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Introduction 7 

An aircraft is expected to have a flight behavior that makes it as easy as possible for the pilot 8 
to control it. The aircraft should be inherently stable and the control surfaces effective so that 9 
the desired maneuvers are easy to fly. If this is the case, one speaks of good flight characteris- 10 
tics. This applies in particular to the longitudinal motion, which pilots control with the elevator. 11 
Important parameters are airspeed, angle of attack and pitch attitude. 12 

An essential prerequisite for good flight characteristics in the longitudinal motion is longitudinal 13 
stability and here first of all static longitudinal stability. To ensure static longitudinal stability, 14 
the center of gravity (CG) of the aircraft or model aircraft must be within a reasonable and fa- 15 
vorable range. The CG position also modifies the dynamic longitudinal stability. 16 

In the following, the computer program WinLaengs41 is presented, which first calculates the 17 
position of the total aircraft neutral point NP, also called aerodynamic center AC. In the second 18 
step, empirical values for the required longitudinal stability are taken into account and a favor- 19 
able CG range is proposed.  20 

                                                             
1 Laengs means longitudinal in German.  
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The user has to first measure the geometry of his model correctly. Depending on the geometry 21 
that requires tools like measuring tapes, rulers and squares. The measuring is admittedly a lit- 22 
tle fiddly, but it cannot be avoided. Sometimes the construction plan can help. 23 

The measured values are then entered into the program and saved as a named data set. The 24 
computer does the scientific-mathematical calculations after pressing a button. The result is 25 
the position of the AC and a suggestion for the favorable CG range relative to a user-selected 26 
reference point. 27 

It works for powered and glider models and can cope with delta, canard and multiplane config- 28 
urations. Fuselages and (a pair of) floats can be considered as one of the "wings" as long as 29 
they have a simple geometry. A total of 5 wings can be entered. Each wing may have multiple 30 
trapezium outlines. 31 

 32 

Installation and basic use of WinLaengs4 33 

When unpacking the downloaded zip-file a folder "W_Laengs4_Vxxx" is created. It contains an 34 
executable (W_Laengs4_Vxxx.exe) and some already created data sets of models in the sub- 35 
folder “Beispiele” (=Examples), which can be used as a template for own designs. The folder 36 
can be copied to any location on any drive. An installation routine for the program is not re- 37 
quired.  38 

If you start the program, you will see a picture with the general view of the current aircraft, 39 
Figure 1.  40 

41 
Figure 1: After program start 42 

 43 
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A picture of a biplane with floats is shown as long as no other data set is loaded. Figure 1 44 
shows the representation before a calculation is started. This configuration has the maximum 45 
number of 5 wings. In this case the fifth wing consists of the pair of floats.  46 

Now you can use the usual elements of a graphical user interface (menu items and buttons) to 47 
either load another data set or edit the existing data set. The path to a loaded or saved data 48 
set is displayed at the top. 49 

For editing, the correct number of wings should first be selected with the radio buttons. Each 50 
wing is assumed to be symmetrical to the x-z-plane. Then enter the x and z values of the lead- 51 
ing edge of the center cut of the wings as positions or offset values. The coordinate system lies 52 
in such a way that x counts backwards and z counts upwards positively. Y values do not occur 53 
at this point but the intersection of the x and y axes points out the position of the user-chosen 54 
reference point. The center of gravity position will be proposed relative to this point. 55 

Afterwards each of these wings can be edited by selecting the corresponding tab "Wing 1" up 56 
to a maximum of "Wing 5" at the top left. The following input mask for the wing geometry is 57 
shown in Figure 2. What has to be entered here should be self-explanatory. Put the values in 58 
the corresponding fields, representing the wing within its own wing coordinate system x and y. 59 
(The position of each wing coordinate system relative to the aircraft coordinate system in x 60 
and z are the offset values mentioned before.) 61 

Moreover, in the graphical representation of the geometry, you can move certain points with 62 
the mouse. In this case, the corresponding input fields are highlighted in yellow and updated 63 
when the mouse is released. The processing always refers to the right wing half, the left wing 64 
half is always symmetrical to it. The input data can be checked by the top view. 65 

66 
Figure 2: Edit wing data 67 
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After all wing data have been filled in, we can return using the tab "Aircraft". Two views (top 68 
view and variable 3D view) can be used to check whether everything is correct. The 3-D repre- 69 
sentation of the aircraft can be rotated by the sliders and zoomed with the mouse when the 70 
mouse pointer is in the 3-D window. The left mouse button is used for rotating in 2 axes and 71 
the right mouse button is used for zooming and rotating in one axis. 72 

