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Research on TIG Welding Process of Titanium alloy Trusses for UAV
SONG Hongsong!, ZHANG Guohui?, LIU Mingming?, GAO Junji¢, ZHANG Jihua?

(1. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. HFYC (Zhenjiang) Additive Manufacturing
Co., Ltd., Zhenjiang 212132, China)

Abstract: The argon arc welding process of TC4 /TA18 dissmilar titanium aloys for UAV titanium alloy truss
structures was systematically studied. By optimizing process parameters such as welding current and shielding gas flow, weld
joints with good formation and no defects were obtained. The microstructure evolution, element distribution, phase
composition and mechanical properties of the weld joints were analysed using OM, SEM, XRD and other testing techniques,
illustrating the correlation between the microstructure and mechanical properties in different regions of the weld joints.
Targeting the welding characteristics of truss structures, specialised welding and heat treatment fixtures were designed to
effectively control welding deformation of truss structures. The results show that under the parameters of welding current of 30
A and shielding gas flow of 10 L/min, the microhardness distribution of the joint is uniformly distributed, and the mechanical
properties at room and high temperatures meet the service requirements. The joint strength of the welded joint is higher than
80% of the TA18 base material. The fixtures can effectively controll the welding deformation. The welding process possesses
good prospects for engineering applications.

Key words:unmanned aerial vehicle (UAV); titanium aloy; TIG welding; dissmilar material welding; welding
distortion control
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Tab.1 Chemical composition of base material (wt%6)

el C H (0] N \% Fe Al Ti

TC4| <0.10|<0.015| <0.20| <0.05|3.5~4.5| <0.30 |5.5-6.8| &

Em

TA18 <0.05|<0.015 <0.12|=<0.025/2.0~3.0| <0.30|2.5~35|%&

Em

Bl 1 #22 TIGRE TR EE
Fig.1 Schematic diagram of filler wire TIG welding process
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Fig.2 Shape and dimensions of specimen for tensile
and durability mechanical properties (mm)
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Tab.2 Process parameters of test

T35 1/2|3|4|5|6|7[8]|9
TR 1A 25|25|25|30|30|30|35|35]|35

9 /(L-minY) | 10| 15|20 | 10| 15| 20 | 10| 15| 20
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Fig.3 Microhardness under different process parameters
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Fig.4 Macromorphology of weld joint
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Fig.5 Fuorescent penetrant inspection of welded joints
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Fig.6 Microstructure of base metal of welded joints

7 AR ARG IX SIS
Fig.7 Microstructure of welded seam zone of welded joints
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Fig.8 Microstructure of heat-affected zone of welded joints

T TCER 530 S YA AR R L 7 =k, 434
BAME 12 Fin, 1 IXCOMIREEIX,2-1.2-2 5351k
TA18 2 1i [X Al TCA #F2 0 X, 3-1.3-2 43051 Ky
TA18 BEAFIX AN TCA BEAF X, EDS Ze4H45 K L3k 3,
M TR R TCA, TTLUE HREEX ALY JTE
TRE TCANME, PEmX SR ITR S &
HIRHA—E, BREREIUR T EXM BT R
AR,

FIH X SR 50 (XRD) % 48 3k 4% X sl iE 17
YA AT, A5 S an & 13 iR, AT L, TAL8 il #4
S DX A AR ZE A5 B FE AR — B, AT S 0

http://www.rjggy.net

riggy@vip.163.com -107-


http://www.rjggy.net
mailto:rjggy@vip.163.com

WINTTZ
Hot Working Technology

9 MR AT XA IS EH 2
Fig.9 Microstructure of base metal zone of welded joint after heat treatment
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Fig.10 Microstructure of weld zone of welded joint after heat treatment
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Fig.11 Microstructure of heat-affected zone of welded joint after heat treatment
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Fig.12 Schematic diagram of line scanning path

* 3 &XiF EDS £R(REHE, %)
Tab.3 EDS results of each area (wt%b)

