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SPF) 44 4#F -
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Material Specific gravity(SG)| UTS (kg/mm?) | YS (kg/mm®) | EL (%) | Springback (%) | UTS/SG
Ti-6Al4V (Annealed) 4.5 99.3 9.4 14 10 ~20 2
T6AR4V(STA) 4.5 117 110 10 20~30 26
Ti15V-3AF3Cr-35n (Ann) 45 713 78.5 2 15 ~20 17.2
Alalloy 6061-O 2.7 12.5 55 5 0.5~1.5 4.6
Alalloy 6061-T6 2.7 31 27.5 12 1~2.5 115
Akalloy 7075-O 2.7 23 10.5 17 0.5~1.5 2.5
Akalloy 7075-T6 2.7 57 50.5 11 1-~3 21.1
Carbon steel (1030) 7.85 53 35 32 1~3 6.7
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2.2.5 Power supply & Ao 4% 4] % 4t

Power supply R hu#hiz#] & 4hoB-14 RE-15 A7~ © fm
#ir s % %35 A SCR 4 4] 4 £~ T Bix Ao # & (heating zone)
527G B—mABRHTUEEGHSAY  EEHEILAT
BAEBBFELE > ABBKRETRVEERARLIwET
o podh A 2 88 R Be B AR5 BRIR 2 iR ik % iE 140°C/hour
(250°F/hour)sA ko foshir$l 4 B F BE KR B §FARIE
#lhhe > THARE AR T4 SPF/DB #2394 o Wi
BB A 4T 18 BAR K S R 3% 1010°C (1850°F)m k-
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| & ACS Pressure Systems - OPSYS PSP;TIBTM sl

x
Catts vem sethos |
- - - 1
3 > | E & * !
tew L»l save Pe Toa

% 48 Jactivated. -

So-a PIC variables ers locked

uniochea
= Datalog
o Closec '
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uun Open Close nomm Lamps n a
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IGenenlity Notepad Mechanical Temperature Gas Etapes

Datalog reference

mars
Tool number f—_\ﬂﬂ—_ Platens area cm?
Part number [F_

Gas inside area B em?
Ram sup. weight E Kg
Total tool height mm

Tool opening position I @ mm

Part change position mm

Dimensions

T

B Close

B-20. = - M ERBIRZ LHRE
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Generality lempad Mechanical Temperature Gas Etapes

pre-test gaz bouteilles

voie 1=20 litres

voie2=5 litres

{ attention inversion des volumes dans la page gaz)
machine sans outil

+ prechauffage 450 deg

+ recette 920 deg

i [ Close

B-21. EAXFHEH

Generality ; Notepad glMuhmlca! | Temperature ; Gas  Etapes

Mechenicel reuiation
Mechanical force setpoint [ T ;

Setpoint siopewage [ 20 Tis ?

Plustolerance [ 99 T

Minus tolerance [ 99 T

Cylinders number used in force m

| [ Close {

E]-22. SPF #4481 &
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Generality Notepad Mechanical ITempemuro Gas  Etapes

General sotup

Final temperature E *c Ramp rate E *Ch
Platens overshoot value E c Overshoot duration B min

Minus tolerance ‘C Plus tolerance E ‘c

~Tool thermocouples selection—- —— -

' FrTM rTR2 TTh3 ' T [ Th

; TTh #ThT TTH T Th I Thi0

Lo

rOffset area (in °C)

M2 |a M (a5 a6 |7 [as [m0 [ano
00000000 00

i [ Close
B -23. SPF /B & 8% &

Genenlity ! Notepad i Mechanical Temperature ;|Gu  Etapes

i stgs———— - - —
rLinelt rLine L2

| % Used
I” Bypass ‘ I Bypass

’ i

: Plus tolerance i [Ebm ‘ [Ebm
|
|
!

Minus tolerance @ bars IE bars
P Anomaly value IE bars | E bars
; Initial velume lj liters : E liters
! Sweeping pressure m bars E DE bars

Minimal temperature for sweeping E ‘c

B -24. SPF & 3% 433 %
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Generality Notepad Mechanical Temperature Gas Etapes

Line L1 Line (2
iConcurrent | Duration Temp. } Pres. (bar) QVoL (liters) | Pres. (bar) !Vol. {liters)
1 10:0 10:0 20 40.00 020 6.00 005
2 15:0 50 120 40.00 020 40.00 005
3 4000 020 40.00 005

16.0 10 120
R R I

Bl-25.SPF 5 pif2 2 8% &

i ACB Preswerc Systams  OPSYS PSP 250 MARSYY ;. -/ ¥t
patte Lystem Seitrge !

] & ) = g &
Nw towr S et \niepat Vervnrs
TH_WSS_MFRY P°C sllegygrr i i ionleel

LE &0 i _Luosa i Fol ey z orre .zched

Part file :MARSWAY's speci:Current step: 0 RIS BN N . = 2 Remaining time 0 ran

Press | Gas circuits | Tool temperature | Platens temperaturs “Preh Alarms log

F;rehe ming

Pre-wati-g vebdsted Frehezting zo=mand

Sarting date - oot Starting date m
Startng time Starting time m
Find setpoint - % Final setpoint [~ &
Resm ehe 0 e Validabe I
CONSTRUCTOR CYCLE OUT 2002 04 03 0837

[&-26. SPF fa #3% &
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ERABREZBEY > wRBRFHBEALLFY
mERE R BB E483%E T Temperature | (B-23) » ##1%
RIREEZBE ERARAMAEZ PR EME - £HH T
CEHMERMIANEENG > BRFEBEBREME B0
BAEARIHGEEBREOAZREHRABE LT BT
WEMRELINMILEBREABREBMSL L2 RTHELE
RILETRER-19 = "Start - AAREEZEHEER (B
27) k3 TCycle Start | 3242Bp R4 84T M R AIEL o
B-28 2E-32 AT EBEHNERBETHER -

et 2 ¢ 4

—aexe o

S !"

B-27. #AEEH & @R
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i (A7) tradark pofon posdar

CHPF RV OR YO il

[-28. Press & #4887 15

| & AL Prewire Sysk onin -~ CUSYS SR
Extlw 281 qlmgs

[&] Ca - = ! - =

S0P2:041 1R

i

l:\«v, S ;‘,,»_\_"_',‘5-..{3 R e -ﬁ» % .» DO rax g

NPT

The L o X L.
}mz@:%%m&aw icﬁ%:.. O SR ‘ttirﬂm—f mﬁm'mm.ﬂ

' Press Gascircuits Tool temperature Platens temperature | Prehemﬂg Alarms hgt

Maeasures and setpoints of gas circuits

Huscellaneous P1 P2 N
Supply bar Bypass
Settings
Yacuum Setpoint
' Actuzl admission
Pump JActuzl admission |
Actual exhaust
Vacuum state ]
|
Sweeping L1 L2 i
Yalves state Stop sweeping

