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Research on Burr Free Automatic Drilling and Interference Fit Riveting Process for
Aircraft Seam Seal Assembly

WANG Hongfeng, WAN Lei, LUO Zhiguang, YANG Ping, ZHOU Hang
(AVIC Shenyang Aircraft Industry (Group) Co., Ltd., Shenyang 110036, China)

[ABSTRACT] Based on the dual five axis linkage automatic drilling and riveting equipment, combined with the
structural characteristics and sealing requirements of the aircraft seam sealing components, research on burr free automatic
hole making and interference fit riveting technology was carried out. Through the development of drilling countersinking
integrated tool, the test of automatic drilling technology parameters and the design of pre-connection technology, we
have achieved breakthroughs in the processing of sealed metal laminated materials with burr-free drilling (burr height
less than 0.13 mm) within the seam, achieving hole diameter accuracy better than H9. The deviation angle between the
normal line of the curved surface where the hole is located before processing and the axis of the hole after processing is
less than 0.3°, hole surface roughness reached R,1.6 pm, ensuring high-precision hole making quality. In response to the
requirements for long life and fatigue of the aircraft, experimental research was conducted on the influencing factors of
riveting interference, and the influence trend of interference magnitude on fatigue life was analyzed. The optimal control
range of interference and influencing factors under fatigue life was obtained, which meets the strict requirements for the
overall sealing and fatigue life of the aircraft in the unique combat service environment of high salinity, high humidity and
high temperature.

Keywords: Aircraft assembly; Burr free automatic drilling; Interference fit riveting; Seal assembly in seam; Fatigue life
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Fig.4 Comparison of automatic drilling with different cutting tools
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Fig.5 Trend of the influence of different process parameters on quality control elements
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Fig.6 All-factor test results of cutting parameters optimization for titanium alloy TA15
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Table 1 Test results of automatic drilling process parameters for sealing components inside the seam

F e
1200 r/min

F e
1300 r/min

JnTAA R BE AR Eviesl RIBEIN LS4 AR SHAE
JERVE T 400~700 N 500 N
(%fé ﬁ%m%) ERIEESUN 4000~6000 r/min 4000 r/min
VoS FAhE L 300~600 mm/min 600 mm/min
(7B04-T74) JEIIE 7 400~700 N 500 N
f(f; :i‘;ﬁii Estitigiy 4000~6000 r/min 4000 r/min
Fhhikes 300~600 mm/min 400 mm/min
FEJHE T 600~800 N 800 N
(ﬁa(s\ fgﬁi Estiitigiy 800~1000 r/min 1000 r/min
PON FHhH L 80~100 mm/min 100 mm/min
(TALS5) JERE S 800~1000 N 1000 N
B BRER Es 30 1000~1500 r/min 1000 r/min
(0260 mm) F—. Bfi, 100 mm/min 5,100 mm/min
# 1 mm iR 0.4 mm # 1 mm iR 0.4 mm
JEME T 600~800 N 800 N
. %%Eféﬁ ﬁ )D i Estitigiy 800~1000 r/min 1000 r/min
o4 (7B04TT4) F it 80~100 mm/min 100 mm/min
B (TALS) FEIE g 600~800 N 800 N
&, ﬁ%fﬁ?ﬂ i)m S F Al 1000~1500 r/min 1500 r/min
iR 100~150 mm/min 150 mm/min
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Table 2 Automatic hole drilling and hole position sampling data of aluminum-aluminum laminates (6 < 6.0 mm)

LS LA SEI H/mm a/(°) B BE /mm
1 5.124 0.1 0.03
2 5.121 0.1 0.04
3 5.121 0.1 0.04
4 5.119 0.1 0.05
5 5.126 0.1 0.02
6 5.122 0.1 0.03
7 5.124 0.1 0.03
8 5.124 0.1 0.04
9 5.125 0.1 0.04
10 5.124 0.1 0.05
11 5.122 0.1 0.04
12 5.122 0.1 0.04
13 5.126 0.1 0.03
14 5.124 0.1 0.03
15 5.126 0.1 0.04
16 5.124 0.1 0.05
17 5.121 0.1 0.05
18 5.124 0.1 0.04
19 5.123 0.1 0.05
20 5.123 0.1 0.04
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Fig.7 Surface condition of slightly chip-tangled holes and comparison before and after erasing
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Fig.8 Schematic and physical diagram of bidirectional clamping method for inner and outer pressure feet
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Fig.9 Verification test for burrs between sealing layers inside the

seam
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Table 3 Test results of burrs between sealing layers inside the seam
I N N R