Now the calculation of the AC can be started by means of the green arrow in the menu (Figure 73 
3) or the corresponding button “Calculation …” at the bottom left. Depending on the complexity 74 
of the configuration, millions of arithmetic operations are performed, which can take a few se- 75 
conds. The calculated position of the AC relative to the reference point is displayed in the top 76 
view window as x-AC and entered in the image as a red line. In our example the calculated AC 77 
is 116.5 mm behind the reference point. 78 

In addition, two blue lines representing the front and rear ends respectively mark the automat- 79 
ically suggested CG range. This range is given as a percentage of the reference length lµ (or lm 80 
in the program window). The CG should be in the range 64 mm to 90 mm behind the reference 81 
point.2 82 

The assignment of the numerical results to the graphical markers is displayed with a mouse 83 
click into the aircraft top view. 84 

 85 

Figure 3: After calculation 86 

 87 

                                                             
2 In this case the reference length lµ is 329.7 mm. 8 % of lµ is 26.4 mm. By this measure the CG should 
be in front of the AC. This results in the following for the position of the CG: 116.5 mm - 26.4 mm = 90.1 
mm, to be understood as a measure behind the reference point. Accordingly, the front edge of the CG 
Range is 63.8 mm behind the reference point at 16 % lµ static longitudinal stability. 
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Afterwards, if desired, you can set your own value with the radio button "Manual selection of 88 
stability" using the slider. The value can also be entered directly into the input field with the 89 
keyboard. In this case only one blue line is shown in the image, which shifts accordingly. 90 

The result is saved with the data set. The result can be printed, too. 91 

 92 

Some computer related hints for working with WinLaengs4 93 

• The user interface can be displayed in German, English and Spanish. This can be se- 94 
lected in the pull-down menu "Sprache" or "Language" or with the button with the flag. 95 
The program remembers the selected language in a file "Default.pa4", which is located 96 
in the same directory as the WinLaengs4 program. If the Default.pa4 file does not yet 97 
exist, it will be created. The next time the program is started, the last language setting 98 
used should be set automatically. Attention: There are problems with remembering the 99 
last language setting if the write protection of the Default.pa4 file is activated, which 100 
can happen e.g. if the file has been copied to CD and back to a normal drive. If this 101 
problem occurs, please delete the "Default.pa4 file" or remove the write protection of 102 
this file.      103 

• When entering the wing and aircraft geometry, only integer values should be entered. A 104 
decimal point may be used when entering a manual value for longitudinal stability. If 105 
necessary, please use the "." sign (dot) as decimal sign. However, actually integer val- 106 
ues in % are accurate enough here, too. 107 

• The program can calculate almost any wing geometry, but not really any. The program 108 
tries to divide the individual trapezium of the wings into even smaller trapeziums (pan- 109 
els), which are then favorably distributed over the wing for the calculation. (They 110 
become visible on the right half of the surface after the calculation is started). If one 111 
depth of the entered trapezium is very small in relation to its opposite depth or even 112 
zero (the trapezium is actually a triangle), the program may not be able to cope with it. 113 
In this case, a corresponding error message is displayed when attempting the calcula- 114 
tion, e.g. "Error: Cannot calculate wing 1 / trapezium 3. Please change this trapezium 115 
(outer depth greater)!". The only remedy is to enter a slightly larger value for the wing 116 
depth of the trapezium in question. This does not significantly reduce the accuracy. 117 

• The numbering of the wings has no influence on the result, you can swap them in the 118 
menu. If you want to hide one of the wings for the calculation, sort it as the last one 119 
and reduce the number of wings by 1. The hidden wing will still be saved. 120 

• You can copy individual wings and add them to another or the same data set. See the 121 
corresponding buttons. 122 

• A rear wing (typically the horizontal tail) must have a different z-position than the 123 
wing(s) in front of it, for programming and mathematical reasons. However, the z- 124 
position is not critical, which can easily be verified by control calculations with different 125 
z-values. The position of the calculated AC will only shift by a minimal amount depend- 126 
ing on the z-position of the horizontal tail. 127 

• If a gap is left in the middle of a wing to place the fuselage there, the warning is given 128 
as a precaution: "Are you sure that this wing should have a gap in the middle?”. This is 129 
to remind you that this gap must be closed with the help of another wing (usually the 130 
wing that represents the fuselage). After the calculation, the (half) reference plane is 131 
displayed with a grey background on the left side of the aircraft in the plan view. This is 132 
for information purposes only. 133 

