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Abstract: As the aerospace industry continues to evolve, the requirements for enhanced antiloosening performance
of fasteners have become increasingly stringent. Slippage is a typical failure mode within the rivetless nut plate sys-
tem. It occurs when the applied torque exceeds the system capacity, leading to a compromise in fastening integrity
between the nut plate and installation plate. This study addressed the issue of slippage in the nut plate through a series
of torque-out tests. Utilizing the Abaqus finite element analysis software, we simulated the cold expansion and cut-
ting processes specific to the rivetless nut plate system. This approach enabled us to ascertain the residual stress and
plastic strain affecting the system efficacy. Given the challenge of directly measuring the friction coefficient between
the nut plate and the installation plate, a novel methodology that blended experimental data with simulations was
employed to infer the friction coefficient. Through this process, an approximate linear model for the friction coeffi-
cient was established, which then informed the finite element analysis conducted during the torque-out tests. This
investigation further delved into how the thickness and aperture size of the installation plate, alongside the cutting

thickness, influence the torque. Subsequently, complementary tests were conducted to verify the accuracy of the
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simulation. The results indicate that both the thickness and aperture size of the installation plate have a significant ef-

fect on the performance of the cold expansion installation. Specifically, installation plates with smaller apertures in-

duce greater plastic deformation during the cold expansion process, resulting in increased contact stress.

Conversely, installation plates with larger thicknesses facilitate a more extensive and evenly distributed contact stress

area, Yyielding better interference fit effects. Moreover, the cutting thickness was found to significantly affect the

residual stress and plastic strain around the hole, which, in turn, affects the torque. To validate the accuracy of our

simulations, complementary experiments were conducted. These test confirmed that the approximate linear model of

the friction coefficient, derived from both experimental and simulation data, accurately predicts the size boundary of

the installation plate. The predictions closely aligned with the outcomes of subsequent supplementary tests.

Keywords: rivetless nut plate system; torque; cold expansion; cutting; finite element analysis
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Fig.1 Parts of the rivetless nut plate system
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Fig.2 Cold installation of the rivetless nut plate system
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Fig.3 Rivetless nut plate system

M TR IR B R B I PR R T —

FEIE_E R IVEARTE DOV B e 19425 5 2T g 225
BT IAA 5 BT AR RS , B e g J2= PTG 42

HREGR > XA E RSN DI AT, DT = v B T
FLRE 57 A2, S e e N FE IR BT L, 1%
TS L HAEIR B A A EA OO T ST FLX — 9% 55
U, TRI o 22 e f LA T 1 Ak, P AT AR i 4 £L
AL BB 57 R ORI . JCs B AT AL 42 T2
AR IORIE R 6 LA 1P BRILZ AN, SREFTAR
S LRMALZ ST & 5, SR BTG R Ry
JEE VR AT AR SE 4IRS TR B 50 73 A TR 2 e A AL 3%
T, fHAEHAARAS R B 1 A2

2 $rHNEIRE

21 R

X T E-FEAR B EE B 1 2H A A 7 4 I T R
TSR MR 0 OGS TR P G R R
5 WM 47 R 8 e B A BH T M e A 1) i
77, TEHORRUE W47 B RS LN, AN RE T R
o, RN SRR A N BE B B 4TI 4T
X} 8-3.00 BIS- JCHFCAR IR B 20 4 Jre 4t ) ik
5, TCHFCHIREE AR 3 B, %A S HE iy
BESAE R T 18.0N « m I}, P2 5hAH.

EXT 8-3.00 HU-5 i JC HEAR IR B 14, &t
LR d SARIE h B4 — e FIEsR , AR d vl
FEIEFE A 1030 ~ 10.36 mm, HUE h Al 284K N
1.96 ~ 3.20 mm. £l LA UG , NI
PR R HBLRE 5 Jexd e KL S KRR
e KFLAE T/ MR | B/ NLEE IR RARE | /LA B
IS 4 USR] JC EFE OB 2 {00 TR, A4
LS 5, LR IC AR B R AT I IA D)
N NERYIWIF R
2.2 RIETFE

filt B B AT I8 003 3% 2 A7 RS B A
QBN200-L R IGAILXS TG E-F AR IR B 2 4 i1 147 R )
FORE, IR B R LK 4 s, iR5ent, ¥
LEMR BRI [ e FE e B b BB A A BB R,
FE A FH AL 3 AF R AE, W A 1) it n R
2 v/min [ABERG AT, FEINAFIAE SR 300, MFA A ik
BB (AT, SR RRFEAR 5 2Rt ] (Y BRI A 2 LAFE
P i | SR B R AR & B IR A R A F gl , BT I R
R 0 S U FTE N LR, FFE Sk A B A R
J156.

