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Abstract
To address the complex coupling characteristics of general aviation accident causes and the lack of
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systematic quantitative analysis in existing research, this study integrates the Functional Resonance
Analysis Method (FRAM) with the Coupling Coordination Model (CCM). Coupling degree is used to meas-
ure the variability of each function, coordination degree to measure variability propagation intensity,
and coupling coordination degree to quantitatively assess functional resonance intensity, thereby
establishing a quantitative method for general aviation accident causation analysis. The method is
validated using general aviation accident data from China in 2025. Results show that the functional
resonance intensity is highest between M1o (Aircraft Landing) and M11 (Complete Flight Activities),
Ms (Diversion at Alternate Airport) and My (Landing Permission), and M1s (Alternate Airport) and
M7 (Implement the Flight), with overall accident frequency positively correlated with functional res-
onance intensity. High-resonance functional links are identified as critical nodes for accident preven-
tion and risk control, suggesting that protective barriers should be established for high-variability
functions alongside strengthened safety management.
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Figure 1. The processes of one GA flight activity based on FRAM
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Table 1. The six attributes of each function in the processes of one GA flight activity
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Figure 2. The analysis outlines of CCM-FRAM
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Table 2. The risk factor frequency of each function of the GA flight activity during 2025 in China
* 2.2025 FHREBRAME YTENSIEERNXEE =L S HR

R, R, R, R, R, R, R, R, R, R, R, R,
M, 5 0 0 5 M, 6 1 15 5 My, 8 16 2 5
M, 2 1 0 2 M, 10 0 0 4 My, 6 15 9 4
M, 3 1 0 4 M, 9 12 6 5 My 12 1 0 2
M, 8 1 0 3 M 5 8 16 6 My 8 5 1 3
M 5 4 2 4 M 13 2 0 2 M, 12 2 0 4
Mg 4 2 1 2 M, 15 5 1 5 My 5 2 7 2
M, 6 8 2 3 Mg 8 0 2 1 My, 2 0 12 4
M, 9 12 13 4 M, 9 0 0 1 M, 9 1 8 1
M, 3 1 2 4 M, 8 2 0 6 M, 6 2 7 1
M, 8 10 18 2 M,, 8 9 5 3 M, 4 0 0 5
M, 1 1 0 1 M, 14 8 2 7 ZR,. 231 132 131 110

Table 3. The potential variability of each function
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Cv, 03156 Cy, 04888 Cy, 07021 Cy, 0.6762 Cy, 03683 Cy,, 0.6588 Cy,, 0.5659 Cy,, 0.4889
Cy, 03546 Cy, 05789 Cy, 02721 Cy, 07112 Cy 0.1214 Cy 0.6260 Cyp,, 04540 Cyy 0.5221
Cy, 03937 Cy 07175 Cy, 0.6264 Cy, 04161 Cy, 04533 Cy,, 0.6941 Cy, 05512 Cy,, 0.1584
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Table 4. The propagation intensity between upstream function and downstream function

4. LIRS TN RE Z BROfE ISR
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Ty, 00064 Ty, 00218 T,, 0.0130 T, o0.0114 T, 00314 T, 00459 T, 0.0152 T, 0.0429

Ty, 00048 Ty, 0.0125 Ty, 00911 Ty, 0.0575 Ty, 0.0152 Ty, 0.0410 T, 0.0236 Ty, 0.0385
Ty, 00064 Ty, 0.0316 Ty, 00035 Ty, 0.0778 T, 0.0096 Ty, 0.0522 Ty, 0.0180 Ty, 0.0343
T,, 00113 I, 00806 T, 0059 I, 0.0185 I, 00143 T, 00709 T, 0.0335 I, 0.0054
Table 5. The coupling degree between upstream function and downstream function
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Cyisor 07050 Cyses 07071 Chngonr 07057 Cuge 0.6972 Cymens  0.6823  Cyyeys  0.7019
Ciasr 0.5972  Cyngins 07070 Chgr 07046 Chnponr 0.6970  Currs 07035 Chzioo 0.6994
Cyroo 07058 Ciaes 0.6968  Chions 06165 Cueonr 07028 Chaier 07062 Chsey 0.7051
Ciros 07059 Chrow 05212 Cyeog 07022 Chsin 06853 Cungsn 06820 Choses 0.7071
Ciisr 07071 Cungs 07052 Chsoosi 07067 Choio 0.6984  Chnseny 07062 Chnres 0.6890