CONSTRUCTOR CYCLe ot

7007444073 08 30

B1-29. Gas circuit &8 7HH
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& = ® ]
mw Lox 9 ve ::I \olepa:! bec |¢! Tenp Ga Stepe

....u.., o e L
SonE E‘_l. '-'::1 1t-1=c- Ire Lr-\ liad

Partfie; MARgWAY’“P"d‘Cmm step ﬁ',o Remalning tinse 0 mn

4 5
Pr-ssl Bas circuits Toal temperature IPImns hmpomwrei Preheating [ Alanms los|

Actual Tool temperatures

Toel average

T¢1[TC2[Te3[Tca [Tcs Tce [TC7 |18 [TCs [1cio

| Actual
S b

CUNS | RULIUH LyLLe U 2UU2 U4 U3 U:3%

E-30. £ 2-F348 K &8

Bart fle Lystem Settny 2

e 3 X ai < B @ =
Savc ~rnt lod Holcpad Mechaed lewp [ atxs

sl dcbuager 10 as:avates

Cous TLI voriables oue Lzcl=d

nd doors umponmr“

Measures an:;}pdTnAs ;f th; p‘lzi.

Pistens average Area Setpolnt Actual Power
N « T
2
e 3
/ VaVAeya ’/ 4
/2 /) K c 3
,' S0 S ,/ 5
[}
| 7
'’

/ - 7 8
e m— )
10

T o e "TONSTRUCTOR ~ “CYCLEDUT  2002.04-09 08:35

Bl-31. BARiBE T
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. X}
bart “fo [ystem Setnge [

u] I = I | 9
H™ Lox ﬁi %énl ‘x:.cl NEM Hechwrxy

F17 debugyjer iz activated

Sore FLD vrrraabl

Pr.lsl Gas circuits | Tool temperature | Platens hmpornuul Preheating él_a:mglegu]

Alarms logs

Historic of .2002/04/03 Selection ] Print

03-04.2002 : L Zeb. % activazed
61 2302
037012002 H O 2 iz activeted
oMb oy LU0 Ly b g o obd
020472002 Zeb. 13 activazed

n i £y 7 > z T R e TR T |

03042002

Toovuns
<04.:3002
LERTER I 2 U
0l.04,2002

TR UL Tan?

TTURSIROLIUN  OTULE GUT 24 04 U ey

B -32. Alarms log 3R 8. 851
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2.3 RBINRR M

RERZBHAERLZLAADENT BB WREDEXEY
FERRABENRVABUESRTA L IR RIGELEETH
BEALE REZHOIELAMAR i - BER%T - M
R RBEMRYE RZEM0 - I3k 4 3478 SPF/DB # 4 Ao
T3 - REMER BB S W BN 4 - SPF A& SPF/DB
RGBSR - BB EBERAERTHRE - B-33 A4k
BREEBRRHATEL

B -33. ﬁﬂ’ﬁﬁfii%&.mdrgﬁ/



23.1 A M RA Ao T Al
1 BN A X
— A2 A ¢ (a)4a 25 A2 ¥ M (Structural Superplasticity) » X #% 4m

MAAMREREEM  IRERFTER . RbO)FELEM
(Transformation Superplasticity) > o4 R 4¢ sb 38 2 B AR A A S
B £ % &tk (anisotropy) * TF#E AP E AR B - B X EERAFRIK
BELBAERRAEMAXBAREREN > AURBAHRLR
8 Asb—ZTEZLEHIA -
2. BB P M2 KRG

() tadh * —&<10um-> B F Ik as

(2) &&E * T>04 Tm (Tm * #HFHEEEZ L HIEK)

() MR E 1 — A& <107/sec
3. tmBARHMMHZAREM

(1) tm &k R~F ¢ Sk T4 & & 7% #£(G.B. Sliding) °

RQBAF - o B REHBLEM)EH » B Zener 2LE -

G)F A BE  EF—HABREANEH  AIRBREHAE

Z3 e

4) F_mARTHENH M BB hREH T

(5) &R iyt - A ELR®ESH GB sliding

(6) &MAAK * WKL TR A58 ZE 5 GB sliding -

(7) & Rz#B&H: 2K Fal& triplepoints ZH BN EF M

EARE -
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(8) &4 5 ¢ hr4d &k (tensile separation) X KL & K °
4. 8RR (SPF) %4 4% -

(1) &3 % % (diffusion creep)

(2) & % & #(G.B. Sliding)

(3) £ #F & 4 (dislocation creep)

—RME o BIEUAE-RE T ESEAEA X SPF MK

B BRTA SR EHERFEA MASERRARBL YLK

# o
5. RBMERA T Ik

(1) =k & Az % (blow forming)

(2) T # X, T B s & 7k (movable tool forming) : X % 2k m, A &

(thermo-forming method)

(3) SPF/DB % 4§ 4~ fu I 3% 4 ©

(4) % /% 4% 3% (isothermal forging) 2, /R 4 (deep drawing)
6.SPFDB # ##H I # 2T X HER £

(1) B 1 — 8 & — o5 Fs] (Pressure-Temp-Time) 2 % £ 2% 3

(2) B & » 5 i A4Ebks

(3) P[] (stop-off )z F& A

(4) B EM M ZEE

(5) #HEREMERFZIEH

(6) &R B Z AL SR A DR BB EXEHBZ KR
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7. BBMRA w2 F EFAE
(K EEHHE

LRPHERAE  ZIWRROIH  FEBAREI KR
HIFRE > EXBENAAGHENL > — 8 LB % BE %
Z R ANBEERFII BT A TATZ T4 474 B BRSHSB
WHEEREILER  BAH AR E XCLaE (Bek) Fik
Ao L T A% 0 ko [B-34 AT 0 ARH 3 ERRE T HZE B HER
FEARM 1 FodRi 2354 (o bk o tf £ R > v TR b
VAR BB —REBVER -

Brwen
(O] l
- 8.3 14 63 6 ss s
He s
° 1 oS o 53 s °
| ©) »)

thickness (mm)

radius (mmX
[-] -8 = 38 -0 229

Bl-34. THEEBIHRBEMRBVEOBEIhBE

QOREMELBRMAKEL L THEZE £ BERAEREY %
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BB - B35 AREMAA BRI HRHEMOTEBR
Bf o

)P RARIR AT AL JE 64 A8 B AE by ok BB ok B AR 2 P i AR e M
HAAL - # Ti-6Al4V 54 mE > BiEHA  #O0 -H-NA&
ABEMAN  AAEERBRAEEARIENATA @
BELTEARBEEON A -

DARBZREBIHREE  SHEN > BLHER

(5)SPF s 2 T 4 TH B E 415 - 05| AWM H Fix:
BT E IR RA o

O)TH AL BT A ERB YN R/ IEHEAS/RELD
AR -

—RMT O REEIBLLARTFOBENMKE > K2 AT
FLEHAZRELRBOLBEMR A T 2 HH > RARAT

% Z Ak b g -

%&-2. Ti-6Al-4V Foda 5 R B R AT R 6 2k &

o oE A 46 K A8 MR A 1E AR &

7475 0 T762

5083 H19 0
Ti-6A1-4V fﬂ;iggi’(@ﬁ *

(%) SAAB H b AT 1 PR ML T B 2
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L 4 <> 4

Argon .._—x = < ) Superplcsitc
oy
Sressyrg M—c < - /—-h‘ shee!

