%28 B 4 )
Volume 28 Number 4

TEREEEFR

The Chinese Journal of Nonferrous Metals

2018 4 4 A
April 2018

DOI: 10.19476/j.ysxb.1004.0609.2018.04.03

XXX RiES5 % HFQ B2 |

R ARIEL AR

b 1,2

=,
i A !

2, BRI, Fow EI L

9o

(1. REHTRY: TUBEREMOITERE SRS, KiE 116024;
2. KEEBT R VWAETRAB, K 116024)

8 E. ETAFRINEGEREKSER G, PPRERE 7075-T6 S& 45 HFQ MAUEL R T kAL 4
AR, 85T Beck ARZe AL 2 (Beck 2R A R E(HTC)TEA R H N (BG-GB R 5 R TR AL )
B B2 AR BRI, R T SR IHTC (2. &5 R M Beck EEAT VBB A R A
BAEBEMTHEREE . 7075-T6 5564 5 150 E FUI (1 e A5 e A R B0 R a3 KK, 4 R i3 K 21 80 MPa I,
WA VIR B THTC BT T 3375 W/(m™ K)o 325, FIHURE B 25 520 7075-T6 8 A i B L f2 10 THTC,
2RSS KT 0.57 um /T 0.836 pum I, IHTC REFLRE S 386 K0 B2k, RS 5 /N T 0.57 pm 0K T 0.836

um I, THTC {EL3 B A P2 AR 1 KT 2 18 o

KR 7075-T6 #i44; HFQNTE; FHIBLMAL: Beck RHWE; TERE

XEHRS: 1004-0609(2018)-04-0662-08

FESES: TG146.2

XHkFRERD: A

BREfS et S m g THIIE R W R ke H
bro. W& m THER, s, ottt Wi
PEUF SRS S 2 N TS UK B4, AR
MRS SRR N OB E, LT s T2
JSI G R S A 2R 5 R ) et B i) 8, AR
SV FENGE T — M E R R S S ORI O
HFQ(Heat-Forming-Quenching) T. 25, HJJ [ i 4b #—
PRk — IR T2, Z L 2R BAAALE T 5L
DB M BT R B I TXXX REaa4e, U
H& 7075-T6 S AR 1R BO% I T80, G 3o s a2
BEeBoRbn#, ORild [y, BEEEABLE aEAT
T OB IR K, 17 58 AT O Sk B fg
R LG R SOE 7GR EAR T 300 1C)7Y,
B HFQ L2115 mi AR & 4 Be AR IR i FE A,
AR AR ARAT TG RE S A R R AR R

7t HFQ OB IS R, sl Aob 55 ¥ B R E AT 42
Fl AR K o e A R IR AT 33, TR ) e R S R
WA AL, AR S5 AR [ e AL RE ) LS
- J4 0 # # R # IHTC(Interfacial Heat Transfer
Coefficient) & AEWEAS LA, AT RE WA Kk P2 3 53

B LEA ZARL 22 RS, Rk, HERRTE
7075-T6 G G AEiE B It 72 1% ST e A 3 P R 2
FRAE, WFRI R 7075-T6 4G 4isE 1.8 1%
PERE AR T O BTN B A AR S
HFQ W AUE 1.2 NG 4 5 B H (] [ 4 0 [ —
WAL, FEZ BRI WA RS
FR RIS e 55 22 IR 2 3L R ma ). D 3kes
BT 4 e BRI SO Tk 75 v () B A T T e R R 4
MZEH IR T — RAWE TAE. P it [
B9, WFSET EsEAN 22MnBS ZE ARV G R e A
RIS RIRIOC R, B X ARAS AR O %
SO0 T R B ST T o005 At
I A AR SR, SR &5 2 X 5077
HEE T Ti-6Al-4V # kS H13 BULANR R B
TR REOFEL FE RS 7 V5 RO 0 5
CARON 25Ul P HL S 867 &, A S Fhuf%
SO SEIEIST T USIBOR 1500P B AN 5 Hpl ol Bt
Hh ST R A SRR R 196 R J1
it GLEEBLE 3800 # J R AL R 48, &R 2~
RS ITEI I T AASTS4 & S el o fE

