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Quality Evaluation of Friction Stir Welding Based on Grid Clustering
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Abstract: A set of friction stir welding quality evaluation system based on grid clustering algorithm was designed to address
the problem of welding quality fluctuations in the process of friction stir welding. By collecting parameters such as welding
zone temperature, plunge depth, tool angle, tool rotation speed, and welding speed during the friction stir welding process,
and processing them through filtering, normalization, etc. as data samples, the grid clustering algorithm was optimized ac-
cording to the characteristics of the high-speed railway car hook seat friction stir welding, and a median cluster recognition
algorithm was designed to achieve workpiece attribution recognition of the weld seam. A welding quality evaluation algo-
rithm was designed, and after training with a large number of samples, a car hook seat friction stir welding quality evalua-
tion system was obtained. The system was validated using tensile tests, the results showed a highly consistent trend between
tensile strength and quantitative scoring values, proving that the system can effectively evaluate the quality of friction stir
welding of railway car hook seat and has significant significance in improving the stability of welding product quality.
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Fig.1 Schematic diagram of experimental equipment and parameter

acquisition system
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Fig.2 Schematic diagram of two different gridding methods for data

space
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Fig.3 Visualization of welding process parameter distribution and

anomaly detection for two workpieces
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Fig. 4 Flow chart of cluster recognition
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Fig. 5 Flow chart of welding quality evaluation

3.2 HEEARIKEX

TEA SO IR Serh 23 I = oA [ AR
W T SR RENSERRE LT
FEE PSR A0 S e A AR AR
FEDRE . XS RAE B S E L IR I R (i 45
A A SRR A S A B AR L FEAREL
HNFE 1R,

R1 BAHES

Table1 Sample dataset
TAEFRE AR JRAERRE/ A
A 270 000 180
B 60 000 250
C 84 000 200




557 3]

Ble oy, 55 T RS RICFE WP EE L DR PE RGBS 39

33 BSEIAT

FRGAE AT 52 R I FH 1 A 25038 2o 68 2 B0
AL HZ A PE TSI (g e I . AR R G
SRR T KR A BOR % R

(1) MItE%L

WA B L M 2SR 1) B 28, 45 4
JEE A ) A IR R S Tl 5 2R ) — o i o SR 2k
SRR AR . Y AR B DI, AR R PR
K, — LB L BT 1) 28 SR S B R A
A AR S s WS o0 A TR B T, 24 DA%
B, SRR PR K, WA Tid 2
Ui 15 A, 25 2 % A S 5 o AR ), LR 2%
TR . 38 AR A% HOUL SR 7 2
JE B B M A BL L 2R SRR S, R Y
WS EAET 70 B, B SR 2R B R0OR

(2)%% B [ A

% B (A £ 45 DT100 A1 DT60 FA~2 %, Hop
DT100 3¢ 7 B F LT il 3 1) B 55 850, DT60
KR ENBIEA R 0 53 o5 (i ) BB . el =2k
R B At o A B | X 1k B A A ) R (1
FE BRI A PR TR B REAE ) 85% , FT AR 7= 2k 5
SRAEATHE M) 5 AT T G, R B e
RS SR 1) 8% Ao f7 , IR 4 P R GE T a2
()35 E] DT100 B0 A5 A5 5 3% Sk S B8 551 8% /2
fio HIEXTDT100 47 TAE , 5206 DT100 (11E
BN T 0.35%, BI5 JE 0  H Bdie ad i) 25 i ik 21
B ATBUR 119 0.35% A, 122 R gl 2 0 10 58 A it 40
Pk

AR DT60 B e RAKHET , HA 5 EFE A&
B XA 5 R 58 R T S, RS 2 — SR BT A
A Fh 7 A A AR S DT60 1B 5E M =
b, SRR T A Y K XA E T SRR
WA, S 7 Eead R, AN A S B R AT
LEAH R, 2K DT60 ¥ 5E M 0.005% , Bl 24 B [ 4%
RS AR A R B 1 0.005% i,
SRHNE R S R
34 SFMREIRIE

R T BRI e R P AR T VA 2R G 1 T
Ve IR TG B AT J1 2 M RE S UE , F T 7 40 R AE 51 4
Fr ot s A rp 22 B RLE S, A RIF S

W A5 42 3k B Bz e P E RIS P REAE kg FAE AR
U R bR X T A (R ksl ZE 4 44 e ) ) AR
Fe L AT R BRI . AR SR g R A
TR ICE A S B = AR Sk TR LR IE
TR EFEAR S BIE R ATE A Pk & e
RS A TR — BOME B AR T R R A
R

i F T A AR5 5 84 mm, Sk T Hifiif 5
AIAT  TERR ST T4 BB PR o7 8 AR/ D)1 e ke
S, P LR TRy ) B S D = Ay, B 1Y
— B R X ) B 3 B R AR RE | 3% X s
il B 13 Bl I . PR I E S
I1SO 4136 tiifE, FAK WAL 6 I o

a = =]
¥ Sk :
'e) |
> L ) 9
102 mm
(b) W £
S
£
=
<
V 3

300 mm
Ee HEMRRETRE
Fig. 6 Schematic diagram of tensile test specimen

ARSI SE T 25 He X B0 KR A AT T R
R , o e DI JEE B el VD3R o 3 A Al
AR T 75 425 4 P frikhe

