pulley aft of the
barrel which allows alignnent of the actuation tension. It is far smaller, lighter, and nore appropriate for the
| oadi ng and |ine dianeter involved. As the the pin lacks a notch and its length is of uniformgirth it is incapable of
damagi ng or retaining a bridle or weak |ink regardl ess of size, nultiple | oops, twisting, or tension. A spring feature
of construction inparts an ability to drop as little as a snall |oop of Greenspot. |Its overall length is ninimzed to
maxi m ze the options for effecting an aft trim point.
#05. Tensi oner
The rel ease nmechanismis connected to the nose by neans of a tensioner which locks in the trimposition at setup
provi des opposition to the force required to overconme the internal resistance of the rel ease, thus allow ng functioning
in a slack line situation, and keeps exposed el enents taut after rel ease, thereby reduci ng drag.
#06. Actuation
The inboard end of the pin lanyard is routed up between the bases of the last two fingers and terminates in a rubber
button. G asp of the basetube is nmaintained by the forefinger and thunb while a clockw se/forward tw st of the hand
ef fects actuation wthout interruption of glider control

#07. Bridle

Construction factors which affect the |ikelihood of a bridle wapping include the following and bridles are desi gned
accordi ngly.

AL Materia
Probability increases with elasticity and flexibility and decreases with low stretch stiff naterials.
"B.  Ends Construction

Irregularities involved in attachments nodifications at bridle ends which affect taper, mass, and stiffness render a
bridl e nore prone.

"C.  Length

A secondary bridle can be constructed too short to be capable of wapping. A primary bridle cannot, but beyond sone
irrelevantly | ow threshold, the wap potential is constant and prinarily dependent upon the construction of the top end.

#08. Bridle Thinble
A thinble installed at the bottomend of the prinary bridle elimnates abrasion and janmm ng probl ens.
#09. Bridle G nch

A |l oop of bungee with a cord lock is used to facilitate in flight stowage of the prinmary bridle.



Note: A single secondary release may be nounted such that it directly engages the primary bridle and its tension is
shared by both aerotow | oops but there isn't nuch in the way of a downside to splitting the load with a(nother) barre
rel ease.

#10. Barrel Rel ease

A, Structure

The barrel release is constructed using a strai ght parachute pin, |eechline base, and 3/8-.058 x 4 inch al um num tubi ng
| ength covered by heat shrinkable tubing. |Its propensity to catch on the basetube is ninimal.

"B.  Mechani cal Advant age
Required actuation tension is well under a third of that of a curved pin barrel release.
"C. Ergonomcs
The I ength, dianeter, and covering of the barrel provide a very effective and confortable grip.
#11. Bridle

The secondary bridle has a naxi mum | ength of seven inches and is incapable of wapping. Adjusters are installed aft of
the port and starboard releases to center the thinble or towring on the bridle.

#12. Emergency Rel eases

Three options exist for replacing a barrel release with an incisors controlled device which allows hands free actuation
under tension. All are excellent energency options and the relative pros and cons are fairly negligible.

"A.  Cabl e Lanyard
“a. Description
Smal | sail pl ane type release with a housed cabl e | anyard.
“b. Actuation
Rel axing bite on a trigger nmechani sm
“c. Adjustnent
Not an issue.
“d. Primary Rel ease
Sui t abl e.
“e. Slack Line
No hands - normal actuation.
"B. Cord Lanyard
The cord | anyard actuated rel eases nust be adjusted with respect to the geonetry of the fore end of the pilot and

aerotow | oops placenment. Positive pitch rotation of the pilot will result in a change of geonetry and possible pulling
away of the shoul der straps, both of which will reduce |anyard sl ack

"a. Renote Barre
i. Description
Adaptati on of primary rel ease design
ii. Actuation
Pulling | anyard up and away.
iii. Adjustnent
Lanyard | engt h.
iv. Primary Rel ease
Sui t abl e.
v. Slack Line
One hand - light push on secondary bridle.
“b.  Four-String
i. Description

Multiple string release nmechanismin which the traditional gronmet and pin is elimnated and the trigger line is
safetied by a jamcl eat.

ii. Actuation

Pulling | anyard up and away and releasing. May be arnmed by freeing the trigger line fromthe cleat and retaining to
reduce required action to a rel axed bite.

iii. Adjustnent

Positioned with adjuster



iv. Primary Rel ease
Unsuitable - wears with use.
v. Slack Line
One hand - firm push on secondary bridle.
The Four-String offers excellent |oad reduction characteristics and sone neasure of versatility above the other two and
di scussion below will presune this option. |Its trigger line free play is, however, due its origin point, nore affected
by pilot pitch attitude than is the renote barrel release |anyard.
#13. Weak Links

“A. Function
The sol e purpose of weak links is to guarantee that structures are not overloaded. The tug and glider nust be protected
by themat all times. Although a weak Iink will limt the progression of a | ockout at altitude, as has been
denonstrated nunerous times a low strength unit is quite capable of surviving a |ow |l evel |ockout to the point at which
the pilot can't. Therefore a weak |ink nust not be relied upon to renedy an inadequate rel ease system and/or an
i nadequately trained or functioning pilot.

"B.  Configuration
The traditional |oop weak link is replaced by a construction which relies on nylon floss stitching to determ ne
strength. The two forns are herein referred to as break and shear |inks respectively. The revision does not degrade
with use and allows col or coded strength graduation in small increnents which enabl es custom zation for individual
gliders. Al primary and secondary shear links are constructed such that, in the event of failure, all conponents save
for the strength stitching and, occasionally, a fairing or two are retained and reusabl e.
Note: The shear link is anal ogous to the Tost sail pl ane weak |ink assenbly which is based on graduated netal inserts
which are available in hang glider appropriate ratings. In both the critical elenent is isolated fromthe conponents
whi ch engage the assenblies. The latter is nore anenable to being dragged at the end of a towline, the tow line
installed version of the forner has a core nmechani sm whi ch exacts only about eight percent of the weight penalty.

"C. Rating Selection
The maxi mum glider |loading is approximtely the sumof weak link strength and glider weight, i.e., a glider |ocking out
and safetied with a 1 Gweak link is linmted to about a 2 Gloading. In actuality the glider is likely to experience
sone additional stress due to the acceleration attributable to a turn. A 1.4 Gweak link is recomended as this figure
isinthe niddle of the 0.8 to 2.0 range. Loading beyond this range is a probable indication of the glider having
di verged to the point at which recovery is no | onger an option

"D.  Aerotow Environnent

Whereas surface towed gliders fly at minimumsink to nmaxi m ze rel ease altitudes, those behind tugs fly at best glide.
As that speed is faster on tow than in free flight (as the glider is nore heavily | oaded), the rate at which tension
i ncreases as the glider rolls away and/or pitches up fromthe desired path is relatively high and thus the penalty for
the degree to which a | ockout has progressed demanded by a stronger weak link is relatively |ow
"E. Installation
“a. Tow Line
i. Fore

The fore weak link nust be fail at a tow line tension greater than but no nore than 25 percent beyond that allowed by
the aft configuration and at bel ow 2 Gs.

ii. Aft

A weak link installed on the aft end of the tow |line descends with the tug and thus is subjected to dragging but nay be
used for multiple gliders. Atowring integrated in the weak link's aft end provides the nmeans of engaging a bridle.

“b. Bridle

Weak links integrated into the glider's bridle(s) nust be produced for each individual but descend with the glider and
are not subjected to abuse and provide an advantage in the event of a bridle wap follow ng rel ease.

i. Length

Weak |inks are made as short as possible - within the confines of rel ease operation demands - in order that they be
i ncapabl e of contributing to a wrap.

ii. Durability
The breaki ng conponent of the weak Iink is isolated fromthe rel ease nechani sm and experi ences no wear.
iii. Redundancy
Graduat ed weak links are incorporated at both ends of the primary bridle and thus protection is afforded in the event of
the primary bridle wapping or snagging while trailing. The traditional secondary bridle is replaced by an el ongated
shear |ink and renders a two point system one point ready.
~07. Construction Notes
#01. Oientation
"A. Primary
As VG control lines are routed through starboard downtubes the prinary release |anyard is routed through the avail abl e
port. Thus actuation is effected with the left hand and this standardization is naintained with respect to the
secondary bridle assenbly regardless of its use in a two or one point system Barrel Rel eases are assuned to be Port -

Starboard units are nmirror inages.

"B. Secondary



Descri pti ons bel ow are based on an assunption of aerotow | oops attached in a horizontal plane. |If the webbing is
connected to the harness vertically, outboard is translated to top and other orientations are rotated a quarter turn
accordi ngly.
#02. Synthetic Fiber
"A. Leechline
Al references to | eechline indicate Dacron.
"B.  Shrinkage
Many |ines shrink significantly when washed in hot water. Measurenents are taken after the material has been i mersed
in boiling water which reduces the initial length by about five to ten percent. This is particularly inmportant with
respect to conponents which affect critical adjustment such as those involved in primary rel ease nounting and actuation
"C. Ends
Ends of Dacron and bungee conponents are heat fused, snopothed, and tapered and |isted neasurenents exclude those areas.
As the Vectran core of the Crystalyne is resistant to heat fusing, after the Iine is cut the cover is retracted, 5
mllineters of the core is trimed, and the cover is repositioned beyond the core and fused.
#03. Stitching
“A. Sequences
Stitching is effected without overlap such that the strength of a binding is quantifiable and thread can be conpletely
renoved w t hout danage to conponents when di sassenbly is sequentially the reverse of fabrication and effected with the
aid of a marlinespike.
"B. Strength
Stitched bindings are effected to exceed the strength of the material being secured.
"C.  Shortening
Structures shorten as they are stitched and materials neasurenents nust allow for this distortion
#04. Knots
"A.  Becket Bends
A Becket Bend is a Sheet Bend in which the bight conponent of the knot is secured in the formof an eye.
"B. Lark's Heads
For standardi zati on purposes all Lark's Heads, save for sone incorporated in break links, are forned with the center of
the knot topside. Al Lark's Heads used for weak link installation have their centers fore or outboard to all ow snooth
passage through a tow ring or thinble respectively.

#05. Fast eners

Al'l fasteners - screws, washers, and nylocks - are stainless steel except for the nylon washers used on pulley clevis
pi ns.

A, Screws

Al'l screws referenced are Phillips nachine screws and, except for the O antleat screws, pan head. When necessary they
are cut to length with the cut end being rounded with a file.

"B.  Washers
Al'l washers have all edges - inner and outer - deburred.
#06. Pul | eys
Al'l pulleys are Harken 16 mllinmeter AirBl ocks.
"A. Strength

The pul |l eys whose sole function is to route or magnify actuation tension are overbuilt but the nost appropriate for the
task avail abl e.

"B.  Mounting
"a. Cevis Pin
Al'l save for the Basetube Pulley incorporate a clevis pin for nounting.

“b. \Washers

Nunber 06 nyl on Washers have their I Ds enlarged by filing to snugly fit on the clevis pins and are installed at both
ends.

"c. Retainers

A 04/64 x 30 millimeter leechline length is threaded through the clevis pin's hole and secured with stitching.
“d. Harness

The eyes of the harness which engage the clevis pin closely fit over the Washers.

#07. Thi nbl es

Unl ess otherwi se noted, all thinbles referred to are one of two sizes of stainless steel Ronstan Sail maker's Thi nbl es -



RF2180 or RF2182 and are oriented with their wide ends at the folds of the eyes in which they are installed.
#08. Heat Shrinkabl e Tubi ng
"A. Application

Nearly all of the procedures which call for application of heat shrinkable tubing can be acconplished via inmersion in
boi l i ng water.

"B. Distortion

Stretching and distortion are likely to occur if the position of heat shrinkable tubing is adjusted before being all owed
to cool.

"C. Discoloration
A soot mark froma candle flane can be renoved by cl eaning with isopropyl alcohol
#09. Plastic Tubing
A Viny

Vinyl tubing (soft, flexible) is utilized where it is desired to prevent its novenent with respect to the conponent
which it sleeves.

"B. Pol yet hyl ene

Pol yet hyl ene tubing (hard, stiff) is utilized to sleeve screws and | anyards where free and easy novenent between
conponents is desired. Snall dianeter tubes can be salvaged fromenpty spray cans.

"C. Nylon
Nylon tubing is sinilar in relevant characteristics to polyethylene and is utilized for the primary |lanyard conduit.
#10. Threaders

Threaders are appropriate lengths of 03/64 | eechline used to draw | eechline conponents through sl eeves and control frane
t ubi ng.

“A.  Doubl ed
An end end is routed through a sleeve or tube, to the | oop of the | eechline conponent, and back out al ong the sane path.
"B.  Stitched
By stitching a few passes through the downstream end of the Threader and upstream end of the conmponent to be installed -
leaving a fewmllinmeters or nore of floss length between the two - a conponent may be routed in situations in which it
is difficult to route a Threader back along the same path - as in a Bungee Assenbly installation - or the interna
di ameter of the tubing precludes use of a doubled Threader - as in the routing of a Primary Lanyard through the Conduit
of a replacenent downtube.

#11. dider

The installation described bel ow was adapted for a Wlls Wng HPAT 158. Variations for other nodels will be described
in separate sections as the techni ques are devel oped. Only conponents altered or anended are di scussed.

~08. Construction - Actuation System
#01. Mounting Fasteners
"A. Screws
06-32 x 34.5 mllimeter Screws aligned parallel to the basetube bolts/pins (fore/aft) are installed aft to fore through
the port and starboard ends of the basetube 4 inches inboard and serve as anchors for an internal Pulley Assenbly and
the joined end of a doubl ed Bungee respectively.
"B. Nyl ocks
Nyl ocks secure the Screws.
#02. Basetube Pulley Assenbly

“A. Pulley

A Harken 404 AirBlock serves as the Basetube Pulley.

"B. Axle
A short length 08/64 inch alumnumpin is held in the chuck of an electric hand drill serving as a lathe in order that
its dianeter along may be slightly reduced with a file. It is ground until three quarters of an inch of its length can

be inserted through the rivet around which the sheave rotates and cut to a length of 0.99 inches.
"C. Axle Shins

A pair of 12-08/64 x 0.25 inch vinyl tubing lengths are installed on the Axle - fore and aft of the Pulley - to keep it
cent er ed.

"D.  Bushing

A 12-08/64 x .33 inch polyethylene tubing length is installed in alignment with the Pulley mounting holes within the
housing to preclude the Leader from bei ng danaged by contact with the Screw t hreads.

"E. Screw Shins

A pair of 12-08/64 x .2875 inch polyethylene tubing lengths are installed on the Screw - fore and aft of the Pulley - to
keep it centered.



“F.  PFul
A Pull is secured to the Pulley to facilitate renoval of the Assenbly.
“a. Base
A 05/64 x 240 nmillineter leechline Iength is routed through the strap of the Pulley.

“b. Sleeve
A 12-08/64 x 1 inch vinyl tubing length is installed over the ends of the Base and secured with a Thunb Knot.
#03. Bungee Assenbly

"A. Bungee
The Bungee is a 16/64 x 1750 mm | ength of material

"B.  End Connectors
Pro Fl ex PFRSB4 Dead Ends are installed on the Bungee ends, aligned as mrror inages.

“C.  Bushing
The Bungee is folded in half such that the extensions of the End Connectors are joined back to back. A 12-08/64 x .99
i nch pol yethyl ene tubing length fills the difference in dianeters between the 06-32 Bungee Screw and hol es of the End
Connectors through which it is installed.

"D. Shins

A pair of 16/64-.170 x 24/ 64 inch vinyl tubing lengths are installed on the Bushing - fore and aft of the End Connectors
- to keep the joined ends of the Bungee Assenbly centered in the basetube.

"E.  Pul

A Pull straddles the End Connectors pair and fits the over Fore and Aft Stop Sleeves to ensure that the Bungee Assenbly
can be easily extracted fromthe basetube.

“a. Base
A 05/64 x 400 nmillineter leechline length is forned in a loop by having its ends joined using a Fisherman's Knot. The
loop is then drawn linearly such that the Knot is centered on its run. The two runs are stitched together save for 20
mllineter Eyes at the ends.

“b. Loop

A 05/64 x 100 nmillineter leechline Iength is forned in a spiral and stitched to create a small Loop through which the
Base is drawn to its nidpoint.

“c. Sleeve
The Base is then folded in half such that the Eyes are brought together and the Knot is positioned at the far
(starboard) end. Using a Threader through the Eyes the Base is drawn through a 16/64-.170 x 50 millinmeter vinyl tubing
I ength which serves to keep the Pull Assenbly fromshifting inboard.

“d. Installation

The Eyes are placed over the Fore and Aft ends of the Screw and Stop Sleeves and the Pull Sleeve is drawn towards the
Eyes to hold the Assenbly firmy in place.

“F. Thinble
An RF2180 Thinmble is placed between the Bungee runs at the fold.
"G Collar

A Pro Fl ex PFTC4 Bungee Loop Connector is installed near the fold just beyond the Thinble such that the Thinble is
retai ned but the Bungee is not stretched.

"H.  Leader
A 05/64 x 600 nillineter | eechline I ength serves as a Leader which joins the Bungee Assenbly to the Lanyard. It is
folded in half and the ends are drawn through the Thinble - top to bottom- and back to fore and aft of the doubled
standing part to protrude 35 mllineters fromthe Bungee. The resulting parallel four runs are stitched together -
starboard to port, the stitching continuing about 8 passes beyond the Overlap. 150 millinmeters fromthe fold the two
parall el runs are stitched together over a length of 10 millineters. This Stop Stitching provides a seat for engaging
the Cotter Pin. This configuration allows the systemto be actuated wi thout drawing the Lanyard into the basetube.

#04. Cotter Pin Lanyard Assenbly

"A. Cotter Pin
The Leader is routed up frombelow the Pulley and exits the basetube under tension slightly inboard of the Port Screw on
a radius coplanar with the dowmntubes. There it is engaged bel ow the Eye by an 06/64 x 1 inch stainless steel Cotter Pin
whi ch has been clipped and filed such that its end is even and rounded.

"B. Baset ube Washer
The Cotter Pin seats on a Nunber 06 Washer installed over the hole through which the Leader exits the basetube.

"C. Adhesive

The Basetube Washer is installed using Sears Craftsman Fornula 300 hot gl ue.

"D.  Lanyard



The Cotter Pin has attached to it by neans of a Double Overhand Noose a Lanyard of 05/64 x 270 mllineter |eechline
| engt h.

"E. Quide Assenbly
“a. Base
The Lanyard runs inboard through a 10-07/64 x 45 nmillinmeter polyethylene tubing |Iength.
“b. Retainer

The Guide held in place by a 1.5 inch x 45 m|lineter heat shrinkable tubing Iength.

"F. Button
The inboard end of the Lanyard terminates in a snall rubber Button - a 000 faucet washer - which is held between the two
outboard fingers of the left hand at their bases (a button won't break a finger as night a loop if sonething goes awy).
The Lanyard is secured to the Button by routing its end:
up through the center fromthe bevel ed end;
down around a side;
up through the center a second tine;
down around the opposite side; and

up through the center a final tine.

The followi ng schematic illustrates this routing in the order of red to green to bl ue.

"G Keeper

A loop fornmed of an 08/64 x 150 millineter bungee length tied with a Fisherman's Knot encircles the basetube and Gui de.
After release this Keeper is slid inboard to keep the Button fromdangling in the breeze.

#05. Primary Lanyard Installation
"A. Lanyard

A 03/64 x 2005 millinmeter leechline length serves as the Primary Lanyard. |t engages fold of the of the Leader by neans
of a Becket Bend.

"B.  Lower Routing
The Lanyard enters the downtube inboard through a hole drilled at an upwards angle 8 inches fromits bottomand exits
through a hole 5 mllineters inboard of the fore extrenmity of the downtube's cross section 3 inches fromthe top and
drilled at a downward angle. The corner cut defined by the Lanyard at the control franme angle provides clearance for a
wheel and mnimzes the change in direction and associated friction as the downtube is entered.

"C. Conduit Assenblies

After the Lanyard is threaded through the downtube Conduit Assenblies are installed over the Top and Bottom Lanyard ends
and t hrough the downtube walls to protect the Lanyard from abrasion

“a. Base
An 08-05/64 x 4 inch nylon tubing length serves as the Base.
“b. Stop

A 12-08/64 x 20 millinmeter vinyl tubing length is fitted on the outer end of the Base to prevent it from bei ng drawn
into the downtube

"D. Upper Routing
Upon exit the Lanyard is routed through a Pulley bridled to the top of the downtube, through a Pulley connected to the
Barrel of the Keel Release, and terminated back to a Lanyard Extension froma becket at the Downtube Pulley using a
Becket Bend.
#06. Downt ube Pull ey Assenbly
“A. Pull ey
The Downtube Pulley is oriented axis horizontal and becket fore.