HEETE: HE ARSI H (51705065); o ek FEARMITY 25 2 4 15 %5 4:(DUT17JC38)

Igis BEA: 2017-02-15; 1&iTHHA: 2018-01-08

WIEESE: B, #d%, Mt fif: 0411-84702775; E-mail: houwb@dlut.edu.cn



o 28 &4 4 1) oot S IXXX RS HFQ il )R F i e R B ¢ 663

Hh F T AR A e SRR 17 DL DG R, JFE T FE
BOMER S T IHTC BE v S muEratE. RN, 54001
PP ARG REA L, BBE SN SRR, Ukt
A MR, HL R AL Hh e R FE AR AR
H A7 % T HFQ T.Z: 1) 7075-T6 51 & il s L F2 A i
FEARRE TR AT 2250 S o DRI, X HFQ il T
A REH 7075-T6 6 4 SLH 2 8] IRk e i R ok
NI RTE S ) S VAY

A SCAEH LA SRS 7075-T6 454 S tbt o5t
%, T T HFQ BB FE i i AL A R 3,
FRET 1 BB 1 o o BR [ A AL A K S BT
G, JFRT 7075-T6 fH& S A AR sk AN [F) K HHL
R E R B AS AL P 500, WIFST T 4% DR 3200) S AL 44
ZEHTC B52m . [FIN, ASCEFH IR THTC N
FIJET COMSOL [l A AL A7 31, i L5 5k
Y B R, 0T T Beck R EVAMITHEREE

1.1 SISy
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Fz 1 7075-T6 e BRI (BRI EL %)
Table 1 Chemical composition of 7075-T6 alloy (mass

fraction, %)

Zn Mg Cu Cr Fe Si Al

5.37 2.18 1.25 0.24 0.13 0.07  90.76
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Fig. 1 Constitution of cylindrical-die experimental model(a)

and photograph of experimental platform(b)
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Fig. 2  Size for cylindrical-die experimental model (Unit: mm)

Solution heat treatment

@)
°d 30 min, 475 C
$—
‘§ ______________ 1T o~ larget temperature
o ! v
g + Transfer h
)
= | arid ' \ Forming and
; coolmng. quenching
l :
! '
' ]
' ]
] 1 R
Time, s
B3 7075-T6 fia el sE HFQ L2 K

Fig.3 Schematic diagram for HFQ warm forming of 7075-T6

aluminum alloy
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Fig. 4 Flow chart for Beck’s non-linear estimation method

procedure
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Fig. 5 Temperature versus time curve of alloy and measuring

point(a) and IHTC curve(b) (p=50 MPa)
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Fig. 6 Comparison between experimental and simulation
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Fig. 7 Relationship between instantaneous IHTC and alloy

temperature under different pressures
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HI T SEBR T oL P AR SRR R I A AE € (1
MY AR, 2 i LA/, R 8] (0 75
FEATETr s O EAFAEAR 2 BRI <RI, BELAS T
Pkt ez, AT S AR R EL THTC Bh; 2 1ok
BORJE, B e il S S/ H13 BLEANR A
FE, BBl G G BRI IR, AR <R i R od
AL PR 3 S WA H AR I A O kS BT s 5, s iR
IR R T (RO ), A A R (AR
BAR A 3 BRI ALK, HAECRAR LS, i THTC
R T HEGRIEE] 80 MPa LA I, HFHURM RIS
HARI RO FE 2] TR G AR, Al THTC ANHF



o 28 &4 4 1) oot S IXXX RS HFQ il )R F i e R B ¢ 667

i ARG DNITRTE 31 P N 1 F SR ST

4.2 FEAKEE N RAREBZN

FZ BB ERA SR G AR T A S IR A B Ry
TE R BERIEIIE,  (EA0 & S i OY I F vh R TR R i 25
KA, HAR MRS S A pud B A7 S, 3
YEFIALEAR 2 - A AABH, SRR oK, MRl
THT PR S B B T R g ), B A A B BROK

