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INTRODUCTION  
The strength test of the UFM – 10 Samba aeroplane composite wing was performed on 19 
April 2000 at the test laboratory of the Institute of Aerospace Engineering, Faculty of 
Mechanical Engineering TU Brno, which is approved by the Czech Republic Civil Aviation 
Authority  ( the Approval Certificate No L – 3 – 040 / 3 ). The test was contracted by the 
Urban company, Ltd, Libchavy, district Ústí nad Orlicí. 
The test results will be used for issuance of a type certificate for ultralight aeroplane category 
in Czech Republic and in the BRD. 
Representants of the Light Aircraft Association of Czech Republic - Dipl. Eng. Marian 
Me� iar and Dipl. Eng. Miroslav Kábrt ( responsible for strength calculations ) and Mr. Pavel 
Urban (producer of the aeroplane ) attended at wing tests. 
 
TEST REQUIREMENTS 
The contractor requested to meet airworthiness  requirements by tests upon a composite wing  
for two load cases : 
 
- load case C : a gust effect of 15 m/s at an aeroplane speed vc = 192.5 km/hr at vhich the 

maximum load factor n = 4.677´ is reached. 
- load case F/E : a combination of two cases. A shear force and a bending moment   

corresponds to a load developed by an influence  of a negative gust u = - 15 m/s at an 
aeroplane speed  vc = 192.5 km/hr, at which the maximum load factor  

      n = - 2.677 is iduced on a wing  ( load case F ).The torsional moment corresponds to a              
     case of the negative manoeuvre at the maximum designed speed  vD = 300 km/hr , at which          
     the maximum load factor n = - 1.5 on the wing is reached ( load case E ). 
 
The limit load distributions on a Samba¢s wing for individual load cases are given in the 
following tables. 
Remark: the given values of a torsional moment relate to the wing elastic axis. 
 
Load case C: 

 z Ty Tx Moy Mox dMcm0 dMkcl dMkqm Mky 

[m] [N] [N] [Nm] [Nm] [Nm] [Nm] [Nm] [Nm] 

4.9700 0.00 0.00 0.00 0.00 0.0000 0.0000 0.0000 0.0000 
4.2400 448.01 6.75 163.52 2.46 -50.1466 92.7158 -6.2624 36.3068 
4.2100 488.67 10.03 177.57 2.72 -3.0773 5.6213 -0.6299 38.2210 
3.9600 847.62 39.79 344.61 8.94 -27.3333 32.6671 -0.3156 43.2391 
3.7100 1238.26 73.43 605.34 23.10 -29.9371 36.8414 -0.3257 49.8178 
3.4600 1654.88 110.00 966.99 46.02 -32.6594 40.7485 -0.3333 57.5736 
3.0200 2441.25 179.83 1868.13 109.79 -64.4896 80.8843 -0.6047 73.3635 
3.0190 2443.11 179.99 1870.58 109.97 -0.1569 0.1973 -0.0013 73.4025 
2.8000 2857.55 216.97 2451.00 153.43 -35.5693 44.6906 -0.3122 82.2116 
2.6000 3247.94 251.78 3061.55 200.31 -34.5946 43.2937 -0.2834 90.6273 
2.4000 3648.89 287.46 3751.23 254.23 -36.6735 45.6438 -0.2804 99.3171 
2.2000 4059.64 323.87 4522.08 315.36 -38.8133 48.3639 -0.2755 108.5922 
2.0000 4479.30 360.87 5375.98 383.84 -41.0136 51.0560 -0.3767 118.2580 
1.8100 4885.19 396.39 6265.61 455.78 -41.0558 50.5710 -0.3534 127.4197 
1.6000 5340.74 436.26 7339.33 543.21 -46.7810 57.4260 -0.3805 137.6842 
1.4000 5780.27 474.99 8451.43 634.33 -45.0408 55.4498 -0.3385 147.7547 
1.2000 6224.27 514.29 9651.88 733.26 -45.5189 56.0729 -0.3152 157.9935 
1.0000 6672.00 554.02 10941.51 840.09 -45.9997 64.0255 -0.2914 175.7279 
0.8000 7122.85 594.09 12321.00 954.90 -46.4829 79.3264 -2.2599 206.3115 
0.6000 7576.26 634.40 13790.91 1077.75 -46.9686 94.7208 -4.2258 249.8379 
0.5400 7712.89 646.54 14249.58 1116.18 -14.2371 31.5489 -1.8701 265.2796 



Load case E 
 

z Ty Tx Moy Mox dMcm0 dMkcl dMkqm Mky 

[m] [N] [N] [Nm] [Nm] [Nm] [Nm] [Nm] [Nm] 