"B. Bunper

A 05/64 x 120 nillineter leechline Iength is coiled four and a half tinmes around the strap of the Downtube Pulley and
secured with stitching to forma Bunper which protects the downtube with five Runs.

" C. Har nesses

The Pulley is nounted to the downtube via Qut- and I nboard Harnesses, the lengths differing such that the Pulley is
aligned with the Keel Release, i.e., offset inboard. The Harnesses are fabricated from 05/64 inch | eechline, spirally
folded in three Runs and stitched with short Eyes left at the ends. The Runs in mllimeters are 38-44-38 and 31-38-31
for Qut- and |Inboard Harnesses respectively.



"D.  Screw

The upper downtube pin is replaced by a Screw of equal dianeter |ong enough to accommpdate the downtube, Harnesses, and

Nyl ock.

"E. Nyl ock
A Nyl ock secures the downtube and Pull ey.
"F.  Lanyard Extension

The Lanyard Extension is a |loop forned froma 05/64 x 100 millinmeter leechline length stitched to the becket of the
Downt ube Pulley. Ends overlap at aft 15 millinmeters, the two Runs are stitched together fore of the becket, and an Eye
is left in the fore end.

~09. Construction - Rel ease Assenbly Munting
#01. Aft Anchoring

The Harness is anchored on the cross spar sweep wire restraining bolt (or, better yet, the ball lock pin replacing it)
i nboard of the wires.

TA Har ness

a. Extensions

The Port and Starboard Extensions engage the bolt and Harness Base by neans of Eyes at their ends. An Extension is
constructed froma 05/64 x 500 mllimeter leechline length. It is folded in the middle and the halves are stitched
toget her save for the first 10 mllineters fromthe fold to formthe Aft Eye and the 80 mllinmeters fromthe ends. A
fold to the inside of the structure is made at the midpoint of each free length and the 40 nmillineter long Fore Eye is
fornmed by stitching the resulting spiral

“b. Base

A 10/64 x 400 nmillineter | eechline I ength constitutes the Base.

c. Retainer

A 24-16/64 x 20 millimeter vinyl tubing | ength constitutes the Retai ner which serves to keep the Harness properly
configured in the absence of the Prinmary Rel ease Assenbly.

“d. Installation

The (designated) Port end of the Base is secured to the Fore (40 millineter length) Eye of the (designated) Port

Ext ensi on by neans of a Becket Bend. The Base is then routed through the Retainer, over the keel near the trim point,
and back through the Retainer fore to aft and secured to the Fore Eye of the Starboard Extension with a second Becket
Bend. At setup the sweep bolt is installed through the port sweep wire thinble, the Aft Eye of the Port Extension, the
keel, the Aft Eye of the Starboard Extension, and the starboard sweep wire thinble and secured with the nut and safety
ring.

#02. Undersurface Zipper

As the trimpoint is obstructed by the sail's undersurface a clean enclosure is effected with the installation of two
addi ti onal zipper sliders in the follow ng configuration

right being forward, "=" being zipper, ">" and "<" being sliders, and "x" being the attachment. The two sliders
encl osing the attachnent should have their tab keepers sawn of f and outside faces filed snooth to preclude interference
with the Rel ease.

#03. Tensi oner Anchor
"A.  Base
The Base is an 08/64 x 400 nillineter |l eechline Iength with an Eye forned in one end by folding one end back fromthe 25
mllinmeter mark and stitching. It is sempernmanently installed around the |ower aft nose plate saddl e and secured by
nmeans of a Becket Bend. It protrudes about five inches aft bel ow the undersurface, i.e., far enough so it need not be
dug out fromthe interior at setup

"B. Sleeve

A 20-12/64 x 60 mllinmeter vinyl tubing | ength serves as a Sleeve which is installed over the aft protrusion and
facilitates access.

~10. Construction - Keel Release
The Keel Rel ease is constructed and nounted such that, when engaged, the displacenent of the upper Bridle end fromthe
pivot point is mininmal. A Keeper conponent ensures the mechanismrenmains closed until actuation and is required to
negate the effect of the weight of the Barrel and Downtube Pull eys.

#01. Base Pulley
The Base Pulley is oriented axis horizontal and becket fore.

#02. Barre

The Barrel, a 3/8-.058 x 20 millinmeter alum numtubing length, is drilled through horizontally with a 07/64 inch bit 3
millimeters fromits aft end

#03. Pin
The straight release pin rotates in a vertical plane.

#04. Tensi oner EXtension



A 04/64 x 250 nmillineter leechline length is spirally folded in three Runs, 80 - 90 - 80 mllineters, and stitched, 10
mllineter | ong Eyes at ends. Eyes are engaged by the Base and bracket the Pin. It is folded in half and oriented Eyes
aft and outboard | eechline end top starboard.

Note: Mnimumnmaterial dianeter is |limted by the ease with which stitching is effected.
#05. Base
"A. Routing

A 05/64 x 325 nillineter | eechline I ength constitutes the Base which connects the Base Pulley to the Pin through the
Barrel. In the follow ng descriptions the Eyes referred to are those of the Pin and Tensi oner Extension

The | eechline is routed:

fromtop starboard through the Eyes

aft through the Barrel to the top port becket area

down around t he becket and fore through the Barre

fromthe bottom port through the Eyes

aft through the Barrel to the bottom starboard becket area
up around the becket and fore through the Barre

fromtop starboard through the Eyes and aft

This is nost easily effected by:

centering the Base through the Eyes and fol ding

routing the ends:

aft through the Barrel

up through the becket

fore through the Barrel

running the port and starboard ends through the Eyes to formthe Overl ap

"B.  Stitching
"a. Orientation
Al'l stitching is in the horizontal plane.
“b.  Overlap

The 50 millimeters of the overlapping ends are stitched together

c. Stabilization

To stabilize the Overlap configuration in the horizontal plane the four Runs are stitched together aft of the eye of the
Pi n.

“d.  Spring

The bottom port and starboard Runs are stitched together fromthe eye of the Pin 15 mllineters aft in order to provide
a force which springs the nechani sm open upon actuation even in the absence of a bridle connection

#06. Screw
The 04-40 x 18 millimeter Screw | ength acconmodates Barrel, Linkage, Keeper, and Nyl ock installation.
A Snoot hi ng

The center quarter inch of the section of the threaded shank between the head and the installed Nylock is filed snooth
to elimnate abrasion of and resistance with the Base. This can be acconplished by using an electric hand drill as a
| at he.

“a. Hex Nut Installation
A hex nut is installed on the shank and turned all the way to the head.

“b. danping
The hex nut is secured in the chuck such that the length of the shank is exposed.

c. Filing

The drill is set for reverse rotation, ained left, and laid flat on a table. Wth the drill spinning, the threads are
filed down using |ight pressure.

"B. Installation

The Screw is installed fromthe port through the Linkage Eyes and Barrel and between the top and bottom Run pairs of the
Base, care being taken not to trap and danage the | eechline.

#07. Nyl ock
A Nyl ock secures the Linkage.

#08. Li nkage
The Li nkage, which connects the Barrel to its Pulley, is a doubled 05/64 x 300 mllineter |eechline | ength whose ends
engage the Screw through the Barrel and are secured by having 30 mllineters of their ends folded back aft, ends up, and
stitched to form3 mllineter Iong Eyes. The port and starboard Runs are stitched together fromjust aft of the doubled
ends aft save for a 30 mllineter long Eye which is routed through the Base Pulley fromtop to bottom

#09. Barrel Pulley
The Barrel Pulley is engaged by its Pin with the Aft Eye of the Linkage fornmed in a Lark's Head.

#10. Har ness



A Harness connects the Base Pulley to the D Shackle and is fabricated froma 05/64 x 250 mllineter |eechline |ength
spirally folded in three Runs, 80 - 90 - 80 millineters, and stitched, 10 nillineter | ong Eyes at ends. Eyes engage
Base Pulley Pin. Connected to D Shackle with Lark's Head.

#11. D Shackl e

A smal|l D Shackle - Wchard 1401 - is used connect the Rel ease Assenbly to the port and starboard Runs of the Harness
fore of the Retainer.

#12. Tensi oner

The Tensioner is secured to the Extension by neans of a Quadrupl e Becket Bend and serves as a qui ck tensioning and
| ocking device (sinilar to a barrel release) with the Pin engagi ng the Tensi oner Anchor

"A.  Base
The Base is constructed of 06/64 x 840 millinmeter |eechline |ength.
"B. Pin

A straight release pinis installed on the Base at a fold nmade 75 mllineters fromthe fore end. The doubled length is
stitched save for a 25 mllineter free area which allows the end of the Pin to fit between the runs.

"C.  Lock
A 20-12/64 x 25 mllinmeter vinyl tubing I ength constitutes the Lock which secures the Pin.
#13. Keeper
The Keeper is a loop forned by joining with a Fisherman's Knot the ends of a 04/64 x 170 mllimeter bungee length. It
is installed through the Eyes of the Tensioner Extension and Pin and over the Screw head and Nyl ock. The Fisherman's

Knot is positioned above and fore of the Nyl ock

~11. Construction - Ri bbon Bridle

Note: As of 2008/05 Crystalyne is no longer available in 06/64 dianeter. The Quadruple Ri bbon Bridle is recomended as
an alternative.

#01. Length
Primary Bridle length determination is a trade-off between the increased |oading resulting fromthe short and stowage
i ssues resulting fromthe long end of the range. Ten feet is an arbitrary selection which results in an approxi nate 60
degree angle at the Tow Ri ng.

#02. Construction

Construction of a Ri bbon Bridle is a time consum ng and tedi ous endeavor but the finished product is stiff, virtually
uniformover its entire length, and extrenely resistant to fouling.

"A.  Base
The central and structural conponent is a 06/64 x 3050 millimeter (ten foot) Iength of Yale Cordage Crystal yne (as the
strength of a single strand of |eechline of the sane dianeter is a bit marginal for the task). Coplanar Primary and
Secondary Shear Links, as later described and illustrated with schematics, are stitched to the ends thereby defined as
Top/ Fore and Bottom Aft respectively.

"B. Fillers

Port and Starboard Fillers are 06/64 | eechline I engths equal to that of the Base nminus the sections required for Shear
Li nks installations.

"C. Assenbly
“a. Fillers Cutting
i. Securing

After Shear Links installation the free fused end of a spool of leechline is butted against the Port end of the Prinmary
Shear Link and tenporarily stitched in place.

ii. Length Deternination

The Base is then used as a neasuring tape such that the Port filler can be cut and fused to precisely span the distance
between the Prinmary and Secondary Shear Links.

iii. Duplication
The Port Filler is separated and used to cut and fuse a Starboard tw n.
“b. Stitching

The three elements are stitched together to forma ribbon, coplanar with the Shear Links. As stitching conpresses the
outer elenents (Fillers), the followi ng technique is enployed to prevent distortion

i. Tension
Al stitching tension is light.
ii. Tacking Sequences
Tacki ng consists of five stitch sequences.
iii. Ends

The Top and Bottom ends of the Port and Starboard Fillers are butted against the Primary and Secondary Shear Link ends



respectively and tacked in place.
iv. Mdpoints Tacking
M dpoints of free runs are repeatedly determ ned and tacked until none remain |onger than about three and a half inches.
v. Finishing
Al free runs are stitched secure.
"D. Quadruple Option
A Quadrupl e Ri bbon Bridle may be constructed using 06/64 inch leechline for all four elenents. The Shear Links and Port
and Starboard Fillers are installed between Port and Starboard Base Strands. Further discussion presunes the Triple
option unl ess stated otherw se.
"E. Bridle Thinble
An RF2180 Thinmble is installed at the bottomend of a Primary and is engaged by a Secondary Bridle.

"F. Bridle G nch

The ends of an 08/64 x 260 nmillineter bungee length are joined with a Thunb Knot, a cord lock is installed over the
resulting | oop.

~12. Construction - Secondary Bridle
The Bridle Link is described in the Weak Li nks secti on.

Note: The Secondary Bridle nust be |ong enough for the Four-String Release to clear before being contacted by the
Primary Bridle Thinble or Tow Ri ng

~13. Construction - Barrel Release
#01. Description
“A. Brake
A Brake conponent sets a mininmal internal resistance to ensure that the connection remains secure when not under | oad.
"B. Triple Overlap

When fornming an Eye - tenporary or permanent - in the aft end of the | eechline Base a region of triple overlap aft of
the Barrel travel is required to ensure that the stitching renmains intact under | oad.

"C. Stop Assenbly
A Stop Assenbly limts the aft travel of the Barrel and thus protects the Triple Overl ap.
#02. Pin

Al'l configurations incorporate a straight release pin which is oriented fore and such that its Eye defines a horizontal
pl ane.

#03. Base Assenbly
"A.  Base
An 08/64 x 530 millinmeter leechline length is marked as indicated in the the foll ow ng table:

000 000 end
185 185 pin
370 185 doubl e
530 160 end

000 000 end
200 200 pi n
400 200 doubl e
550 150 end

a. PinlInstallation

A Pin is strung onto the Base at the nmddle of a fold made in the first 370 millimeters of the |eechline. These two
Runs - Top and Bottom - are stitched together save for the region from15 nmillinmeters aft of the Pin Eye to i medi ately
aft of the end of the Pin when rotated back to the cl osed position

“b. Loading

A tenmporary Eye is forned by stitching a loop in the aft end of the Base. Wth a Barrel tenporarily installed the
partially conpleted Barrel Release is |oaded in excess of 200 pounds to set the length of the pernmanently stitched
regi on which increases fromabout 175 to 180 millineters.

c. Eye

A Bridle Link (06/64 inch dianeter |eechline) is engaged by the partially conpleted Barrel Rel ease upon which a Barre

is tenporarily installed to close the mechanism The Barrel is drawn aft until it |eaves the Pin free to rotate open

wi thout interference. Wth the Pin fore and the fold in the vertical plane with the 185 nillineter (short) Run Top, the
free end of the leechline is rotated to port and fore in the horizontal plane and brought in to about 3 mllineters aft
of the Barrel. This Final Run is then stitched to the port side of the Mddle Run along its length aft to within 30
mllineters of the fold to | eave an Eye

“d. Schematics - Perspectives
Col or Coding - Runs:

Red - Top



Green - Mddle
Blue - Final

i. Starboard

Each character represents a distance of 5 mllineters.

Al t hough the Runs are represented as coplanar there are, in fact, two perpendicul ar planes defined by the Top/M ddl e and
M ddl e/ Final Runs (as illustrated i mediately bel ow).

ii. End
O
00
"B. Brake
The Brake is a 06/64 x 50 millinmeter |eechline |length whose fore end is fused square.

a. Positioning

Wth the Pin rotated port and aft and engaging a Bridle Link the Brake is positioned on the port side of the Base such
that its fore end is positioned about 1 nillineter aft of the tip of the Pin.

“b. Anchoring - Fore

The fore 15 mllinmeters of the Brake are secured to the niddle of the side of the Base by stitching which alternates
bet ween the Top and M ddl e (botton) Runs.

“c. Ofset
A neasure of forward offset to create a hunp to account for the desired resistance is estimated.
“d.  Anchoring - Aft

The offset is set by stitching the Brake along the aft 15 millineters with stitching alternati ng between the Top and
M ddl e Runs.

e. Schematic

Bird' s Eye Perspective

"C. Stop Assenbly
The Stop Assenbly limts the aft travel of the Barrel to the point at which the Rel ease opens.
“a. Base
The Base is a 05/64 x 60 mllineter leechline length. It is positioned between the Top and Final Runs of the Barre
Rel ease Base with its fore end even with the fore end of the Final Run and stitched along its fore 15 nillineters with
stitching alternating between the Runs.

“b. Sleeve

The Barrel and the Sleeve, a 24-16/64 x 50 mllineter vinyl tubing length, are installed in that order on the Rel ease

Base. The Barrel is slid full fore and the Sleeve is slid over the Barrel and Stop Base until its fore end is about 5
mllineters fore of the fore end of the Stop Base.

c. Adj ustnment

An Overhand Knot is tied in the aft end of the Stop Base and its position is adjusted to hold the Sleeve such that its
fore end is just fore of the fore Stop Base end.

"D. Orientation Indicator
To facilitate the proper orientation of the Barrel Release upon engagenent a |length of red (or green for a starboard
unit) thread (see Bridle Link section) is stitched into the Top Run of the Base fromthe Pin Fold aft to just aft of the
fore end of the Brake. The runs of thread between stitches are 1 mllineter on the starboard (inboard) side and 4
mllineters on the port (outboard, Pin) side.
#04. Base - Knot
An inel egant but perfectly safe and effective basic Barrel Release can very easily be assenbled as foll ows.

“A. Eye

Afold is made 20 millineters fromthe an end of an 08/64 x 375 mllinmeter |leechline length and a stitched Eye is
formed.

"B.  Routing

The other end is routed down through the Eye of a Snap Shackle, fore through a Barrel, up through a Pin Eye, and back
aft through the Barrel and joined to the Eye (Bight) by neans of a Becket Bend.

"C. Stitching - Optional

The Top and Bottom Runs of the Eye are stitched together fromimediately aft of the Ring of the Pin Eye aft to the
farthest reach of the Pin tip.



#05. Barre

Ends are beveled, out- and inside. This is best acconplished using an electric drill as a |athe and a sharp knife and
file. Installed fromthe aft end of the Base and slid fore to the Pin.

Not e: The beveling nust be closely inspected to ensure absence of irregularities which could danage the Base.
#06. Adhesive
"A. Bolt
A 0.25-20 x 8 inch steel bolt with 7 inches of unthreaded shank is fully inserted through the Barrel
"B. Barrel Heating
An end of the Barrel is heated by rotation over a candle flame until extrenely hot to the touch
"C. Hot due Application
The hot area of the Barrel is rubbed by a stick of Sears Craftsman Fornmul a 300 hot glue and spread with an index finger
tip until the coating over the area is conplete, thin, and even. Repetitions of the heating and application continue
until the entire Barrel is coated.
"D. Cooling
The Barrel is imersed in roomtenperature water to cool it thus prevent anything fromaccidentally adhering to it.
#07. Gip
A 0.375 x 103 nmillineter heat shrinkable tubing length is installed such that the ends envel ope the Barrel

Note: 3/8 inch adhesive lined (dual wall) 2:1 heat shrinkable tubing in red and green is not avail abl e.

“A. Positioning

The heat shrinkable tubing is slid over an uncoated Barrel. Both Barrels are installed on the steel rod, the
(designated) aft end of the coated Barrel in contact with the uncoated one. The tubing is pushed onto the coated
Barrel. \When resistance is encountered the coated Barrel is and rolled between the palns to break the contact. The

procedure is repeated until the tubing extends evenly beyond both ends of the Barrel

"B. Sealing
The Barrel is slowy inmersed in near boiling water fromend to end
~14. Adjusters
An Adj uster connects a Secondary or Energency Release to a Snap Shackle, is constructed from 08/ 64 |eechline, and
engages the Snap Shackle by neans of a Lark's Head forned in its aft Eye. The Starboard Adjuster positions the Four-
String Rel ease such that the Trigger Line is pulled up perpendicular fromthe line of transmtted tow tension. The Port
Adj uster precisely centers the Primary Bridle Thinble or Tow Ring on the Bridle Link. Due to the variables of knot
seating and stitching distortion this adjustnment is problematic when natching the port to starboard rel ease.

#01. Becket Bend

The Becket Bend Adjuster can be shortened nore than its counterpart and is likely the only option with which to nount
the (starboard) Four-String Enmergency Rel ease.

"A.  Construction

An appropriate leechline length is folded in half and the resulting runs are stitched together save for a 30 mllineter
| ong Eye at the Fold.

" B. Interface

It is connected to the Snap Shackle by neans of a Lark's Head and engages the Eye of the Rel ease by neans of a Becket
Bend begun by routing the end up through the Eye and i nboard.

"C. Sleeve

Not e: When used in conjunction with the Four-String Rel ease the Starboard Adjuster may be set so short as to | eave no
roomfor a Sleeve installation. In this case the free end may be secured with a few stitches.