F IO 2R 10 RS EL, X 1E R X A
FE B AT R AT AR A R A e
B 2ANBIERAE . TS SRR, AT L
PEAT 2 I3, PRI — 25l A A A B8 1 ) 1
W45 R BCE M , 15 22 R A AR 12 R V48, 7
S 3 25 A T4 O, AT AR 3 — e IX.
SRR T4

Fiz A7 (e F3E 328 398 19 5T HE81) (A 8 T 00 %
Fb, JoSEPR S0, 2 B Ta B s AT 2 I . R &
GEXTIX 25 PR T A SR T R V4, $ BRI
B HES, 2 E 70 R A2 . NI a] LA
B KR SR AT A B R, A I
PEOMEWARTE RAKL L b Beah, S gt 5 5k
TR BB L R T PR3 AR 0 AR fh e 34, RS 5K
B R — BN I S R



43K

40 2026 4F
(a) 222 3105
220F —u— SN {E RN AR R =
217k —— RPN M 4 7100
2lor - | - /-7"—'-’/, 195
. 11 %M’ t 212] P
oy L oal®
205} / A =207F les &
il : = ,/ &
2000 f% Zh0at / 10
T ios | ol b5
B { 197+
F 70
185 1 1 1 1 1 [
0 d 15 20 25 1 L L ! ! 1
ikl B g 5 10 151 15 20 55 0
o () SR HS SRS ESTNAERL
)105— = BT S W Fig. 8 Comparison between measured scores and evaluation scores
100-“""'""""-""""---""-""""“"""-"""""""-'1" S s YN =Y 3
5l i I A (3) 3 2o P ARG P P AR T PP R 5
| j i LW S N S S P ) 1 > =N
o e it VT T ST, 0 T B 5 RSO A
Zsst I PRI R I T B A (R IR R S
& REAS X TR B B T R HE AT 80
=75
70+ ,/ i
65k ; SEH
P I Btk | [1] Song Y, Yang X, Cui L, et al. Defect features and me-
550l 1 1 ! . . chanical properties of friction stir lap welded dissimilar
0 3 4 205 13 20 » AA2024-AA7075 aluminum alloy sheets[J]. Materials
(b) &AM AME & Design,2014,55:9-18.

7 FEEESRFETSER
Fig.7 Tensile strength and system rating results

2RI R DR 2250, AN 8 B B
VP o (H (ZL T4 ) 515 2240 e — B X 1 .
AT Y o Bk A TR R 2 o 4 K 24
HRVRAE T HLAR SR BE (IR 22 S N, RGEVEH 3H
RE AL TN SN 52 PR AR 53 /N A B T
(AR o i i AL PPN DI BE

4 it

(D EET PR RTVE , Lhm BR 440 R R 42
IS T S BB R R, S T
XHIE P B T A AR DT RE

(2) 2 T AR RN T %, X A% SR 2K
SRR TARAL ok T PR Z (R AR AR 28 U
7 | B A S AN (], S BT AR A v 22 A
SRR AE )T g 1A R

[2] Ahmed S, Saha P. Development and testing of fixtures
for friction stir welding of thin aluminum sheets [J].
Journal of Materials Processing Technology,2018,252:
242-248.

[3] Okuyucu H, Kurt A, Arcaklioglu E. Artificial neural
network application to the friction stir welding of alumi-
num plates [J]. Materials and Design, 2007, 28 (1) :
78-84.

[4] Nait Salah A, Mehdi H, Mehmood A, et al. Optimiza-
tion of process parameters of friction stir welded joints
of dissimilar aluminum alloys AA3003 and AA6061 by
RSM[ J].Materials Today : Proceedings,2022,56:1675—
1683.

[5] Verma S, Gupta M, Misra J P. Performance evaluation
of friction stir welding using machine learning ap-
proaches[J]. MethodsX,2018,5:1048-1058.

(6] FEAu, R, A, 55 . T 022 19 2% BP 551 1
7075-T651 B3 <G 43 P B 45 AR AR e 4 S 98 57 77 i T
DLT]. NPT R =24, 2008, 34(3) : 12-15.
WANG X J, XU C,ZHANG J, et al.Fatigue life predic-

tion of friction—stir welding joints of aluminum alloy

(&~ T#HH46R



