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The sailplane with the revised wingtips.  By raising the outer end  

of the ailerons, the maneuverability is considerably enhanced. 
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Foreword 

 
The present aircraft model was already in existence in its basic form 

in the early days of the German sailplane movement, constructed by A. 

Lippisch.  Even then it distinguished itself with good soaring performance.  

A. Schleicher has made further developments of this aircraft and carries it 

in production today.  

By presenting construction drawings and extended descriptions, I am 

hoping to expand the opportunity to build this aircraft to a larger audience, 

including beginners. I hope that I have succeeded in this endeavor and that 

this pamphlet will be used to further spread the sport of soaring. 

The Author  
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Translator’s Preface 
 

Hans Jacobs wrote this manuscript as a simpler version of his greater 

work: “Workshop Practices for Building Gliders and Sailplanes,” 
published by Otto Maier (Ravensburg) in 1932 and which was already 

available as a second edition when this booklet was printed in 1936.  (See 

p. 84 for an advertisement for his book.)  Although aimed at the raw 

beginner or young student, a major difference is that the present work 

describes the construction of one specific aircraft and not all gliders or 

sailplanes in general.  Four large technical construction drawings were 

appended to the rear of the book, folded neatly away. 

With his title of “Segelflugzeug” (Sailplane), Jacobs may have 

wanted to give the impression that this aircraft was not a simple primary 

glider but a sailplane capable of extended flight.  Jacobs did not give his 

aircraft a specific name, noting only that it was an improvement on A. M. 

Lippisch’s earlier model, customarily referred to as: “Hols der Teufel.” 

I am grateful to the U. S. Air Force Academy Cadet Library (see the 

stamp on the front cover) for loaning out their copy of the manuscript, 

obtained with the assistance of the Los Alamos, New Mexico inter-library 

loan department in 2004.   

This is not a literal word-for-word translation, as I have attempted to 

provide an easy-to-read manuscript.  Wherever possible, I have attempted 

to match both the spirit and the format of the original booklet.  Therefore, 

I have formatted the document using small pages that can be printed two 

at a time.  In fact, one can compare this translation and the German original 

side-by-side and find virtually every paragraph or illustration near the 

same location on the same relative page. 

The footnotes are translated from the original German, except where 

noted.  Additionally, in several places I have added my own remarks 

within the text in square brackets [like this!]. 

Most of the illustrations have been ‘cleaned up’ using Adobe 

Photoshop.  I also translated the German text within the illustrations. 

I know of no other English translations of this booklet.  If you do, 

please tell me where to find them. 

James K. Hoffer 

Los Alamos, New Mexico 2015 
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Figure 1. 

 

Aircraft Description 

 

In Figure 1, depicting our aircraft in flight, we identify the principle 

components that constitute it. 

It is a braced high-wing aircraft with an enclosed cockpit to which the 

latticework with rudder and elevator are attached.  On top of the cockpit is 

the cabane center rib where the main wing attaches. This is connected to 

the lower fuselage box by three sturdy beams.  Surrounding this main box, 

the body of the cockpit is formed out of bulkheads, spars, and plywood 

planking.  The cockpit serves only to protect the pilot and has no role in 

flight or in landing. 

As noted above, the wings attach to the cabane center rib.  The 

strength of the wing is achieved by two box spars (over which the ribs are 

slid on), crossed diagonal spars, and a small plywood nose.  A uniform 

wing profile is utilized out to the middle of the aileron (Gottingen 580). 

The wing platform is supported against the main fuselage box by four 

wing struts having solid pine spars and plywood-sheet streamlining.1 

 
1 The solid wing struts used in the earlier prototypes had insufficient strength 

and had to be reinforced.  Doing this with a solid cross-section would result in 

too much weight.  Additionally, the wingspan was extended and the profile in 

the outer portion of the aileron was modified to permit better maneuverability 

(see the photo shown opposite the title page). 
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The latticework or empennage support is connected to each wing by 

three supporting wires.  The horizontal stabilizer is anchored to the 

latticework at two points and supported underneath the spar by two struts. 

The elevator and rudder are conventional, attached with fork- and eye-bolt 

hinges.  The control system and associated hardware are made from steel 

sheet and constructed as simply as possible to keep the fabrication costs 

down. 

 

Materials Needed for Construction 

a) Wood 

For high stress-carrying parts of an aircraft such as main spars, wing 

struts, and cabane masts, the most commonly used kinds of wood are 

German or Polish pine or also well-developed fir.  Polish pine excels in 

general due to its especially good growth and few knots.   

For ribs, longerons, and similar parts that serve as covering, we prefer 

a lighter wood such as spruce, linden [lime wood (Br) or basswood (Am)], 

and also fir. 

The control horns of the steering surfaces, where the steering cables 

attach, are made from oak reinforced on both sides with plywood sheeting.  

For the landing skid, which during landings must withstand severe 

bending and friction, we use elastic oak. 

The wood we need for our aircraft can be ordered according to the 

material list on each drawing, where for every part noted we show the kind 

of material, the number needed, the length, and the cross-section.  We have 

our stock cut to the correct length and cross-section by the supplier. 

The wood must be of the highest quality, especially for the main 

spars. It must be completely free of knots and pockets of pitch; the grain 

must run parallel to the long edge of the strips; and there must be no splits 

or cracks in the pre-cut strips. 

Carefully chose the wood for the main spars as this is the most critical 

part of the entire airframe!  The consequences of in-flight breakage 

resulting from the use of too weak or defectively prepared main wings has 

already resulted in many a person paying for this neglect with his life. 

Strip-by-strip, the wood for the wing must be examined for the 

defects mentioned above and any bad pieces must be ruthlessly discarded.  

Defective sections are trimmed out and replaced with pristine 
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wood.  Later, we will discuss how we go about including or adding on a 

new piece of wood without reducing the strength. 

We also must pay attention to the moisture content of the wood; 

within the range 10-14%.  This is determined most simply by weighting.  

We weigh a piece of wood, dry it completely in an oven, and weigh it 

again.  The loss of weight must be between 10-14%.  Don’t use too big a 
test piece so that the weighing can be done on a postal scale.  Wood cured 

in a drying oven is usually unsuitable. 

 

b) Plywood 

For connecting wooden strips and for covering of the wing leading 

edge, we use plywood.  Plywood is available in various quality and types 

of wood.  For web planking on the main spars and the wing leading edge 

sheeting, we use only Aircraft-Birch plywood.  Admittedly this is quite 
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expensive, but must be used where indicated in the plans because other, 

cheaper sorts of plywood do not have the required strength. 

There is a special kind of plywood that I assume you know is made 

from gluing three thin layers together, where the grain in the two outer 

layers runs lengthwise and in the middle is at a right angle to the others.  

We call this type “woodplate” [German: Holtzblech].  It has neither the 

strength nor the resistance to weathering of the above mentioned birch ply 

that is typically made from 5 or 7 layers.  Woodplate may only be used for 

school gliders and then only where there are no great stresses, such as in 

the ribs or the fuselage sheeting.  It costs less than half that of the birch ply 

and hence has found many uses lately in glider and sailplane construction.  

The building plans clearly indicate which type of plywood is to be used. 

      

c) Steel sheet and tubing2 

Steel hardware is used for connecting the wings to the cabane tower, 

the wings to the wooden lattice-work fuselage and to the wing struts, and 

for cable connections.  Here we use weldable deep-draw (steel) plate.  The 

tensile strength is approximately 35 kg/mm2 and the elasticity coefficient 

is ~ 25%.  Iron plate is not permitted.  A material that is too hard or brittle 

is dangerous because such plate can crack when bent sharply (as when 

making flanges). 

The above considerations also hold for steel tubing.  We must not 

build with iron tubing (pipe) because even in the case of the steering 

column, large forces are present. 

  

d) Wire and cable 

We use steel wire for supporting the lattice-work fuselage and for the 

crisscross tensioning in the wing panels.  Observe the diameters given in 

the plans.  The use of iron wire is not permitted.  Follow the instructions 

precisely when fabricating with wire. 

Except for the rudder, all steering surfaces are operated via steel 

cable.  The cable we use is wound from 6 strands surrounding a central 

hemp cord.  Each strand in turn consists of a bundle of thinner wires to  

 
2 To purchase the correct material in all cases, we order steel tubing, steel wire, 

bolts, turnbuckles, etc., from firms that advertise the sale of aircraft materials in 

this book.  
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Figure 2. 

 

enhance the flexibility of the cable.  Iron and Bowden cable are not 

permitted.  Don’t use old rusty cable with torn strands, because the entire 
cable could break easily under stress. 

      

e) Screws, bolts, turnbuckles, etc. 

We order screws and turnbuckles from firms that handle aircraft 

components because only then do we have the assurance that the parts are 

fabricated to accurate specifications from high quality material using 

proper workmanship. 

 

f) Glue 

As the binding agent for wooden parts, only waterproof glues may be 

used.  Carpenter’s glue may not be used at all.  The glue mentioned above 
is supplied as a power and must be mixed with water prior to use.  Along 

with the product, each firm supplies instructions how to use their glue.  
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g) Covering material, waterproofing, and varnish 

Covering the wings, fuselage, and empennage is done with a stout 

fabric (cretonne3, linen, or similar), that is rendered airtight by 

impregnating with dope.  It serves little purpose to buy especially good 

fabric, because to due to frequent breakage in training usage, the fabric 

must be ripped off to facilitate repairs and then replaced with new material.  

This would be too expensive for training purposes.   

We discuss how to work with dope in the Workshop guidelines 

[pp.76].  

To protect the wooden parts from the influences of weathering, we 

must apply a protective layer.  We use a (colorless) resin-spirit varnish 

diluted with denatured alcohol in the ratio 1:1 or 1:2.  If you want to spend 

a little extra on the outside of the machine you may use a coat of spray 

paint.  

The inner parts of the aircraft may only be painted with spirit-varnish 

because it must be removed during repairs to facilitate gluing. This is not 

possible with an oil-based paint because that penetrates too deeply into the 

wood. 

 

Tools 

In addition to the correct materials for aircraft construction, we 

employ special tools upon which the neat and accurate completion of our 

work depends.  In the following list we have assembled the necessary hand 

tools.       

 1 plane 

 1 finishing plane 

 1 smoothing plane 

 1 jointer plane 

 1 toothing plane 

3-4 chisels in various widths 

1 large hammer 

2 small hammers 

1 diagonal-cutting pliers 

1 combination pliers 

1 round-nose pliers 

 
3 Translators note: Cretonne was originally a strong, white fabric with a hempen 

warp and linen weft. (Wikipedia) 
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1 screwdriver (stout) 

1 ea. wrench for 4-, 5-, 6-, and 10-mm bolts 

1 center punch 

1 drift punch 

1 large rasp 

1 large wood file 

1 metal file 

1 adjustable angled ruler 

1 drill with bits of 4, 5, 6, 8, and 10 mm diameter 

Screw clamps, the more, the better. 

 

Of course it is not necessary that we own all of our tools.  If we are 

short, we call upon a few good friends and ask if we could borrow some 

tools as needed. 

  

 
Figure 3. Screw clamps. 

  

Fig. 3 depicts a normal and a small screw clamp (price per piece, 

about 1.25 – 2 Reichsmark [RM]).  Fig. 4 demonstrates the usefulness of 

the “Ulmia” picture frame clamps that occasionally can be used in place 

of screw clamps, especially for slanted parts where you cannot easily set a 

screw clamp.  
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The Workplace 

Before we can start building, we must check our workplace to see if 

it is possible to build an aircraft there.  Because a wing is about 6.5 m long, 

our workshop must be at least 7 – 8 m long and 4 m wide.  The space 

should be kept at an even temperature; frost must be prevented because 

this would immediately ruin fresh glue. 