“a. Base
A Sl eeve of 24-16/64 x 25 mllimeter vinyl tubing inmmobilizes the free end.

“b. Markers

Sl eeves for Port and Starboard Adjusters are envel oped and differentiated by Markers of red and green 0.375 inch heat
shri nkabl e tubing.

#02. Lark's Head

Descri ptions assunme port installations. A starboard unit is a port flipped top to bottom
“A. Fixed
The Fixed Lark's Head Adjusters have the advantage of allow ng easy separation fromthe Rel eases they engage wi t hout
nullifying the adjustnments. One is best enployed as one of an identical pair for use in nmounting one of a pair of
Barrel Rel eases.
“a. Aft Eye

The aft 80 mllineters of an excess 08/ 64 |eechline length is folded to starboard and pinned to the standing part. This

region will accommpdate a 30 mllinmeter long Aft Eye and 50 millineters of stitched Overlap to ensure the required
st rengt h.



"b. Fore Eye

By rotating the fore excess to starboard a second fold is nmade fore in the standing part at a point estinated to
position the Rel ease the desired distance fromits mounting. The tenporary Fore Eye thus established is used to engage
the Eye of the Release via a Lark's Head. This Fore Eye is adjusted to yield the desired | ength when the junction is
hand ti ght ened.

“c. Stitching
The resulting double and triple overlaps are stitched together from10 millinmeters aft of the fore fold to 30
mllineters fore of the aft fold. The resulting assenbly (Release and Adjuster) is tensioned in excess of 200 pounds
and checked for the accuracy of the result.

“d. Finishing
Upon attai nment of the desired I ength the Starboard Run is trinmmed at the fore end of the Aft Eye and fused.

"B.  Variable

“a. Description
The Variable Lark's Head Adjuster is the best option for centering the Bridle Link when using a Barrel and Four-String
Rel ease. It is about an inch longer than a Fixed Adjuster but otherwi se identical. It is installed on the Barre
Rel ease using an untightened Lark's Head which incorporates the excess |length such that the Bridle Link is centered.
The two pairs of leechline runs - Barrel and Adjuster - between the ends of the Eyes are stitched vertically - Port
Rel ease to Port Adjuster and Starboard Rel ease to Starboard Adjuster - at a density of about one stitch per millineter.

“b. Schematics

Perspective is port, Barrel Release is Red, Adjuster is Green, stitching is Bl ue.

i. Unstitched
R [ [------
R R [ [-------
------- N R By
------ Ry
i Stitched
S e e e e e e .
R [ [------
R R [ [-------
------- N R By
------ Ry

~15. Construction - Snap Shackl es

The Secondary Bridle Snap Shackl es connect the Secondary Bridle Assenbly to the aerotow | oops. The Gates open outboard
(or up, depending upon the orientation of the aerotow | oops).

Note: Quick links may be substituted for snap shackles, especially when conveni ent renobval and replacenent is not an
issue. It is, however, advisable to ensure that the gates remain firmy secured.

~16. Construction - Renote Barrel Release
The Renote Barrel Release is constructed as is the Keel Release with the follow ng nodifications.

#01. Inversion
The assenbly is inverted to all ow actuation from above.

#02. El ongation
The Base is elongated to match or exceed the length of the barrel release (which can be extended) thereby allow ng
i ncorporation of a short Secondary Bridle (and better aligned rel ease actuation tension). The Overlap section is
positioned aft top port.

#03. Li nkage

The Linkage is fabricated froma 03/64 x 460 mllineter |eechline length. The aft 100 mllineters of the port and
starboard Runs are stitched together save for a 5 mllimeter |ong Eye at the end.

#04. Lanyard
The Lanyard consists of a 05/64 x 375 millinmeter |eechline length (approxinmate) in which the fore 15 millinmeter is
fol ded and stitched back leaving a 3 millinmeter |ong Eye by which neans it is secured to the Eye of the Linkage with a
Lark's Head.
#05. Mounti ng
The port Snap Shackl e repl aces the D Shackl e.
~17. Construction - Four-String
#01. Description
The Body of the Four-String Release is an elongated spiral of 2765 millimeters of 05/64 inch | eechline starting with an
i nner single Run, whose free end faces fore and serves as the Trigger Line, surrounded by three |oops of increasing

| engt hs which wind clockwi se to the aft facing outer end. It is nounted via an Eye at the aft end and safetied with a
jamcleat. A Quard prevents the Trigger Line fromrel ocking.



"A. Runs

The seven Runs of this structure are nunbered fromthe inside.
"B.  Loops

The | oops |ikewi se are nunbered fromthe inside.
"C. Eye

A 25 millinmeter long Eye is left at the aft end, the innernost elenents of which are Runs 1 and 2. The aft ends are
aligned vertically frominner down to evenly distribute the | oad.

"D. Base

The Base is forned by stitching together the seven Runs fromthe Eye 75 nmillinmeters fore.
"E. O eat

A O antleat CL263 Mcro (jan) Cleat is secured to the top face of the Base with Screws, Washers, and Nyl ocks.
"F. Guard

The Guard is a doubled |l oop of light bungee lightly stretched over the C eat.

#02. Body Measurenents
The tabl e bel ow i ndi cates:
the spiral of the seven Runs and al i gnnment neasurenents;

neasurenents fromaft to fore; and
cl ear ances between the four el enents.

6 1910->--->--->c - > - > e > e > o> i e > o> 6
4 1100->--->- - e > e e D> e e D e e D e D a D Y, 4
2 0850->--->--->-->--->-->- v v 2
1 0350- <--0250-<--0000 0725 1505 2350 1
3 1100-<---<---<e-- <K mm <K m  <e - Y, \Y; 3
5 1910-<---<---<---<---<K---<K- - K- - - < - Y, 5
7 2765-<---<-- < h K e a K e K a K- a - 7

0000 0100 0350 0375 0405 0440

25 30 35
#03. Construction
A Body
“a. Marking

The leechline is nmarked at the following increments in millinmeters for the related definitions.

0250 - Trigger Line
0325 - Eye

0350

1100

1910 - aft turn points
“b. Tacking

To facilitate construction, elimnate twisting, and laterally conpress the Base area, as the Base is forned each Run is
tacked to the existing formation with stitching wi dely spaced at about 8 millinmeters and, to ensure alignnent of the aft
turn points, effected fromthe Eye to fore. The five tacking steps are illustrated as foll ows:

1+2
12+3
123+4
1234+5
12345+6

c. Eye Formation

As the Loops are thus formed a quarter inch dianmeter rod is inserted vertically through the resulting and fornm ng Eye to
properly structure it and align the narks.

“d. Loops Conpletion

Upon conpl etion of the fornmati on of the second | oop the final loop is fornmed by bringing the outer end back to the
starboard fore end of the Eye (25 millinmeters shy of the end).

e. Base Stitching
The Base is conpleted with tight and cl osely spaced stitching.
“f. Eye Conpletion

The bottom | oop of the Eye is pulled up through the middle and top | cops and the top | oop is pushed over the Eye to the
bottom position. The three el enents of the resulting twisted fornation are lightly stitched together

g. Trigger Length Variations

The marki ng points and total length for constructions deviating fromthe suggested 250 nillineter standard are
determ ned by the following formulae in which T is the the Trigger Line |ength:

T
T+75
T+100



T+100+( T+100+25) * 2
T+100+( T+100+25) *2+( T+100+25+30) * 2
T+100+( T+100+25) *2+( T+100+25+30) * 2+( T+100+25+30+35) * 2- 25
or, sinplified:
T
T+75
T+100
T*3+350
T*5+660
T*7+1015
"B. deat
“a.  Screws
The ends of two half inch 06-32 x 10 mllinmeter oval head Screws are rounded with a file.
“b. Installation Tools

A 11-08/64 x 32 millinmeter polyethylene tubing length is divided in half with a diagonal cut through the mddle to
produce two pointed ends.

“c. Base Openings

A marlinespike is used to force openings between Runs 1 and 2 25 and 49 mllineters aft of the fore of the Base.
“d. Tools Insertion

The tubing sections are inserted through the openings, points first fromthe top

“e. Threading

The screws are installed through the O eat nounting holes and started into the squared tubing ends.

“f. Screws Installation

The tubing sections are pulled down all the way and the Screws are screwed fully through the Base, care being taken to
avoi d danmage to the | eechline.

"g. Tools Renoval
The tubing sections are renoved fromthe Screws.
“h. Washers Installation
Washers are installed on the Screw ends.
“i. Nylocks Installation
Nyl ocks are installed on the Screws.
"C. Guard
A 04/ 64 x 150 nmillineter bungee length is wound in two coils and the ends are joined with a Fishernan's Knot. The
resulting Guard is stretched over the Ceat such that the Fisherman's Knot is positioned between the Nyl ocks, the
opposite end of the doubled | oop is positioned fore of the Fore Nylock, and the coils cross over the top
#04. Installation

"A.  Connection

The Four-String Rel ease engages the Secondary Bridle by inserting the third | oop through the Starboard Eye fromthe
i nboard side to establish an orientation to optinize the di sengagenent of the |oop and Trigger Line ends.

Note: The Four-String Rel ease nust not engage a Break Link of material of |ess than 05/64 inch dianeter.
"B. Sequenci ng

The end of the second loop is then fed through the end of the third, the end of the first through the end of the second,
and the end of the Trigger Line through the end of the first.

"C. Safetying
The Trigger Line is fed fromfore to aft through the Ceat and down into the | ocking grooves.
Loop 1 is pulled fore with several pounds of force to establish the | ock
"D, Fail-Safing
The Trigger Line is routed back fore under the Guard and out the top of the Ceat.
#05. Performance
"A. M nimm Tensi on
A direct force of about 30 pounds is required to effect a rel ease.
"B.  Load Reduction
Due to the stepping down and ot her reductions through the nmechani cal advantage, friction, and resistance of the
mechani sm when subjected to a 240 pound tow tension in One Point configuration the load transmtted to the Trigger Line

remai ns wel |l under two pounds.

"C. String Length Progression



Attenpting to reduce the overall |ength of the mechanismby mninzing the progression of loop sizing will reduce
performance and reliability due to the stiffness of the material

"D. Ceat
“a. Pull Angle
Al t hough the O antleat CL263 Mcro Cleat perfornms best with a pull on the Iine it is retaining of 45 degrees up from
aft, interference with the helnet's chin guard precludes this ideal. The best conprom se is an Adjuster setting which
will yield a perpendicular pull.

“b.  Arnming Tension

The Guard requires a forward routing of the Trigger Line as it exits the grooves but as the bungee stretches this
deficiency is mnimzed and the Four-String is arned with no nore than about five to seven and a half pounds of tension

"E. M nimm Length

The m nimum | ength of the mechanismis determined by a Trigger Line length which will allow freedom of head novenent
during tow.

#06. Adj ustnment Testing
Deternining Adjuster length and the suitability of Release of a particular Trigger Line length is somewhat problematic
due to the flexing and distortion undergone by the harness under the force of tow - the degree of displacenent fore can
be surprising. The initial flight is initiated with the end of the Trigger Line held between the |lips such that it wll
pull free without armng the Release if it is too far out of adjustnent. Qherwise, at any tinme after the dolly has
rolled for a couple of seconds, the Trigger Line nay be held between the incisors and a check for enough play to all ow
sufficient freedomof head novenment is nade.

#07. Use
The Four-String Release is likely to performits function in One Point node slightly nore often than the parachute of a
regul ar aerotow non-aerobatic pilot and never in Two Point. It is designed to be used in an energency situation only
and experiences significant wear when actuated under a heavy | oad.
~18. Construction - Shear Links

#01. (Objective

A properly constructed Shear Link will maintain its integrity to its breaking point, failing instantly and cleanly. The
construction objective is to obtain as high a strength per stitch value as possible in order to naximze predictability.

#02. Structure

Shear Links are based on side-to-side, in-and-out Runs of waxed nylon dental Floss stitching which bind either the four
Strands of two elenments or the two Strands of a folded elenment to a straight one.

A, Materials

The el enments stitched together are of materials identical in type and dianmeter. Qherwise the strength of the binding
is degraded due to differences in stretch

"B. Run Ends

Fl oss ends are unsecured, protruding 20 mllineters at begi nnings and ends of Runs to facilitate conplete renoval after
a failure and allow a visual inspection to verify that a Run naintains the originally intended nunmber of stitches.

"C. Stitching
"a. Rate
i. Average
Stitching density averages one per two millineters.
ii. Maxinmm
Density at the begi nnings and ends of Runs is biased on the high side for no nore than four to six stitches with a
m ni mum separation of one nmillineter such that premature separation of the |eechline ends is guarded against. Density
el sewhere is slightly reduced to conpensate and naintain the average.
“b. Tension

i. Low

Upon |l oading I ow tension stitching allows the end of an outer elenent to begin to pull free of and thus prenaturely
weaken the assenbly.

ii. High
Excessive tension pre-stresses the Floss and reduces its ability to shift and distribute the |oad.
iii. Target

Moderately taut stitching holds the assenbly firmand intact and all ows a degree of shifting such that stress tends
towar ds equal i zation throughout the Runs, thus maxim zing strength potential and predictability. The dense stitching at
t he begi nnings and ends of Runs is biased with increased tension as a snall portion of the protrusion will be drawn in
as loading is maximzed.

c. Fiber Aignnment

Upon conpl etion of each stitch the protruding Floss with the needle is freely suspended fromthe assenbly to reduce any
twi sting which may have occurred. Stitches are checked for twi sting before seating.



“d. Load Distribution

It nmay be advantageous to gently flex the Overlap of a higher strength Tow Line Shear Link inits plane to even the
tension of the Strength Stitching after conpletion

#03. Strength G aduation
"A.  Bottom End

Testing of the range of stitching fromone to four passes results in holding to 185 and 383 grans and 11 and 24 pounds
with the Floss pulling clear upon failure. Beyond that range the Floss breaks at failure. Test values for the next two
increnents are 47 and 72 pounds.

"B.  Working Range

A Run of seven stitches is used as the lower |imt of the working range as at this point the ratio of number of stitches
to strength becones reasonably |inear

"C. Top End
Al t hough weak |inks rated up to a thousand pounds may be appropriate for heavy tandemgliders the tail structure of a
Dragonfly tug is under-engi neered and the Light Range Tow Li ne Shear Links di scussed bel ow enconpass the G | oadi ng
capability of what is typically used. Predictability is good up to about 36 stitches.

"D. Quality Contro
"a. Floss Integrity

i. Batch

It is possible for Floss froma new spool to cone frayed to the extent that strength is substantially affected. A
magni fyi ng gl ass shoul d be used to check the Run for | oose filanments prior to stitching.

ii. \Wear

Only the excess area of Floss at the needle end is touched during stitching so that no fraying of the relevant |ength
occurs.

“b.  Count
i. Counter
A recordi ng device (such as a pocket calculator) is punched with each stitch
ii. Check

By noting whether the needle protrudes fromthe opposite or sane side as the 20 mllimeter Floss protrusion a check can
be nmade on the count to the extent of an odd or even nunber.

"E. G Ratings Tables

The Gratings tables in the follow ng sections provide single stitch average increnents and cover gliders fromlight
solo to heavy tandem \Wights are represented in pounds. The "1.4" colum lists the ideal glider weight for the
particul ar Shear Link and the "nmin" colum lists the mininumallowable glider weight for which one can be certain that
the tol erance of the particular Shear Iink will ensure that the tension renains at or below 2.0 Gs.

#04. Maxi mum St rength

Maxi mum strength of a Shear Link is attained when the load is distributed perfectly evenly between all stitches. This
is nost evenly and |likely achieved at the | ow end of the working range at which the stitches in the run are nost free to
adj ust thensel ves when | oaded. Extensive testing has yielded a top average pounds per stitch rating of 23.7 and Shear

Li nks nmust be selected with respect to that figure - which is rounded up to 24 for the purposes of this discussion. In
no case will a Shear Link which represents the closest increnent to 1.4 Gs based on a tested average subject a glider to
tension at or above 2.0 Gs.

#05. dider Loading

Weak |ink rating reconmendations are nade under the assunption that the manufacturer's specified naxi mum hook-in wei ght
i s not exceeded.

#06. Fairings

Fai ri ngs of heat shrinkable tubing are used wherever their incorporation will not interfere with release to ensure the
integrity of the Shear Link by protecting it from UV, abrasion, catching, and soiling.

#07. ldentification
"A. Overlap

The Overlap length allocated for Strength Stitching can be used for a rough approximation for ensuring that the Shear
Link strength is within an acceptabl e range.

"B.  Col or Coding

A standardi zed dual color coding, repeating when necessary, of areas of stitching with colored thread and the Fairings
provi de the neans of identifying the exact nunber of Strength Stitches once the range has been determ ned.
Abbrevi ati ons used are consistent with those utilized by the heat shrinkable tubing supplier

a. Fore/Bottom Starboard
Fore/ Bottoni Starboard col or is based on black through gray to white, the first being no energy/off/zero.
bk - bl ack

gy - gray
w - white



“b. Aft/Top/ Port

Aft/ Top/ Port color is based on the spectrum red being | ow frequency/ energy/ nunber. Avail able spectrum col or
abbreviations are as foll ows.

rd - red

or - orange
yl - yellow
gn - green
bl - blue

pl - purple

“c. ldentification Table
The following table relates the number of stitches in the Light and Heavy Ranges.
It hv

07 25 bk rd
08 26 gy rd
09 27 rd
10 28 bk or
11 29 ay or
12 30 or
13 31 bk

14 32 ay

15 33

16 34 bk gn
17 35 ay gn
18 36 gn
19 37 bk bl
20 38 ay bl
21 39 bl
22 40 bk pl
23 41 gy pl
24 42 pl

Shear Links coded Bl ack/Bl ack are experinmental and/or denonstration units of no designated rating.

“d. Thread
Stitching areas of Shear Links using colored thread provides a neans of ensuring and verifying a particular rating as
the thread - unlike a pair of Fairings - is not readily renovable and replaceable. This is particularly inportant with
respect to a Bridle Link used in a Two Point configuration as the Fairings nust be renoved for operation in that
envi ronnent .

i. Colors

The regular floss is used to code for white. The remaining eight colors are indicated by Coats and C ark Dual Duty XP
pol yester thread.

0900 - bl ack

0620 - slate

2250 - red

7640 - orange

7330 -

6450 - bright green
4320 - bl ue

3690 - purple
ii. Applications

The Constrictions of Tow Line Shear and Bridle Links and the top and bottom 10 millineters of Ribbon Bridles are
stitched.

“e. Heat Shrinkabl e Tubing
The Fairings of colored heat shrinkable tubing provide a quick and easy neans of identification
#08. Failure
"A. Onset
I mredi ately prior to failure the outer |eechline ends begin to pull away.
"B. Pattern

Upon reaching the rated | oad the Strength Stitching usually fails along one side of the assenbly. GCccasionally in
I onger runs failure occurs in multiple sequences on opposite sides.

#09. Configuration
Shear Links installed on the ends of the Tow Line are subjected to nearly twice the |oading of those incorporated in a
Bridle and require nore | abor intensive construction. The Link installed on the aft end of the Tow Line is subjected to
dragging while the tug is landing and taxiing and thus should not be used in conjunction with Bridle Shear Links.
#10. Schematics
"A. Perspectives
Per spectives are starboard and fore.

"B. Constrictions

Constrictions lengths are reduced for the purpose of illustration



"C. Color Coding

a. Base Conmponents

i. Tow Line Shear Link

Red - Fore
G een - Aft

ii. Ribbon Bridles
Red - Bases

Green - Bridles
iii. Bridle Link

Red - Port
Green - Starboard

“b. Constriction/ldentification Stitching
Identification stitching is appropriately col ored.
“c. Strength Stitching
Blue - Strength Stitching
~19. Construction - Tow Line Shear Links
#01. Base

A Tow Li ne Shear Link has a two part Fore and Aft Base of |engths of |eechline, 06 and 08/ 64 inch for the Light and
Heavy Range Increnments respectively, each of which is folded in half.

"A. Overlap
A length fromthe end opposite the Fold is allotted for Strength Stitching.
"B. Gap

A Gp is left between the Strength Stitching and the Constriction which accomopdates the fused | eechline ends. Length
inmllimeters is:

05 - Light
10 - Heavy

"C. Constriction

The two parallel Strands are stitched together using color coded thread fromthe Gap towards the Fold. Length of this
section in mllimeters is:

20 - Light
30 - Heavy
"D.  Eyes
The Eye is defined as the region fromthe Constriction to the Fold. Its length is independent of strength range and

accommodat es installation of a Thinble. Under |oading the |eechline elongates and the nylon stitching forming the Eye
stretches and shifts to distribute the stress of the spreading of the strands of its Base Hal f.