Event

\ .

.C minutes

| :
— ]

A 4 L 4 >
::—_‘——~—-' S mmm—— ;

; —— |

30 minutes

- L 4 >
= T TV

>

'~

Fo-med par

B-35. REERUVGTER
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232 MA%:

— MM E > SPF v Hk@ ¥R — Ty b A LE
FEIA MTHRARDUMEGTHE > EEHERE w THH A
R BMERFEABELT T RES 1.6 FAILHADE
Ak R —RRRTRARSE TR ARRBAEZFEOfET
BEE AEE G PFTELEAL 0.2mm / 1000mm X F - B-36
B AEARAER -

1. #&tAA2 A
RIHEBRT » RABBPMRA BN f Ao T4 %
SPF# & » w RA RALMA B AR FHRFERWPHBEK
THRITER - SPF AR T RHBEEL%HE NCHELZR  NC
BEEZXGEZR  TAUREBMHALEBEL ) EHRBRAFTHS
RHEFR wREFEMNBELERFEFTROVBAE > A EHTHE
SINCEARGEB AR - ERRTARLGSRFRTELR
B BT EF RS IR SPFAEAL  BAEXREBHEIFLTE
KBTH#TEM SPF TH4RE > €844 RE TR LEHRR
RGBT FERS > BT R#4ThwT A & > 28472 &8 SPF

RELBBEEREREH BRTHREERTEERS -
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— >

THRt

B-36. A% ALE
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BuEE
AR A
RAY i
OK
HHER %% NC # 2 |
EXEE ¢ 2 X e
NO
Y
BB HFRY NO
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=& KA f
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2. R B AN A ERGFER

(a) THUHE : wokdbRiBLLREIMME - BREHH
ZRABENFRIE > —FME  KELZARBBEY 925
T 45644 515-525°C -

(b) x#rey Ao R SPF A BBRZRTME » HAEER
z SPF # B Mm% » #BIRRA % 1900 mmx1520 mm » B b
TRREIES B00mm > FfFE2 R AL ER TR T HKELE
hA:

B A AR ¢ 1700 mm x 1320 mm x 750 mm
RAILMH R~ 1540 mm x 1160 mm x 650 mm

(c) THEBHHET !

e INHES HMAKKHMXAER ZFTCLEHLNEY
BB ERMHEBLEME  BERALABSZ D LELE
HHAEEBEREZBRBKR > k-3 R -

o XIMAKR TR — MBS T2 A BP—EREH
K BB ITH  TUBERR | L TREFFFELT
BE&BREBERAIE B T4 > 12 {8 F B &) T4 F
BT > AR NER  RABHERE o

(d) BEANME  RIBOHERARE - BRSNS
MEAMF 2R -
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(e) THER A RBEPBMESRS
&-3.

)t

BERKREHEE
B4k 89 1R 45t 8

MATERIALS Price (FRF)/kg - Price/kg - - Possible
Casting with model| Casted block Suppliers
FOR TA6V
Z50NCW50-27-5 120 to 180 AUBERT ET
DUVAL
120 to 150
MANOIR
Z40NC40-20 100 to 150 INDUSTRIE
AUBERT ET
90 to 140 DUVAL
Z6NC55-18 120 to 150
(Cronite) ° MANOIR
INDUSTRIE
70 10 130
N -
Z12CN25-20 FEURS METAL
UNION DES
60 to 130 FORGERONS
UGINE
FONDERIES DE
MARLY
EOR 5083 and
7475 20 to 50 SECOSAR
40CMDS8 25 to 50 THYSSEN
55NCDV7 CMM
60 to 80 SAMBRE ET
55CNDV4 MEUSE
(5M2G) 30 to 50
STANDARD
Z2CN18-10 MATERIAL
(3041)

S.SPF A A 8&H# wE-37 #ABEMERYMm T A%t
REZSG A
B

=
HxIEF4% R AFLERRZTS 2

(@ LBt wE-38 TEANAEBELTHEAHIHHE -
RAMFREAERE T ARE LA AL BRI ETHEZAHI
o RPHE  ERERTHTHAEE -
O)FH &t wEH-39 TEHERBAOIHHABER > L
BRI BRI ETHEHIME  REHE  RAFH - &t
RIfFBEIEQRAREN > RBRRBARNIHSZERI S
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mm % ARG MEIRT > HPFZEERTARNPREZR T 4o
HAER T (40E-40 > £ 70~80mm) &y =A% > ShAEEHE AN
HREMENBEREBHAHEERT) RTAHT EREBTH
FEEARI;ITEN LB wEEBRIREMBHEAARTER
j] °

COBEAERAEFTEZRY  wE-41 A EZR AN —
T R=2t M ATHMERE) BEEEARN 10mm > HF| T
HEBEEARE 12 ERE -

() A 23Rt - w42 R B4R 0 F3] LEFHEGHETH
¥4 URFBFEZATHEEEZS DL AL A PRk
BB ERBRE -

()P Z &3t wH-43 L THEELE 4 XAUFHBEL LRI
EFE XN ETAEMAE Mt~ TN E B4 K%
ZRTRAUKERSBRZFHRE -

DA B2 %N wH-44 FLTHEARmIMHFERRE
BRBELBENRREY > LTHEERG—EREE ER
The[E-45 5 HEKASEMHBEMERYTRAA —BREHEX
3t wB-46 AT W REKSEMMEEL dmm A E > T
L EHERTHE—F4HE— HEPPT o

() AFLZ 3 © wE-47 Arow » HERFLAMMNRE AR R L %
HEMR AHEFEE LY DOL6~D2mm -

(h)RIE L2 3%t wE-48 > RIBHE EARLE R TEBA
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BEBERNBRHINARTAERI A LD I0mm & » A
DA B2kt SGERBEHEE -

(AL % B4 N EERE ST FEBILAEBT
R ETFTHEIM - EEESH RILERHFER MM AELH05
mm -

(et 2 3%t - wE-50 e AR ORI THREER
M BUsFRIFRYE -

OBAERTZHE LALZHERIHABRGHZI AR » 4o
-4 Fo0 k-5 BH o FART XA B

(1 + apartT) X Lpart = (1 + atoolT) x L tool
Ltool = Lpart X [(1 + apartT) /(1 + atoolT)

EXZHFRAT O RALT

Upary * T A 42 R8T 2 BB BR A2 2K
Qoo *H B AE B RB R T 2 B R AR 2K
Lo "% BT T# R
Lipor 4B FH AR T

T :greE
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k-4, BA KA B RE 24 B AR 6 B AR 15 B