Be sure to check if finished parts can be removed from the workplace 

without having to tear out windows or walls. 

For mounting the aircraft, we will need a space in the neighborhood 

of 7 × 13 m.  Having found an appropriate workplace, we familiarize 

ourselves with the workshop practices of an experienced aircraft builder, 

and with a happy spirit we get to work. 

 

Workplace Procedures 

1. Gluing and associated preparations. 

As was mentioned earlier, only casein glue may be used for aircraft 

construction.  At the outset, pay strict attention to the product directions 

that accompany every box (if not, contact the delivery firm).  Mix the glue 

in small batches because it has a lifetime of about 24 hours.  Do not use 

old glue left over from the previous day.  Old glue is rubbery and does not 

cure properly. 

For a durable glue joint, it is important to apply pressure.  Use the 

glue liberally.  It should ooze out of the joints.  Do not wash off the glue 

that is extruded; it may be removed with a spatula after an hour or so. 

Pressure must be kept on the joint for 6 hours and further handling 

can be begun after 12 hours.  Watch out for cold, its ruins any fresh glue 

job.  In the winter, work only in a heated space.     

There are various methods of applying pressure to pieces being glued.  

The most important components of the aircraft workshop toolbox are 

screw clamps.  These can be used in all types and sizes (Fig. 3).  To 

distribute the force of a few clamps to the whole gluing surface, we use 

additional thick wooden strips between the clamps and the work pieces.  

Without these intermediate strips, the metal ends of the clamps would 

damage the wood grain. 

Another method of applying pressure is shown in Fig. 4.  You can use 

this method wherever screw clamps cannot be easily applied.  Using the 

accompanying actuator, the steel springs are stretched open and applied.  
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When we can use neither these nor screw clamps, pressure can be applied 

with the nailing strips, as shown below. 

 
Figure 4.  The use of Ulmia clamps. 

 

All pieces to be glued must fit precisely on or inside one another.  

There must be no empty spaces that you simply fill with glue and then say, 

“OK, everything’s fine, nothing looks wrong.” 

We use nailing strips when applying plywood (fuselage walls, leading 

edge sheeting, or corner connections).  We use wooden strips of 10 × 5 or 

15 × 5 and hammer nails through the strip and into the glue joint (Fig. 5).  

We don’t need too many nails along the nailing strip in 
 

 
 

Figure 5.  Applying pressure to a glue joint with a nailing strip. 
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order to distribute the pressure uniformly.  When the glue is dry, the 

nailing strip together with the nails is removed with a pry bar.  For rounded 

parts (fuselage nose or wing leading edge), we use plywood strips in place 

of solid wooden strips. 

We prepare lots of nail strips in advance.  They are always being used.  

Using nails 17 – 18 mm long interspaced by 15-20 mm, we hammer them 

partially into the strip so that the points are not quite showing through.  

Later, we only need to place the strips onto the glue joint and hammer the 

nails home. 

When using nailing strips to glue stout pieces, use correspondingly 

heavier strips and stronger nails.     

Nails do not increase the strength of the glue joint.  The fewer the 

nails remaining in the wood the better for the life span and the surface 

finish of the uncovered aircraft.  Steel nails must be removed in all cases 

because they rust and destroy the wood grain. 

Never press with large nails and never at all with wood screws.  It is 

most important to avoid using large nails on the main spars, the wing 

struts, and the diagonal spars.  Every nail destroys wood grain! 

With highly stressed glue joints, such as the main spar- and cabane 

strut-planking, the wood facing the plywood sheeting must be roughened.  

Here’s where we use the toothing plane.  It is set up with a fine extension 
and the glue surface is roughened, first crosswise diagonally and then 

perpendicular to the grain.  The tool must be adjusted so that it digs only 

small furrows into the wood. 

Here’s a small tip for sharpening the toothing plane: sharpen as with 
a normal plane, except don’t hone the backside, instead, give it a good 
whack with a hardwood block and the tool is sharp! 

The joining of two strips lengthwise is accomplished by splicing.  The 

length of the splice should be 12 times the thickness of the strip.  The plane 

of the splice should lie in the direction of the stress (Fig. 6a).  While 

applying pressure, watch that the slope of the splice does not cause the 

joint to shift, causing the true cross section of the strip to be too small (Fig. 

6b).  A proper splice maintains the same strength as in a normal strip.  

Thus, if there is a knot in our main wing spar strip, we cut out the bad 

section and splice in a new piece (Fig. 6c). 

Figures 6d and 6e shows the connection of two strips at an acute 

angle.  It is well known that of a piece of wood with the end grain glued 

to a piece with lengthwise grain does not produce a good bond. 
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 Spiel und Arbeit 138, Segelflugzeug  (Play and Work 138, Sailplane) 
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Plywood-to- plywood bonding also entails splicing.  The length of the 

splice must be 15 times the thickness of the plywood.  The side of the 

plywood that is to be spliced is attached to a flat board with a few nails 

such that the edge of the plywood is even with the edge of the board.   

 

 
 

Figure 7.  The beginning of a splice preparation in plywood. 

 

The width of the splice is drawn on the plywood and is beveled with rasps 

and files.  The two upper layers of the plywood are completely beveled 

away, while the bottom layer must remain intact (Fig. 7). 

Stout bows that must conform to a tight curve are made by gluing 

together several thin wooden strips, as shown in Fig. 8.  Thin laths that 

must be tightly bent are first soaked in water and then bent around a hot 

form (stovepipe) or by using steam from a boiler.  After the laths are 

allowed to dry under stress, they may be glued together. 
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Figure 8.  Gluing tightly bent laths in a nail jig. 
 

For repairs:  Remove any varnish from the glue surfaces.  Glue joints 

that look questionable, e.g., lengthwise gaps in struts, diagonals, etc., 

should be wrapped in cloth strips that have been soaked in casein glue. 

To facilitate plywood leading edge sheeting and sheeting of wing 

struts:  Before the actual gluing, thoroughly wet the outside surface; bend 

into the desired shape, clamp in place and let dry.  The outer ply must not 

crack when bending. If the bottom surface of the joint is wooden, as you 

have when the wing spars are sheeted, you can prevent the parts from 

sticking together prematurely by using an intermediate layer of newspaper. 

Affixing the covering cloth to the wing, cockpit, and empennage 

preferably should be done using adhesive lacquer.  But because this 

requires considerable skill, we use casein glue for our first aircraft.  On the 

Wasserkuppe, we use casein glue for attaching the covering material and 

this has given us no problems.  Later, we will discuss more about the 

covering method. 

 

2. Attachment of hardware 

The principle pieces of hardware are the means of transferring forces 

from wood to wood and are thus subject to large stresses.  Great care must 

be given to the proper means of attachment.  We must drill the holes with 

a sharp drill perpendicular to the hardware.  If you are lacking experience, 

it is better to begin with smaller drills. Charring the holes must be avoided. 
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The attachment bolts must be tightened properly and the nuts anchored 

with a punch (Fig. 8a). 

If a screw cap or a nut could lie on 

wood, a washer must be used.  Some 

screws or eyebolts are built in with the 

head facing forwards or upwards; with 

such an installation the bolt will not fall 

out if the nut comes loose.  Place large 

washers under the fork- and eye-bolts and insure the proper tightening of 

the nuts. 

For some hardware, hexagonal-head screws are expressly prescribed; 

you must not use slot-head screws in these cases.  

 

3. Working with steel wire and control cable 

When hanging steel wire in a turnbuckle, an eyebolt, or a bracket, the 

end must be provided with a loop.  The creation of a proper loop is shown 

in fig. 9a. 

A pre-wound spiral ferrule is slid over 

the wire, then using a round-nosed pliers, (no 

flat-nosed or combination pliers) we bend the 

loop.  Both ends are bend back, the 

turnbuckle or the bracket is attached, the 

ferrule is shoved up to the loop, and the free 

end is bent back and trimmed.  The loop must 

be nearly circular.  Fig. 9 shows loops done 

incorrectly.  A badly made loop must never 

be re-bent, but must be replaced with a new 

one.  Re-bending steel wire will cause it to 

become brittle and it will break with the 

slightest stress. 

Holes bored in steel brackets in which steel wire will be hung must 

be lined with copper rivets.     
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Figure 9a.  Bending a proper wire loop. 
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Cable connections 
 

When attaching cable to hardware such as a turnbuckle, the end must 

be formed into a loop, supported by a thimble.  This may be achieved either 

by splicing or by the use of a cable clamp.  Cable clamps may be used only 

for [primary] gliders.  The proper usage of a cable clamp is shown in Fig. 

10. 

 

 
 

Figure 10. Connecting a turnbuckle to cable using a cable clamp. 

 

To attach a cable using a clamp, first remove the bolts from the body 

of the clamp.  Shove the clamp over the cable and pass the cable through 

the eye of the turnbuckle, along with a thimble.  (The thimble has to be 

stretched open to pass through the turnbuckle eye.  Be sure that the thimble 

has adequate width for the cable.)  Pass the free end of the cable back 

through the clamp. Push the clamp tight up against the thimble and insert 

the bolts.  Tighten the cone-shaped nuts until the tops are flush with the 

body.  Now the free end may be bent back against the body and secured 

with binding wire.  Fig. 10 also shows how a turnbuckle is secured by 

binding wire. 

For use in aviation, all turnbuckles must be secured to prevent 

accidental rotation.   A length of wire is fed halfway through one eyelet of 

the turnbuckle, then each end is fed through the hole in the middle of the 

body, one from each side.  The wires are then passed through the eyelet at 

the other end and wrapped back tightly. 
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Figure 10a.  A spliced cable end. 
 

 
 

Figure 10 b. Splicing clamp.         Figure 10 c.  Splicing without a clamp.  

 

For sailplanes, cable ends may be joined only by splicing.   

The fear of making splices is completely unjustified.  After reading 

the following splicing instructions, viewing the illustrative photographs, 

and using a little dexterity, one will soon be able to produce proper splices. 

I will describe the splicing procedure in two parts.  The first part will 

serve to clarify common possible problems while the second part will 

show the actual procedural steps. 

The tools that we need for splicing are exceptionally few.   A round-

nose pliers, combination pliers, a diagonal cutter and a thin file without a 

handle are all that we will need. 
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Our control cable is composed of six strands, each of which in turn is 

wound from seven thin wires.  The six strands spiral around a central hemp 

strand.  Before cutting the cable to begin working on the termination, we 

must first anneal the cable thoroughly in the region of the cut to relieve the 

inner tension of the wires.  If we were to simply cut the cable without 

annealing, it would rapidly unwind far and wide.   

We lay the cable in the thimble so that the free end, with which we 

will make the splice, extends out about 15 cm.  Using round-nose pliers, 

we press the sides of the thimble tightly up against the cable so that it 

cannot spring out.  With stout binding wire, we bind the cable near both 

ends of the thimble (see Fig. 10 d).  This prevents the cable from further 

unwinding during the splicing procedures.  The free end of the cable is 

again annealed so that it becomes completely soft.  Then the free strands 

are unwound from one another and, using a combination pliers, each end 

is crimped together so that none of the small wires can unwind.  The 

central hemp strand is captured within the first splice round and then 

snipped off.  This hemp strand is not shown in the descriptive illustrations 

to avoid confusion with the loose strands.  A splicing spike is needed to 

assist in guiding the loose strands through the main cable strands.  Either 

we make one similar to that shown in Fig. 10 c, or we take a large nail that 

we file down to a long tapered point, or we use the pointed end of a round 

file.     