“a. Lengths
i. Fore
A 50 millinmeter Eye length is allotted for installation of an RF2180 Thi nbl e.
ii. Aft

In order that any Shear Link be adaptable as either Fore or Aft, an additional 20 millinmeters is anended to acconmpdate
the | arger RF2182 Thi nble, regardl ess of which Thinble is actually installed.

“b.  Stitching

Stitching is continued fromthe Constriction towards the fold at a rate of one per nillineter as far as possible within
the groove of the thinble. After conpletion thinbles nmay be renpbved with aid of a marlinespike and reinstalled with
little or no adjustnent of the stitching to allow installation and renoval of the Fairings.

"E. Refurbi shrment
In the event of Strength Stitching failure along one side only, nmuch of the previously distributed |oad is nonentarily
transferred to the other/inner Strand of the Base Half of the failure edge. The inner Strand may be danaged if this
| oad approxi mates the rating of the |leechline and it nmay be necessary to replace the Base Half. This problem manifests
itself in Heavy Range Shear Links of Ratings in excess of 600 pounds.

#02. Strength Stitching
"A. Overlap

The Base Hal ves are arranged with the Eyes of both in opposition and the |eechline ends overl apped and i nterspersed and
pi nned t oget her.

"B. Floss Lengths
Fl oss is consuned approximately at the following rates expressed in nillineters per stitch.

10.0 - Light



12.5 - Heavy

The I ength of Floss required for a Run is determned by nultiplying the appropriate value from above by the nunber of
stitches and adding to the result 120 mllineters to allow for the protrusions and enough naterial to conplete and
tighten the final stitch.

" C. Initiation

Stitching Runs are started, to increase strength, fromthe side opposite a | eechline end and, for standardi zation
purposes, at the aft end of the Fore Base Half.

"D. Distortion
Quter Base Strands are longitudinally conpressed by the Strength Stitching nore than inner ones. Thus the inner
| eechline end of the Aft Base Half will extend farther fore than the outer one and simlarly the Eye of the Fore Base
Half will not be centered on that |ength of |eechline.

“a.  New

New Shear Links are constructed by first conpleting the Strength Stitching and then effecting the Aft and Fore
Constrictions.

“b. Refurbi shnent
Strength Stitching is replaced after a Shear Link failure or in the event inspection reveals the Stitching to be
conprom sed. Al fragnents of broken Stitching are renoved before restitching. Although it is possible to conpensate
for distortion when aligning the Base Hal ves and save the Constriction and Eye stitching it is practically faster
easier, and less tedious to renpve all stitching fromboth Hal ves and proceed as with a new construction.

#03. Schematic

#04. Fairings
“A. Span
A Fairing covers the Constriction and Gap and extends to shy of the far |eechline ends.
"B. Lengths

Fore and Aft Fairings are of equal lengths. Several extra mllinmeters are anmended to conpensate for |ongitudina
shri nkage.

"C. Sequence
The Aft Fairing is applied first such that the resulting configuration will not act as a scoop for contani nants.
"D, Application

a. Sequence

A Fairing is inmersed fromthe Eye end of the Constriction to the Overlap to ensure the Constriction area is fully
cover ed.

“b. Heating
After application of the Aft Fairing the Fore is positioned and i mersed.
Note: The fit between the seated Aft and unheated Fore Fairings is particularly close in the Light Range Shear Links.
Difficulty in positioning the Fore Fairing may be renedied with a drop of di shwashing detergent applied to the Aft
Fai ri ng.

“c. Check

The Fairings are repositioned towards the respective ends of the Shear Link to ensure that they have not adhered to each
ot her.

“d.  Finishing

Wth each Fairing pulled about ten millinmeters clear of its seated position, the bulges resulting fromthe outboard
| eechline ends of the opposite Base Half are heated using a candle flane to even tapers.

#05. Thinbles Installations

Thi nbl es protect the ends of the Shear Links from abrasi on which would otherwi se be incurred as a result of the
conponents engagi ng them and draggi ng across the surface.

"A. RF2180

The smal | est sized RF2180 Thinbles are installed in both Eyes of the Fore and the Fore Eye of the Aft Shear Links.
"B. RF2182

The | arger RF2182 Thinble is installed in the Aft Eye of the Aft Shear Link and serves as the Tow Ring

Note: The Tow Ring nust allow passage of the Bridle Thinble. |If lateral axes are aligned this occurs with a negligible
degree of resistance but a deviation over the dianmeter of the material specified for the Secondary Shear Link may be



probl emati c.
#06. Coupl er
A Coupler is an extension engaging the Fore Eye of the Aft Shear Shear Link which allows and facilitates connection to a
carabi ner and aligns the planes of the latter two conponents such that they will nore likely be horizontal when dragged,
t hus reducing the exposure of the Shear Link's |eechline to abrasion.
"A.  Base

The Base is an 08/64 x 160 nillineter |eechline |Iength.

“a. Marking
Marks are made 60 nmillimeters fromthe ends.

“b. Insertion
The Base is fed through the Eye of the Shear Link.

“c. Stitching

The Base is forned in a right hand coil with the nmarked ends regi ons overlapping and stitched such that a | oop 100
mllimeters in circunference results.

"B.  Thinble
An RF2182 Thinmble is installed in the loop with the Overlap oriented aft.
#07. Tow Line

The Fore Shear Link is connected to the fore end of a Spectra hollow braid Tow Line via an Eye Splice through its Aft
Eye.

#08. Strengths
Test results yield an average strength of about ei ghteen and a quarter pounds per stitch. The following table relates
t he nunbers of stitches in Light through Medi um Range Tow Li ne Shear Links to approxi mate nini mum probable, and naxi num

st rengt hs.

stch x15 x18 x24

07 105 126 168 bk rd It
08 120 144 192 gy  rd
09 135 162 216 rd

10 150 180 240 bk or
11 165 198 264 ay or
12 180 216 288 or
13 195 234 312 bk

14 210 252 336 ay

15 225 270 360

16 240 288 384 bk gn
17 255 306 408 ay gn
18 270 324 432 gn
19 285 342 456 bk bl
20 300 360 480 ay bl
21 315 378 504 bl
22 330 396 528 bk p
23 345 414 552 ay p
24 360 432 576 p!
25 375 450 600 bk rd hv
26 390 468 624 ay rd
27 405 486 648 rd
28 420 504 672 bk or
29 435 522 696 ay or
30 450 540 720 or
31 465 558 744 bk

32 480 576 768 ay

33 495 594 792

34 510 612 816 bk gn
35 525 630 840 ay gn
36 540 648 864 gn



#09. G Ratings

stch TL 1.4 mn 150 200 250 300 350 400 450 500 550
07 bk rd 126 090 084 684 0663 650 642 036 632 628 625 6623
08 ay rd 144 103 096 696 6O+2 658 0648 041+ 636 632 629 0626
09 rd 162 116 108 1.08 68t 665 654 046 04t 636 632 0629
10 bk or 180 129 120 1.20 696 672 6060 05t 045 040 0636 633
11 ay or 198 141 132 1.32 699 679 0666 057+ 050 644 040 036
12 or 216 154 144 1.44 1.08 686 6O6—+2 662 054 648 643 639
13 bk 234 167 156 1.56 1.17 694 648 606+ 659 652 64+ 643
14 ay 252 180 168 1.68 1.26 1.01 684 6o+2 663 0656 050 0646
15 270 193 180 1.80 1.35 1.08 690 Oo—+F 0668 060 0654 049
16 bk gn 288 206 192 1.92 1.44 1.15 696 0682 6O6—+2 0664 0658 0652
17 ay gn 306 219 204 294 1.53 1.22 1.02 &8+ O—++ 668 066+ 0656
18 gn 324 231 216 2346 1.62 1.30 1.08 693 68+ 672 665 659
19 bk bl 342 244 228 228 1.71 1.37 1.14 698 086 6O+6 0O-68 0662
20 ay bl 360 257 240 246 1.80 1.44 1.20 1.03 690 680 6+2 665
21 bl 378 270 252 252 1.89 1.51 1.26 1.08 O6-95 684 O—+6 669
22 bk pl 396 283 264 264 1.98 1.58 1.32 1.13 699 688 679 62
23 ay pl 414 296 276 2+6 29O+ 1.66 1.38 1.18 1.03 692 683 645
24 pl 432 309 288 288 246 1.73 1.44 1.23 1.08 696 6086 679
25 bk rd 450 321 300 3900 225 1.80 1.50 1.29 1.13 1.00 o986 o682
26 ay rd 468 334 312 342 234 1.87 1.56 1.34 1.17 1.04 694 685
27 rd 486 347 324 324 243 1.94 1.62 1.39 1.22 1.08 &9+ 688
28 bk or 504 360 336 336 252 2062 1.68 1.44 1.26 1.12 1.01 692
29 ay or 522 373 348 348 26+ 2069 1.74 1.49 1.31 1.16 1.04 695
30 or 540 386 360 366 270 216 1.80 1.54 1.35 1.20 1.08 698
31 bk 558 399 372 32 2749 223 1.86 1.59 1.40 1.24 1.12 1.01
32 ay 576 411 384 384 288 236 1.92 1.65 1.44 1.28 1.15 1.05
33 594 424 396 396 29+ 238 1.98 1.70 1.49 1.32 1.19 1.08
34 bk gn 612 437 408 408 3HB6 245 264 1.75 1.53 1.36 1.22 1.11
35 ay gn 630 450 420 420 3345 252 230 1.80 1.58 1.40 1.26 1.15
36 gn 648 463 432 432 324 259 216 1.85 1.62 1.44 1.30 1.18
-- -- -- 666 476 444 444 333 266 222 1.90 1.67 1.48 1.33 1.21
-- -- -- 684 489 456 456 342 244 228 1.95 1.71 1.52 1.37 1.24
-- -- -- 702 501 468 468 35+ 28+ 234 206+ 1.76 1.56 1.40 1.28
-- -- -- 720 514 480 480 3660 288 240 206 1.80 1.60 1.44 1.31
-- -- -- 738 527 492 492 369 295 246 221+ 1.85 1.64 1.48 1.34
-- -- -- 756 540 504 5904 348 302 252 2316 1.89 1.68 1.51 1.37
-- -- -- 774 553 516 546 38+ 310 258 22+ 1.94 1.72 1.55 1.41
-- -- -- 792 566 528 528 396 33+ 264 226 1.98 1.76 1.58 1.44
-- -- -- 810 579 540 546 4065 324 270 23+ 203 1.80 1.62 1.47
-- -- -- 828 591 552 552 434 33t 276 23+ 206+ 1.84 1.66 1.51
-- -- -- 846 604 564 5464 423 338 282 242 2312 1.88 1.69 1.54
-- -- -- 864 617 576 546 432 346 288 24+ 216 1.92 1.73 1.57
-- -- -- 882 630 588 588 44+ 353 294 252 22+ 1.96 1.76 1.60
-- -- -- 900 643 600 690 450 360 300 25+ 225 2.00 1.80 1.64
-- -- -- 918 656 612 6212 459 36+ 306 262 230 204 1.84 1.67
-- -- -- 936 669 624 624 468 314 312 26+ 234 208 1.87 1.70
-- -- -- 954 681 636 636 44+ 382 318 23 238 22 1.91 1.73
-- -- -- 972 694 648 648 486 389 324 248 243 216 1.94 1.77
-- -- -- 990 707 660 6606 495 396 330 283 248 220 1.98 1.80
-- -- -- 01K 720 672 &—+2 504 403 336 288 252 224 202 1.83
#10. G Ratings - Tost Wak Links
daN TL 1.4 150 200 250 300 350 400 450 500 550 # code
080 180 128 1.20 690 Oo+2 0660 065+ 0645 640 o636 633 11 or ange
120 270 193 1.80 1.35 1.08 690 6O6—++ 6O6+ 060 0654 0649 14 t ur quoi se
150 337 241 225 1.69 1.35 1.12 696 684 O—+5 066+ 06+ 09 gray
200 450 321 306 225 1.80 1.50 1.28 1.12 1.00 696 682 08 mauve
300 674 482 450 33+ 20 225 1.93 1.69 1.50 1.35 1.23 07 green
400 899 642 599 450 366 306 25+ 225 2.00 1.80 1.63 06 yel | ow

~20. Construction - Ribbon Bridle Shear Links
#01. Strengths
A Primary
The Prinmary Weak Link should be rated for 1.4 Gs.
"B. Secondary
The Secondary Weak Link is only strong enough to reliably survive the Primary. An increase of 20 percent used in
conjunction with a 1.4 GPrimary translates to 0.966 Gs when directly | oaded. The Secondary is better defined and
t hought of as an auto-rel ease nechani smwhich cones into play in the foll ow ng circunstances.
“a. Wap Follow ng:
i. Primary Rel ease Actuation
In the event of a Bridle wap under only normal tow tension the Secondary Weak Link will very likely fail as a
consequence of the jolt delivered the nonment the bridle catches above and beyond the near doubl e | oading which results
as a consequence of the glider going into One Point tow node.
ii. Primary Weak Link Failure
In the event of a Bridle wap following a Primary Weak Link failure the Secondary Weak Link will fail instantly.

“b. Trailing Bridle

The Secondary Weak Link mitigates the danger of a snag of a Bridle trailing froma ground skinm ng glider



#02. Structure
TA Base
“a. Material

A length of 06/64 line of the sane naterial as the bridle for which it is designated is folded in half and constitutes
t he Base.

“b. Configuration
i. Eye

The region of the fold constitutes the Eye.

ii. Overlap
The regi on between the Filler and Bridle end constitutes the Overl ap.

iii. Secondary Extension
In the case of the Secondary Shear Link, 5 millinmeters of the doubl ed Base inmediately proximal to the Eye are allotted
as the Extension. This region is aligned with the terninal 5 nillineters of the Bridle imediately proximal to its
fused end(s). It serves as a buffer to ensure that, under |oading, the Strength Stitching remains fully covered and
protected by the Fairing.

"B. Strength Stitching

Strength Stitching Runs are started 5 millineters fromthe Bridle end. Bridle material is thus conpressed and shifted
proxinally as stitching continues which hel ps equalize the tension of the Base and Bridl e conponents.

"C. Schemmtics

“a. Triple
I
R . \
R /
“b.  Quadruple
I
R . \
RN |
NN /

"D, Fairings

Primary and Secondary Shear Link Fairings are 20 and 110 millineters in length respectively. They are applied over the
body of the Ribbon Bridle such that no constrictions result fromshrinking over the irregularities at the Shear Links.
The Primary must be kept short to allow the top end of the Bridle to clear the Tow Ring with mninmal resistance

"E. Strengths

The following table relates the Triple Ribbon Bridle Strength Stitching to test results, a 16 pound average, and the
maxi mum possi ble strength in the second, third, and fourth col umms respectively.

stch tst x16 x24

07 093 112 168 bk rd
08 116 128 192 ay rd
09 133 144 216 rd
10 153 160 240 bk or
11 171 176 264 ay or
12 198 192 288 or
13 217 208 312 bk

14 225 224 336 ay

15 243 240 360

16 260 256 384 bk gn
17 264 272 408 ay gn
18 299 288 432 gn



"F. G Ratings

The following table relates R bbon Bridle Shear Link strengths to equival ent Tow Line tensions. A 60 degree Primary
Bridl e apex angle is presuned. The first colum lists Prinmary-Secondary stitch conbi nations.

stch RBTL 1.4 mn 150 200 250 300 350 400 450 500 550

----- . 080 139 099 093 ©-93 670 056 646 0406 635 63+ 628 625
----- . 096 167 119 111 1.11 ©6-83 667 656 048 642 637 633 636
07-08 bk rd 112 195 139 130 1.30 ©6-97 678 665 656 649 643 639 635
08-10 gy rd 128 223 159 148 1.48 1.11 6-89 674 664 656 049 045 046
09- 11 rd 144 250 179 167 1.67 1.25 1.00 683 672 0663 656 650 046
10-12 bk  or 160 278 199 186 1.86 1.39 1.11 ©-93 6-80 670 662 656 051
11-13 gy  or 176 306 219 204 264 1.53 1.22 1.02 ©-87 677 668 6-6% 056
12-14 or 192 334 239 223 223 1.67 1.34 1.11 695 683 674 667 6061
13-16 bk 208 362 258 241 244 1.81 1.45 1.21 1.03 ©6-90 680 672 066
14-17 gy 224 390 278 260 266 1.95 1.56 1.30 1.11 ©&-97 6-87 678 o7&
15-18 240 417 298 278 278 269 1.67 1.39 1.19 1.04 693 683 676
16-19 bk  gn 256 445 318 297 297 223 1.78 1.48 1.27 1.11 699 ©6-89 6-8%
17-20 gy gn 272 473 338 315 345 237 1.89 1.58 1.35 1.18 1.05 ©&-95 6-86
18- 22 gn 288 501 358 334 334 250 2606 1.67 1.43 1.25 1.11 1.00 ©-9%
19-23 bk bl 304 529 378 352 352 264 241+ 1.76 1.51 1.32 1.17 1.06 0.96
20-24 gy bl 320 557 398 371 3.7+ 278 223 1.86 1.59 1.39 1.24 1.11 1.01
21-25 bl 336 584 417 390 3-96 292 234 1.95 1.67 1.46 1.30 1.17 1.06
22-26 bk pl 352 612 437 408 408 306 245 2064 1.75 1.53 1.36 1.22 1.11
23-28 gy pl 368 640 457 427 427 320 256 243 1.83 1.60 1.42 1.28 1.16
24- 29 pl 384 668 477 445 445 334 267 223 1.91 1.67 1.48 1.34 1.21
25-30 bk rd 400 696 497 464 464 348 278 232 1.99 1.74 1.55 1.39 1.26
26-31 gy rd 416 723 517 482 4-82 362 289 24% 2067 1.81 1.61 1.45 1.32
27-32 rd 432 751 537 501 50+ 376 30+ 250 215 1.88 1.67 1.50 1.37
28-34 Dbk  or 448 779 557 519 519 3.9 312 260 223 1.95 1.73 1.56 1.42
29-35 gy or 464 807 576 538 538 403 323 269 23+ 262 1.79 1.61 1.47
30- 36 or 480 835 596 557 557 417 334 278 239 269 1.86 1.67 1.52
31-37 bk 496 863 616 575 575 4-3% 345 288 246 216 1.92 1.73 1.57
32-38 gy 512 890 636 594 5.-94 445 356 297 254 223 1.98 1.78 1.62
33- 40 528 918 656 612 642 459 367 306 262 230 264 1.84 1.67
34-41 bk gn 544 946 676 631 6-3% 473 378 345 276 237 246 1.89 1.72
35-42 gy gn 560 974 696 649 649 487 396 325 278 243 246 1.95 1.77
36- 43 gn 576 K02 716 668 668 50% 461 334 286 250 223 2.00 1.82

"G Applications
“a. Primary
The Primary Shear Link forms an Eye 25 millineters in | ength.

| engt h:
(25+(n*2)) *2=4n+50

“b. Secondary
i. Structure
The Secondary Shear Link is attached to the bottomend of the Bridle with 120 percent of the nunber of Stitches of the
Primary, rounded to the nearest integer. It forms an Eye 80 or 65 mllineters in length for Triple (Crystal yne) or
Quadrupl e (Dacron) Ribbon Bridles respectively and engages the Thinble by neans of a Lark's Head.
| engt h:

Triple
(80+5+(n*2))*2=4n+170

Quadr upl e
(65+5+(n*2))*2=4n+140

ii. Safety Stitching
To prevent it locking onto the Secondary Bridle it is critical that the Secondary Shear Link renain seated on the
Thinble. The Lark's Head is safetied with five light stitches to forma snall Eye at the mddle, one through the Eye
and the two Runs passing through it, and three through the two Runs between the Thinble and Bridle.
~21. Construction - Bridle Link
The Bridle Link replaces the Secondary Bridle and is simlar in construction to the Tow Line Shear Link with the
speci fications and nodifications described below. In the absence of a bottomend weak |ink on a Prinary Bridle a 1.0 G
Bridle Link can serve as a Secondary Weak Link when used with a 1.4 G Prinary.
#01. Base
AL Materia
A 06/64 x 730 mllimeter leechline length - exclusive of an existing fused end - is cut fromthe spool. Its cut end is
fused and the resulting length is cut in half. After fusing these these cuts two 06/64 x 360 millineter |eechline

lengths result to constitute the Base Hal ves.

