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Digital Simulation of Full Scale Static Test of Aircraft 
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Abstract： Full scale aircraft static test is a very important process of aircraft design，it is costly and 

time consuming．The testing accuracy and validity mainly depend on the rationality of the test scheme 

design．When the aircraft is being tested，the specimen’s safety mainly depends on monitoring and un— 

derstanding the testing data by way of evaluating the coherence with the digital simulation data synchy— 

ononsly．The test digital simulation can aid realizing above requirements and improving the test efficiency 

significantly during test scheme design stage or testing stage respectively．The key technologies and the 

solving methods of test digital simulation are presented and the application example is given． 
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全 尺寸飞机结构静力试验数字仿真 ．许泽 ．中国航空学报 (英 文版)，2005，18(2)：138—141． 

摘 要 ：全尺寸飞机结构静力试 验是 飞机结 构研制 的重要 环节 ，需大 量 的财 力和 时间投 人。试验 

结果的精度和有效性主要依赖于试验实施方案设计的合理性 ；试验件的安全主要依赖于试验时同 

步地对试验测试数据的监控和与数字仿真结果的一致性评估。全尺寸飞机结构静力试验数字仿 

真能够辅助实现上述要求 ，显著提高试验效率。介绍了全尺寸飞机结构静力试验数字仿真的关键 

技术及解决方案并 给出了应用实例 。 
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In order to decrease the cost and period o{air— 

craft design and to improve the reliability of first— 

time successful design，the digital simulation tech— 

nology is being developed and playing a very impor— 

tant role in each phase of aircraft design．Due to 

the application of simulation， the design cycle of 

developing a new type is shorten from a few 

decades to a few years．The full scale aircraft static 

test is a very important and necessary process to 

verify the strength and stiffness of aircraft struc— 

ture．Generally，a quite few of general load cases 

will be tested on the same specimen for the sake of 

simulating the diverse flight maneuver．Full scale 

static test is complex，costly and time consuming． 

The full scale aircraft static test digital simulation 

technology is a good solution to guarantee the test 

validity，accuracy and safety of the tested speci— 

men．The full scale aircraft static test digital simu— 

lation technology contains two aspects．The first 

part is the establishment of digital simulation model 
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of tested specimen，including the aircraft platform 

structure，system accessories such as engine，rota— 

tional actuator and testing support rigs etc．，by 

way of finite element method as the digital simula— 

tion database and then linking the database to the 

test data measuring facility by network．The sec— 

ond part is the development of quick data coherence 

evaluation system to quickly deal with the test data 

and compare the coherence of test data and simula— 

tion data． In the period of test scheme design 

stage， the technology can aids realizing the opti— 

mized test scheme，reducing the number of testing 

load cases and bringing the simplest test scheme in— 

to effect．During the test stage，it can evaluate the 

coherence between the test data and simulation data 

with the change of each loading step，the trends is 

visually displayed on monitoring screens，and it is 

convenient to make judgment in time to control the 

test procedure and guarantee the safety of speci— 

men．It is reported that the test simulation tech— 
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nologies have being researched in many fields such 

as flight vehicles and automobiles，etc．，but few 

complete application examples are reported in de— 

tail．The application example described in this arti— 

cle is the exploring research result of test simulation 

technology that need to be developed farther． 

1 Key Techniques 

The key techniques of full scale aircraft static 

test simulation are composed of four aspects：① the 

simulation technique of aircraft structure；② the 

simulation technique of system accessories such as 

engine．rotational operation actuator． In the full 

scale static test，the specimens of engine，rotation— 

al operation actuator， etc．are substitutes which 

are used to carry or transfer different kinds of in— 

ternal or external loads and should be designed to 

have the same stiffnesses to transfere loads as the 

real ones．The system accessories should also be 

digitally simulated and integrated into the static 

test simulation model；③ the simulation technique 

of test scheme，including the test loading scheme， 

supporting rig of specimen；④ the technique of test 

"us analysis coherence evaluation system ． 

Fig．1 shows the logical process and relation— 

ship of each technique in full scale aircraft static 

test digital simulation． 
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Fig．1 Process chart of static test simulation 

(1) 

