CRVE I S mBEERMBIEI1E Vol.47, No.2
2018 4 2 1 RARE METAL MATERIALS AND ENGINEERING February 2018
A&éE &waié?wa #AT VAN
TC4 SAEETEEZTNE RN FEHE
wo&L BRRYL BARE HSFL F o]
(1. My/R¥E T RSE, MIJEVT WA JKEE 150001)
(2. My/R¥ETRERYSE, MV MA/REE 150001)
i ZE: RHRETENE T TCA REEWEIR, XA ERMEE N AT 5w Egr . = 202 dh b g8 X F 247,

IFERIA R Bl 0 5 S B SR B sCREAT 23 W o T W], Bk A <0 0 R ) S5 1T T 4 A 615 i T2 o 00 o L 2 4 T
TR B, 440 CIORA =R 35.2%. 61.7%. AR BN MR B S0 . T = 0 i Ak, B DR
JERI T WA R AR A AR P R NI N B, SRORERER IR . B L e R P RE D R T Wk

RN MR AR A BIET RS, ETARDOGREYERTERE, T 300 C Rl /RS RS DRI 1 A 7 S Ik

FRIE . TC4 MBI ETIE; wlE; SEtg
hEESES: TG146.2'3; TB383 XHEkFRIRED: A

XEHES: 1002-185X(2018)02-0567-07

GBI RAT G R . R AR 5. RIME K.
M5 Ve Re Ul . SRREUN . ISR,
T 4 AP RO BG 2Kk BE 0 4 g T T, i e e
e ZHTREI RS (TPS), HETFZE LM
T R e 35 SR R i J2 B A2 e S A R A I
Z G RELE R, W S S MR B R G ) w2 A PRk
FINILEBE MR KA S BB E K. iR
P TRl T R A 2 T I A TR
SRR BHRE T, BG4 06 53 S J2 2 A i B AT LU B
PN RS s il ) 2E VR e Ay AR 9% 57 s, Bk
TP S s 10 R A B e O S E LS . LR B
M2, iR A X-33 ml &l CAT 8 B AR S
H R AT CHLE B PN,

TR Sl s R, AR E A AR . EF AR
(1) g5 KAF S AE T REM AN SR B AR SRR
AN BRI ROST RS BE v, R i) 4 R e s X A HL AT R
WRE . SR R KT RS A M . RN TC4 4Rk &
S IR DU iR S LR, A AL KRR
PKICE N TCA & S AT 4 PERER R mat o), A T e &5
BT CREME A . SRR . R RESE A . AT
FEHIA 0 TCA SR G 0g 53 A AT B0 16 TR N H
Sto AR B SLRF U 28 T SCHR AR 2D, JLIEA D) 2
PEBEWE ARG, il ) 24 M REWFTU IR D o i S
e 08 G5 AL IR L ) 2 P R T I R G 2 Ak B
M L B A o 3K R ) 380 A0S0 4 R G 1) 9 1 e R

WIS HHEA: 2017-03-16
1?%%51\ ﬁ %%r ;H; ’
E-mail: shanglei420@163.com

BAT LA, M HAERBI R AW vty B i
HRELDY e B e ey S AR ) R T A VR RE . AN DL
el LT ET R 4 1K) TCA SR 5 G I s O BIF TN %2,
O AT i U T 4 A0 25 K, R AN R E R ) g 2
(VIR 27 Y = W T I Wi

1 %

KA TC4 BRG4GB B AR 1 il 4%« A %8
RN CHUR K JEEE S 0.10 mm (1K) 450K 5 A4 4L s il 2
INIHTE RSN, AR 5 4 P 6L o B 28 7 e SO i I8
JCIRRE, MU B 0 IR % i e . R ST
AN HES T, AT A 43 LA Wl pE . xR T
SN T PR LS R B AR R, e
la Jiow: il 4% B F 0 20 2 4 S Rk 46 VAF-30 EL
AT, KM 35Ti-35Zr-15Cu-15Ni JE & T8 17 6Tk
X TC4 W53 AR EFRHE R TC4 bR T A 2E A4 1 JF:
AT AR . SR S <2 X 107 Pa, T4
W 930 °C, RN 30 min. 7EEFARLERE, R
G e mil N, AR5 B RAE R E ) EH,
BN B 5 BE [ [B) BT DL R e 5 S 5 T AR - TR) ) 4 Sk (]
B, JRERES AL, AEwg s BERITHAR e Al
Ji&, ]S TRARORT I B S — R A e B D S
Frm T TC4 K& s i &l 1o Prox. il fF g
SR AR EAR N 5.6 mm. SAAEEE A 10 mm; (i
BRI RS 150 mm> 100 mmx0.3 mm.