"B. Lengths - MIlineters

025 - Eye
025 - Constriction
005 - Gap

125 - Overlap
#02. Strength Stitching

Strength Stitching is as evenly as possible divided between the two areas of |eechline ends in order that it not be
conprom sed t hrough wear as a result of contact with the Thinble or Tow Ring. In the case of odd nunbered ratings the



hi gher
check.

nunber of stitches are effected at the starboard end of the Overlap for purposes of standardi zation and rating

#03. Fairings
Fairings are 0.25 heat shrinkable tubing | engths which conpletely cover the Constriction and extend to 5 millineters
fore of the Strength Stitching. They must be renpbved when the Bridle Link is enployed as the Secondary Bridle in a Two
Poi nt system as they inpede the clearance fromthe Bridle Thinble in a |l ow tension situation. Likew se they nust not be
used in One Point configuration in conjunction with an excessively small Tow Ri ng

#04. Low End Modifi cations
A Run of Strength Stitching does not fall below five (the point at which the Floss fails rather than pulls through).
Therefore, for ratings fromseven to nine, the Strength Stitching is effected entirely on the port end of the Overlap
and the starboard end is secured with three stitches which do not significantly increase the breaking strength.
However, since the load tends to be distributed very evenly anongst the stitches, these Bridle Links tend to fail at
poi nts above average and it is advisable to bias selection on the |ow side.

#05. Schematic

#06. Strengths

As the Secondary Bridle apex angle is negligible Bridle Link strengths can be translated directly into nmaxi num Tow Li ne

t ensi on.
Strength Stitching divisions and strength predictions in pounds.

Testing indicates 36 pounds per stitch as a reliable guide.

The follow ng table provides Port and Starboard

ttl pt sd x36 x48
07 7 0 252 336 bk rd
08 8 0 288 384 gy rd
09 9 0 324 432 rd
10 5 5 360 480 bk or
11 5 6 396 528 ay or
12 6 6 432 576 or
13 6 7 468 624 bk
14 7 7 504 672 ay
15 7 8 540 720
16 8 8 576 768 bk gn
17 8 9 612 816 ay gn
18 9 9 648 864 gn

#07. G Ratings
stch TL 1.4 m n 150 200 250 300 350 400 450 500 550
07 bk rd 252 180 168 1.68 1.26 1.01 684 o+2 663 056 0650 046
08 gy rd 288 206 192 1.92 1.44 1.15 696 682 6+2 0O-64 0658 0O-52
09 rd 324 231 216 246 1.62 1.30 1.08 693 68+ o672 665 659
10 bk or 360 257 240 246 1.80 1.44 1.20 1.03 690 6806 H6+2 6-65
11 ay or 396 283 264 264 1.98 1.58 1.32 1.13 699 688 67493 o612
12 or 432 309 288 288 246 1.73 1.44 1.23 1.08 696 686 6749
13 bk 468 334 312 342 234 1.87 1.56 1.34 1.17 1.04 694 685
14 ay 504 360 336 336 252 2062 1.68 1.44 1.26 1.12 1.01 6&-92
15 540 386 360 366 2+ 246 1.80 1.54 1.35 1.20 1.08 o698
16 bk gn 576 411 384 384 288 236 1.92 1.65 1.44 1.28 1.15 1.05
17 ay gn 612 437 408 4068 3066 245 264 1.75 1.53 1.36 1.22 1.11
18 gn 648 463 432 432 324 259 2316 1.85 1.62 1.44 1.30 1.18
19 bk bl 684 489 456 456 342 24 228 1.95 1.71 1.52 1.37 1.24
20 ay bl 720 514 480 486 360 288 240 2066 1.80 1.60 1.44 1.31
21 bl 756 540 504 5684 3 302 252 246 1.89 1.68 1.51 1.37
22 bk p! 792 566 528 528 396 31+ 264 226 1.98 1.76 1.58 1.44
23 ay p! 828 591 552 552 434 33+ 246 223+ 26+ 1.84 1.66 1.51
24 p! 864 617 576 576 432 346 288 24% 2316 1.92 1.73 1.57



~22. Shear Link Equival ents

The following table relates the three forns of Shear Links - Tow Line, Ribbon Bridle, and Bridle Links - to the average
Tow Line tension at which they will fail and ranks each with its nearest equivalent(s) in the two other placenents.

TL i ne RB i ne BL i ne

11 ay or 198 07 bk rd 195

12 or 216 08 ay rd 223
13 bk 234 08 gy rd 223
14 gy 252 09 rd 250 07 bk rd 252
15 270 10 bk or 278 07 bk rd 252
15 270 10 bk or 278 08 gy rd 288

16 bk gn 288 10 bk or 278 08 gy rd 288
17 gy gn 306 11 gy or 306 08 gy rd 288

17 ay gn 306 11 ay or 306 09 rd 324
18 gn 324 12 or 334 09 rd 324
19 bk bl 342 12 or 334 09 rd 324
19 bk bl 342 12 or 334 10 bk or 360
20 ay bl 360 13 bk 362 10 bk or 360
21 bl 378 14 gy 390 10 bk or 360
21 bl 378 14 ay 390 11 ay or 396
22 bk pl 396 14 gy 390 11 ay or 396
23 ay pl 414 15 417 11 ay or 396
23 ay p! 414 15 417 12 or 432
24 p! 432 16 bk gn 445 12 or 432
25 bk rd 450 16 bk gn 445 12 or 432
25 bk rd 450 16 bk gn 445 13 bk 468
26 gy rd 468 17 gy gn 473 13 bk 468
27 rd 486 17 gy gn 473 13 bk 468
27 rd 486 17 ay gn 473 14 ay 504
28 bk or 504 18 gn 501 14 gy 504
29 gy or 522 19 bk bl 529 14 gy 504
29 gy or 522 19 bk bl 529 15 540
30 or 540 19 bk bl 529 15 540
31 bk 558 20 ay bl 557 15 540
31 bk 558 20 ay bl 557 16 bk gn 576
32 gy 576 21 bl 584 16 bk gn 576
33 594 21 bl 584 16 bk gn 576
33 594 21 bl 584 17 ay gn 612
34 bk gn 612 22 bk p! 612 17 ay gn 612
35 ay gn 630 23 ay pl 640 17 ay gn 612
35 gy gn 630 23 gy pl 640 18 gn 648
36 gn 648 23 gy pl 640 18 gn 648

24 pl 668 19 bk bl 684

~23. Construction - Break Links
#01. Mnimal Size

Break Links are constructed as snmall as will allow safe functioning of a rel ease nmechanismor installation of a Thinble.
#02. Seating

Seating of a Break Link installation is required to determ ne the necessary protrusion, which is defined as the I ength
inmllimeters of doubled stretched | oop avail able for connection

#03. Protrusion Requirenents
17 - Barrel Rel ease
61 - Thinble
20 - Spi nnaker Shackl e

#04. Loop Length

The length of a seated and uninstalled Break Link | oop can be used to deternmine the |length of the material fromwhich it
was construct ed.

#05. 05/64 Leechline
"A. Strength
Aloop fails at a factor of approximately 1.5 tinmes that of a |loop of 130 pound Cortland G eenspot.
"B.  Length
Length in millineters for installation on bridle.
235 - 12/ 64 brai ded Dacron
220 - Spectra hollow braid - 2000 pound
210 - Spectra hollow braid - 1000 pound
"C.  Seating
200 pounds
"D. Loop Length
092 millimeters from235 nmillineters
#06. Brai ded Dacron Trolling Line

"A. Specifications

Cortland Greenspot 1 millineter (130 pound test).



"B. Test Length
150 millineters
"C.  Seating
120 pounds
"D. Loop Length
061 millimeters
The material length of a seated Break Link | oop is deternmi ned by the formul a:
150 plus or minus twice the difference between the loop length and 61
"E. Failure
The Break Link fails at the point at which a Run exits the bridle eye.
"F. Test Results
di ameter of braided Dacron bridle in sixty-fourths of an inch

protrusion in mllineters
failure in pounds

5 6 8 10 12 16 - dianeter
49 43 39 35 28 16 - protrusion
115 135 145 155 175 215 - failure

A Break Link material length is determ ned by the fornula:
150 minus twice the difference between the test and desired protrusions.
"G Spectra Bridles

Failure for both one and two thousand pound Spectra hollow braid |ine is about 140 pounds and protrusion val ues are 46
and 42 nillineters respectively.

~24. Assenbly
#01. Basetube Conponents
"A. Pulley Assenbly
“a. Assenbly Pin

The 08/ 64 inch dianmeter steel or alum num Assenbly Pin, whose length is just under the internal neasurenent of the
basetube, is installed through the Pulley's nount with the Bushing and Shins.

“b. Installation Tool
A 6 inch length of three quarter inch PVC pipe is notched at opposite points on the circunference its starboard end.
Maski ng tape is applied on the | engths of the opposite sides defined by the notches. Longitudinal |ines are drawn on
the tape segnments in alignment with the notches and perpendi cul ar nmarks are made on the circunference of the pipe at at

di stance 4 inches fromthe starboard end and serve as a depth indicator. |If the basetube in which the installation wll
be effected is faired it will likely be necessary to enploy a Pipe or piece of Tubing of smaller dianeter

“c. Engagenent
An end of an 08/64 x 18 inch Bungee length is fed through a Cord Lock, a Fender Washer, the Pipe fromport to starboard,
the Pull ey sheave, and back through the aforenentioned. Wth the Assenbly Pin and Shins seated in the notches, the
Bungee is tensioned and secured with the Cord Lock

“d. Insertion

The Pulley Assenbly is inserted in the port end of the basetube and, if the basetube is of a round cross section
pitched to avoid interference between the Axle and Assenbly Pin at the bolt and screw hol es.

“e. Installation Pin
Upon reaching the proper depth, alignnment is nade and an Installation Pin of a length equal to or greater than the
external neasurenment of the basetube is used to push the Assenbly Pin slightly through the basetube wall. At this point
Bungee tension is relieved and the Installation Pinis fully inserted to replace the Assenbly Pin.

“f. Pulley Screw

The Screw then replaces the Installation Pin and is secured, one end of the Installation Tool Bungee is freed, and the
Installation Tool Assenbly is wthdrawn.

"B. Bungee Assenbly
“a. Threader

A Threader is routed into the Leader Exit Hole, down and to starboard around the Pulley sheave, and out the starboard
end of the basetube where its end is stitched to the Leader.

“b. Assenbly Pin

After insertion of the Bungee Screw Bushing through the End Connectors and Fore and Aft Shinms, the Assenbly Pin is
inserted in the Bushing in order to aid installation and alignnent.

“c. Engagenent

The Bushing is engaged by the of the Installation Tool Bungee, fore or aft of the End Connectors pair, as described
above.



“d. Insertion

The Threader is pulled to draw the Bungee Assenbly into the downtube and the Assenbly Pin ends are aligned with the
Bungee Screw Hol es by nmeans of the Installation Tool

“e. Bungee Screw
The Bungee Screw i s pushed through the basetube, replacing the Assenbly Pin, and secured.
“f. Leader
i. Routing

The Threader is pulled to draw the Leader out of the basetube about 20 millineters and secured by clanping with a
henost at .

ii. Leader Extractor

The Leader Extractor is a 500 millineter 130 pound Cortland G eenspot Braided Dacron Trolling Line length. 1t is fed to
its mdpoint through the fold of the Leader and used to tension and sl acken the Bungee.

Note: |If the unsecured Leader end is |lost inside the basetube the entire Bungee Assenbly installation procedure nmust be
r epeat ed

iii. Stowage Link
The Stowage Link is constructed froma 05/64 x 280 mllinmeter leechline length spirally folded and stitched in three
Runs, 90 - 100 - 90 nm leaving 10 mmlong Eyes at the ends. The ends of the Leader Extractor and bottom end of the

Primary Lanyard are secured by neans of Becket Bends to the Eyes whenever the Bungee is slackened.

In glider configurations in which the basetube nust be separated fromthe control frame for breakdown a second Stowage
Link will be required to ensure that the Prinary Lanyard is not lost into its Conduit.

#02. Barrel Rel ease Connection
"A. Bridle Engagenent

The di aneter of a Wak Link conponent or Bridle engaged by the Barrel Rel ease should not exceed 06/64 inches so
performance is not significantly affected.

"B. Pin Rotation
A plane is defined by the eye of the the Barrel Release Pin. The connection is nade by inserting the end of the Pin
t hrough the inboard side of the port Bridle Link Eye and rotating the Pin aft within the defined plane. This assenbly
ensures that the Pin will rotate unobstructed upon actuation
"C. dosing
The Barrel is slid fore over about two thirds of the I ength of the Pin Shaft.
~25. Perfornance Considerations

#01. Bungee

Bungee length is weighted towards the maxi mum whi ch delivers sufficient tension. 12 pounds at the Cotter Pin denands
| ess than 4 pounds of actuation tension

#02. Leader
"A. Bungee To Stop Stitching

The Bungee to Stop Stitching length of the Leader should allow the Leader to be drawn out of the basetube beyond the
Stop stitching at least 30 millinmeters to facilitate insertion of the Cotter Pin between the two runs.

"B. Stop Stitching To End

There nust be enough Leader |ength beyond the Stop Stitching to take up Lanyard slack and actuate the Prinary Rel ease
with a confortable nmargin of tension w thout drawing the Lanyard into the Basetube.

#03. Cotter Pin
"A. Length

A short Cotter Pin is nore susceptible to a minor hang up resulting fromthe end being pulled down as it passes over the
opening as a |longer one has nore | everage to counteract the Bungee tension

"B. Lanyard

The Cotter Pin Lanyard length is a conpronise up fromso hair trigger short that one finds oneself off tow after a mnor
adj ustment of grip.

#04. Primary Lanyard

Lanyard | ength is adjusted such that the Leader end protrudes no | ess than about 10 nmillimeters out of the basetube
after actuation to ensure that no interference is encountered at actuation and the Lanyard is not damaged. There nust
be enough freeplay to preclude the possibility of an undesired actuation with the tug high and to the right. After the
Lanyard is trimed to length the freeplay may be adjusted by adjusting the Rel ease Assenbly Harness and Tensi oner Anchor
- sinultaneously shortening one and | engthening the other - thus altering the trimpoint to a snall degree.

#05. Rel ease Assenbly Harness
At the expense of a little positive bar pressure, biasing the trimpoint aft reduces the length of Primary Lanyard

exposed to the airflow and the severity of negative pitching in the event the Primary Bridle is released fromthe bottom
and wraps at the Tow R ng



#06. Tensi oner
The Tensioner is adjusted by adjusting the Becket Bend of the Tensioner Anchor to shorten the loop to the point that any
further reduction results in undo difficulty in naking the connection. This ensures that the Rel ease Assenbly is held
as flush as possibl e against the undersurface of the sail after actuation
~26. Setup

#01. \Weels Installation

Wheels are installed and fixed with respect to |ateral novenent outboard as far as possible while allow ng clearance
from the downt ubes.

#02. Instrunment Mounting
Possi bl e conplications associated with basetube mounting of instrunents include:
interference with the bridle assenbly;
entangl enment with the dolly bridle prohibiting separation fromthat vehicle when glider becones airborne;
fouling with Primary Bridle upon release interfering with pitch control
penetration of the pilot's chest or abdonmen upon crash.

Installati on of an extended Secondary Bridle will nitigate interference problens with an instrunment nounted on the
center of the basetube.

#03. Rel ease Assenbly Installation

After the glider is tensioned and the preflight check of the sail's interior is conpleted the Rel ease Assenbly is
i nstall ed.

A, Bungee Tensi oning

a. Primary Lanyard Separation

The Primary Lanyard is untied fromthe top Eye of the Stowage Link. Care nust be taken to avoid interfering with the
top end of the Lanyard and drawing the bottomend into the Conduit at this juncture.

"b. Leader Extractor
From fore of the basetube a couple of coils of the Leader Extractor are wapped around the right index finger and the
Extractor is drawn straight away (up) fromthe basetube until the Stop Stitching clears the basetube by an inch or so
This procedure subjects the Bungee Assenbly to | oads greater than those to which they will subjected in flight and thus
serves as a preflight check.
"B. Cotter Pin

a. Installation

The Cotter Pin is inserted between the two Runs of the Leader below the Stop Stitching and tension is relaxed to seat
t he Pin.

“b. Free Play Set
The Pin position is adjusted such that its end is flush with the port extremty of the Basetube Washer
"C.  Undersurface Preparation

The aft two zipper sliders are slid all the way aft and, to facilitate closing after the Tensioner is engaged, the fore
is slid aft about a third of the distance to the trim point.

"D.  Shackl e Connection
The Rel ease Assenbly is shackled to the Munting Harness.
"E. Lanyard Connection

The Primary Lanyard is untied fromthe Lanyard Extension, routed fromthe top around the Barrel Pulley, and retied to
t he Lanyard Extension.

"F.  Tensi oning

The Tensioner is engaged and the Prinmary Lanyard tension is checked and, if necessary, adjusted by altering the trim
poi nt .

"G Keeper Check

The Keeper is checked for proper tension and the security of the Fishernan's Knot.
"H. Undersurface C osure

The fore two zipper sliders are positioned to snugly enclose the Rel ease Assenbly attachnent.
1. Retensioning

To reengage the Cotter Pin after the Rel ease Assenbly has been fully installed the Leader is nost easily drawn out by
pul ling down on the section of Lanyard between the Barrel Pulley and becket.

*J. Four-String Rel ease Check
“a. Trigger Line

The Trigger Line nust be securely locked in the Ceat.



b, Cuard
The Cuard nust be installed on the Cleat with nbderate tension with the Fisherman's Knot secure.
~27. Staging
#01. dider Preparation
"A. Harness Connection
Cipping the harness into the glider prior to pilot entry ("Aussie nethod"), although of virtually no value in ensuring
the pilot is clipped in for a dolly launch, does facilitate clipping into glider suspension, inspection of suspension
system preparation of harness and peripherals (e.g., radio, pod lanyards, tow bridle), and reduces potential for

over heat i ng.

Not e: Whet her or not using a carabiner nounted Primary Rel ease, due to consideration of the parachute bridle action the
proper orientation of the carabiner is gate opening up and fore.

"B. Bridle Connection

The Two Point Bridle is routed, twist free, through the Tow Ring of the Shear Link where relevant, and connected to the
rel ease nechani sm

"C. Lines Stowage
The VG and pod zipper lines are secured to prevent fouling with the dolly.
#02. Dol ly
A, Adj ust nent

Dolly configuration for the glider in question should have been previously noted to facilitate operations by naking
adj ustnents prior to |oading.

“a. Keel Bracket Longitudi nal Adjustnent
Keel bracket |ongitudinal adjustnent is effected such that aft flying wires and their attachnment point is clear
b, Attitude Set
Keel bracket height is adjusted such that wing tips attitude is horizontal. Too low a pitch may prevent the glider from

lifting off fromthe dolly. Too high an attitude will render the glider unnecessarily vulnerable to effects of
crossw nds.

“c. Basetube Brackets

Baset ube brackets are symmetrically positioned i nboard of basetube nmounted wheel s and outboard as far as possible while

| eavi ng enough cl earance to avoid interference with the wheels at liftoff. Note the distance between the dolly frane

and the bracket at the aft bracket support tube (with, as a suggestion, a conparison with a fist width or hand | ength).
"B. Loading

a. Sequence

Dependi ng upon dolly availability the glider may be | oaded prior to connecting the harness. |f access tinme is linmted
the pilot enters the harness prior to | oading the glider on the dolly.

“b. Wnd
Dolly and glider are turned into a significant w nd.
"c. Keel Bracket
Assi stance in guiding the keel into the bracket is desirable.
“d. Cotter Pin Lanyard Cuide

The Cotter Pin Lanyard Quide is checked to ensure that it is aligned with the end of the basetube and | eader exit.

Note: The Cotter Pin nmust be installed through the Leader prior to dolly loading to prevent mangling when caught
bet ween t he baset ube and bracket.