2.3 LR

VR BT LR ) BT B, e ST

W AEEE. B S ie/NLAR de R R 2 e Al (R



RHRZ 24 (A AR 5 TR R

F57TE 12

M4 HHE

Fig.4 Torque-out test
d=10.30mm, / = 3.20 mm) H 3 — X FH 5 -5 £
k. milEl 5 alhl, BEERME R HERS , T m7EIR BT
AL B REL AN DR R 2 0 e iR s X T
SR B, SRR 2R A R AR T, P
[F1) 5 R A e AR S S R T . T U il PR o T
FRAE AR RO, O 2 BRI ERE , 7
RAK. DO i Hh BV AT L (AR B A A R AT I
i, 1% 0 H AT AR B B 2R T B R U A
23.81N * m.

IR R

4/ (N - m)
)

0 . . . . . .
320 340 360 380 400 420 440 460 480
s/ ()

B 5 FTERBIESAMAE-ERL

Fig.5 Torque-angle curve of rivetless nut plate system
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dmm | h/mm A/ (N - m)
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Fig.6 Geometric model of rivetless nut plate system
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Tab.2 Material properties

AT Mkt B pl (kg + m®) PR R E/MPa NEL/NAA JE RN 110, /MPa | FEALRRR/MPa

Y Gl 8 160 240 000 0.30

JICHEE 17-PH 4500 190 000 0.30 1650 9500
YRR 7050-T7451 2 800 73 800 0.33 410 1000
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Fig.7 Finite element mesh of rivetless nut plate system
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Fig.10 Coupling configuration of twisting simulation
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Fig.13 Plastic strain of the installation plate
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Fig.14 Comparison of residual stress before and after
cutting
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Fig.15 Mises stress curves of the inner wall under differ-
ent cutting thicknesses
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Fig.16 Torque curves of the rivetless nut plate system
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Tab.3 Comparison of experimental and simulation results

WP | Ry |
d/mm h/mm /(N - m) 4/(N - m) RZE%
10.30 1.96 16.50 15.90 3.6
10.30 3.20 24.70 24.50 0.8
10.36 1.96 8.29 8.12 1.7
10.36 3.20 16.60 16.38 1.3

432 | BB IT I 4B R A
R M) ) JEE X TG FE T AR B 21 44 W o E
MR, LRI 10.36 mm HJEH 1.96 mm
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Fig.17 Torque curves of rivetless nut plate sys-tem under
different cutting thicknesses
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Tab.4 Ultimate dimensions of the installation plate

LHMAAE d /mm | AR A /mm | AFBEIHE/ (N - m)
10.30 2.40 18.90
10.32 2.40 18.20
10.34 2.80 18.60
10.36

3.3 :
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2.9 F
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% } X
I 25F
= X
231
X X
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fL#2/mm
X PR IAER & 3T 1A A bR

E 18 FTEREMRIESAFITHRNEERRE
Fig.18 Torque standard achievement region of the
rivetless nut plate system
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Tab.5 Simulation and experimental data of the supple-
mentary test

$7I0E 1/ (N - m) ‘
d/mm |A/mm — - 1R 2E1%
IR A P FLEE R
10.325 | 3.20 {19.5/20.3|22.3/23.0|23.2 20.0 7.66
10.320 | 2.50 [19.0]19.6|21.6|23.9|25.1 18.7 14.38
10.320 | 2.95 |21.3|21.3|23.4|23.5(24.9 20.8 9.09
10.330 | 2.95 |21.5|21.6|22.2|22.5(23.5 19.9 10.60
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