Sy ik — 20 RIS ARORR 2 TR JSE O St 1 45 R A
IHTC (¥ B, A58l SR AN 8] s (1 b
4536 T+ 180 ‘5. 600 ‘5 LA K& 1200 SHPLO)N A
IR A TIT AL B, DAIIE AR R R R FE Y
SRR H AR 38 = 3= S1210 743 1R P I 1303k
AT R PN 58 , TR RS P AL 45 SR A2 J8CK 1000 %51
SR W 9 PR, HORT R FRPREDRS B2 P A W3 2,

R 180 S HPACET S I i 2 O AFURS o S5 B R
F A -

H 4.1 PR, MERRMAT 80 MPa
i, ¥ IHTC B TrEE, Bk, ARk
PRI E TN 80 MPa. K 5 40N PR F5 R BR A 4l
IN#JEAE 80 MPa (1) i R HEAT i s, 45 21 THTC b
i FE AL R WK 107w .

M 10(b) ] BUR H, T3 R R 50 5 2R R A
FERIOR F AT AT A e Logistic BRIER R, ik
KAE AR, M4 80 MPa I, I&{H THTC F1-F-3)
IHTC 5 BE% [HPHRS BE RN 36 o il AR 2 i
FERE KAL) R DR FE I, P34 THTC 44 HF
TEBUINAME,  HBE SRS B2 (8 N T8 4
IRPER LRSS /N TR, P THTC B S R
A NS b N

B9 AFWPARIT I 5 IR O

Fig. 9 Photographs for surface of aluminum

alloy blank polished by sandpaper with
different types after magnified 1000 times:
(a) 36# sanding; (b) 180# sanding; (c) 600#
sanding; (d) 1200# sanding; (e) Without

sanding
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Table 2 Relationship between number of sandpaper, original

DA A B AR L R T g 2 TR 5 (1

surface, surface of dies and surface roughness

N f
umber of sandpaper & Surface roughness/um
other surfaces
36# 3.160
180# 0.836
600# 0.570
1200# 0.209
Original surface 0.157
Dies surface 0.821
5r(a)
% A
! R=0.836 um
=
=
<27 R=0.209 um
O
F
=y
0 C 1 1 1 1
100 200 300 400 500
Temperature/'C
4.0
(b) = Average IHTC
361 —— Logistic fit of average IHTC
32¢+F
1977.49
)38 he =1807.76 +

[1+(R, /0.67)""%]

R,: Surface roughness

Average IHTC/(kW-m™2-K™1)

2 h¢: Average IHTC
2.0
1.6 . l
0 1 2 3
Surface roughness/um
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Fig. 10 Relationship between instantaneous IHTC and alloy
temperature for different surface roughness (p=80 MPa)(a) and

effect of surface roughness on average IHTC(b)
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Experimental study of interfacial heat transfer coefficient for
7XXX series aluminum alloy in HFQ warm forming

YING Liang"2, GAO Tian-han’, JIANG Di%, HOU Wen-bin"%, HU Ping’

(1. State Key Laboratory of Structural Analysis for Industrial Equipment,

Dalian University of Technology, Dalian 116024, China;

2. School of Automotive Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Based on self-developed cylindrical-die experimental model, transient heat transfer law of high-strength

7075-T6 aluminum alloy in HFQ warm forming was investigated in this paper. Beck’s non-linear estimation method

(Beck’s method) was used to calculate IHTC under different processing factors, including different closure pressure and

surface roughness. The results showed that Beck’s method has a high accuracy in calculating IHTC; The transient IHTC

of 7075-T6 aluminum increases with the increases of closure pressure, and when pressure is above 80 MPa, IHTC

approaches to 3375 W/(m*K). Furthermore, surface roughness can also affect IHTC, when surface roughness is between

0.57 um and 0.836 pm, IHTC decreases obviously with the increase of surface roughness, and when surface roughness is

larger than 0.836 pum or less than 0.57 pm, IHTC decreases slowly with the increase of roughness.
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