#03. Deck

When separated froma single tug by only two gliders the followi ng final actions, preparations, and checks shoul d be
conpl et ed

"A. Instrunents

The flight deck, GPS receiver, and radi o should be on, stabilized, and checked.
"B. Harness

Legs are through | oops and buckles are secure.
“C. Hel net

Particul ar note should be nade with respect to the helnet buckling as a | oose strap could interfere with the Four-String
Rel ease

"D. Bridle
Bridle routing above the basetube and clear of radio wires nust be ensured.

"E. doves



A oves are on and safetied and the loop of the Bridle Cinch is installed over the thunb of the left (assum ng right
dom nance) hand and the cord lock is adjusted for a snug hold.

~28. Tow
#01. Launch
"A. Kicking In
Pl ace one foot in the boot of the harness before suspension
"B. Suspension

If the aft end of the harness is in range of the rear wheel of the dolly, legs are spread to rest on opposite sides of
the frame or with both legs in the boot knees are bent to prevent abrasion

Note: Accepting the risk of bellying inin the event of a | ow separation, one nmay choose to |aunch with the pod cl osed.
Bendi ng at the knees will serve, if necessary, to keep the boot clear of the rear dolly wheel

"C. Rel ease Actuators Engagenent
“a. Energency
The end of the Trigger Line is placed in the incisors.

“b.  Primary

To prevent an inadvertent firing of the release, after the Button is inserted between the fingers the port side of the
dolly bridle is fed into the grasp of the left hand by the right hand.

Not e:  Shoul d one neglect to engage the Button at |aunch a swat at the exposed Leader between the base- and downt ubes
nmakes for a good Plan B

"D.  Tow Li ne Connection

The Tow Line carabiner is clipped onto the Bridle or Coupler. |If towing one point the carabiner is oriented gate up to
prevent it from engagi ng the basetube.

#02. dinb
"A. Four-String

While it is advisable to retain the Trigger Line throughout the towto nmaintain the slack |line advantage of the device
t he performances of the Keel, where applicable, and Barrel Rel eases render this option somewhat superfl uous.

"B. Slack Line

Foll owing a situation in which slack develops in the Tow Line, the tow and Wak Link may be preserved by increasing
speed before the Tow Line tautens.

#03. Free Flight
"A. Rel ease
“a. Normal
Whenever circunstances permt it is advisable to clinb a little above tug | evel then dive before releasing. This action
sl ackens the Tow Line and thus reduces the likelihood of a Primary Bridle wap and elimnates the (near) stal
experi enced with an abrupt |oss of tension

“b. Tow Line Shear Link Failure

In the event of a wap of a Tow Line Shear Link failure the remai nder of the weak |ink assenbly nust be secured before
rel easi ng and stowi ng the Bridle.

“c. Bridle Wap
i. Top End
In the event of a wap of the top end of the Primary Bridle, at which tinme all Aerotow Rel ease Bridl e System conponents
fromthe wap aft will experience near double |loading in addition to the shock which occurs due to the tenporary
accel eration of the tug and decel eration of the glider, Secondary Wak Link failure may occur. Oherwi se the Barre

Rel ease i s enpl oyed

Note: In the event of a wap, as the Tow Line will drop and the pilot will be pulled fore with respect to the control
frane, it is possible that a Barrel Release will be dragged across the basetube and auto-actuate.

ii. Bottom End
If the Primary Rel ease is nounted to accommodate trimfar enough forward on the keel and:
the bottomend of the Primary Bridle is separated fromits attachment;
the Primary Bridle waps at the Tow R ng; and
the weak |ink remains intact
then the glider will experience a severe pitch down and catastrophic structural failure under negative | oading.
The only excuse for the bottomend of the Prinary Bridle being rel eased out of sequence is an accidental triggering of a
Barrel Release through contact with the basetube and the pilot should be prinmed to actuate the Primary to guard agai nst

t he consequences of a wrap when this situation beconmes inmnent.

Note that the Primary Weak Link may remain intact as it is routed to the lighter glider rather than the heavier pil ot
and the shock | oading is danpened due to the ease with which the glider will pitch negative in response.

“d. Slack Line



In a slack Iine situation it is unlikely that opposition tension will fall below what is required to actuate the Barre

Rel ease with one hand. |In that event the tension nmay be created with the other or an Emergency Rel ease nay be actuated.
"B. Stowage
“a. Bridle

i. Control Safety

If lowinmediately or if high as a top priority task, the bridle is pulled clear of the basetube and allowed to trai
al ong the underside of the harness so as to mnimze potential for interference with pitch control at |anding.

ii. Securing

As soon as convenient stow the bridle assenbly. Wth the right hand, figure 8 |oop short Iengths of the Prinary Bridle

over the thunb extended fromthe left still gripping the basetube. Loosen the cord lock of the Bridle C nch to enlarge
the I oop, pull the |oop over the end of the the thunb and, consequently, the runs of the coil, and tighten around the
m ddle of the coil. (This operation nmay be conpleted in stages as control demands allow.) Stuff into harness in area

of chest or zippered pocket, if available. Rotating body vertically to relieve pressure in that area will facilitate
the former operation.

If circunstances and/or tine do not allow for proper stowage then at |east upon |anding and before noving off, if
practical, stowthe bridle to reduce abrasion and soiling.

"b. Cotter Pin Lanyard
Slide the Keeper inboard to near the Button to minimze its drag effect.
~29. Energency Qperation
#01. Four-String
At the first sign of a dangerous situation developing the Four-String is arnmed for a benefit of the possible saving of a
critical second - regardl ess of whether the glider is in One or Two Point node - at a cost of having to hold Trigger
Line tension for the renainder of the tow The Four-String is not, however, actuated prior to the Primary Rel ease.
#02. Low Altitude
"A. Situations
“a. Pitch
The glider clinbs so far above position that it threatens to nose in the tug.
"b.  Rol
i. Limt
The glider rolls past 45 degrees.
ii. Contro
The glider fails respond to a roll correction within a second.
iii. Oscillation
An oscillation worsens.
c.  Yaw

The glider headi ng has diverged nore than twenty degrees fromthe tow.

"B. Procedures

“a. Pitch
Rel ease
"b.  Rol
i. Lockout
If a glider is locking out but still clinmbing it my be advisable to renain on tow to enhance the opportunity neutralize
t he bank.
ii. GCscillation
To guard against the likelihood of a dangerous stall, a release is effected early in the progression but only as the

glider is starting to recover froma cycle.
#03. Bridle Wap - Load:
"A Low

In the highly unlikely event that a wap occurs in the absence of enough tension to cause failure of the Secondary Wak
Link the Barrel or, if required, Energency Rel ease is actuated.

"B. Moderate
Under normal tow tension failure of the Secondary Weak Link following a wap is likely. Oherw se, proceed as above.
"C. High

The likelihood of a wap will tend to increase under the high loading resulting froma severe | ockout. However, at any
time the tow tension exceeds about 0.75 Gs during a wap, Secondary Wak Link failure is a certainly.



#03. Nose Wre Fouling
Fouling of the Prinary Bridle with a nose wire is possible if a yawi ng has progressed enough to cause the Bridle to
contact the wire prior to release or Ribbon Bridle Shear Link failure. The Trigger Line of the arned Four-String is
rel eased inmedi ately to prevent destruction of the glider.

#04. Sl ack Line

A slack tow line situation is an emergency if:

it occurs | ow enough for a snag; or
the potential exists for fouling the glider (especially if still connected to the tug.

"A Two Point
Actuate the Prinmary Rel ease.
"B.  One Point
“a. Four-String
If the Trigger Line is still engaged push the Secondary Bridle forward while actuating the Four-String.
"b. Barrel
Actuate the Barrel Release with the left hand while pushing the Secondary Bridle forward with the right.

~30. Breakdown

At breakdown the setup sequence is reversed. The Keel Release is stowed with the Pin secured in the Barrel so as to
ensure retention of the Keeper.

~31. Downt ube Repl acenent
#01. Conduit Prefitting
A spare port downtube is prefitted with a Conduit.
#02. Tensi oni ng
The Lanyard is withdrawn fromthe damaged downtube and Bungee tension is held with the Cotter Pin.
#03. Lanyard
"A. Rethreading

The Lanyard ends i medi ately take on a set when the Becket Bends are |loaded and it will likely require use of a Threader
to reroute the Lanyard through the Conduit.

"B.  Securing

The top and bottom ends of the Lanyard are secured to the Lanyard Extension and a Stowage Link, respectively.

#04. Installation
The new downtube is swapped in and the Pulley Assenbly is transferred as part of the installation process.
~32. Partial Installations
Benefits can be realized fromelenents of the systemindependent of the full installation

#01. Basetube
Fol di ng, faired, and/or carbon variations nmay be problematic with respect to the stored energy conponents of this
system The internal basetube assenbly nay be elimnated and a cord | anyard can be routed through a pulley and pulled
by hand.

#02. Tensi oner
Any Two Point release will benefit froma tensioner. A spinnaker shackle, stock or nodified but with an of fset
nodi fi cation bypassed and nounted via the bail, or Schweizer style release will function in the absence of tow tension
when keel mounted and and tensioned, thus elininating the requirenent of cable actuation

#03. One Poi nt
The Secondary Bridl e/ Rel ease Assenbly described herein will easily accombdate the near double |oading that the One
Point configuration transmts. On a suitable glider, given this One Point system s advantages of cost, sinplicity,
wei ght, aerodynanic cl eanliness, absence of bridle wap potential, and virtually effortless energency rel ease, a very
good argunent can be nmade for sacrificing the control advantage afforded by the full installation
~33. Care

#01. Bridle Assenbly

"A. Utraviol et Exposure

Between flights the bridle assenbly should be kept out of the sun, preferably in with the bagged harness.

"B. Stowage

The Primary Bridle is neatly made up using short figure 8 coils and the entire assenbly can be stowed by tossing it
t hrough the shoul der straps into the body of the harness or a zippered pocket or separately.

#02. Pul | eys

Regul ar operation in a dusty environnent may have a detrinental effect on the pulleys. Regular rinsing in water is



r econmrended.
#03. Barrel Rel ease

The following two issues apply only in the event the | oading exceeds what is every likely to be encountered in flight.
Thi s device has been extensively and very successfully bench tested and high tension tests should be avoi ded.

TA Base

Upon actuation the Base assenbly recoils aft with respect to the Barrel and the leechline may be frayed in the vicinity
of the Pin.

"B. Barre

The Pin continues to rotate after release and will slaminto either the Barrel or one's hand, dependi ng upon how far
fore the Barrel is gripped. The force is enough to damage the Gip or bruise the hand. d oves, which are a good idea
in any case, should be worn.

#04. d antl eat
Al t hough the nylon O antleat CL263 Mcro Cleat is overbuilt for the function it performs as a conponent of the Four-
String Release and is subjected to virtually no wear in that environnent, it has a relatively short |ife expectancy when
subj ected to regular use with substantial |oads and thus a copy used in the Energency Rel ease system should be so
dedi cat ed.

#05. Cl eaning

Saturation of fabric conponents with liquid |aundry detergent followed by inrersion in boiling water is an effective
nmet hod of cleaning. The Cantleat is not harnmed by boiling but bungee conponents shoul d be separated.

~34. Tandem
#01. Capacity

Al'l conponents described herein are quite sufficient for tandem operati on.
#02. Actuation

The top pilot in an over/under configuration can easily access the Primary Lanyard at the point at which it exits the
downt ube and actuate the Rel ease.

#03. Shear Links Configuration

As tandemgliders do not towin One Point configuration for longer than it takes to contend with a wapped Primary
Bridle, a Bridle Link, if enployed, need only reliably exceed the strength of the Primary (Bridle) Shear Link

~35. WIlls Wng W2
The follow ng configuration was installed on a U2 160. The Sport 2, Talon, and T2 incorporate identical Litestream
control frame hardware and are thus conpatible with this variation. WOOSH wheels were utilized on this glider
Installation of the WIls Wng SlipstreanLitestream Basetube Weels (70M 1240) elimnates the incentive to reposition
the VG cl eat.

#01. VG d eat

“A. Positioning

The Holt Allen HA 4446 VG cleat is noved 0.75 inches inboard to 2-40/64 inches fromthe starboard basetube end to all ow
the wheel to be installed outboard of it.

"B. Fasteners
The VG cleat is secured by a pair of 06-32 x 7.5 millinmeter screws and nylocks, the latter inside the basetube.
#02. \Weel Stops
Wheel novenent to outboard is limted by the basetube screws at both ends and inboard by the VG cl eat and Baset ube
Pul | ey Assenbly Screw at the port and starboard ends respectively. Weel Stops are installed i mediately inboard of the
wheel s, protect the hub fromthe hardware, and fill the inboard gaps.

A,  Starboard

A 10/ 64 leechline length is coiled twice around the periphery of the basetube cross section and the doubled width is
stitched secure.

"B.  Port
A length of.5 inch nylon webbing is wapped twi ce around the basetube and stitched secure.
#03. Actuation System
A Leader/Lanyard Routing
As the Slipstream (faired) basetube is pitched well bel ow perpendicular to the downtube, routing the Leader and Lanyard

between the two control franme conponents is sonmewhat problematic. Three neasures are taken to conpensate for this
geonetry

“a. Basetube Pulley Positioning
The Basetube Pulley is positioned as far aft as possible.
“b. Drilling

i. Basetube

The Leader exits the Basetube 2-43/64 inches fromthe port end and well aft of the point perpendicular to the Sheave



center.
ii. Downtube

The Lanyard enters to the downtube well fore - inmediately aft of the inboard trip ridge and 4.5 i nches above the bottom
end and exits it 15 nmfore of inboard trip ridge 3.0 inches fromtop end.

"B. Basetube Pulley Assenbly

a. Screw

A 06-32 x 53.5 millinmeter screw aligned on the longitudinal axis of the basetube installed through the basetube 2.5
i nches inboard of the port end secures the Basetube Pulley Assenbly.

b, Axle
The Axle is cut to a length of 36.5 millineters.
c. Shins
Fore and Aft Axle and Screw Shins bias the Pulley as far aft as possible in the basetube.
i. Axle
12-08/ 64 vinyl tubing.
ii. Screw
12- 08/ 64 pol yet hyl ene tubi ng.
"C. Bungee Assenbly
"a. VG Ceat Collar
Prior to installation of the Thinble and Thinble Collar, the Bungee Assenbly is anended with an additional Pro Flex
PFTC4 Bungee Loop Connector installed near the starboard end of the doubl ed Bungee so as to | eave a 0.75 inch gap
between it and the pair of End Connectors. This conmponent is necessary to allow the End Connectors to pass by the VG
cleat fasteners during assenbly.

“b. Extension

The Extension serves to anchor the Bungee to the screw which secures the basetube to the starboard bracket and prevent
the Bungee frombeing interfered with and damaged by the VG cl eat fasteners.

i. Base
An 08/64 x 400 millimeter leechline length is secured in a | oop by stitching the ends together in a 50 nillineter
Overlap. The loop is pulled linearly with the Overlap centered on a half. Using a Threader, the fol ded end of the
opposite half is pulled through the eyes of the End connectors to the niddle of the | oop

ii. Sleeve

The ends of the |loop are pulled through a 28-20/64 x 055 millinmeter vinyl tubing |l ength which protects the |eechline
fromthe VG cl eat fasteners

c. Bushing

A 20/ 64-.233 x 1-26/64 inch polyethylene tubing Iength is inserted through the ends of the | oop and the Extension Sleeve
is pulled to starboard to hold the Bracket Screw Bushing in place

“d. Stops

16/ 64-.170 x 24/64 inch vinyl tubing |lengths serve as the Fore and Aft Stops to keep the Extension centered on the
Bushi ng.

"D. Cotter Pin Lanyard
A 05/64 x 300 nillineter | eechline I ength constitutes the Cotter Pin Lanyard.
#04. Downt ube Pull ey Munting
A Pin

The Downtube Pulley Assenbly is nounted on an RAMD 6731 12/64 x 3/16 inch Cevis Pin which replaces the factory upper
downt ube pi n.

"B.  Washer
A Nunber 08 nylon Washer is filed to snugly fit over the Pin and retains the |Inboard Harness.
#05. Primary Rel ease Assenbly Munting
TAL ARt
“a. Tang
A WIls Wng 20E-2206 upper side wire Tang serves as the anchor for the Prinmary Rel ease Assenbly.
“b.  Thinble
A smal|l Loos Standard Thinble (stainless steel) - LSANLIOOC3 - is installed in the larger (.3125 inch) hole of the Tang.

C. Har ness

A 05/64 x 275 mmleechline length is configured in a spiral coil around the Thinble with a triple overlap fore and
doubl e overlap aft. The entire periphery is stitched laterally and the triple overlap is stitched vertically fromthe



end of the Thinble fore leaving a small Eye to acconmpbdate the pin of the D Shackle.
d. Bolt

The AN4-21 (.25 x 2-1/8 inch) hex bolt which secures the kingpost is replaced by the next |onger increment AN4-22 (.25 x
2-2/8 inch) which is used to secure the Muunting Assenbly to the underside of the keel

"B. Tensioner Anchor Base

A 06/64 x 500 nillineter leechline Iength is routed around both fore and aft noseplate spacers to preclude interference
with the snap button.

#06. Assenbly - Basetube
After a Threader is routed in the Leader Exit Hole, through the Basetube Pulley, out the starboard end of the basetube,
t he Bungee Screw Sl eeve Bushing is positioned inside the starboard basetube bracket and held in place by inserting a
Bracket Installation Pin - a 10-08/64 x 44 mllineter polyethylene tubing length (or any cylindrical pin of 12/64 inch
or slightly snmaller diameter and that length) - is inserted through the holes and Sl eeve to hold the conponents in
alignment. The Threader is then pulled to draw the Bungee Assenbly through the basetube and the Leader out, the bracket
is seated, and the Pin is pushed out by installing the Screw.

#07. Partial Installation
A much sinpler and very satisfactory installation nay be effected by elimnating the stored energy conponents of the
actuation system By substituting a starboard side 20P-1270 VG Bearing for the port 10T-5103 Nyl on Spacer, the Prinary
Lanyard may be routed into the port downtube as is the VGline. Installation of a jamcleat on the basetube would all ow
the pilot to lock tension on the rel ease assenbly followi ng actuation
~36. Hook Knife
If a hook knife is used as an aerotow energency neasure in dealing with a failed separation, the actionis a likely
result of the shoddi ness of the rel ease systeminvolved. Although it should be on hand to deal wi th post flight
energencies it has little place in this discussion
~37. Surface Tow ng
Sone of the conponents described above nmay be utilized with advantage in surface tow ng operation

#01. Platform Launch

"A. Conventional Configurations

“a. Bridle Assenbly

The traditional platformlaunch bridle is connected to the aft tow | cops of the harness with the rel ease nechani smfixed
at its center.

"b. Rel ease Mechani sm
The release is typically a three- or two-string nechani sm
“c. Actuation
A lanyard is secured to a shoulder strap or wist.
“d.  Weak Link
The weak link is installed between the tow line and ring.
"B. Deficiencies
“a. Bridle Assenbly
The bridle halves are subjected to uneven | oadi ng.

“b. Rel ease Mechani sm

The multi-string rel eases wear with use, do not reliably separate froma slack |ine, and shoul d not engage a
conventional weak |ink.

c. Actuation

Both I anyard configurations suffer fromthe characteristic of slack being affected by attitude and the latter by hand
novenent as well.

“d.  Weak Link
The weak |ink descends and, in the case of a solid surface, often gets dragged across the ground with the tow line.
“e. Drag
The entire assenbly renains in the airflow for the duration of the flight and presents a | east desirable profile.

" C. Revi si ons

The conventional configuration is replaced by a slightly nodified two barrel secondary rel ease and Ri bbon Bridle
assenbl y.

“a. Bridle
The Tow Ring noves freely on the bridle, thus maintaining even | oadi ng throughout the assenbly and attachnent points.
"b. Rel ease Mechani sns

Barrel releases suffer virtually no wear fromuse and performbetter in a slack line situation



c. Actuation
Barrel releases are within i mmedi ate reach and unaffected by attitude.
“d. Shear Links

An elongated Bridle Link stays with the glider and suffers virtually no wear as a consequence of a flight.

e. Drag

After actuation the conponents streamwith the airflow The Bridle my be di sengaged fromthe renai ni ng cl osed
(Starboard) Barrel Release and stowed.

"D.  Construction
“a. Bridle Link

As di stance between attachment points is increased, the length of the Bridle Link is extended to conpensate. 500
mllineter Base Halves are incorporated. All specifications are the sane as those of the standard aerotow Bridle Link
except for the Gaps to which the extra material is allotted.