ﬁﬁ“l’ 20~925°C é’]fﬁl\.ﬂﬁ}ﬂﬁ O Ti/ O steel
143(1/°C)
Ti-6A1-4V 10.64x10°
Z50NCW50-27-5(XN50TF) 16.5x10° 0.995
Z40NC40-20(XN40TF) 17.5%x10°® 0.994
Z12CN25/20(NS30) 19x10°® 0.993
Z75C26M(BR260*) 12.6x10° 0.998
Z6NC55-18(Cronite) 16x10°® 0.9952
NETSHAPE(Ceramic *) 0.7x10° 1.0064
22-9-4%* 20.3x10° 0.9985
o £ * zHHERETBRLEAABAHN
® BR260 : HiBgM £
® Ceramic: 4 Ti-6Al-4V #v ceramic Z B3 4-8% » e Hi&ItE £ -
® 2294 FighME

&-5. @40 RRA I AR RAR

# ok 20~925C 4 2B IR14 3 | O av O scel

(1/°C)

7475 25%10°

5083 28x10°°
7475 | 5083
40C MD8 14.2x10° 1.0056| 1.0069
55NC DV 7 14x10°® 1.0056/ 1.0069
72 CN 18 10(304L) 18.5x10° 1.0033| 1.0048
55 CN DV 4(SM2G) 13.8x10°® 1.0056| 1.0071
HT600(Ceramic) 0.7x10°¢ 1.0110/1.0126
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Lhaniren

Y d.puses. Jt_u.‘.x-:t—.

A piens de manuiection

T B

i

2 ncocke dedemtniay

T pel Tl

-37. SPF 4

4

B &%

Y

[B1-38. SPF #2 B4y L4
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[6-39. SPF #2 B &9 T 4%

B-40. SPF # A2 A ~ SP3F R+ R i$4E R+
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H T d«}\ 32
; nE
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(i‘-‘v- . [‘:
¢

B-41.SPF # A 569 R A BRI A%

[l -42. SPF 4% B &4 T A 4 3% %
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[B-45. s2 6B BMH AU AL HE R FE %S

B-46. k&R PMHRPBEAEZ —EREFHR:
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[B-48. SPF # B 64 . T 1B iE 7L %3
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-49. SPF # B & A 45 FL3%3

B-50. SPF % B &y & 48353
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233 HHER
HHBERTARZETH mAEE-EmE L7 0.3

B MB TR EAAREN - 2 mEEIE 185 4
BERAefRkE -ZREMOMBITA BR EEMMHAREL
R TEAERE m B EMH(— &7 10 ym) BT A SPF
W2 RAR -

s BATLX LRI BBHAANMK > X84
(1)8F 48 R85 5844 344
(2)3% 548 718
()b 4
(CY R
(5) 2B AR SMH
(6) & 4% 18 E 4
(NEE-FMELSHH
@)Vt iAo s 4464 %

o Ti-6Al-4V 44

(@)Ti-6Al-4V B FJEF RAFAHAZ B M R A RIB BSOS M - 2
BHARRBES 925C S BEARB B % /& 25(# 980°C )8
TRRLEMAMAGHARRKEABEMHLEY E -

b) ARG BEABEMRAUMBEIE  BHELEE
AEAAMNAE LA RAICE Mo s A 2 #4T
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OF#HFESBEBEE R B EAT FERLT UL 8
BAEEFZ X T 84T - K Ti-6A1-4V 3K T A4 B IR BE
TREATHRBES  ERLEZHRAERGEFR - B-51
A 925°CTF » Ti-6A1-4V #ATHR 34 6 B Fo B /7 64 Bf
% BARE  PILHSHRE  2HESHEH  &EX
REBBEHARINBES > 40 Air Bus 24k T3 A154
2R 71 18bar » #HALE S HEERI 4 3 N EF o

Temps
(heures)  ¢¢ Titanium 6AL- 4V 925°
|

3 -

x — théorie

X sans défaut

2 4 © porosités

o) x

10 20 30 40 50

-51. Ti-6Al-4V f£ 925°C T #H#k# 4 05 Ml Fo B /1 & Bl 14

o 58464
(@) RE42462EKF RFZABBE M o 747550832004 2095 -
6802 % » B —uk4e42 4 £ (Al-LDM# > 4 8090 % -
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(b) 82562 BTRBTRYXBRELSH  BHHARKEELL
RILFA TG RMBEE REEUEE - AMELELL(
7475) EHKRERLTBLAILELE BRI EZ—AF
B . Y 7% (back pressure forming) ©

C)—#MmE BBELIHBBRBESRAETHLAELS R QN RIBHE
%R Bt LR ARE -

e #2 /44 Inconel 718

(a) Inconel 718 B4 4o BB RMBEH A 975~985C » # &
B85 R &Rk A & @ 1E Inconel 718 A2 &4 #9428 1 14 Ak,
AR - BEBKOSOCRAT)NFRESLE LR -

(b) ££ 915°C¥AF Inconel 718 B4 48y X &34y » 915
~99SCHERRILBEAC » ARERAVERT > &F
REOFKKOMIEHR SR IAERTEY -

(c) Inconel 718 X HBHUBASRE H ARA R B R IFHKFEL
Bl bg AR ESBREIREGBE  FAEHML
82 EEALR (o4t Ni)RIKA BRI BRASFESRBE
#AB(TLP) Ak & 7 ik -

234 BBEMREE RLZ R
ARABEHRAY  FEHRARERE - RAEBAXF ARG RE
REARRUAERAEER EmE R0 F R4 E 2L
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ek~ AILR - RARRREEBEHLE - AFLRE4E &%
BRAAYVEERBRAER MALERKEAFTAELANPRT
PREARAREAR - RAFRREEBE AL EFRAR AR
WERE - BRARGEERITREHR -
o BBHAHILAK RS E £ :
(1)42 SPF i&#2 % » FUiR(cavitation) ) R & —H L By %
FUR & B AL R R & T BT AR e
(2)—# SPF #t#H39 a HAE R R FE A L ay4a4E R » A fa 69 5%
BERBMB M oRGFLAABHELZRE ILAREH AR - £8H
MM LR KELERBRY BHAZEHE=ZER
HMRXERALE LAMENEEEE S (R AL B MM ET
RORE  RObO)FEEMFZ B -
GENILAMRRORBENRM A - a-748 8264 - 446
st 42 % -Pb-Sn £ 844 B AR NIURER MM
{Bdn B2 &) 5 =48R F 474 - €4 £ 3L - Inconel 718 7F
BREAILFAHHR
@AM RGEREE - BE - BRE¥RE -BE - &RE AR
R TFRBEMPAALEARWES -

ERPURES BREHELILRAN  LXBE BRAREE
REZSGHREARER  FEEHALRE  WwB 27~ 7
ERTHRARARSEELE  —B9EGBKRET LR E
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I AmeERABARR & tRLCETHALEZER X

