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Quality Inspection of Nailless Riveted Joints of Steel-aluminum Sheets

Ren Bo',Liu Zhongxia®,Zhang Guopeng®,Shi Yunjia® ,Huang Hai*,Cai Bin* ,Cheng Fangyong® . Zhao Ruifeng’
(1.School of Mechanical Engineering, Henan Institute of Engineering; 2.Key Laboratory of Materials Physics.,
Ministry of Education, Zhengzhou University; 3.Beijing Feilitek Electromechanical Equipment Co., Ltd.)
Abstract: The SAE1004 steel sheet with thickness of 0.7 mm and AA6111-T4 aluminum sheet with thickness of
0.1 mm were riveted with nail-free, and the joint quality was tested by the bottom thickness and resistance incre-
ment testing methods. The results indicate that the bottom thickness detection method of joint quality can reflect
the degree of material deformation, which is insensitive to the negative effects induced by the pre-strain of the a-
luminum plate yet. The resistance of the joint can also reflect the degree of the material deformation, however,
there exists a clearer correspondence between the increment of joint resistance and the bonding strength. When
the bonding strength is decreased due to the increment of deformation resistance, the increment of resistance is al-
so decreased due to the increment of the initial resistance. Therefore, the resistance increment method of joints is
a appropriate reference value in the quality inspection of nailless riveted joints.
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Tab.1 Chemical composition of SAE1004 steel sheet %

wp
C Mg P S Fe
0.02~0.06 <0.35 <0.03 <0.035 St

R2 AACIII-T4 SEAEWMHUER S
Tab.2 Chemical composition of AA6111-T4 aluminum
alloy sheet %

wp

Si Mg Cu Mn Fe Zn Ti Cr Al

1.15 0.72 0.70 0.27 0.26 0.16 0.15 0.11  #HviE

R 3 SAE1004 MR FN AAG6111-T4 $8 & £ A H 6k
Tab.3 Mechanical properties of SAE1004 steel and
AA6111-T4 aluminum alloy sheets

L) Ji MR BE /MPa HLVHEE / MPa iR/ %
SAE1004 151.12 288.78 43.84
AA6111-T4 151.27 290.79 23.45
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Tab.4 Process parameters of nailless riveting test
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5.6 8.0 1.2 0,5,10 8,16,24,32,40,48,56

U0 P < J AR B AL I G BT AR 4 Sk 1
A AT 2 ¥1 B b 35 JF %o 42 3k i HLAR BBl A
T 5iR JRE R G T U L AT I A L X AR TS A A
3 A A Sk AT S B DL R IR 1 6 45 2R 1)
P o M P R BEL I G I T AT A 4 Sk i AR AR EE I SR
STR-B B9 1 A B CAL I 528 4 oo 78 o 4 K 114 I 1ok
P L L T 4 A R A i D e AR R B R Ty 3 [ AR BT D)
PLARCARE o DI B3 4 ik ri EL A0S 2k v BEL X4 S vl BELAY
KAFZME o FErp, TE A H AR R R 3 R T 7 A b AR ) —

0 S50 R AR T R O T S AR B Y 5 — M 3 Sk Ao
VA DI VA S AR DU D - e 7 S R
T 3 4 ik A v A AR A DI, M I R A RELRE R Y AR
JE &R R . S ORAIE D B 0K 8 2 B A Y e
I ORIE B R A T R AR & AR A 5 mm
Ak AR A T R AR AN 10 mm &b, BT AT 1) H R 34 fif
PSRN LA RE o i 3 e AR v, DSk 42 ok AT
U, L BEL U ALK B 10 A 9 1E A I FL A S AN [ o e
I B4 Sk 11 16 A P K G50 8 DTG AE 88 AR 40 i 00 445 114
RS BT 5 Rl AN ) 4 T e g e S s BHL . de o 3
R BH S URE R AT B U B, AT 142 K H BE A 42 o
JEZ B9 SC AR o DA I/ DR A A% DR 3R89 R 19 i 22 L %o D
— B Iy A e B R E A o 3 A

