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Fracture Damage Analysis and I mprovements on the Bolt at Suspension Point
of Vertical Tail's Rudder

YANG Jia-qgin, ZHANG Ping, JI Guo-liang
(WuHu State-owned Factory of Machining, Wuhu 241007, China)

ABSTRACT: The fracture damages at different levels of No.4 connecting bolts at vertical tail's rudder are found in the service
of an aircraft, this paper aims to analyze the causes and make design improvement measures. In this paper, the fracture mor-
phology and characteristics of the bolt are studied from the macrocosm and microcosm, the microstructure and mechanical
properties of the bolt materials are analyzed, and the structure and function of bolts in the same position as those in the same
type of aircraft are compared and analyzed. The results show that the fracture edge of the bolt has no obvious corrosion and oxi-
dation characteristics, no harmful inclusions and phosphide, and the hardness and tensile strength meet the requirements of the
material properties. The structure of the connecting bolt at the 4th suspension point of the rudder of this type of aircraft is more
obvious in stress concentration and lower in material strength than that of the same type of aircraft at the same position, this link
structure has design defects. The fracture property of the connecting bolt is fatigue fracture, and the main cause of fatigue frac-
ture is that the bolt is subjected to abnormal tension and bending cyclic load. According to the results of bolt fracture and per-
formance analysis, the proposed design improvement scheme can meet the requirements of bolt material selection, strength,

stiffness and durability in aircraft structural design specifications. It has been verified that the solution meets the technical re-
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quirements of aircraft assembly and can ensure the safe use of the aircraft throughout its life.

KEY WORDS: vertical tail; rudder; bolt; fracture

SRURHLT R T 4 AR S A iR S T
B R TEARE , 7 e LR T #iim 48 4 A-BHE
PIAE g far i TR 2045 328 31 3 B e 1 b Fop g 3 &
eSO BT, A AR IME S R R, 1R
BT A IER S A AT o AR 3 R EEAE T IR
eIz h B s, AL ER A I ey o 7 [ e i B
YESEEHNER, K 4 BHSHASE Y
FEMBPEZBERMEME 1 R MEBS A
30XT'CA, [E PN XN # KR 30CtMnSiA , 1 4055
BEMRER AL AL B, SRR, IR B R A W
s, LA SN AN R 2 FTR o

B1 T AEEE 4 ki S by RR e i

Fig.1 Rudder 4th mounting point and fracture bolt position
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Fig.2 Appearance of fracture bolt
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Fig.3 Fracture morphology of bolt at low magnification: a) ensemble; b) main fatigue zone I ; ¢) side of instantaneous fault zone;
d) sub fatigue zone; e) source side; f) near instantaneous fault zone side
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Fig.4 Fretting damage marks on bolt surface: a) near the source side; b) near the instantaneous fault zone;
¢) source; d) instantaneous fault zone
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Fig.5 Surface morphology of bolt: a) yellow spots and low
magnification on the surface of bolts; b) high power mor-
phology of yellow spot area; c) surface paint of bolt head
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Fig.6 Microstructure of main fatigue zone I of bolt fracture: a) low magnification morphology of main fatigue source zone I ; b)
low magnification morphology of main source region; c) granular covering on the surface of near source area; d) near source
fatigue characteristics; e) wear and fatigue characteristics in the middle of the port; f) fatigue characteristics
at the later stage of fatigue expansion
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Fig.7 Section micromorphology of secondary fatigue zone II and fresh fatigue zone III: a) low power morphology;
b) edge arc; ¢) high power morphology; d) fracture morphology of fatigue zone III
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Fig.8 Microzone composition of fracture zone: a) thread root section; b) near source particle cover
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Fig.9 Metallographic structure near the fracture: a) surface; b) heart
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Fig.13 Detail comparison of bolt fracture (a) before and
(b) after structural improvement
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Fig.14 Assembly diagram after bolt improvement
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