“b. Rel ease Mechani sms

Standard Port and Starboard Barrel Rel eases are enpl oyed.

c. Actuation

Port and Starboard Adjusters are set to evenly extend the Barrel Releases to the point at which a chest nopunted
parachute will not inpede actuation but not so nuch that the Barrels are beyond easy grasp with the Assenbly tensioned
full aft.

#02. Two Stage
"A. Conventiona

Al t hough the conventional two stage (Keller/Koch) release is an effective nechanismfor enmergency release it may be
probl emati c when actuated with extrene tow line angles and contributes a ot of drag to a flight.

" B. Revi si on

By installing a Secondary Rel ease Assenbly incorporating a Barrel Rel ease and any of the Enmergency Rel eases on the
aerotow | oops and the platformlaunch rel ease assenbly descri bed above on the aft tow | oops, the energency rel ease
capability is approximated and the negative aspects are elimnated or nitigated.

~38. Theory

The goal of a release systemis to transnmit a tension of up to hundreds of pounds to the glider and di sengage instantly,
reliably, and with mininal effort and conplication. Al systens, save for those based on the Linknife (which is a
conposite inclined plane), use mechani cal advantage to step down the tow |line tension and are based on the sinple

machi nes of the pulley and/or second class lever (in which the |oad (tow) force is applied between the ful crum and
effort (retaining) force).

#01. Bridles

Bridles, as a result of being less than infinitely long, inpart a nechanical disadvantage. The resultant increase in
| oadi ng of the components securing themis cal culated by conparing half the tow force to that figure nmultiplied by the
secant of half the apex angle.

"A. Primary

Wth a 200 pound tow and a 60 degree angle of the Primary Bridle at the Tow Ring the Bridle weak Links would be
subj ected to a strain of about 115 pounds.

"B. Secondary

Due to the mininmal separation of the aerotow | oops the angle formed in the Secondary Bridle and | oadi ng increase both
tend to be relatively small

#02. Pul l eys

I gnoring the angle deternined by the Iength of the Primary Bridle, friction, and stiffness of materials a Two Point
aerotow rel ease system which enploys a Secondary Bridle steps the tow tension down by a factor of two and four at the
point at which it engages the primary and secondary rel ease nechani sns respectively. The force reaching the Four-String
Rel ease Trigger Line has been stepped down by a factor of 64.

#03. Levers

A Spinnaker Shackl e

a. Hinge

The W chard spi nnaker shackle is designed to situate the weak link at the hinge (fulcrun) of its lever (gate).
Modi fication to alter the attachnent point relocates the |oad force about half the distance to the end of the gate.

“b. Latch

The latch is a second class lever in which the effort force nmust overcone sone spring tension. The force exerted by the
gate on the latch is negligible. Wen nodified about a quarter of the tow force is transmitted to the |atch which
beconmes a prinarily third class lever in which the friction at the area of contact with the latch nmust be overcone with
a nechani cal di sadvantage of about one to two.

"B. Barrel Rel eases

a. Straight Pin

A straight pin barrel release with a | eechline base |locates the |oad force as close as possible to the fulcrumand the



retaining force at the extrene end of the pin, thus providing the nmaxi num possi bl e nechani cal advantage. The
configuration remains intact until the instant of rel ease when the forces are abruptly unl oaded.

“b. Curved Pin

A curved pin barrel release |ocates and the half inch webbing base forces the load force farther fromthe fulcrum It

| ocates the retaining force a little beyond the halfway point along the length of the pin. Because of the |arger barre
di ameter necessitated the lever is, in effect, already open about 30 degrees when the mechanismis fully |locked. As the
barrel is withdrawn the retaining force noves toward the end of the pin and the |oad force noves away fromthe ful crum
Just prior to the instant of release the pin is open at an effective angle of about 50 degrees.

"C. Schwei zer Rel ease

The Schwei zer sail pl ane rel ease and variations of the design, |ike the spinnaker shackle, operates by neans of a hinged
gate retained by a pivoting latch as illustrated in the sinplified schematic bel ow.

It is designed to engage a heavy steel ring and is inappropriate for use with 3/32 inch leechline as the load force is
applied at an unnecessarily distant point fromthe ful crum

~39. Lever Based Rel ease Perfornmance

The performance of a release is expressed in terns of a load to actuation ratio - L/A.  The required actuation force
associated with the release is a function of the nechani cal advantage and internal friction of the device.

The Linknife is something of an anonaly - its effectiveness in inversely proportional to the tow tension and is good
even in a slack line situation

The Four-String Energency Rel ease steps the | oad down so nuch that the fraction delivered to the Trigger Line is
negligi bl e.

#01. Test Loads

Rel ease nmechani sns were directly | oaded at the [ owest or nore of the follow ng tensions - expressed in pounds.

062.5 - nornal tow tension

140.0 - weak link, single |oop
200.0 - weak link, double |Ioop
227.5 - shear link, 455 pound (m ne)
250.0 - arbitrary

300.0 - arbitrary

#02. Rel eases

The rel eases tested were:

Bailey - curved pin barre

W de - as above with a straight pin substituted

Renote - Renote Barrel

Barrel - Straight Pin - quarter inch ID barrel

shackl e - Wchard 2673 spi nnaker shackle - unnodified (Wallaby, Lookout)
Quest - Wchard 2673 spi nnaker shackle - drilled

Hi nkel - nmission specific cable actuated rel ease

#03. Results

The colums of the followi ng table represent, in order

L/Aratio

maxi mum permni ssible tow tension to remain within the 25 pound actuation requirenent
maxi mum | oad tested (also tested at all |ower graduations)

barrel s:

06.2 - 0310 - 227.5 - Bailey
10.5 - 0522 - 227.5 - wde
16.8 - 0820 - 300.0 - renote
20.4 - 1020 - 300.0 - barre
spi nnaker shackl es:

16.1 - 0806 - 300.0 - shackle
06.3 - 0312 - 062.5 - Quest

m ssion specific:

30.6 - 1530 - 300.0 - Hinke

~40. Tow Tensi on Gauges
#01. Testing

Prior to conducting a test, dolly or tandemglider tires should be properly inflated and glider weight, density
altitude, and wi nd conditions should be recorded.

#02. Shear
The Shear Tow Tension Gauge is a configuration of a series of graduated Shear Links. By noting the |owest Strength

Stitching Rating still intact after the tug | ands the naxi mum | oad experienced by the Tow Line can be determ ned to
wi t hi n about sixteen pounds. Prior to testing it nust be ensured that dolly or landing gear tires are properly



inflated.
"A.  Base
The Base is the outer elenment and consists of 12/64 inch pol yester doubl e braid.
“a. Loop
The Base is forned into a | oop by overlapping the ends 120 millineters and binding themw th sixty stitches.
“b. Eyes
The I oop is drawn longitudinally such that the overlap and fold constitute the Fore and Aft Eyes respectively.
"c. Reference Marks
Ref erence Marks are nade opposite each other on the Port and Starboard Stands at 25 millineter intervals.

" B. Br eaker

The Breaker is the inner elenent and consists of a 10/64 inch |leechline | ength anchored i mediately aft of the Fore Eye
with a nunber of stitches no | ess than three above those of the highest Strength Stitching Run.

"C. Strength Stitching
The Strength Stitching consists of increnental Runs binding the Breaker to the Port and Starboard Strands of the Base.
Slack is introduced in the Base Strands between Runs which are arranged high fore to low aft and the Reference Marks are
used to keep the assenbly synmmetri cal

"D. Sl eeves

a. For e

The Fore Sleeve is a 32-24/64 x 3 inch vinyl tubing length installed over the aft region of overlap and fore Breaker
anchor region and defines the Fore Eye.

b, Aft

The Aft Sleeve is a 24-16/64 x 1 inch vinyl tubing length installed over the Base only (and not the Breaker) aft of the
aft Run of Strength Stitching and defines the Aft Eye.

“E.  Thinble

An RF2182 Thinble is installed in the Aft Eye and the Sleeve is positioned to hold it in place.
"F. Installation

“a. Fore

The Fore Eye of the Gauge is connected to the aft end of the Tow Line by means of a carabi ner

b, Aft

A Bridle with weak link protection nay be inserted through the Thinble or a Tow Line Shear Link nmay be tied to it by
nmeans of a short |eechline length using a Doubl e Sheet Bend.

"G Schematic
The schematic illustrates a scal ed down Tow Tensi on Gauge (m nus Sl eeves and Thinbles) - Fore top, Base in red, Breaker

in Green, and Strength Stitching in Blue. It is anchored with eight stitches and has Runs of five, four, and three
Strength Stitches.
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#03. Hydraulic
"A. Cautions

The Hydraulic Tow Tension Gauge yi el ds constant (as opposed to nmaxi mun) and nore accurate tension readings but its use

is magni tudes nore problematic than is that of the Shear version. It is bulky, heavy, presents a threat to the glider
pilot in the event of a premature rel ease and/or crash, stays with the glider after release, and nust be stowed
i Mmediately after release. |Its use is best |imted to dedicated flights in snmooth, predictable flying conditions. It

is very easy to get far out of position by focusing too |long on the gauge which is best totally ignored until a safe
altitude is attained.

"B. Tow Li ne Connection

An Aft Tow Line Shear Link which protects the cylinder fromoverloading is installed on the aft end of the Tow Line
Its Aft Thinble is renpved to allow direct engagenment by a Barrel Rel ease

"C. Stowage

After release the assenbly is (rather unconfortably) stuffed into the front of the harness along with the bridle
conponent s.

"D.  Conponents
“a. Cylinder
A Binba H 091-DUZ Hydraulic Cylinder is oriented, in flight test configuration, rear fore/rod aft and upsi de down.
“b. Hydraulics
i. Thread Seal er

Teflon tape is applied to the nmale threads of the three peripheral conponents involved with the Cylinder's hydraulic
functi on.

ii. Adapter
A 1/8 inch male to 1/4 inch fenale NPT thread Adapter is required to install the Gauge.
iii. Fluid

Wth the Rod retracted to about eighty percent of its stroke the Rod side of the Cylinder is filled with soybean oil up



to the top of the Adapter and a nobderate anount is added to the rear side of the piston for lubrication
iv. Gauge

A Flowfit 0-500 PSI Pressure Gauge is installed to face aft.

Note: DO NOT snip the cap as instructed on the decal |est a constant glycerine | eak ensue. Renpve the decal
v. Breather

A Shraeder valve is installed on the rear side of the piston and all ows pressure conpensation for any piston novenent
and is periodically purged.

vi. Cap

A Cap is loosely installed on the valve and tightened whenever a possibility exists for dust or other contam nants to be
drawn into the Cylinder.

“c. Pin
The Pin and E-Clips froma Binba D 8322-A Pivot Bracket are installed in the Cylinder
“d. Washers

.25 inch I D Washers are installed at each end of the Pin to protect and help retain the Bridle. 1I1Ds are enlarged, if
necessary, by filing to snugly fit over the Pin.

i. Inner
A pair of deburred Steel Washers separates the Bridle fromthe threads of the rear end of the Cylinder
ii. OQuter
A pair of Nylon Washers separate the Bridle fromthe E-d i ps.
“e. Bridle

A Bridle is fabricated froma 06/64 x 290 millinmeter |eechline length, spirally folded in three Runs of 090, 110, and
090 miillineters and stitched to form 010 millineter |ong Eyes at the ends by which it is secured to the Pin.

“f. Rod
i. Rod Cevis
A Binba D-8309-A Rod Clevis is installed on the Rod and set by neans of a Hex Nut and Nyl on Washer
ii. Boot
A Har ken H369 Stand-Up Boot, Snall protects the Rod.
"g. Loop
A stitched Loop of 08/64 | eechline connects the Tow Ring to the Rod Cevis Pin.
i. Base
A 08/64 x 210 nmillineter leechline length is forned in a coil with a 60 mllineter Overlap which is bound with stitching
at a density of one per millinmeter. This loop is drawn to formfolds centered at the niddle of the Overlap and the
opposite end. The two sides of the non overlapping region are stitched to retain an RF2182 Thi nbl e.

ii. Overlap Sleeve

A Sl eeve of 24-16/64 x 35 millimeter vinyl tubing is installed over the Overlap and pulled fore to the extent of the
Thinble retention stitching such that an Aft Eye is cleared for installation on the Rod C evis.

“h.  Tow Ring
An RF2182 Thinmble is installed in the Loop as it is in a Shear Link eye and engages the glider's Tow Bridle

i. Rod devis Sleeve

A Sl eeve of 48-40/64 x 80 mllineter vinyl tubing covers the Rod Oevis and extends over the Loop to the Tow Ring to
protect the glider's Tow Bridle in the event of an energency rel ease

"E.  Two Point
"a. Renote Barrel Release
A Renote Barrel Release is connected to the Cylinder via its Bridle.
‘b, CGuide
A 12-08/64 x 165 mllineter polyethylene tubing | ength guards against fouling with the Cylinder's peripheral elenents.

c. Retainers

Rubber bands installed fore of the Breather and aft of the Adapter hold the Guide flush along the |ower port side of the
Cyl i nder.

“c. Lanyard
The Renote Barrel's nornmal 05/64 | eechline Lanyard is renoved and replaced, using a Becket Bend, by |eechline of
sufficient length (about eight feet) to reach the bail of the Port Snap Shackle of the Secondary Rel ease Assenbly where

it is anchored with a Doubl e Over hand Noose.

“d. Qperation



Upon rel ease the Cylinder Assenmbly is recovered frombel ow the basetube. |f a normal release is actuated or the Primary
Weak Link fails the Renote Barrel Release will auto-actuate and the Cylinder Assenbly will be suspended by its Lanyard
fromthe Port Snap Shackl e.

"F.  One Point
“a. Secondary Rel ease Assenbly
A Secondary Rel ease Assenbly consisting of Port and Starboard Barrel Releases and Bridle Link is enployed. The Assenbly
nmust be short enough to keep the Barrel Release referred to below within safe reaching distance. The anount of
di spl acenent which occurs upon |loading is very significant and nust not be underesti mated.
“b. Barrel Release

A Barrel Release is connected to the Cylinder via its Bridle.
“c. Qperation
After release the Cylinder Assenbly is grasped in the right hand and the Port Barrel release is actuated. Use of a
normal glider release will send the Cylinder Assenbly down with the tug on the end of the Tow Line and nmay necessitate
j ettisoning.

#04. Testing Results

Concl usions drawn fromthe limted testing run to date are as follows with all tensions and weights given in units of
pounds.

TA Envi r onnent

“a.  Tug
i. Model
Bai | ey- Mbyes Dragonfly
ii. Engine
Rotax 914 Turbo - 115 HP
iii. Propeller

Kiev - 5 bl ade
“b. Runway
63" ML, grass, firm
c. Ar
i. Tenperature
75 degrees Fahrenheit
ii. Relative Humdity
31 percent
iii. Wnd
5 nph, aligned w th runway
“d. dider
i. Model
WIlls Wng HPAT 158, (full) VG on
ii. Harness
pod, cl osed
iii. Weight
310
"B. Tension
“a.  Maximum
Maxi mum tensi on i s experienced i medi ately upon acceleration fromlaunch, appears to be related to the mass of the
glider, and within the above paraneters was recorded at about 160 to 175. (The tension required to accelerate a fairly
heavily | oaded tandem gl i der peaked in the range of 224 to 240.)
b, Steady
i. Nornal
125
ii. Turbo Boost

155

~41. Conponents



#01. Actuation System
"A. Mounting Fasteners

“a. Basetube Pulley

Screw
Phillips pan head, stainless stee
06-32 x 34.5 mm (1. 50)
+
Nyl ock
stainl ess steel
06- 32
+
“b. Bungee
Screw
Phillips pan head, stainless stee
06-32 x 34.5 mm (1. 50)
+
Nyl ock
stainl ess steel
06- 32
+
"B. Basetube Pulley Assenbly
Pul | ey
Har ken 404 16 mm Fi xed Si ngl e AirBl ock
+
Axl e
pin - al um num
< 1/8 x .99 inch
+

Axl e Shim- Fore
t ubi ng, vinyl
12-08/64 x .25 inch
+
Axl e Shim- Aft
t ubi ng, vinyl
12-08/64 x .25 inch

+
Screw
Phillips pan head, stainless stee
06-32 x 34.5 mm (1.50)
+
Nyl ock
stainl ess steel
06- 32
+
Bushi ng
t ubi ng, pol yet hyl ene
12-08/64 x .33 inch
+

Screw Shim - Fore
t ubi ng, pol yet hyl ene
12-08/64 x .2875 inch
+
Screw Shim - Aft
t ubi ng, pol yet hyl ene
12-08/64 x .2875 inch

+

Pul |
| eechl i ne
05/ 64 x 240 mm
Thunb Knot

+

Pul | Sl eeve
t ubi ng, vinyl
12-08/64 x 1 inch

+
"C. Bungee Assenbly

Bungee

bungee

Novat ec Brai ds

Nova Shock

VRSC14

16/ 64 x 1750 nm
+

End Connector - Fore

Pro Fl ex PFRSB4 Dead End
+
End Connector - Fore

Pro Fl ex PFRSB4 Dead End

+
Bushi ng
t ubi ng, pol yet hyl ene
12-08/64 x .99 inch
+
Shim - Fore

t ubi ng, vinyl
20-12/64 x 6 mMm



Shim - Aft
t ubi ng, vinyl
20-12/64 x 6 mMm

+
Pul | Base
| eechl i ne
05/ 64 x 400 mm
Fi sher man' s Knot
+
Pul | Loop
| eechl i ne
05/64 x 100 mm
+

Pul | Sl eeve
t ubi ng, vinyl
16/ 64-.170 x 50 mm

+
Thi nbl e

RF2180 Ronstan Sail naker's Thi nbl e
+
Col | ar

Pro Fl ex PFTC4 Loop Connector - .25 inch
+
Leader

| eechli ne

05/ 64 x 600 mMm
+

"D. Cotter Pin Lanyard Assenbly

Cotter Pin

cotter pin, stainless steel

06/64 x 1.0 inch

end evened and rounded
+

Baset ube Washer
washer, stainless steel
06 - 20-09/64
+
Baset ube Washer Adhesive
Sears Craftsnan Forrmula 300 hot gl ue

+
Lanyard
| eechl i ne
05/64 x 270 mm
Doubl e Over hand Noose
+
CGui de Base
t ubi ng, pol yet hyl ene
10-07/64 x 45 mMm
+

Gui de Ret ai ner
heat shrinkabl e tubing
1.5000 inch - red x 45 mm
+
But t on
bevel ed faucet washer
000 - 15-06/32 - 35089
+
Keeper
bungee
08/ 64 x 150 mm
Fi sher man' s Knot

"E. Primary Lanyard Installation

Primary Lanyard
| eechline
03/ 64 x 2005 mMm
Becket Bends

+

Conduit - Bottom
tubi ng, nylon - 58027
08-05/64 x 4 inches

+

Conduit - Top
tubi ng, nylon - 58027
08-05/64 x 4 inches

+

Stop - Bottom
t ubi ng, vinyl
12-08/64 x 20 mm

+
Stop - Top
t ubi ng, vinyl
12-08/64 x 20 mm
+

"F. Downtube Pulley Assenbly

Downt ube Pul | ey

Har ken 405 16 mm Fi xed Single AirBlock with Becket
+
Downt ube Pulley Pin

RW Clevis Pin 6616



10 x 40/ 64

+

Downt ube Pull ey Pin Washer - Port
washer, nyl on
06 - 20-09-02/64

+

Downt ube Pull ey Pin Washer - Starboard
washer, nyl on
06 - 20-09-02/64

+
Downt ube Pull ey Pin Retainer
| eechl i ne
04/ 64 x 30 mm
+
Downt ube Pul | ey Bunper
| eechl i ne
05/ 64 x 120 mm
+
Lanyard Extension
| eechl i ne
05/ 64 x 100 mm
+
Downt ube Pul | ey Harness - |nboard
| eechline
05/ 64 x 100 mm
31-38-31
+
Downt ube Pul | ey Harness - Qutboard
| eechline
05/ 64 x 120 mm
38-44- 38
+
Downt ube Pulley Bridle Screw
Phillips pan head, stainless stee
10-32 x 37 mm (1.5)
+

Downt ube Pulley Bridle Screw Bushing - Qutboard
t ubi ng, vinyl
20- 12/ 64 x 05/64 inch

+

Downt ube Pulley Bridle Screw Bushing - |nboard
t ubi ng, vinyl
20- 12/ 64 x 05/64 inch