4.9700 0.0 0.00 0.00 0.00 0.000 0.0000 0.0000 0.000 
4.2400 -219.2 32.83 -80.01 11.98 -50.147 -47.2450 3.7130 -93.679 
4.2100 -239.6 36.54 -86.89 13.02 -3.077 -2.8698 0.3559 -99.270 
3.9600 -419.6 69.45 -169.29 26.27 -27.333 -16.6792 0.1783 -143.104 
3.7100 -615.7 105.60 -298.71 48.15 -29.937 -18.8139 0.1840 -191.671 
3.4600 -824.9 144.34 -478.79 79.39 -32.659 -20.8111 0.1883 -244.953 
3.0200 -1220.0 217.67 -928.66 159.04 -64.490 -41.3117 0.3417 -350.413 
3.0190 -1220.9 217.84 -929.88 159.25 -0.157 -0.1008 0.0008 -350.670 
2.8000 -1429.1 256.53 -1220.05 211.20 -35.569 -22.8263 0.1764 -408.889 
2.6000 -1625.2 292.98 -1525.49 266.15 -34.595 -22.1127 0.1601 -465.436 
2.4000 -1826.7 330.39 -1870.67 328.48 -36.674 -23.3128 0.1584 -525.264 
2.2000 -2033.0 368.67 -2256.64 398.39 -38.813 -24.7017 0.1556 -588.623 
2.0000 -2243.8 407.74 -2684.32 476.03 -41.014 -26.0759 0.2128 -655.500 
1.8100 -2447.6 445.45 -3129.99 557.09 -41.056 -25.8272 0.1997 -722.184 
1.6000 -2676.3 487.78 -3668.01 655.07 -46.781 -29.3282 0.2150 -798.078 
1.4000 -2897.1 528.69 -4225.35 756.72 -45.041 -28.3199 0.1912 -871.247 
1.2000 -3120.1 570.05 -4827.07 866.59 -45.519 -28.6387 0.1781 -945.227 
1.0000 -3345.0 611.80 -5473.59 984.78 -46.000 -32.7009 0.1646 -1023.763 
0.8000 -3571.5 653.85 -6165.25 1111.34 -46.483 -40.5161 1.2768 -1109.485 
0.6000 -3799.3 696.15 -6902.33 1246.34 -46.969 -48.3790 2.3875 -1202.445 
0.5400 -3867.9 708.89 -7132.35 1288.50 -14.237 -16.1136 1.0566 -1231.739 

 
Load case F 

z Ty Tx Moy Mox dMcm0 dMkcl dMkqm Mky 

[m] [N] [N] [Nm] [Nm] [Nm] [Nm] [Nm] [Nm] 

4.9700 0.00 0.00 0.00 0.00 0.0000 0.0000 0.0000 0.0000 
4.2400 -89.37 -12.16 -32.62 -4.44 -121.7117 -21.1982 2.1154 -140.7945 
4.2100 -98.02 -12.34 -35.43 -4.80 -7.4689 -1.2851 0.2028 -149.3457 
3.9600 -174.49 -13.66 -69.49 -8.06 -66.3411 -7.4678 0.1016 -223.0530 
3.7100 -257.95 -14.67 -123.55 -11.60 -72.6608 -8.4219 0.1048 -304.0309 
3.4600 -347.09 -15.50 -199.18 -15.37 -79.2681 -9.3150 0.1073 -392.5067 
3.0200 -515.48 -16.80 -388.94 -22.47 -156.5237 -18.4899 0.1947 -567.3257 
3.0190 -515.88 -16.80 -389.46 -22.49 -0.3809 -0.0451 0.0004 -567.7513 
2.8000 -604.66 -17.42 -512.16 -26.24 -86.3309 -10.2161 0.1005 -664.1978 
2.6000 -688.28 -18.02 -641.45 -29.78 -83.9651 -9.8968 0.0912 -757.9684 
2.4000 -774.16 -18.65 -787.69 -33.45 -89.0109 -10.4340 0.0903 -857.3230 
2.2000 -862.10 -19.35 -951.32 -37.25 -94.2043 -11.0558 0.0887 -962.4945 
2.0000 -951.92 -20.13 -1132.72 -41.20 -99.5448 -11.6713 0.1212 -1073.5893 
1.8100 -1038.74 -20.98 -1321.83 -45.10 -99.6472 -11.5604 0.1138 -1184.6831 
1.6000 -1136.18 -21.93 -1550.20 -49.61 -113.5428 -13.1275 0.1225 -1311.2309 
1.4000 -1230.25 -22.76 -1786.84 -54.08 -109.3192 -12.6757 0.1090 -1433.1168 
1.2000 -1325.30 -23.54 -2042.40 -58.71 -110.4797 -12.8181 0.1015 -1556.3131 
1.0000 -1421.17 -24.29 -2317.05 -63.49 -111.6465 -14.6360 0.0938 -1682.5019 
0.8000 -1517.72 -25.02 -2610.94 -68.42 -112.8193 -18.1337 0.7275 -1812.7275 
0.6000 -1614.83 -25.75 -2924.19 -73.50 -113.9983 -21.6528 1.3602 -1947.0183 
0.5400 -1644.09 -25.97 -3021.96 -75.05 -34.5550 -7.2120 0.6020 -1988.1833 