2 RKBERLE LS

2.1 BEIRENEDEERN

A [F) 5 R 00 78 B JE S JEE R X T T 4 4 Sk i AL
A CE A R B D) R B A SE e DL 1. W LR L YR ER
JEL R /NS, 22 Sk 0 ALDR B A e R B U A R Y R B
TH R B 3 2 Bk B A oSk TR 2 3k DG 1 B R Bk
AN 1) SN R, DT AR 25T B BB A A 1, T
42z g A4 R A B Y R 2 PN R B T RN i AR Ak
AN T bR A S JEE B 5 AR S S e DR I 0 R
AN KA A BSR4 3k 00 5T V) B R 23 Bl B AL
A B I B, ANEL 1a e A DLE Y, K
TR EE M 0.54 mm J/NE] 0.47 mm LR LR R
(1] ) AL L 0 B 4 2 O b T (R e Sk 1 B ) 5k 4
ST R BRI OO L 3 R R AR 2 B v b T g o
R A B ok g A L S B4 Sk A g b )
W7 2420 254, DT RS I BT B0 4 4 S 1) 5 U5 B8 7 A T AN
RZ IR, X 3R WY, 2 B 4 g g 4 o AE S BRI T L 2
B, JC TR 78 1 10 % 1910 A% 1) #9422 42 3k 1) 5 U1 5 i 1
S it 5 G 0SB JRE 0 /0N T 454 s R0 O G R B A
T XoF 33 28 b Rk A9 TG BT B0 2 4 A o e A DU 2 53 1

0.7 2.60 0.7 25
2.55
0.6 0.6 2.4
250 — 23,
0.5 AIE: :
g 245% § <
£ B i £05 22/
0.4 2.40% i , 1%
B R Qo4 1=
03 2B BgE |y 0R
THE 230 g
02 2.25 19
0.1 2.20 0.2 18
09 08 07 06 05 04 0.8 0.7 0.6 05
JE# B B /mm JE B8 L E /mm

(a) RFAEE (b) 10% &
A1 RIFEN AT L GIRZ B T 05 E 0% m
Fig.1 Influence of bottom thickness on the mechanical

interlock and shear tensile strength of nailless riveted joints
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Fig.2 Influence of riveting force and pre-strain of aluminum
sheet on the bottom thickness and shear tensile strength

of nailless riveted joints
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Fig.3 Influence of riveting force and pre-strain aluminum

sheet on the resistance of nailless riveted joints
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Fig.4 Influence of pre-strain aluminum sheet on the resistance

and shear tensile strength of nailless riveted joints
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Forming and Quality of K418B Large Thin-walled Parts Based on

Similarity Theory and Model Test
Ding Xue', Wu Donghui'**
[1.Aerospace HIWING(Harbin) Titanium Industry Co., Ltd.;
2.National Key Laboratory for Precision Hot Processing of Metals, Harbin Institute of Technology]

Abstract: In order to utilize the scale model to predict the forming process and internal quality of large thin-walled
parts, a scale model was designed based on similarity theory and the effectiveness was verified. Numerical simula-
tion and investment casting experiments were conducted to investigate the filling, solidification, hot tendency and
internal quality of large thin-walled superalloy parts. The results indicate that the scale model can fully reflect the
forming process and internal quality of the original large thin-walled superalloy parts, where the filling and solidi-
fication properties of the smooth thin wall connected by steel bar and seamless gate are identical. Moreover, the
filling and solidification velocity is higher than that of the convex, while the trend in common. Therefore, it is
proved that the combination of similarity theory, numerical simulation and actual experiment can effectively guide
the production of large thin-walled superalloy parts, effectively reducing the development costs and improving
yield rate.

Key Words: Nickel-based Superalloy, Investment Casting, Physical Similarity, Numerical Simulation, Large Thin-

walled Parts

Yrfs B H#1:2021-08-23: fE R 2 B 9 . 2021-11-23

ESTE R4 BT R G S0 % A I H (6142909200105)

FE—EFBE M T L, 1997 A, DU R, B R 35 (150029) , E-mail : 195109246 @stu. hit.edu.cn

BEEE  RAE, F 1988 4F A, R TR UM, W3 K1 (150029)  E-mail : wudonghui56 @ 163.com

IR TS R, F T AR B AR AL I ) K418B QAL RE 4 i BB K2 B[] . R b #6538 o 65 42 ,2022,42(3) :384-390.
DING X, WU D H. Forming and quality of K418B large thin-walled parts based on similarity theory and model test[]J]. Special Casting &
Nonferrous Alloys, 2022, 42(3):384-390.

[17] A2, iz, ] . 3T AP0 A I 08 4 08 3% 0 12 S it tivity produced by dislocations and grain boundaries in metals[ J].
¥k s s LT . LR 5, 2009, 37(5) . 34-37. Journal of Physics: Condensed Matter, 1994(6) : 873-886.

[18] TANY M, HAHN Q, DU F N. Process monitoring method with [21] DOMINGUEZ D, SEVOSTIANOV 1. Cross-property connection
window technique for clinch joining[J]. ISIJ International, 2005, between work-hardening coefficient and electrical resistivity of
45, 723-729. stainless steel during plastic deformation[ J]. International Journal

[19] BROWN R A. Electrical resistivity of dislocations in metals[]]. of Fracture, 2011, 167 281-287.
Journal of Physics: Metal Physics. 1977(7); 1 2831 295, (BB EFH )

[20] KAROLIK A S, LUHVICH A A. Calculation of electrical resis-

384