(chemical mill) ¥ 7% F sA £/ -

. - e
- A
- Ta
"~ <
25e
> o
.o 4
BN
S . - ;
, .
-

Bl-52. A2 M R ey Rk srTE

2.3.5 $E#cdE A HHr L SPF/DB 4 A hv T334

IR A B A2 ho B-53 AT 0 B B S AR BLAR R 2 R &) 4 A
HAHEE CBHBRANEL  SAHGRAE EHAIES
27, (1%step) » LB—HWFM e SRR RFBIHRENL > &
BEHBRBUTEFERS -

HEBRRECHNEEZR FLT

(Dt AR R A

AL 558 Ton 99830

G)i st R M 218 A

GO ERBFERERETRE
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et Corrassm Groeth Srcwg s them rreevfoom
Vv rrar (O crevs et Py Yoo el e
>~ on eautiibrore Dorhgurenon,
e swbrmist g prorws egiry o bee
lirmimated by diffueion @ @rDm |t o
—eslin—
-~
Drd wrep
8 é §§ g ’? Etirmirvation of ¢ o e o
By o wrrve o rfre o
-

B-53. s are tEE

SPF/DB A 4w THHTRIEE AL PR AL AIBHESHiE
BT A AR ZITELEE BS54 #H3 RAKRZ
SPF/DB % » A E|(stop-of )2 ZE P RIRB A FREZRFH
MR AR A A& # 4 &IRZ SPF/DB Mm% - #33%3t I
FEZ MABEAREREAGZR BEHHEE  FEKS U
BERERBEOZIR  ENHABEEBMYA s R ER &L
TS BEAS TSR TR Y B - SPF/DB 446w T KT
PREE L8 AEME Bk BAR - TH4RH - ARE
HRMIERLERG EHETER ARSI TRE
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AHEERRIMZEEAARRELTEHH N CEM -

3 TOLES 4 TOLES

A | Préparation A | Preparation

Qk/i;ntdiﬁusam—@%

Formage
B | Soudage B l C | + soudage
fan 3
e '>-——ﬁ
—_—— — A
NI
C | Formage
A
N>
D | Soudage D | Soudage

/AN H 155 -

[ -54. SPF/DB # 4 v T #7 2 = B i fv g & 4g & £2 35,90
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236 BBEMRYUEBRES T RENB
BBEIHRBEZRARB IS EX R FITZ o 28485

RN THRBAM R T I EHBE REARVHMKREE 2 H

B AR Z T2 H B E B ERARMEE

BRAUFHEFRETSE RBTRE ARV LHEA ZFER

BRI BIHZHE HEENIZ L HBHFETADRRTA

WD AR R ZHE A RSP A T i L
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Commissioning : September 1997
Customer : SONACA in BELGIUM

N
>

ACB Pressure Systems

2, rue Léon Durocher S.A. au capital de 2 250 000 €

44945 Nantes cedex 9 Fronce 424 932 986 RCS Nantes
Tél. +33 (0)2 40 41 14 14 SIRET 424 932 986 00021
Fax +33 (0)2 40 41 15 47 APE 742 C

www.acb-ps com TVA FR 41 424 932 986
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SUPERPLASTIC FORMING PRESS

Loire FSP 2800 T

Commiissioning : 1994
Customer : AEROSPATIALE in FRANCE

7
ACB Pressure Systems
2, rue Léon Durocher S.A. au capital de 2 250 000
44945 Nantes cedex 9 France 424 932 986 RCS Nantes
Tel. +33 (0)2 40 41 14 14 SIRET 424 932 986 00021
Fax +33 (0)2 40 41 15 47 APE 742 C

www.ccb-ps com TVA €D 41 474 0699 0oz
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REFERENCE LIST

Main Loire Hydraulic Presses built since 1970

Year Country

Customer

Type of Press

1970 Germany

Messerschmitt-DASA

Sheet Stretch Forming Press-Loire FEPL 250-300

1970 Germany VFW-DASA Sheet Stretch Forming Press-Loire FEPL 200-300
1970 Romania Metarom Tube End Forging Press

1970 Romania Metarom Calibrating Press

1970 France GIAT Forging Unit-Loire GPE 350/125

1970 France Carbone Lorraine Loire 600 T moulding Press

1970 Germany Erlangen University Tube Extrusion Press-Loire GET 630

1970 France RNUR 4 Loire 500 T MCP Presses - MCP

1970 France DCAN Cherbourg Loire 4000 C-frame press

1970 Finland Finnish Cable Works Extrusion Press-Loire GET 1500

1971 France GIAT Forging Unit Loire GPE 1000/315/400

1971 France CEA Waste Compacting Facility-Loire CP 40

1971 France Dassault Biarritz Sheet Stretch Forming Press-Loire FEM 200
1971 France Dassault Martignas Sheet Stretch Forming Press-Loire FEKD 550-1100
1971 Yougoslavia | D.MS Montbard Tube Testing Bench-250 bar

1971 Yougoslavia | D.MS Montbard Tube Testing Bench-500 bar

1971 France Vallourec Piercing Press-Loire GP 1200

1971 France Pechiney Carbon Extrusion Press-Loire GET 3000

1971 France GIAT Forging Unit-Loire GPE 800/200
1971 France RNUR Loire 800 T moulding

1972 Poland Metalexport Extrusion Press:Loire GET 1600

1972 Germany EKL Carbon Extrision Press-Loire GET 630

1972 Romania Metarom Tube Testing Bench-500T-1300 bar

1972 France Fortech Loire Closed Dije Forging Press-GM 20000
1972 France SPAIR Loire 2000 T moulding Press - MCP

1972 France RNUR Loire 800 T moulding Press - MCP

1973 France Cogema (STMI) Waste Compacting Facility-Loire CP 60

1973 France Socata Extrusion Stretch Forming Press-Loire FEHP 20
1973 France VLR Loire C-frame Press

1974 France Union Carbide Carbon Extrusion Press-Loire GET 3000
1974 England Eaton Loire 2000 T Drawing Press

1974 Romania Metarom Extrusion Press-Loire GET 2500

1974 France Latécoére Elastic Die Forming Press-Loire EDC BP 4200
1975 Algeria Berliet Sheet Stretch Forming Press-Loire FEM 250

19/05/00
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1975 India NFC Piercing Press-Loire GP 1200

1975 Romania Brasow Forging Unit-Loire GPE 450/250

1975 France Ets Fab Armement - Bourges 10 000 bar HP vessel

1975 Romania Metarom Tube Testing Bench-500 T-1300 bar

1975 France Trefimetaux Copper Extrusion Press-Loire GET 2500

1975 France Ceraver Loire Extrusion Press

1975 France Profilés et Tubes de I'Est Tube Testing Bench-1500 T-250 bar

1975 Belgium Tubemeuse S.A. Tube Testing Bench-1500 T-250 bar

1976 France Cousin Closed Die Forging Press-Loire GM 400
1976 Spain CAGSA Seville Sheet Stretch Forming Press-Loire FEKD 550-1100
1976 Bulgaria Tchavdar Extrusion Stretch Forming Press-Loire FEHP 20
1977 France Renault Closed Die Forging Press-Loire GM 400