 
Furthermore the contractor prescribed the factor of safety  j = 2.25 and  the sequence of the 
tests. 
 



STRENGTH TEST PROPOSAL. 
 
TEST CONCEPTION. 
In service the Samba¢s wing is subjected by a continuous load along its span and by a 
concentrated force at the root rib, produced by the opposite wing spar which is fixed into this 
rib. During the test, the effect of  the continuous load was equivalently substituted by six 
concentrated forces located along the wing span in  the place of  collets, which were glued on 
the wing skin ( Fig. 2 ). 
The concentrated force at the root rib was produced by a rope directly connected to the load 
distribution system ( Fig. 1 ). 
The total wing load was produced by a hydraulic actuator. 
The wing gravitational force was compensated for by adding the equivalent value of force to 
the total loading. 
Both load cases were carried out with the same load distribution system. 
Load in the plane  of the wing chord was produced by the tangential components of the 
loading forces in individual sections of the wing, because the wing chord plane was turned 
4.7° to a horizontal plane. This loading was realized for load case C only. 
 
SPECIMEN 
For test purposes a left wing without an aileron and a flap was delivered by the producer. 
There were linkages and tubular arms screwed to the colllets glued on the wing skin. The 
mass of the wing specimen including the collets, linkages and tubular arms was 52 kg. 
 
LOAD MEASURING DEVICE AND DEFLECTION MEASUREMENT. 
An applied load on the wing was controlled by the load cell  HBM U2B at a nominal range 
200 kN. Electrical signals from the load cell were processed by the multipoint measuring unit 
DAS 12. 
The deflection of the wing was measured along its span in the following measuring points: 
- at the point of pivot connecting both wings together 
- at the distances 1290 mm  and 3000 mm from the plane of symmetry of the aeroplane at 

the leading and trailing edges of the wing  
- at the trailing edge of the aeroplane tip. 
The deflections of the wing were converted by potenciometers into electrical signals and 
processed by the unit DAS 12. 
 
 
TEST PROCEDURE 
The strength test included two load cases.   
The combine load case F/E was tested first.  
The left wing specimen turned up side down, was mounted to the fixture at the pins on the 
root rib and at the end of the spar. The pin – connection at the protruding spar and fixture and  
interlocking pin on the rear hinge were prevented the wing from slipping – out of the fixture. 
The wing was fixed in the horizontal plane.The loading force was produced  by a hydraulic 
actuator ZH 80/40 – 500 and distributed by the loading tree to the tubular arms at the collets 
mounted to the wing and on a tube, inserted into the bushing in the root rib of the wing.  
At first the wing specimen was loaded up to limit load ( Fig. 3 ) and then unloaded. The limit 
load was supported without failure and permanent deformations. 
Furthermore the wing specimen was loaded up to 102 % of the ultimate load ( load force 
 F = 25 230 N – Fig. 4 ). The wing structure supported 102% of the ultimate load without 
failure and visible permanent deformations. 
The load case C test followed. The wing specimen, with the upper part upward, was mounted 
to the fixture  at the pins on the root rib and at the end of the spar. The pin – connection at the 



protruding spar and fixtures  and interlocking pin on the rear hinge were prevented the wing  
from slipping – out of the fixture. The wing was turned through an angle of 4,7° up with 
regard to a horizontal plane. The loading force was produced  by a hydraulic actuator ZH 
80/40 – 500 and distributed by the loading tree to the linkages to the wing collets and on a 
tube, inserted into the bushing in the root rib of the wing.  
At first the wing specimen was loaded up to limit load ( Fig. 5 ). The limit load was supported 
without failure and permanent deformations. 
Furthermore, the wing specimen was loaded up to 100 % of the ultimate load ( load force 
 F = 48 400 N – Fig . 6 ). The wing structure supported 100% of the ultimate load for three 
seconds without failure. Dipl. Eng. Kábrt decided to continue the loading up to the failure of 
the structure will be reached. The maximum load supported by the wing specimen structure 
was equal to the force F = 55 150 N ( the factor of safety  j = 2.25 ), which corresponds to 114 
%  of the ultimate load. 
The wing structure failure occured in the place of the root rib by buckling of upper flange of 
the wing spar ( Fig. 8 ). This failure caused the web and upper skin buckling in the same place  
( Fig . 7 ). 
 