 
 

Splicing may be facilitated by the use of a splicing clamp, as shown 

in Fig. 10 b, which presses the cable into the thimble from all sides.  One 

may be obtained for 8 to 10 RM from commercial sources.  Such an aid is 

not absolutely necessary because the quality of a splice does not depend 

on the thimble. We hang the thimble up somewhere using a length of wire 

(see Fig. 10 c).  In order to begin the splice right next to the thimble, the 

corner tips of the thimble are bend up at right angles.  Fig. 10 d shows the 

beginning steps of the splice. 



 

 
Figure 10 d. 

 

     The cable is looped around a thimble 

and secured with wire.  Three adjacent 

strands are bend upwards and the other 

three are bend downwards.  The windings 

of the cable twist to the right.  I mention 

once again that it is important to prepare 

the splice just as is depicted here; 

otherwise difficulties may ensue later.  

The resulting splice is the one required by 

the German Testing Laboratory for 

Aviation, e.V., (DVL).  Splicing proceeds 

opposite to the winding direction of the 

cable, in contrast to that customarily 

employed in sailplane circles where 

splicing proceeds in the same direction as 

the windings.  The latter is not any easier 

to fabricate nor as strong as the one we 

employ. 

 
Figure 10 e. 

  

     We have inserted a splicing spike from 

the right side, against the twist of the main 

cable, such that three strands lie above 

and three lie below.  In other words, we 

have split the cable through the center.  

But be careful not to disturb or pull out the 

central hemp strand when penetrating the 

cable. 

     Now, from the left, shove loose strands 

1, 2, and 3, separately or together, through 

the opening and pull them tight.  The 

routing should be close to the end of the 

thimble.  Loose strands 4, 5, and 6 remain 

above.  
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Figure 10 f. 
 

     Again we make an opening in the 

cable with the splicing spike from the 

right side, but this time we enter at one 

strand farther along, that is, we leave 

stand X as is and then we exit the spike 

at the same opening where strands 1, 2, 

and 3 run through.  Then we route 

strand 6 from the left through the 

opening.  Strand 6 thus lies beneath 

only two of the main cable strands but 

enters at the same opening as strands 1, 

2, and 3.  Fig. 10 f shows just how 

strand 6 is routed through the main 

cable. 

 
 

Figure 10 g. 
 

     Here, fig. 10 g shows the routing of 

strand 5.  As is clearly shown, strand 5 

enters from the left at the same opening 

as before, but passes under only one 

strand.  Thus it begins at the same 

opening as strands 1, 2, 3, and 6, and 

exits one strand farther than strand 6.  

Strand 4 remains above and will be 

used later to begin the repetition 

sequence for the rest of the splice. 
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Figure 10 h. 
 

     We have turned the thimble around 

180º so that we can work from the other 

side.  The view of strands 4, 5, and 6 

have been omitted for the sake of 

clarity.  Strands 1, 2, and 3 are visible 

on the left side.  From this viewpoint, 

the subsequent routing of these strands 

will take place. 

 
 

Figure 10 i. 
 

Strand 2 is fed back through the same 

exit hole and under two strands to the 

right.  The illustration shows the stand 

being fed back.  This now must be 

pulled through completely.   The 

strand tends to form a loop when 

pulled through.  A loop pulled through 

tightly could break the strand, so this 

must be prevented by twisting the 

strand to relieve the loop.  Once again, 

to clarify this step, I repeat: strand 2 is 

fed back through the opening made by 

strands 1, 2, and 3, passes to the right 

under two ‘main strands’. By ‘main 
strands’, we mean strands of the main 

cable. (Fig. 10 d.) 
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Figure 10 k. 
 

     Strand 2 has been laid upwards and 

strand 1 has been tucked back one 

strand, i.e., strand 1 has been stuck back 

into its former exit opening, passed to 

the right under one strand of the main 

cable to the outside.  This is pulled tight 

and laid upwards like stand 2.  If we 

now look at our work, we notice that 

one loose strand is sticking out between 

each two adjacent main strands.  There 

must never be a place where two loose 

strands stick out between two main 

strands, or an error has occurred.  The 

loose strands must be properly 

tightened for a strong splice.  Thus, we 

pull each loose strand tightly against 

the body of the splice, preferably with a 

combination pliers, and then we press 

each strand as close as possible towards 

the thimble. By so doing, we assure that 

the cable loop is tight up against the 

thimble and that the splice is as 

compact as possible. 
 

  
  

Figure 10 l. 
 

     Again we turn the thimble around 

180º and view the four strands 4, 5, 6, 

and 3, which are now pulled tightly 

around and pressed up as tightly as 

possible to the thimble.  Now the actual 

repetitive procedure begins with strand 

4.  This is the one strand which has 

always remained upwards.  Strands 1 

and 2 lie behind out of view. 
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Figure 10 m. 
 

     Now we finally begin the simple job 

of splicing.  If we will just be a little 

careful, even our first splice will be a 

success.   

     The procedure begins with strand 4.  

Splicing proceeds in the direction 

opposite to the winding of the main 

cable and follows the short rule: “over 
one, under two,” referring to strands of 

the main cable.  Fig. 10 m shows how 

strand 4 goes over strand ‘y’ and then 
goes under the next two main strands, 

exiting in the same opening as strand 3.  

We can now see how to slice strand 5.  

It passes over strand ‘z’ and goes under 
the next two strands.   

    Figure 10 n shows that strand 4 has 

been pulled through and also strand 5 

has been spliced.  Splicing proceeds to 

the next strand until we have gone all 

around.  While splicing, you should 

hold the strand that has just been 

spliced down firmly with the left hand 

so as not to confuse it with the next 

strand in the series.  We must always 

proceed with the next following strand 

to avoid errors.  Once all the way 

around, we again pull each loose strand 

tightly against the body of the cable and 

then tightly up against the thimble.  

 
Figure 10 n. 

 

     Leaving the loose strands pointing 

upwards, we begin with the second 

round, always following the rule “over 
one, under two.”  After three full 
rounds, we take two of the loose strands 

and cut them off with a diagonal cutter. 

We splice another round with the 

remaining four strands, again using 

“under one, over two.”  Two more 
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strands are cut off and we make yet 

another round with the two remaining.  

In this way we achieve a smooth 

transition to the splice.   

     The ends of the loose stands are 

clipped off as close as possible to the 

splice and then the entire area where the 

severed strands are located is wound 

with thin brass wire.  Finally, we take a 

piece of wood and pound the splice into 

a nice, round form.  The outwardly bent 

corners of the thimble may now be bent 

back.  Once we have gone to the trouble 

to learn how to make a splice, we 

realize how simple it is to fabricate an 

absolutely secure cable termination. 

 

 

 

 

4.  Securing cotter pin bolts, screw bolts, and eye- and fork-bolts. 

The connecting bolts of the main wings and the struts are cotter pin bolts 

with a hole in which we hang a safety pin.  Some bolts for mounting or for the 

attachment of hinges must be secured with a washer and a safety pin. The 

attachment of the steering cables and straps to the control horns are made with 

screws.  The straps must not be too tight against the control horns, but must 

allow some play for movement.  The nuts must be staked with a punch to 

prevent loosening! 

Some screws, which may not be staked for mounting reasons, must be 

equipped with a hole and a safety pin.  Furthermore, if the connection must 

hinge, a washer must be added (fork- and eye-bolts). 
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5.  Tips on reading construction drawings. 

Of course, in the space of this booklet we may only briefly discuss 

this subject.  Some of the drawings depict the aircraft or its components in 

a reduced scale.  The wings and the empennage are shown in a scale of 

1:10, i.e., 1/10 of the actual size.  The cockpit and the strut spars are shown 

in scale 1:5, or 1/5 the actual size, etc.  A number of parts are shown in 

larger scales to provide clarity.  The scale is given beneath all detail 

drawings and sketches.   

All the visible sides of the components are shown in the drawings 

with solid, unbroken lines.  Parts that are covered by plywood, etc., can be 

recognized by dashed lines.  Centerlines and reference lines of 

construction elements are dot-dashed. 

Evaluating measurements from the drawings is not appropriate, 

because neither the print nor the original is accurate enough to give the 

correct length.  All the necessary measurements are given, and whoever 

studies the drawings with zeal and passion will discover everything he 

needs.  For further understanding, there are numerous photos in the written 

constructions that help in resolving uncertainties.   
 

 

 

 

 

 

List of Materials 

We may purchase all of our necessary materials from the following 

list.  It is advisable to procure enough supplies so that construction need 

not be delayed because of defective pieces. 

The listed lengths are considered to be minimum lengths.  The most 

advantageous subdivision of a given board is based on this measurement. 

Short strips and pieces are not detailed in the list because it is cheaper to 

cut these out of scraps of board.   

We must advise you to cut ample numbers of all strip pieces because 

you will need all the various sizes for rebuilding, repair, etc. 
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Bolts 5 x 15 mm 10 ea. 6 x 40 mm 35 ea. 8 x 50 mm 12 ea.

" 5 x 25 " 20 " 6 x 45 " 20 "

" 5 x 30 " 10 " 6 x 50 " 5 "

" 5 x 35 " 50 " 6 x 55 " 20 "

" 5 x 40 " 15 " 6 x 65 " 1 "

" 5 x 50 " 20 " 6 x 95 " 1 "

" 5 x 55 " 10 " 6 x 100 " 1 "

" 5 x 60 " 3 "

" 5 x 65 " 5 "

" 5 x 75 " 1 "

1 ea.

100 "

10 "

20 "

100 "

13 "

1. Spruce    cross-section

cross-section

5 x 3

5 x 8

5 x 10

5 x 15

10 x 10

2. Pine    cross-section

cross-section

10 x 10

10 x 12

11 x 20

10 x 50

30 x 30

3. Oak

150 x 12

     ¹ Pulleys for the complete control system are included in hardware part No. 91.  If you are making

    your own hardware,  you will need to order 8 more pulleys.

     ² Boards for special strips,  corner blocks, etc. 

1²4000 3 250 x 40 4000

1

3200 3 80 x 36 3000 1

6500 10 660 x 36 2000

1

3000 15 30 x 36 3000 1

4000 4 20 x 36 3000

3000 10

length ea.

length ea. 6 x 36

10

4

4

4

1²

   Planks that we use for building templates are not included in the list.

250 x 40 4000

2.5 x 50

10 x  20

12 x 15

15 x 15

4500

3000

2000

3000

6400

20

4

170

80

6

2000

3500

1800

1800

   Cutting list for wooden parts (all measurements in mm)

1000 15

length ea.

length ea. 2.5 x 20

   Final coat of outside surfaces with finishing varnish: 2 kg finishing varnish

   Control parts and hardware: see the following list

Steel wire 1.5 mm Ø   .  .  .  .  .  .   .  .  .  .  .  . 30 m

   "      "    2.0 mm Ø  .  .  .  .  .  .  .  .  .  .  .  .  . 15 m

Casein glue    .  .  .  .  .  .  .  .  .  .  .  .  8 kg

Varnish    .  .  .  .  .  .  .  .  .  .  .  .  .  .  7 kg

Pulley¹ 50 mm Ø, 8ea.          Pulley 30 mm Ø, 2 ea.