+

Downt ube Pulley Bridle Nyl ock
stainl ess steel

10-32
+
#02. Primary Rel ease Mounting
"A. Mounting Harness
Base
| eechl i ne
10/ 64 x 440 mm
Becket Bend x 2
+
Interface - Port
| eechl i ne
05/ 64 x 500 mMm
doubl ed
75 mm - eye overlap
+
Interface - Starboard
| eechl i ne
05/ 64 x 500 mMm
doubl ed
75 mm - eye overlap
+
Ret ai ner
t ubi ng, vinyl
24-16/64 x 20 mm
+
"B. Tensioner Anchor
Base
| eechl i ne
08/ 64 x 430 mm
Becket Bend
+
Sl eeve
t ubi ng, vinyl
20-12/64 x 60 mm
+

#03. Keel Rel ease

Base Pul | ey

Har ken 405 16 mm Fi xed Single AirBlock wth Becket
+
Base Pulley Pin

RWO Clevis Pin 6616

10 x 40/ 64



Base Pull ey Pin Washer - Port
washer, nyl on
06 - 20-09-02/64

+

Base Pull ey Pin Washer - Starboard
washer, nyl on
06 - 20-09-02/64

+
Base Pull ey Pin Retainer
| eechline
04/ 64 x 30 mMm
+
Barr el
t ubi ng, al um num
6061 T6
A1118
24/ 64-.058 (.259 ID) x 20 nm
drilling
03 mm from aft
07/ 64 through horizontally
+
Pin
Aerolite Stainless Steel Straight Release Pin
+
Tensi oner Extension
| eechline
04/ 64 x 250 nm
80- 90- 80
+
Base
| eechline
05/ 64 x 325 nm
50 mm - overlap
+
Screw
Phillips pan head, stainless stee
04-40 x 18 mm (0. 75)
+
Nyl ock
st ai nl ess steel
04- 40
+
Li nkage
| eechline
05/64 x 300 nm
030 - ends doubling
eyes |l ength
003 - fore
030 - aft
+

Barrel Pulley
Har ken 404 16 mm Fi xed Si ngle AirBIl ock
+
Barrel Pulley Pin
RWO Clevis Pin 6616
10 x 40/ 64
+
Barrel Pulley Pin Washer - Port
washer, nyl on
06 - 20-09-02/64
+
Barrel Pulley Pin Washer - Starboard
washer, nyl on
06 - 20-09-02/64

+
Barrel Pulley Pin Retainer
| eechl i ne
04/ 64 x 30 mm
+
Har ness
| eechl i ne
05/ 64 x 250 mm
80-90- 80
Lark's Head
+
D Shackl e
W chard 1401 "D' Shackle - Captive Pin
+
Tensi oner Base
| eechl i ne
06/ 64 x 850 mm
100 mm doubl ed
050 mMm eye
Tripl e Becket Bend
+

Tensi oner Pin
Aerolite Stainless Steel Straight Release Pin
+
Tensi oner Pin Lock
t ubi ng, vinyl
20-12/64 x 25 mm
+
Keeper
bungee
04/ 64 x 170 nm
Fi sherman' s Knot



#04. Primary Bridle Assenbly
"A. Ribbon
Tripl e Base

Crystal yne
06/ 64 x 3050 nm

+
Quadr upl e Base

| eechl i ne

06/ 64 x 3050 mMm x 2
+
Fillers

| eechl i ne

06/64 x 2
+

"B. Cinch

Base

bungee

08/ 64 inch x 200 mm
+
Cord Lock

cord lock - small
+

#05. Barrel Rel ease

Barrel Rel ease Base
| eechli ne
08/ 64 x 530 mMm

+
Barrel Rel ease Base - Knot
| eechl i ne
08/ 64 x 375 mm
+
St op Base
| eechl i ne
05/64 x 60 mMm
Over hand Knot
+
Stop Sl eeve
t ubi ng, vinyl
24-16/64 x 25 mm
+
Br ake
| eechl i ne
08/64 x 40 mm
+

Barrel Release Pin
Aerolite Stainless Steel Straight Release Pin

+
Barrel
t ubi ng, al um num
6061 T6
A1118
24/ 64-.058 (.259 ID) x 4 inch
+
Adhesi ve
Sears Craftsnan Formula 300 hot gl ue
+
Gip
heat shrinkabl e tubing
0.3750 inch - red x 103 mm
+

#06. Adjusters

Barrel Rel ease Adjuster - Becket Bend
| eechl i ne
08/ 64 x 640 mm

+

Barrel Release Adjuster - Becket Bend - Sleeve
t ubi ng, vinyl
24-16/64 x 25 nmm

+

Barrel Release Adjuster - Becket Bend - Sl eeve Marker
heat shrinkabl e tubing
0.3750 inch - red x 29 mm

+

Four-String Rel ease Adjuster - Becket Bend
| eechl i ne
08/ 64 x 200 nm

+

Four-String Rel ease Adjuster Sleeve
t ubi ng, vinyl
24-16/64 x 25 nmm
+
Four-String Rel ease Adjuster Sleeve Marker
heat shrinkabl e tubing
0.3750 inch - green x 29 nm
+

Adj uster - Lark's Head



| eechl i ne
08/ 64 x 420 mm
+
Secondary Bridle Snap Shackle - Port
W chard Stainless Steel Fixed Bail Snap Shackle - 2470
+
Secondary Bridle Snap Shackle - Starboard
W chard Stainless Steel Fixed Bail Snap Shackle - 2470

+
#07. Energency Rel eases
"A. Renote Barrel - Moddifications
Base
| eechl i ne
05/ 64 x 900 mm
+
Li nkage
| eechl i ne
03/ 64 x 460 mm
030 - ends doubling
003 - aft eye length
+
Lanyard
| eechl i ne
05/ 64 x 375 mm
15 mm - end doubl ed
+
"B.  Four-String
Base
| eechl i ne
05/ 64 x 2765 mm
+
d eat
Cl antleat CL263 Mcro C eat
+
Cleat Screw - Fore
oval head Phillips, stainless stee
06-32 x 10 mm (0. 50)
+

Cl eat Washer - Fore
washer, stainless steel
06

Cleat Nylock - Fore
stai nl ess steel

06- 32

+

Cleat Screw - Aft
oval head Phillips, stainless stee
06-32 x 10 mm (0. 50)

+

Cl eat Washer - Aft
washer, stainless steel
06

Cl eat Nylock - Aft
stai nl ess steel

06- 32
+
Cl eat Quard
bungee
04/ 64 x 150 mm
Fi sher man' s Knot
+
#08. Shear Links
A, Tow Line
“a. Body
Base - Light
| eechl i ne
06/ 64
+
Base - Heavy
| eechl i ne
08/ 64
+

Fairing - Light
heat shrinkabl e tubing
0. 2500 i nch

+

Fairing - Heavy
heat shrinkabl e tubing
0. 3750 inch

“b. Hardware

i. Fore



Tug Bridle Thinble

RF2180 Ronstan Sail naker's Thi nbl e
+
Tow Li ne Thinble

RF2180 Ronstan Sail naker's Thi nbl e
+

ii. Aft

Tow Li ne Thinble
RF2180 Ronstan Sail naker's Thi nbl e

+
Tow Ri ng

RF2182 Ronstan Sail naker's Thinbl e
+

“c. Coupler

Base

| eechl i ne

08/ 64 x 100 mm
+
Thi nbl e

RF2182 Ronstan Sail naker's Thinbl e
+

"B. Ribbon Bridle

Base, Triple Option Ri bbon

| eechline
06/ 64
+
Base, Quadruple Option Ribbon/Line
| eechline
06/ 64
+

Pri mary/ Secondary Shear Link Fairing
heat shrinkabl e tubing

0. 2500 i nch
+
Thi nbl e
RF2180 Ronstan Sail naker's Thinbl e
+
"C. Bridle Link
Base
| eechl i ne
06/ 64
+
Fai ri ng
heat shrinkabl e tubing
0. 2500 inch x 50 mm
+

Thread, ldentification
Coats and d ark
Dual Duty XP

+
#09. Break Links
Primary
Brai ded Dacron Trolling Line
130 I b.
+
Secondary
| eechl i ne
05/ 64
+
#10. Basetube Assenbly Installation Kit
Pi pe, PVC
.838-.599 (3/4) x 6 inch
| ongi t udi nal gui delines through opposite points
notches at insertion end at guidelines ends
depth indicator line around circunference at 4 inches
end caps - 50157 - 2
+
Tubi ng, Al um num
6061 T6
A1118
24/ 64-.058 (.259 ID) x 5.25 inch
lined and notched as above
+
Bungee
bungee
08/ 64 x 18 inch
+

Washer, Fender
08 - 48-11/64

00325
+
Cord Lock
+

Assenbly Pin



st eel
rounded ends
08/ 64 x 0.99 inch

+
Installation Pin
st eel
rounded ends
1/8 x 1.25 inch
+
#11. Four-String Release Cleat Installation Tools
Four-String Release Cleat Installation Tool - Fore
t ubi ng, pol yet hyl ene
11-08/64 x 16 mm
+
Four-String Release Cleat Installation Tool - Aft
t ubi ng, pol yet hyl ene
11-08/64 x 16 mm
+
#13. Tow Tensi on Gauges
A Shear
Base
St a- Set
12/ 64 inch
+
Br eaker
| eechline
10/ 64 inch
+

Sl eeve - Fore
t ubi ng, vinyl
32-24/64 x 3 inch
+
Sl eeve - Aft
t ubi ng, vinyl
24-16/64 x 1 inch
+
Thinble - Fore
RF2182 Ronstan Sail naker's Thinbl e
+
Thinble - Aft
RF2182 Ronstan Sail naker's Thinbl e

+
"B.  Hydraulic
Cyl i nder
Hydraul i c Cylinder
Bi mba H 091- DUZ
+

Thread Seal er
Tefl on tape

8 inches
+
Adapt er
NPT t hread adapter
1/8 inch male to 1/4 inch fenale
+
Fluid
soybean oi
+
Gauge
Flowfit 0-500 PSI Pressure Gauge
+
Br eat her
Shraeder val ve and cap
NPT t hr eads
1/8 inch male
+
Pin
Bi nha D-8322- A Pivot Bracket
pin
E-clips
+

Washers, |nner
washers, steel
16/ 64 x 2

+

Washers, CQuter
washers, nylon

16/ 64 x 2
+
Bridle
| eechl i ne
06/ 64 x 290 mm
+
Rod d evis
Bi nha D-8309-A Rod C evis
+
Boot
Har ken H369 St and- Up Boot, Snall
+

Loop Base



| eechline
08/ 64 x 210 nm
+
Loop Sl eeve
t ubi ng, vinyl
24-16/64 x 35 mMm

+
Tow Ri ng

RF2182 Ronstan Sail naker's Thi nbl e
+

Rod Cl evis Sl eeve
t ubi ng, vinyl
48-40/64 x 80 mm

+
Gui de
t ubi ng, pol yet hyl ene
12-08/64 x 165 nm
+
Ret ai ners
rubber bands
2
+
Lanyard
| eechl i ne
05/ 64 x 2800 mm
+

~42. Conmponents - WIlls Wng U2
#01. Actuation
"A.  Basetube Assenbly
“a. VG O eat

Screws - Fore and Aft
Phillips pan head, stainless stee
06-32 x 7.5 mm (0. 375)

+

Nyl ocks - Fore and Aft
stainl ess steel

06- 32
+
“b.  Weel Stops
St ar board
| eechline
10/ 64
+
Por t
webbi ng, nyl on
.5 inch
+
“c. Basetube Pulley Assenbly
Screw
Phillips pan head, stainless stee
06-32 x 53.5 mm (2. 25)
+
Axl e
pin - al um num
< 1/8 x 36.5 mMm
+

Shinms - Axle
t ubi ng, vinyl
12-08/ 64

+

Shinms - Screw
t ubi ng, pol yet hyl ene
12-08/ 64

“d. Bungee Assenbly

VG O eat Col |l ar
Pro Fl ex PFTC4 Loop Connector - .25 inch

+
Ext ensi on - Base

| eechl i ne

08/ 64 x 400 mm
+

Ext ensi on - Sl eeve
t ubi ng, vinyl
28-20/ 64 x 055 mm

+
Bushi ng
t ubi ng, pol yet hyl ene
20/ 64-.233 x 1-26/64 inch
+
Stop - Fore
t ubi ng, vinyl
16/ 64-.170 x 24/ 64 inch
+
Stop - Aft

t ubi ng, vinyl



16/ 64-.170 x 24/64 inch

“e. Cotter Pin Lanyard Assenbly

Cotter Pin Lanyard
| eechline
05/64 x 300 nm

+
#02. Downt ube Pul | ey Mounti ng
Pin
RW devis Pin 6731
12/64 x 1-3/16
+
Washer
washer, nyl on
08 - 24-12/64
+
#03. Prinmary Rel ease Assenbly Munting
Tang
WIlls Wng 20E-2206 Tang
+
Thi nbl e
Loos Standard Thinbl e
st ai nl ess steel
LSAN100C3
03- 06/ 64
+
Har ness
| eechl i ne
05/ 64 x 300 mm
+
Bol t

AN4- 22

~43. Drilling

(inches) - dianeter - fromend
#01. Basetube

Bungee Anchor/Baset ube Pulley - Fore/Aft
09/64 - 4

Leader
09/64 - 4 10/ 64

#02. Downt ube

Lanyard Conduit - Lower/ Upper
08/64 - 8 - 3

Downt ube Pul | ey
12/ 64 - 24/ 64
(exi sting)
~44. MNaterials
#01. Conpany
Aerolite
ML11S Aerolite Stainless Steel Straight Release Pin
shaft cross section with respect to plane of eye - inches
. 100 - copl anar
. 125 - perpendi cul ar
Par aCear
WWW. par a- gear . com
+

Annapol i s Perfornmance Sailing

Loos & Company SM6682 End Eye

Pro Fl ex
.25 inch
PFRSB4 - Dead End
PFTC4 - Loop Connect or

W chard Stainless Steel Fixed Bail Snap Shackle - 2470
Yal e Cordage Crystalyne - 06/64 inch

www. apsl td. com

;ainbridge I nternationa

(Howe & Bai nbri dge)

Aquabatten Dacron Leechline

/ 64



br eaki ng strengths (pounds)

E330 - 03 - 040
E331 - 04 - 050
E332 - 05 - 205
E334 - 08 - 505
E335 - 10 - 767

www. bai nbri dgei nt. com
www. fi sheri essupply. com
+

CSR, Inc.

Sellersville PA

Utra H gh Ml ecul ar Wi ght
Pol yet hyl ene Brai ds
Spectra

Stretched

Synt hetic Finish

CSR Style 9516-
1000
2000'
2000
0550'

WWW. cSr brai ds. com
+

Cabl eOrgani zer.com
866-222- 0030

heat shrinkabl e tubing
pol yol efin

2:1

HS2-

0188FT-
RD - Red

0250FT-

0375FT-
BK - Bl ack
GY - Gay
CL - dear
W - Wite
RD - Red
OR - Orange
YL - Yellow
GN - Geen
BL - Bl ue
PL - Purple

1500FT-
RD - Red

http://cabl eorgani zer. cont

+

d antl eat
Hol t

Holt All en

Cl antl eat CL263 M cro d eat
fasteners - 3 mm/ 1/8 / No. 4
line dianmeter - 1-4 mm

www. ¢l anctl eat. com
www. fi sheri essupply. com
+

Coats and d ark

Dual Duty XP
Cor espun Pol yest er
CGeneral Purpose

125 yards
0900 - bl ack
0620 - slate
0100 - white
2250 - red

7640 - orange

7330 - yell ow

6450 - bright green
4320 - bl ue

3690 - purple

www. coat sandcl ar k. com

Jo- Ann Fabrics and Crafts
WWW. j oann. com

+

Cortl and Li ne Company, Inc.
Cortland NY 13045

G eenspot

| GFA d ass

International Gane Fi sh Association
Brai ded Dacron Trolling Line

1 mm

130 I b. test



60 KG
STK 163294
43372

www. cort |l andl i ne. com
+

Har ken Yacht Equi pnent

16 mm Fi xed Single AirBlock
| oad - pounds
0250 - SW - sheave
0700 - SW. - housing - mnimm
1200 - break
404
axle to nmounting centers = 14 nm/ 9/16 inch
405 - with Becket
07 x 16/ 64 becket
12.0 granms

www. har ken. com
+

K&B True Val ue
Har dwar e House

t ubi ng

pol yet hyl ene
24-16/ 64
36. 1144 gramns/ neter

vi nyl
12-08/ 64

http://wa2. trueval ue. coni har dwar ehouse/
+

Leadi ng Edge Air Foils

t ubi ng, al um num
6061 T6
24/ 64-.058 (.259 |ID)
99. 5902 gramns/ neter

http://1 eadi ngedgeai rfoils. cont
+

Loos & Conpany
SM6682 - End Eye
LSANL1OOC3 - Standard Thinble

wWwWw. | 00Sco. com
+

Mar | ow Ropes
Excel Vectran

04/ 64
Tensile Strength:
206 pounds

WWw. mar | owr opes. com
+

New Engl and Ropes
Brai ded Luffline

08/ 64
0.5 | bs/ 100
530 pound BL

WWW. ner opes. com
WWW. west mari ne. com
+

Novat ec Brai ds
Nova Shock

www. hovabr ai d. com

+

Pro Fl ex Manufacturing, |ncorporated
600 Guy Pai ne Road

Macon GA 31206

478-781- 4335

+

Rhode | sl and Textile Conpany
Pawt ucket Rl 02862

Stretch-Rite
Round Cord El astic
5 yards

White

42% pol yest er
58% r ubber

3960

0 70049 23960 O



ww. ritextile.com

Jo- Ann Fabrics and Crafts
WWW. j oann. com

+

Ronst an

Sai | maker's Thi bl es
St ai nl ess St ee

G ade 316

RF218-

/32

gm

line

I W

IL

groove wi dth

wei ght

0 04 11 20 06 03.7
1 05 14 25 07 05.9
2 06 21 34 08 10.1

WWW, ronst an. com
+

R&W - Rope War ehouse

Dacron | eechli ne

/ 64

br eaki ng strengths (pounds)
$

03 0150

04 0200

06 0350

08 0530

10 0730

12 1000

WWW. 'Wwr ope. com

www. el woodbr ai di ng. com
+

RWO Marine Equi prent Linited
RWO C evis Pins

WWW. I WO- mari ne. com
+

Sear s

Craftsman E-Z Fix Sticks, Miltipak
Oval G ue Stick Variety Pack
80485
Fornul a 300
very sticky and flexible
remai ns tacky for a while allowi ng for sone repositioning

WWW. sear s. com
+

United States Plastic Corporation
1390 Neubrecht Road

Li ma OH 45801- 3196

Type H Nyl on Tubi ng
08- 05/ 64
58027

wWww. uspl asti c. com
+

W chard

1401 "D" Shackle - Captive Pin
4 mm di anet er

| oad - KG
0400 - functiona
1000 - break
Stainless Steel Fixed Bail Snap Shackle - 2470
| oad - KG
0200 - functiona
0400 - break

WWV. Wi char d. com
+

Yal e Cor dage
Crystal yne
06/ 64 inch

breaki ng strength - pounds:
1000



www. yal ecor dage. com
www. apsl td. com
*

YKK Zi ppers

Yoshi da Kogyo Kabushi ki kai sha
Yoshi da Conpany Limted

Qut door W derness Fabrics
www. owf i nc. com

Sailrite
http://sailrite.conf
+

#02. Generic

floss, nylon
| oad - pounds
8.3 - break
+

~45. Credit

Bite controlled multiple string rel eases have been devel oped for surface towi ng by Rob MKenzie in southern California
and for aerotowing in eastern Europe circa 1990. The basis for concept described herein was reinvented at the beginning
of the 2005 season by Steve Kinsley of Washington, DC

~46. Li nks

skysai | i ngt owi ng
http://groups. yahoo. com group/ skysai | i ngt owi ng/
+

Skyting Criteria

http://ww. bi rrendesi gn.confrhgpa criteria.htn

+

T-Dol |y

htt p:// hone. gol den. net/ ~j pop/
+

Tost

wwv. t ost . de

wwv. Wi ngsandwheel s. com
+

Tad Eareckson
TadEr cksn

at

aol dot com

2009/ 06/ 20