• The automatic selection of the longitudinal stability works as follows: If only one wing is 134 
selected (typical for a delta or flying wing), it recommends a longitudinal stability range 135 
of 4 to 8 % of the reference length lµ. If there is more than one wing, the recommenda- 136 
tion is 8 to 16 % lµ. Not quite perfect is the case of a tailless one with a fuselage 137 
modeled as a second wing. Here the user should rather take the values of the flying 138 
wing and select the stability (e.g. 5 % lµ) manually. 139 
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• When printing, the program tries to fit the printout onto one page. For this purpose, the 140 
printout is automatically zoomed according to the printer and operating system used 141 
and should always be the same size. Selecting the printer resolution influences the 142 
quality of the printout. Here, the larger the "dpi number" the better the print. The of- 143 
fered printer resolutions depend on the printer used. For color printers, black and white 144 
printing can be set in addition to color printing. 145 

 146 

How to work efficiently with WinLaengs4 147 

The calculation of the aerodynamic center (AC) requires the input of the relevant geometrical 148 
data of the aircraft or model. This is the number, appearance and position of a maximum of 5 149 
wings in the top view as well as their position in the side view. If you already find a similar- 150 
looking design in the examples, you can load it and save it under a new name with corre- 151 
spondingly adapted dimensions. This saves work. The work of measuring the model correctly 152 
has to be done very carefully and takes its time. The top view and 3D image make it easier to 153 
check the geometry data.  154 

First of all, one should determine where the reference point (RP) of the model should be, from 155 
which the positions of the individual wings are measured and to which the positions of AC and 156 
CG later refer. The position of the selected RP is marked in the overview screen of by the point 157 
of intersection of x- and y-axis. 158 

In a conventional model with wing in front and horizontal tail in the back, you will almost al- 159 
ways choose the leading edge of the main wing at the fuselage as RP. The AC is then located 160 
behind this point (some mm behind the leading edge), which gives a positive x-value. If the 161 
wing is extremely forward swept or on a canard aircraft (horizontal stabilizer in front of the 162 
wing) the value for the AC position relative to the RP can be negative. 163 

For models with a heavily swept back leading edge of the wing, such as a delta wing, it may be 164 
more practical to define the trailing edge of the wing as the location of the RP. For this pur- 165 
pose, the root depth of the wing is entered as negative x-value as wing position (x offset). In 166 
this case the calculated x-values for AC are negative, because they are in front of the RP. 167 
However, it can also be useful to select the tip of the fuselage as a reference point. The posi- 168 
tion of all points is shown in the drawing after the calculation, which allows a simple check for 169 
plausibility.  170 

If the fuselage is relatively wide and protrudes far forward, it should be included in the calcula- 171 
tion, as it shifts the total AC forward. A fuselage is not represented three-dimensionally, but is 172 
described by a surface that corresponds to the bird’s view. It is also numbered as one of the 173 
wings. (The fuselage height does not play a major role for longitudinal stability and is neglect- 174 
ed, as is the profile thickness of a wing).  175 

You can leave a gap in the middle of the main wing for a fuselage at the same z-position. It is 176 
important that the wing gap corresponds exactly to the width of the fuselage, so that no gap 177 
or overlap remains (in y-direction). The program itself can handle gaps between the wings. 178 
But, the result does not fit our model, if in reality there are no gaps. And airplanes with gaps 179 
between wings and fuselage are extremely rare!!! Attention, mistakes are often made here! 180 

All wings (thus also the actual fuselage) consist of up to 4 trapeziums (at each wing half). The 181 
trapeziums are flush with each other and the outer depth of the trapezium n is equal to the in- 182 
ner depth of the trapezium n+1. To represent a depth jump between 2 trapeziums, a 183 
trapezium with a y-extension of 0 mm is inserted between them as n+1 and the wing is con- 184 
tinued with n+2. The jump then results between the end of trapezium n and the beginning of 185 
trapezium n+2. 186 

If you want to enter more than 4 trapeziums for a certain wing, you can do this by represent- 187 
ing this wing by several individual wings, which must then be at the same z-level. This can be 188 
easily achieved with the help of the gap function, whereby the individual wing parts must fit 189 
together seamlessly. The calculated AC remains correct. However, in this case the reference 190 
length lµ will not refer to all parts of the wing! The wing (or here: part of the wing) used for 191 
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calculation of the reference length (and reference area) is the grey-shaded area on the left 192 
side of the aircraft. 193 

How to calculate a wing with dihedral or a V-tail? Enter the projection of these wings from a 194 
bird's eye view and the mean height as z-value. 195 

 196 

First Flight 197 

During the first flight the most important thing is to adjust the elevator trim angle, to check 198 
the elevator’s deflection range and to check if the selected CG position suits your personal 199 
needs. These quantities are not independent of each other. If you have checked CG by calcula- 200 
tion beforehand, you are already in the green zone at least as far as longitudinal stability is 201 
concerned and you run less risk of experiencing a surprise on the first flight. Therefore, the 202 
more precisely the favorable CG range is known the better.  203 