Rubber bumper,  "Conti 7352" .  .  .  .  .  .  .   4 ea.

Control cable, 2.5 mm Ø  .  .  .  .  .  .  .  .  .  .  40 m

Steel tubing, 20 mm Ø (o.d.)

Aircraft linen, 75 m x 80 cm wide

Dope   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  25 kg

Thinner   .  .  .  .  .  .  .  .  .  .  .  .  .  .   5 kg

Copper tubing, 8 mm Ø (o.d.)         30 cm

      "      for 6 mm bolts .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

      "      for 8 mm bolts .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

Cotter pins for bolts  1.5 mm Ø .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 

Fork- and eye-bolt sets complete with washers (4ea.), cotter pins, etc.

Cable thimble, 2.5 mm Ø   .  .  .  .  .  .  .  .  .  30 ea.

1

List of Materials

3000 1 80 x 15 3000

Washers for 5 mm bolts   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 

Cotter pin bolts  .  .  .  .  .  .  .  .  . 5 x 15 mm 10 ea. ,                             5 x 25 mm   

Eye turnbuckle, 7 ea.         Fork turnbuckle,  10 ea.

Ferrule, 1.5 mm - 2.0 mm   .  .  .  .  .  .  .  .  .  30 ea.
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Hardware Method
Part Remarks of
No. Securing

70 5 35 24  ----  ----  ---- stake

 ---- 8 50 12 12 12 8-mm bolts for wing struts and fuselage pin

71 6 45 16 ---- ----  ---- stake

72 5 35 6 ---- ----  ---- "

---- 5 15 6 6 6 Cotter pin bolts for attaching fork turnbuckle pin

73 5 35 8  ---- 8  ---- stake

74 5 65 4 4 4  ---- pin

 ---- 5 25 4  ----  ---- Attachment screws for pulleys stake

80 6 55 3  ----  ----  ---- "

81 6 55 2  ----  ----  ---- "

82 6 95 6  ----  ----  ---- "

83 6 55 12  ----  ----  ---- "

84 6 55 2  ----  ----  ---- "

 ---- 6 55 1 1 1 Bolts for connecting fore to aft  fuselage pin

85 5 35 8  ---- 8  ---- stake

86 5 50 2  ---- 8  ---- "

87 5 50 2  ----  ----  ---- "

88 5 75 1  ----  ----  ---- "

89 5 55 2  ----  ----  ---- "

 ---- 6 55 1 1  ---- Bottom bolts for connecting fore to aft fuselage pin 

90¹ 5 55 2  ----  ----  ---- stake

 ---- 5 35 1  ----  ---- Pulleys in hardware part No. 90 "

91 5 55 4  ----  ---- Bolts for attachment to cabane posts "

 ---- 5 25 1 1  ---- Cotter-pin bolts in steering post pin

 ---- 5 15 2 2  ---- Cotter-pin bolts for aileron fork-turnbuckle "

100 5 25 4  ----  ----  ---- stake

 ---- 6 65 1 1 1 Bolt for the aft fuselage pin

102 6 50 3  ----  ----  ---- stake

103 6 50 4  ----  ----  ---- "

104 5 40 12  ---- 24  ---- "

 ---- 5 50 1 1 1 Bracing wire attachment on the aft fuselage pin

 ---- 5 60 2 2 2 Bracing wire attachment on the main spar "

 ---- 6 100 1 1 2 Elevator bracing wire attachment on the aft fuselage "

110 6 40 32  ----  ----  ---- stake

111 5 50 8  ----  ----  ---- "

 ---- 5 25 8 8 8 Bolts for attaching the belt turnbuckle pin

112 5 30 10  ----  ----  ---- stake

 ---- 5 15 10 10 10 Bolts for installing the control horns pin

From this list we may determine where 
all the bolts on our order will be used.List of Bolts
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part No. 91.  If you are building your own steering assembly, you will need to order extra  bolts as required.  
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¹ Bolts for the steering column and the cable pulley bearings are supplied with the steering unit,  hardware
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Preparation of Hardware 

 

We may consider building our own hardware only if we have the 

necessary experience working with sheet metal.  It would be best if we 

were to obtain the whole set of hardware from a firm that can do the 

construction cheaply and professionally.  For do-it-yourselfers, the 

following advice is offered: 

 

 
Figure 11.  Hardware 

 

The hardware must be prepared with high precision.  Drill holes only 

with a sharp boring drill. 

Do not bend flanges upright too sharply.  The bending radius is at 

least twice the plate thickness.  The plate may not be bent over a sharp 

corner as this may cause a split on the outside surface. 

Heating to facilitate bending is not advisable, because the material 

properties change unfavorably when heated. 

For welding the steering column and other hardware parts, the fol-

lowing points must be observed: 
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Welding may be carried out only by an experienced welder who is 

familiar working with thin-walled plate. 

The welding seam must be free of bubbles, holes, and other 

contaminants. 

In a good welded seam, the scales follow one another smoothly 

without interruption. 

The weld must penetrate the material deeply, not just cover the top 

surface. 

The finished weld may not be filed and may not be covered with an 

opaque layer of paint. 

In the following list, some of the hardware pieces are shown. 
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Building Individual Components 

 

Once we have thoroughly looked into all the construction questions, 

have acquired all the necessary supplies and parts, and equipped our 

workplace with the absolutely necessary tools, we are ready to build the 

individual components. 

The sequence of individual components need not be adhered to at all.  

On the contrary, if one has only a short period for working, one need not 

build more parts at the same time.  If we have to clamp glued parts, we 

may go off to take on other work. 

If we wish to carry out the assembly of the individual components 

without difficulties, then we must proceed with the highest accuracy 

possible.  If it should happen that a piece of work is botched, then when 

considering whether or not to incorporate such a part, one must always 

remember that flying is not just a game, and that lives may depend on our 

work.  It is always easier to lay aside a botched part and build a new one 

than it is later, when the machine is flying, to be plagued by the thought “I 

wonder if that part will hold up?” 
  

 
 Spiel und Arbeit 138, Segelflugzeug  (Play and Work 138, Sailplane) 
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Main Wing Parts 

1.  Main spars 
 

On a true, flat, solid board 6.50 m long and approx. 200 X 30 mm 

cross-section, draw the spar to the correct size.  It is best to make the 
  

 
 

Figure 11 a.  Spar in the jig, before planking with plywood. 
 

entire drawing in reference to one edge of the board that has been precisely 

trued (as checked by a taut string.) 

On this building board, parallel to the true edge, lay out the outside 

edges (top and bottom sides) of the front spar at a distance of 110 mm from 

one another.  Then, using a T-square, sketch in the positions of the 

uprights, the web block, etc, beginning at the middle of the spar.  When all 

the parts have been drawn in and the positions of the uprights have been 

checked, nail down wooden strips approx. 15 x 10 mm, along the edges of 

the spar.  In this jig, we now build the four spars, noting that for 
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the rear spars there is a different set of web blocks that must be 

incorporated in the jig (see Drawing No. 1). 

Capstrips 20 x 11 mm are laid upright into the jig and then pressed 

against the nailed down wooden strips of the jig by adding the tightly 

fitting uprights.  The web blocks, shown in Fig. 11 b and in the 

construction drawing, are now prepared.  The height is 88 mm and the 

thickness is about 22 mm.  The blocks are slightly thicker so that they may 

be planed down to the thickness of the capstrips after being glued in.  The 

grain of the web blocks, which should contain no imperfections, runs in 

the direction of the capstrips.  When the web blocks are a slip fit between 

the capstrips, glue is applied to both narrow sides and they are inserted.  

The necessary pressure is applied by the tight fit. 

When the glue is dry, the web blocks are trimmed, both sides being 

roughed down with a toothed plane.  To add on the plywood outer web 

sheeting, we set the spar into the jig again and prepare plywood sheets 

approx. 200 mm wide by 970-1000 mm long.  The plywood grain must 

run perpendicular to the capstrips, because plywood with grain running 

with the capstrips kinks easily under stress.  Individual plywood pieces are 

spliced together at uprights or at web blocks.  The planking is begun at the 

root end with the first piece running out to the second upright.  The next 

piece is spliced on and runs out to the fifth upright, and so on.  When each 

piece is prepared to the proper length, glue is applied where it will make 

contact and it is pressed onto the capstrips, uprights, and web blocks with 

nailing strips.  Don’t be stingy with the glue – under pressure it should 

extrude out of the gaps.   

The overhanging plywood is now planed back to the spar height, 

being careful not to damage the capstrips.  Then we flip the spar in the jig 

and sheet the other side. 

Not much further need be said concerning the construction of the 

aileron spar, as its preparation takes place in a jig similar to that of the 

main spars.  The aileron spar is sheeted on one side only. 

Once the spars are planked, we may draw the positions of the 

hardware according to the construction drawing and bore the holes.  Here 

we must work with the utmost accuracy to avoid difficulties when the 

whole aircraft is mounted together. 

Now we draw the centerline on all the spars. On one spar, we draw 

the reference line u-u and at a distance of 2820 mm from this, the line z-z.   

The line u-u is the inside edge of the spar and line z-z references the 

measurements along the sloped centerline of the main strut attachment 
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bracket.  Figure 12 a shows where hardware part No. 70 is positioned.  The 

center of the 8 mm hole in the coupling plate No. 70 lies at a distance of 

15 mm from u-u.  This center hole and both of the downstream 5 mm 

center holes must lie on 

the spar centerline. 

For the main strut 

bracket No. 71, the 

sloped line is defined by 

two points, the crossing 

point ‘a’ of the spar 
centerline and the line z-

z; and at 163 mm  

 

 
 

 
Figure 13. 
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Sailplane crossing by the pilot memorial at the Wasserkuppe. 
 

 

horizontally from z-z, the vertical position of the 8-mm center hole.  All 

the holes in this bracket lie on the middle of the sloped line.  The center of 

the second hole from the top must exactly coincide with point ‘a’ (Fig. 12 
b). 

The position of all ribs are drawn on the spar (perpendicular to the 

capstrips).  This spar is now used as a master for the other three.  All the 

spars are laid together and the positions on the master are transferred with 

a T-square.   Make sure that the lines z-z line up precisely. 

Mark the line y-y, the middle of the pulley block, part No. 73, on the 

front spars.  On the rear spars, mark lines x-x and w-w for the tensioning 

brackets and v-v for the fork-and eye-bolts.  Fig. 13 shows the positioning 

of the hardware. 

The eye-bolts are located 3.5 mm above the aileron spar centerline as 

can be seen in the construction drawing.  All the positions for the hardware 

bolts are carefully drilled, but the hardware itself is not yet installed 

because later on the ribs must be slid over the spars. 
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2.  Rib construction 
 

The ribs give the wing the proper cross-sectional shape and must be 

prepared with great care.  From the coordinates given on the construction 

drawing, draw the perimeter of the ribs accurately on a solid board, approx. 

1700 mm long.  The perimeter lines must be elegant and smooth. 

Our jig board will serve for building all of the ribs, including the 

following 5 types of ribs: 

1. normal ribs, 18 ea., capstrips 10 x 5 

2. strong ribs, 6 ea.  capstrips 15 x 5 

3. aileron ribs, (normal), 4 ea., capstrips 10 x 5 

4. aileron ribs, (strong), 2 ea. capstrips 15 x 5. 

5. aileron rib (abnormal), 8 ea., capstrips given on the drawing. 