CM25<_>2 0.6780 CM28<—>31 0.7068 CM7<_>3 0.7031 CM21<_>4 0.6871 CM27<—>6 0.7066 CM31<_,27 0.7054
CM274_>10 0.6906 CM5<—>6 0.7057 CM20<_>1 0.6309 CM27<_>4 0.7053 CM31(_,9 0.7071
Ciusos 07061 Chigoro 06107 Cusees 07062 Cysis 0.7068  Chpne;  0.7066
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Table 6. The functional resonance intensity between upstream function and downstream function

= 6. LiFThRES TN REZ BRI ThRE R RIRE

)

Dyy 0.0659  Dyisers 01047 Dysgs; 01293 Dysy 0.1445  Dyponn 0.2405 2o 0.2191

Dys7 02014 Dysses 01293 Dyngeysr 0.1741 Do 0.2370 0 Dypens 0.1672 Dyynrey,  0.1124
Dyrssr 01188 Dyogerns 0.1538  Dygor 0.0938  Dyngonr 0.0999  Diynres 0.1125 Do 0.1548
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Figure 3. Function diagram of the top 10 resonance intensity in FRAM framework of GA flight activity
3. BAAE YITIER) FRAM ERHAT 10 ZRRBEN IR REE

WRAEZE 6 AP 3 Mt 1, wULEBL: 1) M, M, Mg« MR M, 2 AE B % R R0
FAR A, X RN DRe M, W AT BAA B AR G RN, 15 B A m ) AR T B AHIE
U, fEM,« M, Mg~ MyRI M, Z RIRES SR P REA RS AL 2) M, 5 M, BAIREE
SRIE SRR, WERDIRRM AR R R AL B R ARG, Ha¥ RIRIThRER FE A s e
NUEThRE, JEEOK T e R R, BE SR ARG KRG IEE KRR 3) M, M, M,
M, HASRG S S RERe 71, WERIIRENA Rk 25 O A& R B A T UiF DhRE, mARIMAZNE
R RN E RN 4) M, 5 M, Z ARG PR R s, HoA B s i DD e LR 98 5E(0.2405), X2 M,
5 M, (0.2370), FRIKE M5 M, (0.2346), B, iR =HIhEEZ 813 Re LR R A8 S 808 H =
FH A, R TR s A

BeJa, NBSUEASCEE ) CCM-FRAM BB A 201, ASCIE T 2025 47 [ 38 A A 2 5 0k [
T O R R BT 5 B WOR A AR B A Dot R o AF G B0 SRR T o B R A SR R T
(http:/www.caac.gov.cn/). HIREERAIE 4 Fios. WRAEE 4 7T DU, TEMTS #5535 i BOR A2 S Bom
B (8 UK, Hoxh B2 B ThBE L HR 58 552 751(0.2405) . VR IE PR 45 BN LI 4 56 i) S 35 ke 6 vk), oS
LI TIRE LIRS N 0.2346. SMASKE, 8N FHOR AR 5 D) RE R 2 A R I IEA R R
FRAM AES A 38 P 2 58 B KATIE St A2, 10 CCM Mg RS 5 B it S s il 8 2 1Al R 4 o g, LA
5 BT FRAM HESE S Dhfe 2 (] 78 S5 R B R0 T BE LR 9

DOI: 10.12677/0jtt.2026.155059 697 ESLES TN


https://doi.org/10.12677/ojtt.2026.155059
http://www.caac.gov.cn/

R, SEOCHK

o IS s A
: AR 00
0.2346 0.237 i .
7 L ; \\ = &0.2191
2051y —
6 ¢ = gz b 02
0.2014 01741 s ~70.192 5 N
S
5 B S ] i
4 0.1538 0.1648 4 0158 o554 015
4
3 3 3 3 3
3 0.1
2 2
2
0.05
1
O p D_. D Dy D DD D 0
Ml14T M157 M2826 M29-31 M30<31 M8~9 M2627 M10-11 DMZZHZS M23<24 M12e7 M2425 M3110 D;’I/I314—'27

Figure 4. The comparison results of the relationship between frequency of GA accidents and resonance intensity
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