STATIC TEST RESULTS AND THEIR EVALUATION 
 
For the given load cases required and attained forces are given in the following table. 
       

Load case Units C F/E 
Required force on the wing – j = 1 N 7 600 - 3 854 

Required force on the wing – j = 2.25 N 17 100 - 8 671.4 
Force induced by the hydraulic cylinder N 55 150 25 230 

Force acting on a wing N 19 56211 - 9 692.4 
Attained results in % of the ultimate load % 114.4 111.8 

  
Load case C : required and attained  load distribution along the wing span. 
 

Po� adované po� etní zatí� ení Dosa� ené zatí� ení
z TN TT MN MT MK TN TT MN MT MK
m N N Nm Nm Nm N N Nm Nm Nm
4,970 0 0 0 0 0 0 0 0 0 0
4,240 1008,0 15,2 367,9 5,5 81,7 1282,5 107,5 525,8 44,1 345,4
4,210 1099,5 22,6 399,5 6,1 86,0 1282,5 107,5 564,3 47,3 345,4
3,960 1907,1 89,5 775,4 20,1 97,3 1282,5 107,5 884,9 74,2 345,4
3,710 2786,1 165,2 1362,0 52,0 112,1 3334,4 279,5 1615,9 135,5 260,3
3,460 3723,5 247,5 2175,7 103,6 129,5 3334,4 279,5 2449,5 205,3 260,3
3,020 5492,8 404,6 4203,3 247,0 165,1 6925,3 580,5 4455,3 373,5 182,6
3,019 5497,0 405,0 4208,8 247,4 165,2 6925,3 580,5 4462,2 374,0 182,6
2,800 6429,5 488,2 5514,7 345,2 185,0 6925,3 580,5 5978,8 501,2 182,6
2,600 7307,9 566,5 6888,5 450,7 203,9 6925,3 580,5 7363,9 617,3 182,6
2,400 8210,0 646,8 8440,3 572,0 223,5 11285,7 946,0 8879,8 744,4 174,9
2,200 9134,2 728,7 10174,7 709,6 244,3 11285,7 946,0 11136,9 933,6 174,9
2,000 10078,4 812,0 12096,0 863,6 266,1 11285,7 946,0 13394,0 1122,8 174,9
1,810 10991,7 891,9 14097,6 1025,5 286,7 11285,7 946,0 15538,3 1302,5 174,9
1,600 12016,7 981,6 16513,5 1222,2 309,8 15902,5 1333,1 18323,8 1536,0 295,7
1,400 13005,6 1068,7 19015,7 1427,2 332,4 15902,5 1333,1 21504,3 1802,6 295,7
1,200 14004,6 1157,1 21716,7 1649,8 355,5 15902,5 1333,1 24684,8 2069,2 295,7
1,000 15012,0 1246,5 24618,4 1890,2 395,4 15902,5 1333,1 27865,3 2335,8 295,7
0,800 16026,4 1336,7 27722,2 2148,5 464,2 19493,4 1634,1 31584,4 2647,6 768,0
0,600 17046,6 1427,4 31029,5 2424,9 562,1 19493,4 1634,1 35483,1 2974,4 768,0
0,540 17354,0 1454,7 32061,6 2511,4 596,9 19493,4 1634,1 36652,7 3072,5 768,0  



Load case F/E : required and attained  load distribution along the wing span. 
Po� adované po� etní zatí� ení Dosa� ené zatí� ení