The construction drawing shows the arrangement of the rib upright 

strips, the diagonal rib strips, and the openings for the spars and the wing 

diagonal spars.  The interconnections of all of the strips on all ribs is 

strengthened by adding plywood gussets to both sides.  After we have 

drawn everything on our jig board, we pound in nails (50 mm long) along 

the perimeter lines, between which all the strips will be captured during 

construction.  The heads of the nails are cut off.  A portion of such a nail 

jig is shown in Fig. 14. 

The strips for the rib construction are all prepared before we begin.  

We start by laying the outer long capstrips in the jig.  These have been 

previously bent along the nose region, so that they will not crack due to 

the small radius when inserted.  Between the capstrips, we first add the 

upright strips and the nose block [30 mm wide]. Then the diagonals strips 

are set in between.  Plywood gussets are cut to approximate size 
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Figure 15.  Rib box for building 10-12 ribs in one session. 
 

and glued to the strips using 3 to 4 brads at each strip to secure them.  After 

finishing the gussets on one side, the rib is removed from the jig and 

gussets are added to the other side.  One after the other, the ribs are 

fabricated, a seemingly unending task.  It goes faster with a rib box. 
 

 
 

Figure 16.  Rib box for building 10-12 ribs in one session. 
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Figure 17.  Rib box for 2 to 3 ribs at a time. 
 

In place of nails, there are tall blocks perpendicular to the 

baseboard.  At the openings for the spars or the diagonal braces, the width 

of the blocks are 22 or 31 mm.  All of the wooden blocks are glued 

securely to the baseboard.  To take maximum advantage of this 

opportunity to save time, all of the strips and the plywood gussets are pre-

cut to the proper length and breadth.  It is best to stack the ribs in by pairs, 

applying pressure only when the box is full, and maintaining pressure until 

the glue on the very bottom rib is completely absorbed. 

To begin, a series of gussets are set in the box.  Glue is spread on the 

top surfaces.  Then all the strips are laid in place, followed by another 
 

 
 

Figure 18.  Applying pressure with a solid plank and C-clamps. 
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set of gussets that have glue on the bottom surfaces.  Now another set of 

gussets with glue on top are set on top of the first rib and the sequence of 

rib lay-up proceeds until the jig is full.  The necessary pressure is applied 

with clamps and a solid rib-shaped plank (see Fig. 18). 

When the ribs have dried well, the plywood gussets are trimmed back 

to the rib profile and any irregularities are sanded smooth.  A fine-toothed 

saw is used to make a slit in each rib for the leading edge longeron. It is 

better to clamp a whole set of ribs together prior to sanding out 

irregularities and cutting the desired notches.  
 

3.  Control horns 
 

Our control horns are made from oak reinforced on both sides with 

plywood sheeting.  An oak board 1 m long, 0.2 m wide, and 12 mm thick 

(with grain running lengthwise) is roughed out and sheeted on both sides 

with [2 mm-thick] plywood. 

The five control horns that we 

will need for our aircraft are 

drawn on the board and cut out 

(part numbers 16 and 54).  An 

8 mm-diameter attachment 

hole is bored at each end and a 

copper tube ~24 mm-long is 

inserted and rivet-flanged.  

Figure 19 illustrates how this is 

accomplished.  To add some 

streamlining to our horns, the 

leading edges are rounded and 

the trailing edges are tapered.  

Don’t overdo this or the horns 
will be weakened.  For each horn, the grain of the oak as well as the 

plywood must run lengthwise. 
 

4.  Diagonals spars and trailing edges. 
 

The trailing edges can be prepared in two ways.  If you have access 

to a table saw, you could cut a 5 mm deep slit into a 10 x 10 strip and glue 

in the 1 mm-thick plywood webbing.  You may also prepare the trailing 

edge from two pieces of 5 x 10, between which the plywood is glued (see 

section e-e in the construction drawing). 
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We also prepare a jig for the diagonal spars into which we set the top 

and bottom spars, each complete with inset plywood stiffeners, (as in the 

trailing edge strips).   The vertical strips and the end pieces are slit, slid in 

along the plywood, and glued in position.  The ends of the diagonal spars, 

as shown in section c-c, are pointed so that they fit tightly at the junction 

of the spars and the ribs.  Be sure that the overall length of the diagonal 

spars, measured from point to point, is exactly 1280 mm. 
 

5.  Wing assembly 
 

The assembly can begin now that all the individual parts have been 

finished and sanded.  Set up four sawhorses in your workshop perfectly 
 

 

Hinged pulleys for the aileron. 
 

level, so that when you sight along the top, all the top surfaces lie in one 

plane.  This set-up may take you some time, but you will be rewarded later 

with a beautifully level wing. 

Start with an outside sawhorse and set this up with the top surface 

horizontal using a bubble level.   Position the other outside horse and line 

it up level with the first one.  By sighting, it will now be easy to set up the 

two inner sawhorses. 

We will now roughly assemble the right wing of our aircraft.   One of 

the strong ribs No. 7 is slid over the main spars from the inner [root] ends 
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until it lies 1060 mm from the ends (secure with small nails).   Then two 

of the inner normal ribs are slid into position.  Along with these, the 

corresponding diagonal spar is inserted, as later there will be no way to 

add it in.  Lastly, from the inside, come two more normal ribs.  Now, from 

the outside [tip end], we add two normal ribs, a diagonal spar, a strong rib, 

and another diagonal.  This is repeated until all the ribs are roughly in 

position.  Then the aileron spar is inserted from the outside (the plywood 

web faces forwards).  Check again that you have not mixed up the front 

and rear main spars. 

Before gluing together all the wing parts, the wing must be carefully 

trued.  Take care to see that all the ribs are perpendicular to the spars and 

that the spars are level with each other when viewed from in front and from 

behind.  The wing should lie on the sawhorses without any tension.  The 

spar to spar distance is set by the rib construction, so if the diagonal spars 

fit well, then everything is sitting correctly. 
 

 
 

The rib nearest the root is slid towards the tip just far enough that 

hardware parts No.70 can be bolted on the front and rear main spars.  

Tighten well, file off the excess threads, and stake the nuts.  The rib 

openings are worked just enough that the rib can slide smoothly over the 

hardware.  Add glue, slide the rib back into place, and anchor it with 2-3 

brads.  One after the other, we glue all the ribs and diagonal spars down.  

At the same time, large gussets made from 2 mm plywood that bind the 

diagonal and main spars together are added in.  The shape of these gussets 

is shown in Fig. 20.  Use plenty of glue and apply pressure with nail strips.   

When the top side of the wing is finished, turn it over and add all the 

gussets to the bottom side also.  In the outer wing panel, two sets of 

diagonal spars cross over one another.  For each set, one is included in the 
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building sequence as usual, but the other is left out.  The other must be 

built in place, with the strips added from above and below. 
 

 
 

Figure 21.  Large plywood gussets join the diagonals to the main spars. 
 

Up to the fork- and eye-bolts, all the hardware is bolted onto the spars 

and secured per the bolt list.  

Using a saw, make a slit in the 

tail of each rib and slide in the 

trailing edge strip with its web.  

At the same time, glue the 

leading edge strip to the ribs 

and round it off to match the 

shape of the nose. 

When building up the 

trailing and leading edge 

strips, be sure that they run 

straight.  If the leading edge 

strips are crooked or curved, 

there will be problems with 

adding the plywood sheeting.  

The top and bottom sides 

of both the front spar and the 

aileron spar must be filled in so 

that the ribs and the spars are 
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at the same height (see the sketch of the leading edge sheeting in Drawing 

No. 1).  The rear spar is filled in only along the aileron. 

Each aileron control horn is glued to the aileron spar with one side 

against the rib.  The other side of the horn is reinforced by a sturdy corner 

block4 (see Fig. 21 a).   
 

 
 

Figure 22.  Plywood skirts for protruding hardware. 
 

 
 

Figure 23.  Main strut connecting brackets with skirt [left wing]. 

 
4 Translators note: In the photograph in Fig. 21 a, it appears that the diagonal 

spar webbing has been partially removed to accommodate the corner block.  

See also next note.  
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The diagonal spars in the ailerons are built in place.  Strips 10 x 5 are 

cut to length and bound to the aileron spar and to the trailing edge with 

plywood gussets.  To prevent them from buckling, the top and bottom 

strips are connected together on both sides by plywood webs5.  The strips 

must lie just below the surface of the ribs. 

The wingtip is built up by laminating 4 strips, ea. 5 x 30, together 

over a sturdy curved form. 

By holding a straightedge over the 

ribs at the nose, we can determine 

whether any spots lie too high or too 

low.  When all the ribs are true, we may 

begin attaching the sheeting.  The grain 

of the nose sheeting runs lengthwise.  

We attach pieces one at a 
 

 

Figure 24 a.  Access hole in cross-section 

 

 

 
5  Translators note: This does not seem to be the case in Fig. 21 a.  May we 

assume the second side webbing was added after the photograph was taken? 
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time and always splice them 

together over a strong rib.  To 

accomplish this, we cut each piece 

to the approximate size and prepare 

the spliced edges.  Each piece is 

attached to the bottom front spar 

with glue and a nailing strip.  Glue 

is then applied to the ribs, leading 

edge, and top front spar and the 

sheeting is bend around the nose.  

Pressure is applied over the ribs 

with plywood strips plus nails and 

to the top spar with another nailing 

strip.  Always make sure that the 

sheeting is in good contact all along 

the ribs.   When the nose sheeting is 

complete, the other parts may be 

sheeted. 

Wherever hardware and struts 

must pass through the covering 

material, we must add plywood 

skirts to anchor the covering 

material (Figs. 22 and 23). This 

prevents the covering material from 

ripping at these places.  The exit 

slots for the aileron cabling is 

shown on the drawing. 

The hinged pulleys No. 75 for 

the aileron linkage cabling must be 

serviceable on the covered aircraft.  

Therefore we have added the hand 

access hole described in Fig. 24. 

We may now cut through the 

ribs Nos. 8 and 9 to free the aileron.  

After the faces are sanded smooth, 

the fork- and eye-bolts are bolted 

on.  The fork-bolts are on the rear 

main spar.  All the nuts are well 

staked. 
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All the diagonal spars in the wing and the diagonal braces in the 

aileron are bonded to the ribs by wrapping with cloth that has been 

saturated with glue.  In the main wing, wrap around the upright strips of 

the ribs, while in the aileron, wrap around the rib capstrips.  By the latter, 

do not make too many windings to avoid knots sticking up into the 

covering.   

Figure 25 shows the completed left wing.  When everything is sanded 

smooth and cleaned up, all the inner parts are given a coat of spirit varnish.  

Do not paint the outer surfaces of either the ribs or the spars because the 

glue for applying the covering may not hold.  The covering will be applied 

after the aircraft is mounted and when all the steering cables have been 

laid. 
 

Fuselage Construction 

1.  Understructure. 
 

Using a flat area of the workshop, draw up the full dimensions of the 

‘support tower’.  Figure 26 shows the drawing.  Draw a line 1057 mm 
above and parallel to the top edge of the frame box, representing the 

bottom edge of the rib-shaped canopy [or cabane].  At 210 mm above and 

parallel to this line, draw the reference line for the top of the cabane.   

