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1 Sailplane specifications 

1.1 General data 

Model Manufacturer Year Type Span (m) 
Length 

(m) 

ASK 13 Schleicher 1966 Two seater 15.4 8.18 

ASK 21 Schleicher 1979 Two seater 17.0 8.35 

ASW 20 Schleicher 1977 Single seater 15.0 6.80 

DG-1000S DG Flugzeugbau 2000 Two seater 20.0 8.57 

G102 Astir CS Grob 1974 Single seater 15.0 6.47 

G103 Twin II Grob 1980s Two seater 17.5 8.18 

Ka 6E Schleicher 1955 Single seater 15.0 6.66 

Table 1: Sailplanes' general data. 

1.2 Weight and balance 

1.2.1 Weights 

Model 
Empty weight 

(kg) 

Maximum 

weight (kg) 

Maximum weight of 

non-lifting parts (kg) 

ASK 13 295 481 322 

ASK 21 380 600 410 

ASW 20 255 454 235 

DG-1000S 415 750 469 

G102 Astir CS 255 450 240 

G103 Twin II 380 580 400 

Ka 6E 190 300 190 

Table 2: Empty weights, maximum weights and maximum non-lifting parts weights. 

1.2.2 Weight distribution 

Model 

Representative1 

front weight 

(G1) (kg) 

Representative 

rear weight 

(G2) (kg) 

Max. 

G1 (kg) 

Max. 

G2 (kg) 

Min. 

G1 (kg) 

Min. 

G2 (kg) 

ASK 13 295.4 4.6 318.2 272.1 7.9 1.8 

ASK 21 360.4 14.6 389.4 334.1 15.9 10.6 

ASW 20 225.8 39.2 251.6 202.6 46.2 34.4 

DG-1000S 387.8 52.2 430.2 345.3 59.8 48.5 

G102 Astir CS 218.4 31.6 249.5 196.9 36.5 24.9 

G103 Twin II 359.1 20.9 382.9 337.4 22.6 17.1 

Ka 6E 174.6 25.4 196.4 163.5 29.5 22.4 

Table 3: Sailplanes' weight distributions (front and rear weighing points). 

                                                           
1 By representative we indicate those weights used for all uncertainty calculations.  
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1.3 Distances and angles 

Model L1 (m) L2 (m) 

Datum 

transversal 

position YD (m) 

Rear weighing 

point height (m) 

ASK 13 4.80 -0.41 0.622 0.682 

ASK 21 4.61 -0.59 0.400 0.489 

ASW 20 4.16 0.00 0.314 0.295 

DG-1000S 5.18 -0.11 0.363 0.659 

G102 Astir CS 4.09 -0.11 0.322 0.507 

G103 Twin II 4.34 -0.50 0.374 0.405 

Ka 6E 4.49 0.00 0.619 0.227 

Table 4: Relevant distances (estimated). 

Model 

Estimated 

vertical CG 

position2 (m) 

Levelling 

angle 𝛉𝟎 (°) 

ASK 13 0.730 3.15 

ASK 21 0.693 2.98 

ASW 20 0.572 2.58 

DG-1000S 0.800 1.89 

G102 Astir CS 0.628 2.48 

G103 Twin II 0.629 2.29 

Ka 6E 0.540 5.14 

Table 5: CG vertical position and levelling angle (in flight position). 

1.4 Other specifications 

Model 
Tyre pressure 

(bar) 

Tyre contact 

area (m2) 

Tyre diameter 

(mm) 

Tyre width 

(mm) 

ASK 13 2.413 0.0129 354 122 

ASK 21 2.700 0.0141 354 122 

ASW 20 2.500 0.0099 354 122 

DG-1000S 2.500 0.0169 380 146 

G102 Astir CS 2.533 0.0097 354 122 

G103 Twin II 2.500 0.0150 436 155 

Ka 6E 2.413 0.0080 330 124 

Table 6: Main wheel tyres data. 

                                                           
2 Measured from the ground when the sailplane is in flight position and the main wheel is touching the 
ground. 
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2 Sailplane manuals information 

In this section, you will find the pages of the sailplanes’ manuals which provide the necessary 

data used in this project. 

2.1 ASK 13 [1] 
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2.2 ASK 21 [2] 
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2.3 ASW 20 [3] 
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2.4 DG-1000S [4] 
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2.5 G102 Astir CS [5] 
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2.6 G103 Twin II [6] 

 

 

  



37 
 

 

 

  



38 
 

 

 

  



39 
 

 

 

  



40 
 

 

 

  



41 
 

 

 

  



42 
 

 

 



43 
 

2.7 Ka 6E [7] 
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3 Manufacturers’ weight and balance procedures 

From the flight manuals of the selected sailplanes, we have gathered the instructions given by 

the manufacturers in order to measure the weight and balance of each aircraft. A summary of 

the specific instructions for each model is shown next: 

 Schleicher ASK 13: 

o Levelling: there are two options: either the tangent to the wing’s rib number 3 

has to be horizontal, or a 1000:55 wedge on top of the rear part of the fuselage 

must have its top side horizontal. 

o Datum: leading edge of the wing’s rib number 3. 

o Other considerations: the manual indicates the front support (forward of the 

main wheel) as the front weighing point. Nevertheless, this would require 

special equipment as the front scale should be elevated as well. Therefore, we 

have chosen the main wheel as the front weighing point. 