1977 Venezuela DMS Tube Testing Bench-400 T-700 bar

1977 France SNPE Powder Extrusion Press-Loire GET 315

1977 France Luchaire Steel Extrusion Press-Loire GET 200

1978 France Sogerma-Socea Deep drawing Press-Loire ESSK 600

1978 France SOCATA Sheet Stretch Forming Press-Loire FEKD 300-600
1979 France Vallourec Tube Testing Bench-3500 T-420 bar

1979 Yougoslavie | DMS Tube Testing Bench-470 7-220 bar

1979 { Yougoslavie | DMS Tube Testing Bench-470 T-220 bar

1979 Germany Deuiche Airbus Sheet Stretch Forming Press-Loire FEM 600
1979 France SEB Loire Drawing Units

1979 France Stratinor Lore 2000 T Moulding Press - MCP

1979 France Hurel Dubois Elastic Die Forming Press-Loire EDC 6000
1979 Germany Kéver Sheet Stretch Forming Press-Loire FEM 130
1979 England British Aerospace Sheet Stretch Forming Press-Loire FEKD 1100
1979 Russia Samara Sheet Stretch Forming Press-Loire FEKD 600
1979 Russia Novossibirsk Sheet Stretch Forming Press-Loire FEKD 600
1979 Russia Auto Promimport Sheet Stretch Forming Press-Loire FEKD 600
1979 Russia Oulianovsk Sheet Stretch Forming Press-Loire FEKD 600
1979 Russia Voronej Sheet Stretch: Forming Press-Loire FEKD 1100
1979 Russia Kazan Sheet Stretch Forming Press-Loire FEKD 1100
1979 Russia Tachkent Sheet Stratch forming Press-Loire FEKD 1100
1979 Russia Saratov Sheet Stretch Forming Press-Loire FEKD 1100
1979 Russia Smolensk Sheet Stretch Forming Press-Loire FEKD 1100
1979 India SNPE 8 powder extrusion presses

1979 France Secan Extrusion Stretch Forming Press-Loire FEHP 30
1979 France Aérospatiale Extrusion Stretch Forming Press-Loire FEHP 10
1979 France Aérospatiale Extrusion Stretch Forming Press-Loire FEHP 60
1979 France Setforge Closed Die Forging-Loire GM 1500

1980 Belgium Forges de Courcelles Closed Die Forging-Loire GM 1500

1980 France Legrand 2 Loire moulding presses MCP 630 T

1980 France Sease Elastic Die Forming Press-Loire EMC BP 4000
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1980 France Siren Elastic Die Forming Press-Loire EMC BP 4000
1980 France Hispano Suiza Extrusion Stretch Forming Press-Loire FEHP 20
1980 Thailand AWPC Forging Unit Loire GPE 800/200

1980 ltaly Agusta Elastic Die Forming Press-Loire EDC 8000

1980 France Socata Elastic Die Forming Press-Loire EMC BP 4000
1981 France Stradour Loire 1750 T Press - MCP/FC

1981 Poland FLT Forging Unit-Loire GPE 800/250

1981 Russia irkoutsk Sheet Stretch Forming Press-Loire FEKD 550-1100
1981 Argentina Fuerza Aera Argentina Sheet Stretch Forming Press-Loire FEKD 125-250
1982 Greece Hellenic Aerospace Extrusion Stretch Forming Press-Loire FEHP 60
1982 Poland FLT Nosing press 400 T

1982 Poland FLT Piercing Press-Loire GP 400

1982 Russia Oulianovsk Sheet Stretch Forming Press-Loire FEKD 550-1100
1982 Netherlands | Fokker Sheet Stretch Forming Press-Loire FEKD 200-400
1983 France Famat Hot Forming Press-Loire FCC 75

1983 France Famat Hot Forming Press-Loire FCC 75

1983 France Mecelec Loire 2000 T Press MCP/FC 2000

1983 France Stradour Loire 630 T Press MCP/FC 2000

1984 | North Korea | Korea Complex Sheet Stretch Forming Press-Loire FEKD 200-400
1984 | North Korea | Korea Complex Elastic Die Forming-Loire EMC 10000

1985 France Legrand 3 Loire moulding presses MCP 630 T

1985 France Snecma Closed Die Forging Press-Loire GM 150

1985 | North Korea | Korea Complex Extrusion Stretch Forming Press-Loire FEHP 10
1985 Czech Rep. LET Sheet Stretch Forming Press-Loire FEKD 200-400
1986 France Cogema (AD?2 shop) La Hague | Waste Compacting Facility-Loire CPHR 1500
1986 Chile Enaer Extrusion Stretch Forming Press-Loire FEHP 80
1986 France Snecma Hot Forming Press-Loire FCC 270

1986 Chile Enaer Elastic Die Forming Press-Loire EMC 10000

1987 France Renault Loire MCP/FC 2500 T press

1987 Singapore SAM Elastic Die Forming Press-Loire EMC BP 4200
1987 France Aérospatiale Sheet Stretch Forming Press-Loire FEL 2x500
1988 Belgium Sonaca Sheet Stretch Forming Press-Loire FEKD 550-1100
1988 France Manducher Loire 200Q T MCP/FC Press

1988 France Michelin Loire 630 T MCP/FC Press

1988 Korea KEC Powder deshydrating press

1989 Korea KEC Powder extrusion press

1989 Luxembourg | Kihn/Techno Forge Closed Die Forging Press-Loire GM 3x2000
1989 India ICF Loire 1000 T Deep drawing Unit

1989 France Dassault Superplastic Forming Press SPF/DB-Loire FSP 1200
1989 France Gec Alsthom ACB-CEPEM Superplastic Forming Press SPF/DB-Loire FSP 500
1989 France Esswein Loire 3x100 T Deep drawing Unit