Near the middle of the frame box, draw a vertical line representing 

the front edge of the main post No. 20.  At a distance of 388 mm in front 

of this line lies the front edge of the cabane, at 1393 in front lies the front 
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edge of the frame box, [and at 1393 behind lies the rear edge of the frame 

box].  Using these principle lines as reference, draw the outlines and 

thicknesses of all the posts and strips.  Using the width and shapes of each 

main member as given in Drawing No. 2, nail down stout jig blocks at all 

the outer edges.  Heavily anchor the jig blocks that define the shapes of 

strips that must be bent (the bottom of the frame box and the top of the 

canopy rib). 

We begin building at the bottom of the frame box.  The bottom beam 

is formed by gluing together five laths, each 6 x 36.  Spread glue between 

each lath and force the assembly into the jig.  If you don’t have enough 
clamps, you may achieve the required pressure by forcing shims between 

the group of laths and the jig blocks.   

This bottom beam is reinforced along the center by strip No. 25.  The 

vertical cabane post No. 20 is glued perpendicular to No. 25.  The top 

beams No. 23 butt up against the main post No. 20.  Then the uprights and 

corner blocks are glued in between the top and bottom pieces, always 

under pressure.   

When the bottom parts are done, add the diagonal posts No. 21 and 

No. 22, then begin on the cabane rib.  The top and bottom pieces No. 31 

are laminated as before. 

Because the wings hang on the cabane rib, the fit of the parts and the 

gluing must be carried out with special care.  The triangular space between 

the diagonal No. 30 and the bottom pieces No. 31 is filled completely with 

a block.  After the last piece is glued in, leave the whole assembly in the 

jig for at least twelve hours.  Then the top and bottom sides [actually, left 

and right] are planed smooth and the areas where sheeting will be added 

are roughened.  If a corner block has shifted and thus lies below the level 

of the main members, glue in a small piece to fill the recess. 

The 2 mm-thick plywood sheeting is spliced onto the individual 

pieces with the grain running top-to-bottom, i.e., perpendicular to the 

beams No. 23, 24, and both No. 31.  Apply ample glue and pressure.  
 

2. Installing the hardware 
 

The most important pieces of hardware are those [parts No. 83] for 

hanging the main wings and for attaching for the main wing struts.  The 

attachment positions are measured relative to the bottom edge of the frame 

box and the front edge of the main strut No. 20.  All the measurements are 

clearly given in Fig. 27 and in the construction drawing.  Reference lines 

a-a and b-b cross at the middle points of hardware parts No. 83.  The 
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central hole must lie precisely on the crossing point and the middle of both 

outer holes must lie on lines a-a.  The hardware is bored and fastened as 

follows:  Drill precisely vertical holes.  When bolting on, don’t forget the 
auxiliary pieces no. 83 a (see hardware drawing).  Do not use slotted-head 

bolts.  
 

 
 

The locations of hardware parts No. 80, 81, 82, 84, 87, 89, and 90 can 

be found in the figures and in Drawing No. 2.  The rear bearing for the 

steering column is set 40 mm in front of the main strut No. 20. 

To accommodate the 30 mm pulleys No. 86, use a narrow chisel to 

carve a slot 11 mm wide x 30 mm high out of the posts No. 20, 21 and the 

corner block aft of 21.  To avoid removing too much material, first make 

the slot 8-9 mm wide and then, using a rasp or a file, widen the slot to the 

correct width.  The center of the pulleys are given in Drawing No. 2.  The 

pulleys are held in place by 5 mm bolts.  
  

3. Landing skid 
 

The landing skid is made from an oak board 2.3 m long, 80 mm wide, 

and 15 mm thick.  The front narrows to 40 mm wide.  Reinforcements for 

the rubber blocks are glued on as shown in the drawing.  The rubber 

blocks, made by Continental, are prepared by inserting the brackets No. 

85 into the slots and bending them down as shown in Fig. 28.  Each pair 

of blocks sit side-by-side and are attached to the landing skid with bolts.  

The bolt heads are recessed into the bottom side of the skid and must not 
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stick out.  A tube 20 mm in diameter and 80 mm long is inserted through 

the large central hole of each pair of blocks.  The wall thickness of these 

tubes depend on the material used (steel, brass, etc.). 

 
 

Figure 28.  Rubber blocks with and without skid brackets. 
 

The landing skid is rigidly attached to the front of the frame box with 

screws and glue.  The front part of the skid must be well rounded and blend 

in smoothly with the frame box so that the tow line won’t hang up when 
coming off the tow hook.  

 

4. Bulkheads, seat spars, rudder pedal-bar, etc.   
 

Following Figs. 29, prepare the cabin bulkheads No. 36, 37, and 38.  

No. 36 is composed of two parts.  There is nothing new about the 

construction, the top 

bows are laminated from 

3 x 12 strips and the 

laths are connected by 

corner blocks and 

plywood sheets. 

The seat spars are 

drawn up as shown in 

the construction drawing 

and cut out of 16-mm-

thick spruce plank, 
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then sheeted on both sides with 2-mm plywood.  There is not much to say 

about the preparation of the seat or the rudder pedalbar, as these parts are 

shown in Figs. 30, 31, and in Drawing No. 2. 

We still have to prepare the last of the fuselage parts, the fuselage 

cabin longerons.  The front [nose] sections of parts No. 33 and 34 are 

laminated from six laths 2.5 x 20 mm.  Draw the shape of the rounded 
 

 
 

Figure 30.  Rudder pedal-bar and the backrest 
 

section on the shop floor or on a board and glue the laths together using a 

nail or block jig (Fig. 8).  When the glue has dried thoroughly in the nose 

section, splice on the aft 10 x 20 sections. 
 

5. Cockpit assembly. 
 

Figure 32 a shows the bulkheads in 

place and the cabin longerons already set 

in.  The bulkheads have been attached so 

that the top of the lower sections lie in the 

same plane as the top of the frame box.  

These top edges are interconnected with 

plywood gussets.  In addition, both rear 

bulkheads are glued to the frame box via 

triangular strips.  The longerons are then 

glued into the notches in the bulkheads.  
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Make sure that the setback along the nose spar, part No. 32, is as shown 

(345 mm).  To give the cabin sufficient strength for the remaining 

construction steps, we first add the lower fuselage sheeting.  Triangular 

strips are glued to the frame box from bulkhead to bulkhead.  The lower 

fuselage longeron is beveled to match (refer to Section C-C in Drawing 

No. 2!  It shows the frame box, the triangular strip below, and the outer 

beveled longeron).  With the grain running lengthwise, woodplate is 

attached from bulkhead to bulkhead, starting at the front of the fuselage, 

spliced at the bulkheads.  The bottom sheeting behind bulkhead No. 38 is 

prepared by splicing two sections together as before, then this is fitted to 

the framework and attached as one piece (fig. 32 b). 
 

 

 
 

 

After the border strips No. 39 and 32 (see Figs. 33 and 34!) [Also see 

Drawing No. 2!!] are fitted and glued in place, the rest of the sheeting may 

be completed.  Then the internal pieces such as the seat spars, the rudder 

pedalbar, and the backrest are set in place.  

The portions of the cabane struts that protrude above the cabin 

sheeting are given a streamlined shape.  Do not remove too much material, 

as shown in the drawing.  The last piece of work is to upholster the front 

side of the pilot seat with kapok or cotton, e.g., and leather.  A stout leather 

strap is attached over the head of the pilot to prevent injury from the pilot’s 
head striking the pulleys in the event of an overshoot (landing in too short 

a field or hitting the ground with too much speed). 
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Figure 32 a.  Cockpit framework (without sheeting). 
 

 
 

Figure 32 b.  Cockpit framework (with sheeting) 
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In the neighborhood of the pilot’s seat, cut water drainage holes 15 mm in 
diameter in the cockpit floor.  Finally, paint the inside of the cockpit with 

varnish. 

 

 
 

Figure 33.  View into the cockpit 
 

 
 

Figure 34.  Landing skid attachment to nose. 
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Aft fuselage latticework and empennage. 

 

With all the experience we have gained up to this point, the building 

of the fuselage latticework and the empennage should not present any 

further difficulties and we can concentrate on the essential points of the 

construction. 

 
 

The outline of the aft fuselage latticework is drawn on the floor and 

the strip-wood is connected with corner blocks and plywood gussets.  The 

top and bottom beams No. 55 and 58 are first built out to a width of 50 mm 

at the aft end by gluing on reinforcing laths, then are butt-glued to the spar 

No. 60.  A small skid at the end of the latticework protects the rudder from 

breakage during landings.  At this place, there are holes  
 

 
 

Figure 36.  Elevator and horizontal stabilizer. 
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Figure 37.  Rudder 
 

drilled to hold a restraining rope.  The diagonal braces of the latticework 

are rounded off as shown in the sketch in the construction drawing. 

For both the elevator and the rudder, we begin building in the same 

way.  A 30-mm-thick board is set upright and we lie the elevator spar flat 

on top and anchor it with a few brads.  From the construction drawing we 

determine the position and slope of the control horns and attach both of 

them to the spar using corner blocks (Fig. 4).  Then to both sides we glue 

all of the gussets necessary for the attachment of the diagonal ribs (Fig. 

35).  We next glue the diagonal ribs between the gussets so that their tips 

lie perpendicular to the 

midline of the spar.  From 

above, the trailing edge is let in 

as usual. 

With the rudder, the rear 

part is made just as above, then 

the three nose ribs are added in 

front of the spar and the 

plywood nose sheeting is 

attached.  A slight improve-

ment from the earlier building 

method is the box lying just 
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behind the spar, running from the control horn up to the nose section.  The 

rudder in the previous models shown in Fig. 37 was too weak. 
 

 
 

Figure 39.  Aft fuselage latticework with empennage mounted. 
 

 
 

Figure 40.  Strut attachment. 
 

The horizontal stabilizer also presents no problems, as long as we do 

not forget the blocks for attaching the supporting struts. 

The attachment of the hardware brackets No. 100 is shown in Fig. 38.  

The attachment of all the other hardware parts can be found in the figures 

and in the building plan. 
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Figure 41.  Empennage mounted on the aft fuselage latticework. 
 

Prepare the struts No. 61 from spruce.  Use a rectangular piece 40 x 

25 mm and make a streamlined shape with rasps and files. Carefully make 

a slit ~90 mm long in each end and insert the hardware brackets No. 104 

and secure with bolts as shown in the drawing.  After staking the nuts, 

wind the ends with glue-soaked cloth band. 

 

Mounting the Empennage on the Latticework. 

 

Using a sawhorse, e.g., position the latticework vertically and lay the 

horizontal stabilizer on beam No. 55.  At a distance of 75 mm from the 

end of the latticework, we insert a 6-mm bolt through the lower holes of 

the brackets No.100 and through the center of beam No. 55 (Fig. 39).  The 

front end of the stabilizer is connected to beam No. 55 with a 6-mm 

vertical bolt.  Because the stabilizer must lie flat, a small spacer block must 

be glued onto the beam. 
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The attachment of the struts can be clearly seen in Figs. 39 and 40.  

When preparing the attachment, make sure to maintain the exact 

perpendicular set-up of the latticework and the stabilizer.  The connections 

to the latticework and to the stabilizer spar are made with bolts and 

washers.  The hinging of the rudder and the elevator with fork-and eye-

bolts is the same as in the main wing.  The rudder and the elevators 

absolutely must not interfere with each other for all possible positions.  

Figure 41 shows the completed empennage mounted. 

 

Building the Main Wing Struts. 

 

The four main-wing struts are built around solid spars.  Hardware 

brackets and [streamline-shaped] filler blocks are added, then plywood  
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sheeting is applied.  Following Drawing no. 3, the spars are cut from good 

quality pine to the correct length, width, and height.  Using bolts and 

staked nuts, brackets are attached at each end of the spar, keeping the 

distance between the two attachment holes exactly 2935 mm. 
 