z TN TT MN MT MK TN TT MN MT MK
m N N Nm Nm Nm N N Nm Nm Nm
4,970 0 0 0 0 0 0 0 0 0 0
4,240 -493,2 73,9 -180,0 27,0 -316,8 -637,7 0,0 -261,4 0,0 -461,9
4,210 -539,1 82,2 -195,5 29,3 -336,0 -637,7 0,0 -280,6 0,0 -461,9
3,960 -944,1 156,3 -380,9 59,1 -501,9 -637,7 0,0 -440,0 0,0 -461,9
3,710 -1385,3 237,6 -672,1 108,3 -684,1 -1657,9 0,0 -803,5 0,0 -967,6
3,460 -1856,1 324,8 -1077,3 178,6 -883,1 -1657,9 0,0 -1217,9 0,0 -967,6
3,020 -2744,9 489,8 -2089,5 357,8 -1276,5 -3443,4 0,0 -2215,2 0,0 -1855,8
3,019 -2747,0 490,1 -2092,2 358,3 -1277,4 -3443,4 0,0 -2218,7 0,0 -1855,8
2,800 -3215,5 577,2 -2745,1 475,2 -1494,4 -3443,4 0,0 -2972,8 0,0 -1855,8
2,600 -3656,8 659,2 -3432,3 598,8 -1705,4 -3443,4 0,0 -3661,4 0,0 -1855,8
2,400 -4110,0 743,4 -4209,0 739,1 -1929,0 -5611,4 0,0 -4415,2 0,0 -2942,0
2,200 -4574,2 829,5 -5077,4 896,4 -2165,6 -5611,4 0,0 -5537,4 0,0 -2942,0
2,000 -5048,5 917,4 -6039,7 1071,1 -2415,6 -5611,4 0,0 -6659,7 0,0 -2942,0
1,810 -5507,1 1002,3 -7042,5 1253,4 -2665,5 -5611,4 0,0 -7725,9 0,0 -2942,0
1,600 -6021,8 1097,5 -8253,0 1473,9 -2950,3 -7907,0 0,0 -9110,9 0,0 -4108,0
1,400 -6518,5 1189,5 -9507,0 1702,6 -3224,5 -7907,0 0,0 -10692,3 0,0 -4108,0
1,200 -7020,3 1282,6 -10860,9 1949,8 -3501,7 -7907,0 0,0 -12273,7 0,0 -4108,0
1,000 -7526,3 1376,5 -12315,6 2215,8 -3785,6 -7907,0 0,0 -13855,1 0,0 -4108,0
0,800 -8035,9 1471,2 -13871,8 2500,5 -4078,6 -9692,4 0,0 -15704,3 0,0 -5189,7
0,600 -8548,4 1566,3 -15530,2 2804,3 -4380,8 -9692,4 0,0 -17642,8 0,0 -5189,7
0,540 -8702,9 1595,0 -16047,8 2899,1 -4473,4 -9692,4 0,0 -18224,3 0,0 -5189,7  

 
In the appendix is shown the graphical representation of required and attained load.  
 
In the following table is shown the wing tip deflection: 

Case C    Case F/E    
 % Fcylin. (N) def (mm)  % Fcylin. (N) def (mm) 

Limit load  0 0 0 Limit load  0 0 0 
 5 2480 37.7  10 2510 39.4 
 10 5060 75.7  20 4970 71.7 
 16 7520 111.1  31 7590 106.2 
 21 9940 146.4  40 9930 136.3 
 27 13220 191.6  41 10060 138.9 
 31 14990 217.2     
 35 16940 245.1 Ultimite 0 0 0 
 40 19430 281 load 10 2480 42.5 
 45 21830 315.1  20 5010 72.5 
     30 7460 104.2 

Ultimite 0 0 0  40 9920 135.3 
load 10 4850 73.3  50 12500 168.6 

 21 10060 147.6  60 14880 199.7 
 30 14370 208.8  70 17390 231.9 
 41 19830 286.2  77 19110 254.8 
 50 24010 345.3  90 22330 297.4 
 60 29140 418.6  102 25210 327 
 71 34210 489.7     
 80 38720 553.3     
 90 43640 622.8     
 100 48430 684.8     
 114 55120 784.4     

 



STATIC TEST EVALUATION 
 
The strength test of the of the UFM  - 10 Samba aeroplane composite wing complied to the 
contractor¢s requirements to the full extent. The wing  structure supported limit loads without 
failure and detrimental, permanent deformation. The ultimate load, corresponding to the load 
factor  f = 2.25, was supported without failure. 
 
 
 

L IST OF FIGURES 
 
Fig. 1    Load case F/E – test arrangement. 
 
Fig. 2    Load case F/E – test arrangement. 
 
Fig . 3   Load case F/E – the wing loaded to the limit load. 
 
Fig . 4   Load case F/E – the wing loaded to the ultimate load. 
 
Fig . 5   Load case C – the wing loaded to the limit load. 
 
Fig . 6   Load case C – the wing loaded to the ultimate load. 
 
Fig . 7    The wing specimen failure.  
 
Fig . 8     The flange failure in detail. 
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