1989 France Manducher Loire 2000 T MCP/FC Press

1989 Spain Inerga Loire 2000 T MCP/FC Press
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1990 France Gec Alsthom ACB-CEPEM Superplastic Forming Press SPF/DB-Loire FSP 60
1990 France Stradour Loire 1250 T MCP/FC Press
1990 France Aérospatiale Elastic Die Forming Press-Loire EMC 5000
1990 France Citroén Loire 2000 T MCP/FC Press
1990 France Renault Deep Drawing Press-Loire ESLK 800
1991 France Andra Waste Compacdiing Facility-Loire CPHR 1500
1991 France Hispano Suiza Superplastic Forming Press SPF/DB-Loire FSP 1600
1991 France Snecma Deep drawing press Loire ESLK 250/150
1991 France Snecma Superplastic Forming Press SPF/DB-Loire FSP 60
1991 Netherlonds | Fokker Extrusion Stretch Forming Press-Loire FEHP 25
1991 France Citroén Loire2000 T Moulding Press
1991 Swizerland SF Emmen Sheet Stretch Forming Press-Loire FET 400
1991 France Aérospatiale Sheet Stretch Forming Press-Loire FET 1500
1992 Netherlonds | Fokker Sheet Stretch Forming Press-Loire FET 600
1992 France Aérospatiale - Toulouse Superplastic Forming Press SPF/DB
1992 France Aérospatiale - Toulouse Retrofit of a 130T SPF Press
1992 Germany Deutche Airbus Sheet Stretch Forming Press-Loire FETL 1500
1992 Fronce Peugeot Deep Drawing Press-Loire ESLK 800
1992 France Union Des Forgerons Open Die Forging- Loire GL 1000
1993 France Aérospatiale Superplastic Forming Press SPF/DB-Loire FSP 2800
1993 France Renault Lowre 500 T MCP/FC Press
1994 France Aérospatiale Superplastic Forming Press (SPF Alu)-Loire FSP 1400
1994 France ANF Industrie Straightening bench-Loire BCT 250
1994 France ANF Industrie Straightening bench-Loire BCT 350
1995 France GEC ALSTHOM Power Electric insulating material agglomeration press
Generation - Belfort {Horizontal force : 400T, Vertical force : 135 T).
1995 France GEC Alsthom Polymerisation Press
1996 Malaysia S.M.E.A. Elastic Die Forming Press-Loire EMC BP 4200
1996 France GEC ALSTHOM Power Electric insulading material agglomeration press
T Generation - Belfort (Horizon?é:i."fdlr‘c?e : 400T, Vertical force : 135 7).
1996. France GEC ALSTHOM Hydro Power Electric lnsulatmg material agglomeration press
(Horizonfaill.fa}ce : 400T, Vertical force : 135 7).
1998 France ACEC Energie Eleciric in&u[ofiég material agglomeration press
(Horizontal fotce : 400T, Vertical force : 135 T).
1997- China Chengdu Aircroft Sheet Strétch-Forming Press-Loire FET 1200
1997 China Chengdu Aircratft Sheet Stretch Forming Press-Loire FEL 2x350
1997 Belgium Sonaca Superplastic Forming Press SPF/DB-Loire FSP 500
1997 France Cogema (ACC shop) La Hague | Waste Compacdting Facility-Loire CPHR 2500
1997 France Cogema (ACC shop) La Hague | Waste Compacting Facility-Loire CPHR 2500
1997 U.S.A. Learjet Elastic Die Forming Press-Loire EMCL 3500
1997 Greece H.Al Extrusion Stretch Forming Press Retrofit - Loire FEV
60
1998 Spain Casa Superplastic Forming Press SPF/DB-Loire FSP 750
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1998 Spain Alcala Extrusion Stretch Forming Press FEV-3D

1998 France T.C.S Hot Isostatic Press

1998 Denmark Hydro-Raufoss Extrusion Stretch Forming Press FEV-20

1999 Russia Khrunichev Sheet Stretch forming Press Loire FES 1200

1999 China Shenyang Aircraft Superplostic Forming Press SPF/DB Loire FSP 750
1999 Austria Welser Extrusion Stretch Forming Press Loire FEV 30
1999 Spain L.T.P. Superplastic Forming Press SPF/DB Loire FSP 500
1999 China Framatome Compacting press Loire CPC 1500

1999 France Eskulanak elastoforming press Loire EMC BP 4200

1999 France ACB CEPEM Extrusion Stretch Forming Press Loire FEV 20
1999 France ACB CEPEM Elastoforming Loire EMCL 3500

2000 France REIMS AERO Extrusion Strech Forming Press Loire FEV 20
2000 England BRITISH AEROSPACE Superplastic Forming Press SPF/DB Loire FSP 3000
2000 Taiwan CSIST Superplastic Forming Press SPF/DB Loire FSP 200
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REFERENCE LIST

Loire HYDRAULIC PRESSES

Superplastic Forming Presses SPF/DB

PLATEN SIZE
Yest CUSTOMER e LENGTH X WIDTH (mm)
Loire FSP 1200
1989 Dassault - France o'“;PF /0B 3 600 x 1 400
Loire FSP 500
1989 | ACB-CEPEM - France |  spr/pg 1220x 1220
Loire FSP 60 .
1990 ACB-CEPEM - France og:F/DB Diam 450
. . Loire FSP 1600
1991 Hispano Suiza - ougPF/DB 2 440x 1 830
France
Loire FSP 60 .
1992 Aerospatiale Press re]fr:;:énTSPF/DB 1100x1 100
Toulouse - France
. Loire FSP 2800
1993 Aerospatiale °"§p,=,DB 5300 x 2 300
Toulouse - France
. Loire FSP 1400
1994 Aerospatiale Nantes - o'rgpF Alu 1 800 x 2 400
France
: Loire FSP 500 :-
1997 Sonaca - Belgium O'rsePF/DB Pl 1520x 1520
. P trofit SPF/DB.
1997 Aerospatiale - France ressre ;%6 F/D
1997 CASA - Spain o e | 760x3050
1999 ITP — Spain L°"'SeP£fgas°°- o 1500 x 1500
. Loire FSP 750
1999 Shenyang - China * SPF/DE 1525 x 2290
1999 British Aerospace - Loire FSP 3000 2285 X 3050
GB SPF/DB
2000 CSIST - Taiwan Loire FSP 200 762 X762
SPF/DBP
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Quelques applications du formage superplastique




THE SUPERPLASTICITY FEATURE

Whereas, under certain conditions, the conventional alloys cannot admit
plastic deformation beyond 50%, the superplatic alloys have the noteworthy
feature of admitting elongations greater than 1000%. These high elongation
values are dependent upan certain conditions in temms of temperature, stress
and deformation rates. The essential superplastic alloys are titanium grade
TA6V, aluminium grade 7575, steel grade IN 744, and nickels grade IN 718 and
IN 100.

| ensssm——

o

®

Superplastic defomation of an NI-based test specimen (650%)

This property is further explained by the intemal structure of these
materials, consiting of fine and equi-axis grains. During the defommation
process, these grains sustain successive rotations and translations, with
slippage effect and bonding at grain junctions.

¢

b
efore ‘ atter

traction process

Traction schematics

Microstructure of a superplatic
material (grain size 10p)




SUPERPLASTIC FORMING

For process industrialization purposes, the superplastic alloy sheets
(cbtained by hot cross-rolling fabrication process) are placed in a die/die
mold, heated, and distorted by gazeous pressure.

Agon

Pression
/ pressure\ / pressur

: Amosnies dArgon
i argon atmospher

1 4

Tole miperpiastaue /
superplastic Eve air vent
sheet

formed part

— ,{m";';‘& R
\i s EA

Example : = urambtos de tormage du Tiane TASY _
Terrpéranue e formage « 035 ¢

Forming parameters for
Titanium grade TA6V :
forming temperature : 925°C
deformation stress : 8 MPA
deformation rate : 2 %/min




SUPERPLATIC FORMING

WHICH ADVANTAGES ?

