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Study on Numerical Simulation
and Experiment of SPF/DB for ZK60

Magnesium Alloy Corrugated part

Abstract

Magnesium alloy is one of the lightest of those alloys used as the basis of
constructional materials. Its density is small and excellent in electromagnetic
shielding, thermal conductivity, and easy recovery. Magnesium is widely used in
the fields of aerospace, automotive, communication and electronic industry.
Superplastic forming/diffusion bonding is a combination technology developed
on good solid-state bonding performance of superplastic material. It can not only
superplastic forming but also diffusion bonding at the same time to produce high
performance integer part with complicated shape part. Implementation of the
technology reduces the overall weight of the parts, makes integral parts of thin-
walled complicated parts, shorten the integrative manufacturing cycle, improved
the overall performance.

With finite element software MSC.MARC, the SPF/DB process of ZK60
magnesium alloy corrugated part was simulated by three-dimensional finite
element model in this paper. Penalty function method based on rigid/visco plastic
finite element method was applied to obtain the forming law and thickness
distribution law at different forming stages of corrugated part. The location of
risky point during the forming process of corrugated part was predicted. Using
orthogonal test method, the corrugated part forming parameters of temperature,
strain rate and the friction coefficient were optimized, the optimized pressure
curve was obtained.

Developed N11 gasification agent, combined the optimized pressure curve
obtained from the numerical simulation, the SPF/DB experiment of ZK60
magnesium alloy corrugated part was carried out successfully and the thickness
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distribution law were compared with the results from the SPF/DB simulation,
finding these two kinds of results in good agreement with each other. The causes
of error were analyzed, which provided theoretical basis on control the forming
quality of corrugated part and predict forming defects.

The corrugated part microstructures of different areas blank hold, side,
bottom, and corner were observed respectively to get the relationship of grain
size and strain. The cavity size and cavity volume fraction of different areas were
observed and calculated in order to obtain the relationship of cavity size, cavity
volume fraction and strain. TEM photographs of corrugated part were analyzed to
study the mechanism of superplastic forming. The micro-morphology of
diffusion bonding part was observed, the results showed that the diffusion
bonding was very good.

Keywords magnesium alloy, corrugated part, SPF/DB, numerical simulation
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Fig. 1-1 Comparison of conventional and superplastic tensile testing
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Fig. 1-4 Sketch maps of the three stages of diffusion bonding process
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Fig. 1-5 Typical SPF/DB structures
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Table 1-1 Structural components manufactured by SPF/DB in foreign countries
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a) B 45#J b) SPF/DB 45
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Fig. 1-6 Comparison of F-15 keels made by SPF/DB to that of the present type
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Table 2-1 Equilibrium influence of change for total volume or total pressure

m>1 m<l1
BHBRGED, BEM BT, BERA
c+d=a+b Q=K Q=K
THARA 4 R PRRA B HRE
0>K 0>K
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Fig. 3-9 Curves of equivalent strain under different steps of corrugated part
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Table 3-1 Average strain rate of different steps for corrugated part

g < & Step0 Stepl0 | Step20 | Step31 | Stepd0 | Steps7
TR o | 2755X | 2.622X | 3.505X | 5.218X | 0.168X
-1 1X10 -5 -5 5 5 -6
mm/s 10 10 10 10° 10

B 3-10 2EESMFREIETFHINZERME. BFREHNTEERRER
MAERREWHKD, FORRVINEERED, RERRANEEREKR. NE
PRICAHERMEEDERT, NEERARR. JFHERENLE 3-10b), MEE
NEREERK, BEEMBRRKEAWEE, dTEEERANZTERZ /. KX
A NRERR KX, BEENBHETREESEMEENERR, N
HEEZHEELE 3-10 o). d). XA AR E A X b TR 44 &k 4
ZR, BiLARNAREE KN 3-10 ), TR R N R EE 54 = B
Wk 3-10 HF, METETLUE B NARE R & KR X R AU R SR A X
e NGWHRPAULBLEH, RAUFRELETNREERE MBS, %R
RN RERAS .
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Fig. 3-11 Curve of strain rate sensitivity index and temperature
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MAEER KRN, BTHREEENRRE, EEshMEFRTT RS R
WNERRFLHNNES, HEESNTERBER LIRS, VHEE3HME
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MEREH TR, AXBCY 5x107%'~5x 107,

ERESNBEREY, RMKAEMREZ AFESEEE, X-EW
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Table 3-2 Factors level table of impacting corrugated part microstructure

K H X
1 300 5%x107%s* 0.1
2 350 5x107s™ 0.3
3 380 5x10%s™ 0.5

3. BIER®, #ITRLFIT. REL—PHEHOHEREKFRERNE
3-3 FiRiI LIBH)EX K.

F 33 HAUTRIEEMIERR

Table 3-3 Orthogonal table of simulation scheme

WL HmT FHE A H%E B HE C
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

4. BERRAE, M. RIBERMERER. FHELKFHERR
PRARTT KWK 3-4 iR, AT 9 KR
& 3-4 BEREEMRTER

Table 3-4 Design table of su,

perplastic forming simulation

EBRlwmS RIGEE/C AR EE EEB R
SPF -1 300 5%107s” 0.1
SPF -2 300 5%107s” 0.3
SPF -3 300 5%10™s™ 0.5
SPF -4 350 5%107%s 0.3
SPF -5 350 5x107s™ 0.5
SPF -6 350 5%10™s™ 0.1
SPF -7 380 5%10™s" 0.5
SPF -8 380 5%107s" 0.1
SPF -9 380 5%10™s” 0.3