Step 1: Trimming (=Balancing) 204 

After the start of the model (e.g. throwing a glider on a slope) each pilot will first trim a glider 205 
to a reasonable slow airspeed by using the elevator trim. In powered flight the trim will be 206 
more like a fast horizontal flight at full throttle. Anyway, the elevator trim lever on the trans- 207 
mitter is used for this, the effect of which will hopefully be sufficient. If not, land immediately 208 
and adjust the elevator linkage accordingly. If the elevator linkage has yielding and/or play, 209 
you can actually pack up and go home. Without proper trimming all further steps are useless.  210 

A more forward CG position requires a tail incidence angle (TI) generating a more nose-up 211 
pitching moment than a rear CG position in order to trim the same airspeed. It is irrelevant 212 
whether the pitching moment is generated by turning the complete horizontal tail (TI) or by 213 
using the elevator. It is only unsightly if the elevator is not set to zero when the aircraft is 214 
trimmed. With an all-moving tailplane there are no such problems. Apart from that, however, 215 
the size of the TI hardly indicates anything relevant.  216 

Step 2: Optimize CG position 217 

By setting the model CG according to the calculation results, a flyable CG position and thus 218 
longitudinal stability is guaranteed. Now it's time for fine-tuning. If a CG position in the for- 219 
ward part of the recommended range has been selected, it may be useful to choose a 220 
(subjectively) better position by successively shifting the CG backwards. 221 

The usual procedure to test this is to tilt the well-trimmed glider's trajectory downwards by 222 
pressing the elevator stick lightly for a few seconds. Once the flyer has caught up some speed, 223 
the stick is released again. With a favorable CG position you can then observe a relatively slow 224 
recovery from the nosedive, which usually changes into the so-called "phugoid", a low- 225 
frequency oscillatory aircraft motion with varying airspeed, altitude and pitch attitude, if no in- 226 
tervention with the elevator is made, see /2/. A "slow recovery” is of course not a clear 227 
statement and has to be understood relatively. A greater static longitudinal stability leads to a 228 
faster recovery and less damping of the subsequent phugoid. On the other hand, so-called 229 
"undercutting" is observed in models that are poorly stable or even unstable, but also when 230 
wings have little torsional stiffness or fuselages are flexible: once the glider has taken a clearly 231 
negative trajectory angle, there is then a tendency to reinforce that nosedive rather than re- 232 
cover. Then only a quick intervention with the elevator will help. 233 

What you want is a clear but not excessive tendency to recover from a dive. This results from 234 
a medium center of gravity position, as suggested by the calculation program. If a clear recov- 235 
ery is still visible, the CG can be moved further back about 10 mm (for a medium-sized model) 236 
as a test and then start again at step 1. However, it should again be expressly pointed out that 237 
there is no CG position that is objectively optimal from a flight quality point of view. Here the 238 
personal “taste” varies from pilot to pilot.  239 

Step 3: Adjust elevator deflection 240 

The required elevator deflection in push and pull direction depends on the selected CG posi- 241 
tion. (More deflection than necessary should not be provided for.) The final determination can 242 
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therefore only be made last. With low static longitudinal stability (i.e. a CG position just in 243 
front of the AC), a smaller deflection is generally required, e.g. for looping or stalling the air- 244 
craft. This will not be discussed in detail here.  245 

In case of doubt, ask an experienced pilot to check the size of the deflections (also of aileron 246 
and rudder, which however do not significantly depend on the CG position). This also applies to 247 
the exponential values of the sticks. 248 

In the case of a powered or acrobatic model, the criteria for CG position and elevator deflection 249 
may be slightly different. Without wanting to completely roll it out, here are just the keywords: 250 
spinning, knife flight and vertical climb. In addition, it is still necessary to check the engine in- 251 
cidence. The more longitudinal stability, the more (negative) engine incidence is needed. 252 

And now we wish you much success in using WinLaengs4! 253 

 254 

Disclaimer 255 

The program and the content of this manual have been compiled with meticulous care and to 256 
the best of our knowledge. However, we cannot assume any liability for the completeness or 257 
accuracy of the manual. Furthermore we have no influence on whether the program is used 258 
correctly by the user. 259 

 260 

Literature 261 

/1/ https://en.wikipedia.org/wiki/Longitudinal_static_stability and a lot of other websites 262 
refer to this topic. 263 

/2/ https://en.wikipedia.org/wiki/Phugoid and other websites about Longitudinal Dynamics 264 

 265 

You might also want to google for the term “vortex lattice method” in order to get an idea how 266 
WinLaengs4 works. 267 

 268 

 269 

End of Manual for the program WinLaengs4 270 

 271 