 
 

As shown in Drawing No. 3 and in Fig. 42, streamline-shaped filler blocks 

are added to the front and back sides of the spar.  The filler blocks at the 

ends are offset slightly inwards so that there is no interference with the 

hardware attachment points on the spar. 
  



 63 

 
 

Figure 44. 
 

Each strut is sheeted in three pieces with 1.5-mm- and 1.0-mm-ply-

wood.   First cut out all the pieces, taking care that a width of at least 15 

mm overhangs the rear of the filler blocks on both top and bottom.  The 

center piece [1.5 mm] is attached first with its ends already prepared for 

splicing to the outer sections.  Make sure to use ample glue on both top 

and bottom of the filler blocks and the spar and be prepared to apply 

sufficient pressure.  The rear overhanging sheeting is glued together and 

pressed tightly as shown in Fig. 43.  Now the outer sections are added on 

and the completed strut is sanded smooth.  Check that the glue on the filler 

blocks and on the spar has been thoroughly absorbed. 

In case you do not have much experience in aircraft construction, it 

is advisable not to drill the mounting hole in one end of each strut spar.  

During the mounting of the wing, this will allow you to accommodate any 

small errors that may have accumulated during the construction that lead 

to misalignment (incorrect angle of attack, V-form, etc.) simply by 

adjusting the mounting points.  But, you would then have to use screw 

clamps to hold the hardware together during the preliminary mounting. 
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Aircraft Set-up. 

1. Assembly of wooden parts. 
 

Mounting the aircraft is best accomplished in the open.  The cockpit 

is fixed in an upright position and the wings are attached with bolts at the 

top.  The struts are hung on the fuselage and then the wings are propped 

up to allow the strut ends to be fastened under the wings.  All connections 

of the wings to the struts are made using bolts with washers and cotter- or 

safety-pins.  At the rear of the fuselage, we hook up the entire empennage 

by bolting both the empennage struts to the latticework beams No. 55 and 

58. 
 

 

2. Rigging the latticework and the wing. 
 

For rigging the main wing struts, we use four fork-end turnbuckles6 

and 1.5 mm diameter steel wire.  First, we use a turnbuckle only half-way 

screwed in and hang it between the brackets No.111 with a cotter-pin bolt.  

Then we cut four lengths of wire at the approximate length, with enough 

extra length to form eye loop ends.  The finished eye loops are attached 

between the [outboard] pair of brackets and the [inboard] turnbuckle.  The 

diagonal tension between the struts should not be ‘drum’ tight, as this 
would cause an unnecessary load on the struts.  The turnbuckles must not 

be tightened to the point where the wires sing when plucked. 

 
6 [This is probably an error.  Eye-end turnbuckles are called out in Fig. 43 a.] 
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Now comes a very important set-up.  Does our wing have the correct 

angle of attack and does the wing platform also have neither V-form nor 

sweepback?  In Fig. 45 we see cases of incorrect mounting.  

 
  

Case 1.: With respect to each other, both wings have differing angles 

of attack.   To check for this, one stands directly in front of the aircraft 

about 2-3 meters away and sights through beneath the wings at an eye-

level where the bottom of the front spar is level with the trailing edge.  

Now, while sighting along the entire length of the wing platform, the front 

spar should just hide the view of the trailing edge.  If the rear edge of one 

wing is visible, it is too low and that wing has too great an angle of attack.  

 
  Spiel und Arbeit 138, Segelflugzeug  (Play and Work 138, Sailplane) 
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A tolerance of up to 3 mm is acceptable.  If it is greater, then the error must 

be corrected by adjusting the length of the wing struts.   Do not attempt to 

correct an error by further tightening the diagonal tensioning wires. 

Other faulty set-ups include a V-form in the wing platform, either 

upwards or downwards; and sweepback, either forwards or backwards.  

These errors are best spotted by sighting along the entire leading edge. 

For bracing the rear fuselage latticework, we again use six fork-end 

turnbuckles, of which four are above the wings and two are below, with 

the fork hanging on the brackets No. 72.  The arrangement is shown in Fig. 

46.  The turnbuckles must be unwound far enough to accommodate later 

adjustments.  During the set-up assure that the latticework remains exactly 

perpendicular to the back side of the wings.  Furthermore, the latticework 

must not be twisted and must be in line with the front fuselage.  The bottom 

surfaces of the main wing and the horizontal stabilizer lie parallel to one 

another. 

3. Routing the steering cables. 
 

Figure 47 is a schematic illustration of the steering control system and 

its connections.  The upper cable for the ailerons runs from [the top of] 

one control horn through the upper pivoting pulleys and ends at [the top 

of] the far control horn.  The lower cable runs from [the bottom side of] 

the right wing over the [lower] pivoting pulley to the guide pulleys located 

in the cabane and then downwards to the [left] steering column control 

horn.  The top cable is made adjustable by an eye-end turnbuckle that lies 

in the hole in the cabane, while the two lower cables are adjusted by the 

fork-end turnbuckles that attach to the steering column control horn.  The 

connection of the cables to the aileron control horn is shown in the wing 

construction drawing: “installed control horn”.  Every cable termination, 
whether hanging on a bolt or in a turnbuckle eye, must be equipped with a 

thimble.  Other kinds of cable terminations were adequately covered in the 

earlier section: “Workshop Procedures”.  
From the control horns on the elevators to junction points approx. 1.1 

meter in front of the elevator spar, we run 1.5 mm diameter steel wire, 

terminated by eye-turnbuckles.  The other ends of the turnbuckles hold 

cables that lead to the steering column.  The rudder linkage is made with 

1.5 mm diameter steel wires that run straight through from the rudder foot-

pedal bar to the rudder control horn. 
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When the control surfaces are installed and set up according to the 

figures, operate the controls and check that all the cables and pulling wires 

run freely and do not rub on any other parts of the aircraft.  Furthermore, 

we check to see that all the control surfaces move in the correct direction: 

1. When the steering column is moved to the right (with respect to the 

direction of flight), the right aileron must swing upwards and the left 

aileron must go down. 

2. When the steering column is pulled backwards [to the rear], the 

elevator must swing upwards. 

3. When the right side of the foot-pedal bar is pushed forward, the 

rudder must swing to the right. 

 

Certification7. 

Before we cover our aircraft, it must be inspected by an aircraft 

building inspector 1st class.  In order to use such an aircraft in the general 

public to instruct and to fly, we need to have a certificate of acceptance 

that states that every aspect of our aircraft meets the requirements with 

respect to strength and airworthiness. 

The inspector looks the aircraft over thoroughly to determine the 

materials used and their processing, the dimensional accuracy of all the 

parts, the security of all attachments (nut-staking, usage of washers, cotter-

pins, etc.), free movement of all control surfaces, correct angle of attack, 

etc., or in other words, all those things that you have known all along and 

that you have carried out correctly, providing you have taken into 

consideration everything said up to now. 

We present now a questionnaire that the inspector answers while he 

is inspecting the aircraft.  Before making an appointment with the 

inspector, read through this protocol carefully and fill it in as best you can, 

in the way that you would assess your aircraft.  In so doing, perhaps you 

might come across a few small errors that can be corrected before the 

upcoming inspection.   

 
7 Building inspectors for gliders and sailplanes are spread over all of Germany 

and the addresses for any given region are kept at all times by The Rhoen-

Rossiten-Society, Frankfurt a. M., Mainzer Landstrasse 42, or by The German 

Aviator Association, , Berlin, Blumeshof.  The inspection of the machine takes 

place on a voluntary basis and the builder needs to pay only for the expenses.   
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Check List1 
for Gliders and Sailplane Building Inspections 

 

Published by the Division of Flight Technique and Flying Schools of 

The Rhoen-Rossiten-Society, Wasserkuppe 

‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗ 
 

Inspection of the aircraft __________________ of (Owner) ________________ 

 

By____________________________________ Date______________________ 

 

I. Material Inspection 

What properties and characteristics were 
determined for the wood used in the 
construction? 

Moisture content? 

Drying conditions? 

Growth? 

Strength testing? 

At which locations of the vitally 
important construction components, 
such as spars, braces, wooden control 
horns, etc., were defective sections of 
the wood detected? 

Were different kinds of wood used and 
which kinds were used for building 
wing spars, rib girders, struts and 
empennage? 

What kinds of plywood were used? 

Were these free of lamination defects? 

What kind of metal was used for the 
hardware? 

Hardness tests [using a file] and ring 
tests, including double bending tests, 
can be used to determine whether any 
inferior steel was used. 

Is the steel wire in use free of defects? 
(No soft iron wire.) 

Does the control cable meet specifi-
cations? (No soft iron cable, Bowden 
cable, or hemp rope.) 

 
1 Reprint by permission of the Rhoen-Rossiten-Society 

for Chapter 138 of the Collection “Play and Work”. 
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Are the threaded bolts and cotter-pin 
bolts applied properly and made of the 
correct material (S. M. Steel)2 

What kind of covering material was used 
and what material was used for sealing 
it? 

What kind of cold glue was used? 

Was the glue properly mixed and 
applied? 

 

II. Framework Inspection 

What technical drawings were utilized in 
the construction of the aircraft? 

Do all the measurements agree with the 
values given in the technical drawings, 
especially for the important parts: 
main spars, ribs, hardware plate 
thicknesses, bolt sizes, struts, plywood 
thicknesses, and wire and cable sizes? 

What changes were made and who 
approved them? 

Are all the holes drilled with minimal 
clearance for the bolts? 

Are there any faulty glue joints? 

Has the glue set up hard? 

Did glue extrude from all the joints? 

Were the glue joints well matched? 

Were the gluing surfaces roughened? 

Have the existing splices been prepared 
with at least a 1:12 ratio? 

How are the surfaces constructed where 
splices occur on the wing leading edge 
torsion box, the wing spars, and the 
fuselage sheeting? 

Was there any usage of warm glue? 

Were the glue joints compressed with 
clamps or by the use of nailing strips? 

Is there any place where Forssmann 
woodplate is used where plywood is 
prescribed? 

Have any weight-bearing wooden parts 
been weakened by excessive nailing? 

 
2 [Translators note:  This refers to Siemens-Martin, the 

then current open-hearth process for making steel] 
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Test the torsional strength of the wing, 
all the control surfaces, and the fuselage. 

What is the prescribed vibration 
frequency for the unsupported or half-
unsupported wings of the sailplane? 

 Are the control horns sheeted on both 
sides with plywood and connected to 
the spars with the support of corner 
blocks? 

What is the direction of the grain for the 
wooden layer of the control horns? 

Are the holes in the control horns lined 
with copper grommets? 

Are all the important bolts and 
connections properly secured?  
(Staked nuts, cotter-pins used on 
castle-nuts and splint bolts, securing 
with safety pins, double-sided safety 
wiring of turnbuckles.  Usage of 
spring washers against wooden parts 
is forbidden.) 

In what way are the control elements 
secured, including the steering 
column, the aileron rocker arm, the 
control horn linkage, etc.?  (Safety 
pins are forbidden.) 

Are washers present under all bolt heads 
or nuts that lie on wood? 

Are the washers under the nuts and bolts 
sufficiently large?  Check this 
especially where washers lie on 
wooden parts. 

Are all the wire eyes and cable splices 
perfectly prepared?  (In accord with 
the guidelines.) 

Are thimbles used for every cable splice? 