ERREMIFIG, NS BT HER R E SR H.
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Fig. 3-12 Thickness distribution under different forming condition of corrugated part
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Fig. 3-13 Thinnest thickness histogram under different forming conditions of corrugated part
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Fig. 3-15 Thickness distribution curve of model SPF-6
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Fig. 3-16 Time/pressure curve of model SPF-6

3.6 KENGE

1. A THRERENERTEERTRE, AR TERUTKBHESTE.

2. RSB R TE R ERA T R AT S SR S REHAT T
HEER, B3 THRIHOBRIEIEN. Fa 4R IR lad 8tk
¥, MERKEMAMER =R, HED. MEE, K. ABXEABFK
W, MMM EEKIKEK, BEREKKEES, FHORDNEREKKA
0.961mm. 0.823mm. 0.744mm. 0.626mm. KA XBH T BEEE, #F
SEEEREERN, RRELSEPHERXE.

3. W T ESEARREN BT EEZTER. &RRPELGRELT
P& XEmERNEEERK, WEREEENNERTEAD, TEEEG
NAERRSMIERBL, EMERNNEERGCEZA. :

4, STHEYHERETESEPMRE, NRRE, BEAIHTT R FA
EXLRFTEHETEMTR, EFR/NEE KBRS MSER IR
. ERRAHE SPF-6 B/NEEFKHBELS MRS, ABREREAR,
BT ESEHh: BEHR 350C, MEEER Sx10%s'mmis?, BEEREH
0.1. BE TR RIES ML, FXEFESGHIRELE,

-37-



RURIEE T RET 0 LFA R

H4E SLFUEN IEN B
ZK60 $4 & 1 SPF/DB R

4.1 SFMEAMEN R ZK60 B84 SPF/DB R iZ521e

4.1.1 ZK60 #& &L
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Fig. 4-1 Processing schematic of experiment sheet
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Fig. 4-2 Metallograph of ZK60 magnesium alloy sheet
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Table 4-1 Mechanical property of ZK60 magnesium alloy at room temperature
mIgs | wMEE [ 2R
o, /MPa T /MPa 6 /%
Lo 1.0 270 90 8
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ROBH U R TER I SR T. S GER i RN . &
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4121 SRR 43 HEAAOEABIER. KRIEADT:
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MRS 1, DMRIERLAAER BB A4 T TR A RKNE
fr. RO, FORMRCHBOEFMIREL KL R, (L AHLRLE TAER R BT SRS
REFHE: SEDLEXE, AR 4CsMosivI,

.

il 4-3 B4 SPF/DB REH R4 IF K
Fig. 4-3 Exploded figure of corrugated part die
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Fig. 4-4 Superplastic forming machine

L mARE BENEMOBEMEZREKR, SESERMRKA™
E, RANHAREE, MERXERMIZERARK, BLEEFHETLE
R R. Eit, SRS, BAMERM KGR E AN HE—EEE
WHZA. TS HABRRRMERERE, MHAEHRAEHITEEREY. K
FEFa F 7K v R R FER

2. MERE SHBHEHRETFHMREER. KRLERET BZE
BELBPEAES SR NBEKTY, £—RAERTEHANELR, B
RFE—NMBRAIBES, ET HEZRKEER—ANHHAKZE, B
EEERIEPHEN. REEEREENE, THESKRERNRERNIEE
Xial, GRIEARS. BHTESTURIERM R R E &M, SUBEBER,
HALTTOUR, EHFEGEN, FRATDZEMHEELY .

-40-




WY ATREE T K T 28 3

4.1.3 E4{% SPF/DB L4332

N11 SALFIE 400CH 258, 1mol SALFEE™4 10mol S ik, HE
HEBRAEFTEATUBE:
PV

n =ﬁ (4—1)
Ad: PRAGES: VRSEBEK: » RERY: TREXHERE: REZEA

S 4K E % 8.314)/mol K.

HFRUAEFAK DNZRAZHIE, BESBRNAHET, EOHE
K, SEOBRRNERERME. Frol, EXLBEME, SSHEERET
s, R ERAEFKEFEMEFITEIE, B

N=CNp 4-2)

No= n'm (4-3)
RF: N BEUFILERFERE: N BRUFIHEERE; ¢ REERLRBFER
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Fig. 4-5 Heating up curve of air-bulging experiment
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Fig. 4-6 SPF/DB corrugated part of ZK60 magnesium alloy
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Fig. 4-7 Thickness distribution curves of experiment and simulation
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Fig. 4-9 Metallography sampling schematic plan of corrugated part
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Fig. 4-10 Metallography diagrams of different areas of corrugated part
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Fig. 4-11 Curve of average cavity size of different areas for corrugated part
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Table 4-2 Cavity statistic table of different areas of corrugated part

R ~LH | musm s K 5 X KR

A< um 0.01 0.038 0.071 0.09

HES 8% 1.4 33 6.2 7.7

2RI H (%)
O = N W H OO N® O

ﬁhgﬁﬂﬁ

0 20 30 48
AR &
B 4-14 FE=2E Rt 52 R AR 5 BB AR AR 2%
Fig. 4-14 Curves of average cavity size and cavity volume fraction under different strain
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