2 Application and Solutions 

The simulation technique of aircraft struc— 

M SC／PATRAN and MSC／NASTR A N are 

used to simulate and analyze the aircraft structure． 

For entire aircraft structure， the most important 

thing that should be considered is simulating prop— 

erly the general stiffness of the whole structure， 

and the structure details are ignored in order to re— 

duce the model size．M ore attentions should be paid 

to some kinds of special structures such as struc— 

tures with open holes，access panels and connec— 

tions． The rationality of stiffness simulation of 

these structures has a big influence on the general 

stiffness of aircraft，resulting in different structure 

deformatlons and stress distributions．The contour 

CAD database of aircraft is imported into PATR A N 

and GRoUP function is used to assembly the entire 

simulation mode1． CONROD， BAR， QU ， 

SHEAR．HEXA elements are used for simulating 

frames， bulkhead， skin， stringer， beam respec— 

tively，M PC & RESPLINE are mainly used for 

simulating connections and assembly of different 

parts．Fig．2 shows the aircraft structure simulation 

model which is composed of 24285 nodes，51261 

elPments． 

Fig．2 Simulation model of aircraft structure 

(2)The simulation technique of aircraft sys— 

tem accesso ries 

The substitutes of aircraft system accessories 

such as engine and rotational operation actuator are 

used to transfer external or internal1oads when the 

structures are being tested．For example of an en— 

gine，in flight maneuvers，the engine is subjected 

to loads such as inertia force，moments and thrust 

that will be transferred to the aircraft supporting 

structure through engine joints at fix points．The 

full scale aircraft static simulation model contains 
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the substitute of engine．The design of substitute 

of engine should be considered to have the real 

stiffness and connection simulation． Fig
． 3 shows 

the installation of the substitute of engine on static 

tested aircraft． 

Fig·3 Installation of the substitute of engine on 

static tested aircraft 

(3)The simulation technique of test scheme 

In order to simulate the actual flight， the 

specimen of the aircraft is staticaly-- determinate 

with suspending supports，Fig
．4 shows the sup— 

port scheme．The full scale aircraft staffc simula— 

tion model contains the substitutes of landing 

gears，and the simulation model are fixed in the 

same way the actual testing support scheme
． 

Fig．4 The specimen support scheme 

Running the simulation model with changing 

different loading schemes，different load cases
， as a 

result，the optimized loading scheme and test load 

cases are decided finally．At the same time，the 

simulation database that will be tested later are es- 

tablished，and it is easy to predict the structure re— 

sponses such as deformations and stresses in the 

testing load cases and to choose proper hydraulic 

cylinders to apply the test loads and find critical ar
—  

eas of tested structures that should be monitored 

during the test．Fig．5 shows the structure simula— 

tion deformation when the aircraft is subjected to 

symmetrical dive and pull up maneuver load
． 

Fig．5 The deformation of simu1ation test 

(4)The simulation technique of test scheme 

Fig．6 shows the principle chart of quick test 

data coherence evaluation system
． The test measur— 

ing system is linked to simulation database by net— 

work，For each loading step，the test data such as 

strains and displacements are imported to the simu— 

lation database，the actual stresses and defom a—  

tions of the interesting points decided by static sim— 

ulation before test are quickly calculated
， and the 

coherence with simulation data and changing trend 

of test data are displayed on the monitoring 

screens．The structure deformation is monitored in 

the same way．The system is developed by MSC／ 

PCI， anction． 

Database FEA 

■一 

一 Coherence 
Fig．6 The quick test data coherence evaluation system 

Fig．7 shows the monitoring display interface
．  

It is emphasized that the test date of each loading 

step is integrated into the simulation database and 

the test procedure can be repeated any time
．  
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Fig．7 Display of interface 

3 Results 

Fig．8 shows the comparison of fuselage defor— 

marion between test and simulation，the error of 

nose point of fuselage being 1．4 mm and the rear 

point of fuselage 0．36 mm．The measured maxi— 

mum Von．M ises stress is 712．6 MPa．the simula— 

tion stress is 677 MPa． the relative error is 

一 5．3％ ． 
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Fig．8 The fuselage 

between test 

deformation comparison 

and simulation 

By developing and practicing the full scale air— 

craft static test simulation technology，the test exe— 

cuting scheme is optimized． The amount of full 

scale static test load cases is reduced from 8 of pre— 

liminary design to 6 of actual test．Before maiden 

flight，for limit load test，three load cases are test— 

ed on the aircraft；the other three load cases are 

finished by virtual digital simulation only．Because 

of the application of quick test data coherence eval— 

uation system， the efficiency has been improved 

greatly，and the test period has also been shortend． 

4 Conclusions 

Now the ultimate load static tests of full scale 

aircraft have been finished，the test results have 

proved that the application of full scale aircraft 

static test simulation technology is successfu1．W ith 

the development of such technology，most of air— 

craft structure static tests will be gradually replaced 

by virtual digital simulations in structure prelimi— 

nary design stage to validate the structure layout． 

The amount of Ioad cases of the full scale aircraft 

static verified tests of structure in finial design 

stage will be decreased effectively and pereplaced 

by digital simulations，resulting money saving and 

design period shortening．It has a brilliant future． 
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