T X 5k Ti Al \Y; Fe | O C N

JREEX 828 | 63 | 40 | 01 | 47 | 22 | 00

TC4 F# X 859 | 33| 25| 01| 60 | 21 | 01

TA18H}#HIX | 828 | 64 | 40 | 00 | 46 | 22 | 00

TCA#EMIX | 8.2 | 34 | 25 | 01 | 52 | 23 | 03

TALB #G¥mIX | 824 | 63 | 41 | 00 | 47 | 24 | 00

WAL, 312 X B2 2 34 5045 56 TCA AL i X )
AHZEL RS B X o7 A7 S e 38 5 R b 22 01 8 . ARG
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Fig.13 XRD analysis of different regions of welded joint
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Wl AR R RIARR o A1 WA RN, (1A R
3601 s TALS Ak 5 w5 T B, xR TR LS 2
sdor T 2R AR ST A 8D 5 R o AH A AR O3
gszo' AR, B AHAIRE B8 I, B AR REE £
) | B S SRR ASTY,  TRLIMG I B A
= 07w | PIIIK | R B 166
= 20T ' 242 FlL LR
zzz+$g}ﬂg % 49 TCA TA18 BB 1L S TCAITALS RFi
IS D B PR E RS | M THAS TR (5 R B
LN N L L5, TCA BRI 8 A IS 1 T3 e
15 38 A A A S 2 0 i B 3 % 43 51 1084.3,1057.3 MPa il 9617,
Fig.15 Hardness curves of annealed welded joints 926.0 MPa; TAL18 HJ: 4 75 {07 25 Fn $ ik BRAS (1) °F- 1
x4 EiRhERE
Tab.4 Room temperature tensile properties
e . iR IMPa Jet HRGHEE IMPay . L . N
AR IRRRA e Famm - - WE K AR(%) | T 25(%)
TC4 PR 1086 980 13.0 25
TC4 HEERAS 1074 1084.3 953 961.7 145 26
TC4 HEBEES 1093 952 14.0 26
TC4 Ppb P 1060 910 130 25
TC4 FAYUBLIES 1073 1057.3 929 926.0 14.0 24
TC4 PR 1039 939 11.0 20
TA18 PEBERS 662 626 145 36
TA18 PR 661 665.0 625 628.3 19.0 36
TA18 PEBERS 672 634 195 36
TA18 FASOBLIES 651 621 205 45
TA18 PUb P 664 659.3 634 628.7 205 40
TA18 Pab S 663 631 19.0 39
TC4/TA18 TIG Jia& 759 669 13.0 34
TC4/TA18 TIG /3 759 7493 672 662.0 125 35
TCA4/TA18 TIG 123 730 645 135 36
TC4/TA18 FY LU IR 705 631 14.5 30
TC4/TA18 PULFES 715 710.7 642 631.0 14.5 32
TC4/TA18 PR FEA 712 620 135 26
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M TAL18 Bk & &8 2 X ik B4 Hi kR A, TC4
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3 5.6 751 £ 0 73R kO AR R R A
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WE K 300°C, 7S TCAITALS J4 4k i IR 1
For AT 5 B A IR 8 B2 43 51 oA 440.5MPa 1 397
M Pay, & 4J5 i= il P A &5 4, $EEX 300 °C .350M Pa 2
e A AR I DR B 72 h AR WL AR S n £
fap (LT L AT R 5 i 40l 9.5%, kAT
A BURETE 720 35 0003 o 8 31 AR PR e iR
R AMERER T 72h, HAA R A7 Ay i il M RE

*5 BiBRHM4EEE
Tab.5 High-temperature tensile properties
WRE R /CPURREE IMPa) JT IR /M Pa) Wi R % (%)

TC4/TA18| 300 443 403 11.0

TCA/ITA18| 300 438 391 115
*6 BEFFAMRE
Tab.6 High-temperature durability
WAE [ HREE/C | BTy IMPa | HFZERTE] /h | WS A SR (%)
TC4/TA18 300 350 72 9.0
TC4/TA18 300 350 72 10.0

T i AR S 1 S R AL X
FIRPLHE O TSR 25 R A 16 s, [/ 16 Hh
(a)~(f) UK B AL FEZS TCA iR . HUAb S
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AR (] 16(e) ) Wi 1P JoRH B AR 8
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T D e e A L T N e o | 2 RS DA K o el can
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25 BHEEEEISHEESMETHES
251 JRET 2S5
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S SIS T SO G R S A EE SR
RALIG I T 2380, Bt A BSR4 AL 26 ) | BE
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INEEASIE

HRPEMTARGE R R B T W S A S

(1) MIZRREHL ) ST S i, IE AR A
K FXFRit R =

(2) FEARTENGE P Ak ER e ) T R o A R
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Fig.16 SEM images of room temperature tensile fracture
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Bl 17 Tghiy
Fig.17 Tooling structure diagram
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Fig.18 Three-dimensional scanning results of truss dimensions
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