 Schleicher ASK 21: 

o Levelling: a 1000:52 wedge on top of the rear part of the fuselage must have its 

top side horizontal. 

o Datum: leading edge of wing’s rib with transversal position y = 0.4 m. 

o Other considerations: the manual indicates the nose wheel as the front 

weighing point. However, we have chosen the main wheel (which is aft of the 

nose wheel) so that the front scale will not have to be elevated. 

 Schleicher ASW 20: 

o Levelling: there are two options: the centre line of the fuselage tail cone has to 

be horizontal, or a 1000:45 wedge on top of the rear part of the fuselage must 

have its top side horizontal. 

o Datum: leading edge of the wing’s root (without the fairing). 

o Other considerations: apart from the levelling means, the datum and the 

allowed CG position range, the manufacturer does not provide any instructions 

for the weight and balance process. 

 DG Flugzeugbau DG-1000S: 

o Levelling: the top of the rear part of the fuselage must have a slope of 1000:33. 

o Datum: leading edge of the wing’s root rib. 

o Other considerations: the manufacturer warns that the distances L1 and L2 

should always be measured, as different weights might cause different 

deflections of the landing gear. For measuring L1, it is advised to measure the 

distance between main wheel and tail wheel centre lines. 

 Grob G102 Astir CS: 

o Levelling: a 600:26 wedge (or “incidence board”) on top of the rear part of the 

fuselage must have its top side horizontal. The distance between the leading 

edge of the vertical tail plane has to be of 150 mm. 

o Datum: leading edge of the wing’s root rib. 

o Other considerations: the manufacturer also indicates the wheel’s centre point 

as the location of the point weight. 

 Grob G103 Twin II: 
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o Levelling: a 600:24 wedge (or “incidence board”) on top of the rear part of the 

fuselage must have its top side horizontal. The distance between the leading 

edge of the vertical tail plane has to be of 150 mm. 

o Datum: leading edge of the wing’s root rib. 

 Schleicher Ka 6E: 

o Levelling: a 100:9 wedge (or “template”) on top of the rear part of the fuselage 

must have its top side horizontal. 

o Datum: leading edge of wing’s rib number 3. 
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4 Individual uncertainties 

In this section, the uncertainties used in the propagations of uncertainties which depend on each 

sailplane model are shown. The definitions of each uncertainty are the following: 

 𝛜𝐝𝐋
: uncertainty of the distance between the front point weight and the laser sensor, 

as used in the estimation of the uncertainty of L2 with option A. 

 𝛜𝐓: uncertainty due to the tilt of the datum bar with respect to the transversal axis, as 

used in the calculation of the final error of the measurement of L2. 

Model 𝛜𝐝𝐋
 (mm) 𝛜𝐓 (mm) 

ASK 13 ± 4.7 ± 1.3 

ASK 21 ± 4.6 ± 0.4 

ASW 20 ± 4.9 ± 0.1 

DG-1000S ± 4.5 ± 0.4 

G102 Astir CS ± 4.9 ± 0.1 

G103 Twin II ± 4.6 ± 0.3 

Ka 6E ± 5.1 ± 2.4 

Table 7: Individual uncertainties for each sailplane. 
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5 Mathematical proofs 

5.1 Dependency of the uncertainty of X1’ (or X2’) on the point weight G1 
(or G2) 

From the propagation of uncertainties: 

ϵX1′ = |
∂X1′

∂W1
| · ϵW1 + |

∂X1′

∂W2
| · ϵW2 + |

∂X1′

∂S1
| · ϵS1 + |

∂X1′

∂S2
| · ϵS2 = 

= |
∂X1′

∂W1
| · ϵW1 + |

∂X1′

∂W2
| · ϵW2 +

W1

W1 + W2
· ϵS1 +

W2

W1 + W2
· ϵS2 = 

Since ϵS1 = ϵS2 = 2 mm: 

= |
∂X1′

∂W1
| · ϵW1 + |

∂X1′

∂W2
| · ϵW2 + 2 mm = 

= |
W2 · (S1 − S2)

(W1 + W2)2
| · ϵW1 + |

W1 · (S2 − S1)

(W1 + W2)2
| · ϵW2 + 2 mm 

And since ϵW1 = ϵW2 = 0.2 kg and S2 > S1: 

ϵX1′ =
W2 · (S2 − S1) + W1(S2 − S1)

(W1 + W2)2
· 0.2 kg + 2 mm = 

=
(W1 + W2)

(W1 + W2)2
· (S2 − S1) · 0.2 kg + 2 mm = 

=
S2 − S1

W1 + W2
· 0.2 kg + 2 mm 

Finally, since W1 + W2 = G1 and, in this case, S2 = 350 mm and S1 = 0, we get: 

ϵX1′ =
350 mm

G1
· 0.2 kg + 2 mm 

And the same is true for the rear weighing point: 

ϵX2′ =
350 mm

G2
· 0.2 kg + 2 mm 

 

5.2 Partial derivatives of uncertainty calculations 

The calculation of L2 with option A (explained in the Report) is defined as follows: 

L2′ =
a2 − b2 + L1′2

2 · L1′
 

L2 = L2′ + dL 

Then, the total uncertainty of L2 can be calculated as: 

ϵL2 = |
∂L2

∂a
| · ϵa + |

∂L2

∂b
| · ϵb + |

∂L2

∂L1′
| · ϵL1′ + |

∂L2

∂dL
| · ϵdL

 

And the partial derivatives are the following: 
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∂L2

∂a
=

a

L1′
 

∂L2

∂b
= −

b

L1′
 

∂L2

∂L1′
=

L1′2 − a2 + b2

2 · L1′2
 

∂L2

∂dL
= 1 
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