Are suitable ferrules used for the wire-
eyes?  

Are copper grommets installed in all 
steel straps where wires are attached? 

Do all the bolts lie properly, with the 
caps either on top on in front? 

Are all metal parts within the assembly 
properly protected from rust by 
special coatings? 

Are all of the bolts of the correct length, 
i.e., with no threads protruding? 
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Are there any bolts that have play? 

Are all the nuts and turnbuckles rotated 
far enough that they make contact with 
a sufficient number of threads?  

Do the turnbuckles that are frequently 
adjusted operate smoothly without 
making the shafts turn under tension? 

Do all the pulleys run smoothly without 
the cables rubbing on them? 

Are the control cables protected 
everywhere from jumping off the 
pulleys? 

Do all of the pulleys lie correctly, i.e., in 
the direction of cable travel? 

Considering the pulleys that can swivel 
when the direction of travel is 
reversed, do they do so easily? 

How can the pulleys in the fuselage and 
in the wing be inspected?  Are there 
viewing holes in the covering or hand 
access panels? 

Do the steering cables run freely without 
rubbing on any other components of 
the aircraft? 

How much backlash is in the cables?   

Do the linkages on the control horns 
move freely so that there will be no 
undue tension in the cables? 

Are the linkages and pulleys well-
greased? 

Are the existing welds made perfectly?  
Note especially the following: 

• material unburned. 

• welds free of bubbles. 

• full penetration of the weld 
bead. 

• correct configuration of the 
weld bead (per requirements). 

Are there any places where the weld has 
been painted over with an opaque 
coating? 

Are the wing strut crossed support and 
the [rear fuselage] support wires not so 
tight that they cause undue pre-
loading? 
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Have all the wooden parts been given a 
waterproof coating? (Exception: 
beginner’s or primary gliders.) 

Are there ventilation holes and water 
drainage openings in the rear fuselage 
and in the cockpit under the pilot’s 
seat? 

Is there sufficient protective upholstery 
on the cockpit opening surrounding 
the pilot, as well as on the other 
components within the cockpit? 

 

III. Inspection of completed aircraft 

Is the covering material firmly attached 
to the wooden parts (per the 
requirements)? 

On the covering material as well as on 
the wooden parts, is the outer varnish 
coating airtight and waterproof? 

Is the tensioning or strut-supporting 
carried out as given in the construction 
drawings, with the wing properly 
aligned?  Pay heed to pre-tension in 
the tensioning wires. 

Do the following also meet specifications? 

• wing angle of attack? 

• washout in the wing panel? 

• the V-shape or sweepback of 
the wings? 

Is the fuselage perpendicular to the wing, 
both horizontally and vertically? 

Are all the control surfaces correctly 
attached? 

When the control surfaces are at their 
neutral position, is the control stick 
vertical? 

Where is the center of gravity of the 
complete, manned aircraft as 
determined by balancing? 

Is there a quality restraining system 
fastened onto either a main spar or 
strut?  Shoulder straps are required.  
Attaching [strapping] to the seat is not 
acceptable. 

Does the restraining system also meet 
shock absorbing requirements? 
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Is the tow hook sturdy enough and is it 
shaped correctly? 

Is the skid attached to the front of the 
fuselage in such a way as to prevent 
the tow cable from hanging up? 

How is the aircraft restrained at the 
launch?  Is there a special restraining 
rope attached in such a way that none 
of the vital aircraft components (e.g., 
the horizontal stabilizer struts) can be 
overstressed? 

 

Final Preparations 

 

Once the inspection is over and any small problems have been 

remedied, it’s time to get on with the covering, after which our aircraft can 

be given over to its elements as soon as possible. 

The first area to be covered is the bottom of the wings.  Normally, the 

covering material is not wide enough to reach from the front spar to the 

trailing edge.  Therefore, two rows must be sewn together.  It is best to lay 

out the material along the side of the front spar with the two widths rolled 

up together.  A 25 mm width of glue is applied to the nose and the covering 

material is rubbed into this along the entire length with a rounded piece of 

wood, so that the glue penetrates through the material and the material 

itself lies flat. 

After a few hours, the glue is dry and we apply glue to all the edges 

on the border of the wing:  the trailing edges, the root rib, and the wingtip 

strips.  The material is now unrolled, stretched length-wise (do not stretch 

the covering in the direction of the ribs, as it tends to fall in between), and 

rubbed down.  A few pins used to hold the material in place will make this 

job easier.  At least two people are needed to rub down the material. 

Using a wooden stick, apply a thin layer of glue along the ribs and 

rub it through the material onto the wood underneath.  Here we have to 

proceed carefully so that the covering is glued down properly everywhere.   

This method is somewhat labor intensive compared to the case where 

glue is applied directly to the ribs just before the material is rolled over 

them.  But in that case, when the material is tightened (see below), the 

material tends to tear loose from the ribs here and there, leaving glue 

hanging on the covering.  This makes for a very poor impression. 

We now introduce air ventilation holes just next to the trailing edge.  

The best way to do this is with sail eyelets that we install with installation 
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tools as shown in Fig. 48.  The wide massive piece has a spring-back point, 

over which a brass tube with a flange is placed.  This 

  
 

 
Figure 48.  Eyelet making tools. 

 

assembly is placed underneath the material and is then pushed through.  A 

brass washer is placed over the tubing and using the punch, the tubing is 

folded back with a sharp blow of a hammer forming an eyelet.  

Ventilation holes are required for sailplanes.  If one does not have the 

tools, one may have similar holes installed by an upholsterer or a sail 

maker.  One bottom side eyelet every third or fourth rib is quite enough. 

Using the technique described above, we cover the rest of the aircraft.  

The aileron surfaces are covered separately.  For the control surfaces, 

where the top side of the spar offers only a small area for gluing, it is 

recommended to fold the material over the sides of the spar by 30 mm. 

Doping. 

To seal the covering and make it taut, we must impregnate it with 

dope.  To learn the correct way to paint with dope before you try painting 

your aircraft, you should practice on a piece of material that you have 

attached to a frame.  The first coat is applied quite thinly to help fill up the 

pores.  Paint quickly but not too thickly, being careful that none drips 

through.  Smooth the first coat with fine sandpaper, being careful not to 

sand through the material where it is glued to the framework.  The material 

is easier to sand through than you may think, so be doubly careful.  The 
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typical practice is to paint one or two more coats, sanding 
 

 
 

Restraining the aircraft at take-off. 
 

each time.  Two coats is the norm.  The material should not become too 

tight because the rib assembly is easily distorted by too much tension. 

Once all the doped surfaces have been sanded smooth and the dust 

has been wiped off with a damp cloth, everything, wooden parts and the 

covering, is given one or two coats of varnish.  As we have already noted 

when painting the interior parts, one should not drag the brush back and 

forth over previously painted surfaces to avoid forming streaks and grain.   
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Moving the cockpit with wings attached. 
 

After applying, varnish starts to dry immediately and it is clear that if you 

brush over half-dry varnish, the surface becomes rough and unsightly.  

Thus you should simply brush lightly and quickly. 

If you want to make your aircraft especially beautiful, you can paint 

on a primary coat and then a clear overcoat.  In this case, because of the 

long drying time of the overcoat, you must have a dust-free and uniformly 

warm space (15° C) to avoid the build-up of dust that would otherwise ruin 

your work. 

Our aircraft is now assembled for balance testing.  Everything is 

carefully connected and secured.  The aircraft is balanced on a round block 

or tubing to determine the center of gravity.  Figure 49 shows the 
 

 
 

Figure 49.  Balancing the completed aircraft. 
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aircraft and seated pilot balanced on the tubing.  The center of gravity must 

lie 533 mm from the leading edge of the wing.  Our building inspector 

looks over our aircraft one last time and, if everything is in order, he gives 

us his permission to go flying. 
 

 
 

The Beginner [Anfanger] Aircraft shortly before the launch.8 

 

 

Closing Remarks. 

The construction of this sailplane would normally take place with a 

group of friends or in a flying club.  If the first case is true, or if so far you 

are building it all alone, it is still possible.  But when we have completed 

the aircraft, we must still find a landing field, a tow rope, a group of men 

for towing, our craft must be insured for liability, etc., etc.  It is always 

best to join an aviation club and there are many of them. 

 
8  Translators note:  Where is the enclosed cockpit?  ?  It is somewhat confusing 

that Jacobs chose to use this photo, because it is not the “Segelflugzeug” that is 
the subject of the booklet.  This is an earlier, slightly smaller prototype known as 

the “Anfanger” (beginner), also designed by Jacobs. It had solid wooden wing 
struts but no cockpit. 
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[The following advertisement pages were included in the original 

pamphlet and are shown here un-altered.] 
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Translators note concerning the construction 

drawings. 

 

The original construction drawings were found perfectly intact: 

neatly folded and still attached to the back of the booklet!  I unfolded them 

with great care to their actual size of ~ 24” by 36”.  It appeared to me that 

they never had been opened previously.  There were no notes or markings 

whatsoever.  Due to the aging of the booklet, however, the yellowing of 

the drawings showed through in the scanned files.  There were many 

darkened regions, leading to a random background of many pixels with 

varying levels of grey.   

While I have made considerable effort to clean up the drawings while 

translating the text, it has proven very time-consuming to eliminate all of 

this background scatter.  This is most evident when the drawings are 

viewed at high resolution, but it is generally not a problem when viewing 

at 100% scale. 

The four drawings on the next pages are shown reduced in scale by a 

factor of 4.0 to provide a brief look at the construction without consuming 

too much memory space.  However, if expanded to their original size, they 

will be too difficult to read.  The CD therefore contains the same four 

drawings, both in the original German and translated, at full size and 

resolution (150 dpi).  The translated (English) pdf file can be printed at 

100 % using the tiled print feature of Adobe Reader, e.g.  However, it is 

well worthwhile having prints made at a local copy shop on D-size sheets. 

I had not realized it at the time I had the drawings scanned, but they 

had undergone considerable shrinkage and distortion due to their age.   

This is most9 evident in Drawing No. 2, where I have added two ‘pseudo’ 
borders, one vertical and one horizontal.  The caveat implied here is to not 

use the prints as an exact template for any of the parts, even if the scale of 

the drawing matches the intended use. 

All the illustrations were edited with PhotoShop while translating the 

bulk of the manuscript.  But because I upgraded my computer thereafter, 

these last four drawings have been edited with GIMP.  As I progressed 

through the drawings, I became more fastidious in my work.  For instance, 

in Drawing No. 1, I did not redraw any lines or change any dimension or 

 
9 Drawing No. 1 had no border! 
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part numbering, except within the parts lists.  In Drawing No. 2, I redrew 

all the dimension numbers and the parts numbers within the little circles, 

but I did not redraw any major component lines.  In Drawing No. 3, all 

straight lines were redrawn to produce true and square drawings, precise 

to a single pixel. Some of the hatched regions were re-hatched after 

eliminating all the background clutter.  In Drawings No. 4, I redrew 

everything.  All straight lines were redrawn.   All hatching was redrawn to 

help eliminate the stray dark pixels.  All this was done strictly for the sake 

of clarity and no attempt was made to produce more accurate scale 

drawings.  One benefit of this effort is the reduced data size of the 

drawings in the jpeg format. 

 

My thanks to Harry Clayton and Ron Blum for their critiques of this 

translation. 

 

James K. Hoffer 

Los Alamos, 2015 
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[Back Cover– Note the above date, showing the prices current in 1936.] 