1987 A, 144z, MRRIE T K2 T A MRS i AEFU AT, SEJRYT WA/RHEE 150001, Hii%: 0451-86402345,



- 568 ° Mty @A RS TRE

%47 %

Bl 1 TC4 Bk i pTAR
Fig.1 TC4 titanium alloy honeycomb core (a) and

sandwich panel (b)
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Fig.2 Micrograph of honeycomb in cross-section
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Table 1 EDS results of microstructure in brazing
zones of Fig.2 (o/%)

Zone Al Zr Ti \% Ni Cu

1 4.66 22.73 42 0.88 13.81 15.93
2 2.73 16.76  61.37 1.15 7.05 10.93
3 11.64 1.3 83.65 1.81 0.91 0.69
4 7.06 0 90.03 2.23 0 0.68
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Fig.3 Compressive stress versus strain curves of honeycomb

sandwich at high temperature
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Table 2 Flatwise compression experimental results of TC4
titanium alloy honeycomb sandwich specimens

Temperature/ 'C 20 160 300 440
o/MPa 37.6 31.5 28.2 23.2
E/MPa 899.4 837 528.9 316.6
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Fig.4 Side view of honeycomb sandwich panel
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Fig.5 Curves of three-point bending loads vs. deflection at different temperatures (L- and W-direction):

(a) 20 °C, (b) 160 C, (c) 300 ‘C, and (d) 440 ‘C
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Fig.6 Failure modes of face sheets and honeycomb cores:
(a) overall buckling, (b) lower face cracking, (c) lower
face debonding, (d) upper face debonding, (e) upper
face cracking and lower face debonding, and (f) local
collapse of upper face and core as well as large

deformation failure
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Table 3 Three-point bending strength and failure modes
of the specimen

Sample No. dma/mm R/MPa

Failure modes

W20 1.79
L20 1.60

181.76 Upper face wrinkling

205.33 Lower face and core cracking

Lower face cracking, upper

w160 1.76 159.54
face buckling
L160 1.71 181.38 Debonding between the core
and the upper face
11 wall h
W300 296 13996  Ccllwalls and the upper
face buckling
D i h
L300 1.94 16016 ebonding between the core
and the lower face
W440 2.90 110.16 Overall buckling, cell Wz.llls
and the upper face buckling
L440 4.68 129.98 Overall buckling, cell walls

and the upper face buckling
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Fig.7 Bending fractograph of honeycomb sandwich panel: (a) W

direction at 20 ‘C and (b) joint between honeycomb cell

wall and brazed accumulation zone
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Fig.8 SEM fractographs of the brazed joint at different tempe-
ratures: (a) 20 C, (b) 160 C, and (c) 300 C
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High Temperature Mechanical Properties of TC4 Titanium Alloy Honeycomb Panel

Shang Lei', Xue Qichao’,Yang Dachun ', Zou Guangping®, Li Yao'
(1. Harbin Institute of Technology, Harbin 150001, China)
(2. Harbin Engineering University, Harbin 150001, China)

Abstract: TC4 titanium alloy honeycomb sandwich panel was prepared by high-temperature brazing. The mechanical performance
parameters and failure modes of the honeycomb sandwich panel were experimentally investigated via flatwise compression and three-point
bending test at different temperatures. Results show that flatwise compression elasticity modulus and strength of the honeycomb sandwich
panel at 440 °C decrease to 35.2% and 61.7% of that at room temperature, respectively, indicating that higher temperature may result in
lower compression elasticity modulus and strength. The test temperature has no effect on the failure mode. The failure mode changes in the
three-point bending test, the flexural strength decreases, and the maximum deflection increases with the increasing test temperature. The
bending performance of specimens in the L-direction is better than that in the W-direction. In addition, the face sheet of the bending
specimen is ductile fracture, and the brazing zone is brittle fracture at room temperature, while the brazing joint of surface/core debonding
failure specimen is cleavage fracture at high temperature of 300 °C.

Key words: TC4 honeycomb sandwich construction; brazing; high temperature; mechanical behavior
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