1 0.02 ey G% &
2 0.02 G ey 7
3 0.01 i L &
4 0.02 G =L G
5 0.02 G Sy I
6 0.01 =y & G
7 0.02 B & I
8 0.02 = G J
9 0.02 Gk Gk T
10 0.03 B ey &
O @ @ O
O @ @ O

B 10 FEgEXIETIEXNARLFTER
Fig.10 Experimental schematic diagram of the influence of aperture
accuracy on riveting interference
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11 YETTHENENETER
Fig.11 Schematic diagram of rivet interference measurement
positions
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Table 4 Experimental parameters for the influence of aperture
accuracy and riveting interference

2051 LR | TIHER | ERlR FAhitk
s liE= d/mm n/ (r/min) /7 (mm/min)
1 HS8 5.103 4000 400
2 H9 5.115 4000 400
3 H10 5.133 4000 400
4 HI11 5.150 4000 400
5 H12 5.205 4000 400

x5 ARBESIMETY

2.2 HEAEEXNIETSENEIMRELE
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Table S Experimental results on the influence of aperture accuracy and riveting interference

5% = AL A #{ED/mm
1 5.111
2 5.124
3 5.141
4 5.166
5 5215

BET G £TFF E A2 dy/mm T iEA,/mm
2 5.232 0.121
3 5.234 0.123
6 5.230 0.119
7 5.232 0.121
2 5.232 0.108
3 5.231 0.107
6 5.235 0.111
7 5.236 0.112
2 5.242 0.101
3 5.238 0.097
6 5.234 0.093
7 5.241 0.100
2 5.239 0.073
3 5.25 0.084
6 5.238 0.072
7 5.232 0.066
2 5.253 0.038
3 5.26 0.045
6 5.247 0.032
7 5.256 0.041
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Table 6 Riveting interference under different heading heights

I I I e O
o s e POGEIE | AEPSI | e pripiiedmm | P EAmm
2 5.254 0.132
3 5.251 0.129
6 5.249 0.127
7 5.251 0.129
2 5.232 0.108
3 5.231 0.107
2 2.4 5.124
‘ 6 5.237 0.113
7 5.235 0.111
2 52 0.08
3 2.6 512
6 5.199 0.079
7 5.204 0.084
2 5.173 0.054
3 5.181 0.062
4 2.8 5.119
6 5.177 0.058
7 5.179 0.06
2 5.164 0.042
3 5.161 0.039
6 5.166 0.044
7 5.17 0.048
300
KPR S8 R 4 S ST IR 18] A Sl &,
T INT SR AUk O L — A i AR S AR 2 52 &/
— 80, 1B B IET B R 34— 8, I R R BL 5 - .
WA 12 fron e SRH A S Bl i s Bk 5 AR, Bk 2 e
B4 2.2 mm 2.4 mm 2.6 mm 2.8 mm 3.0 mm, 20 &
T ST I AR 5 4> FEOFRJR B 3 : A 44
P B  P E A Ea FEE G Ingad AR 0 Hifii: mm
TR 7= 2R DL , VO S BT A R A A A i 12 EHFHEHEERT
RIS R | A R 2R R L o Fig.12  Structural dimensions of fatigue test specimens

7 2 B T 1) S A T T 24, LR FBIAR SR S
S Y 13 TR, S i T A T L
(RFL LI F1 IR BE PR T (0 55 75 ik B 4
W7,

e 7 RN T B B A T 9% 55 4 ik I 45
AT S BRI TR R B |
1%, 3% 55 5 OB W FHES , T ¥ il 0.129 mm 99255 %5 A o B 13 A

T 0.043 mm 19 2.84 £ T 7 T 0.058~0.110 Fig.13 Fracture mode of fatigue sample
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Table 7 Fatigue life test results under different interference states

BekmEmm | BT | IR Hz | RN | /NN

Al 128.9 42.9 2.14
A2 127.9 42.9 2.14
2.2 A3 128.1 42.9 2.14
A4 128.2 42.9 2.14
AS 127.8 42.9 2.14
B1 128.7 42.9 2.14
B2 128.5 42.9 2.14
2.4 B3 128.3 42.9 2.14
B4 128.0 42.9 2.14
BS 128.4 42.9 2.14
Cl 128.1 42.9 2.14
C2 127.7 42.9 2.14
2.6 C3 127.9 42.9 2.14
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