As campared to conventicnal stamping, this process features :

* Lesser tooling costs

* Deeper dishing and camplex shapes

* Suppression of junctions (rivets, bonding, welding)

* Good accuracy

* Strict production follow-up and noticeable repeatability

The SPF process allows the development of prototypes (CAR INDUSTRY,

RATTWAYS, AIRSPACE APPLICATIONS, MECHANICAL INDUSTRIES) within short notice,
owing to the utilization of ceramics moulded onto the typical model.



SUPERPLASTIC FCRMING AND DIFFUSICN BONDING

SPF/DB

Preparation

Artuifusen
Anti—diffusion
compound

E]-ouou.nm Bonding + Forming
\j | 1

i 4 -

snere1ume  Dual sheet structure

E PREPARATION

Dual sheet structure
Structure 2 tbles




SPF/DB

3-SHEET AND 4~SHEET TECHNIQUE

Preparation Preparation
B PREPARATION [] meramarcs

% Anti-diffusion compound

[e] sowsae  Bondi [Jromanas - s Forming + Bonding

s T T T Y
L y 1 . j
@nm Forming - J "C‘x"j
4 > N, o N 7N /\_',
B sonatng
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/K L] F

P e
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Structure 4 tbles A-sheet structure



SUPERPLATIC FORMING AND
DIFFUSION BONDING

WHICH ADVANTAGES ?

As compared to the conventional fahrication or assembling techniques, this
process features :

* A lesser mmber of parts

* Weight saving

*  Reduced costs

* Fair acamacy

*  Strict production follow-up and noticeahle repeatahility
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Forming Presses for the Aerospace Industry
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Profile >

ACB Pressure Systems is one of the
world’s leading suppliers of forming
presses for the aerospace industry.

The company offers and provides
its clients a comprehensive range of
products and services covering the
design, manufacture, installation
and modernisation of presses and
associated tools.

ACB Pressure Systems manufactures
SPF parts, 2D and 3D stretch
formed parts and elastoformed
parts on its own presses.

Thanks to their R&D centre, ACB
Pressure Systems can develop
various technologies on the forming
of materials.

Their know-how and skills are

applied to the following processes :

e stretch forming,
¢ elastoforming,
* superplastic forming.

The company is present worldwide
through its international network.
ACB Pressure Systems is open to
clients needs and offers a high
quality of products and services.

References
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Superplastic forming SPF et SPF/DB 5.

This process consists of hot forming
titanium or aluminium superplastic
alloys by using an inert gas
pressure, taking into account their
strong elongation capabilities.

This process can be associated with
diffusion bonding (SPF/DB) for the
obtention of complex parts.

The presses allow :

* heating up to 1000°C of the
highly resistant and indeformable
ceramic platens,

* gas regulation with high
accuracy valves with absolute
pressure up to 40 bar and
differential up to 5 bar,

¢ loading and unloading of parts
and tools by a shuttle,

* automatic forming cycles by a
specifically adapted numerical
system.

Characteristics of the Loire FSP presses

FSP 250 FSP 500
Force (kN} 2500 5000
Max opening {mm) 700 900

Platen dimensions {mm) 760x1520 1520x1520

Options :

® iool gripping systems,

* large side and lateral openings
heating screens for tools,

¢ SUPFORM software.

{
;
¢
¥

FSP 800 FSP 1200 ESP 1600 FSP 2800
8000 12000 16000 28000
900 900 900 2000

1830x1220 1520x2280 1830x2440 2280x5300



Stretch forming >

The stretch forming process consists Profile stretch forming presses
of wrapping or draping a sheet or Loire FEV-2D

a profile around a shape. Two The Loire FEV 2D range is

gripper jaws hold the part by its )
extremities and lead the material to pcrtlFulorly we||-o'dcpted fo the 2D
forming of aluminium or titanium

its plos.ﬁc phase for the forming profiles.
operation.

Options :

¢ adjustable forming speed,

® crosslide,

¢ auxiliary jaws for fast loading,

This process is characterised by : ® PS2F simulation software.

® low cost tools,

o firstrate repetitivity,

* reduction of intermediate heat
treatments,

* no spring-back effect after

Main characteristics of Loire FEV-2D presses

o - FEV-10 FEV-20 FEV-30 FEV-60 FEV-80
machining or assembling. Force {kN) 100 200 300 600 800
Presses are delivered with Max. diskance between jaws (mm) 4000 4000 4000 4000 4000
numericul Control ond can hove Up to 7620 to 7620 to 7620 to 7620 to 7620
to 14 control axes. Min diskance between jaws (mm) 160 160 160 610 860
The)’ allow : Table dimensions {mm) 1830 x 1270 1830x 1270 2130x 1270 2130x 1270 2130 x 1270

* quick changing of tools,

* automatic handling of parts,

* possibility of installing one or
more removable tool-holders.

Profile stretch forming presses
Loire FEV-3D

The special Loire FEV-3D presses
are a new step in the stretching of
complex 3D profiles. These
machines have specific applications.




Transversal sheet stretch
forming presses
Loire FET

One of a kind, the Loire FET
presses are very versatile and well
adopted to the forming of large
and complex shapes (leading
edges, karman, covers).

The 8 vertical and horizontal
cylinders, independent of each
other, installed at the jow
extremities, allow all the movements
necessary for the forming process.

Options :
* counterforming gantry, Main characteristics of Loire FET presses with rigid jaws
* S3F-T simulation software.
FET 400 FET 600 FET 1200 FET 1500
Stand large Stand. large Stand. large Stand. large
Jaw length (mm} 3000 4000 3000 4000 4000 5000 5000 6000
Max. distonce beteween jaws (mm) 3200 4200 5200 6200
Min 50 50 50 50
Verticale stroke {mm}) 1100 1100 1400 1400
Force per jaw (kN) 2000 3000 6000 7500

Longitudinal sheet stretch
forming presses
Loire FEL

The Loire FEL presses with their
curvable jaws are specifically
designed for forming long parts
such as fuselage or wing panel
elements.

Options :
* counterforming gantry,
* S3F-L de simulation software.

Main characteristics of Loire FEL presses with curvable jaws

FEL 2x100 FEL 2x160 FEL 2x350 FEL 2x500
Stand. tong Stand Llong Stand long. Stand. long

Max distance between jows (mm) 7000 10000 8000 11000 9000 12000 10000 12000

Min 1000 1500 1500 1500
Jaw length {mm) 2000 2000 2500 2500
Min bending radius (mm) 640 640 730 730

Force per jow (kN}) 1000 1600 3500 5000



Elastoformage

Principe Avantages Applications

Cette méthode d’emboutissage sur » formage de haute précision L'élastoformage trouve ses

coussin s'adapte fout et excellente répétabilité applications principales dans les
particuliérement aux petites et des piéces, secteurs aéronautique, outt')mobile,
moyennes séries. Le formage * outils simples, mais est utilisé également dans le
s'effectue par la montée en pression  #.coits de production faibles, ferroviaire et les systémes de.

d'un coussin élastomére sur un * coits d’outillage réduits. manutention, pour :

demi-outil simple male ou femelle. * toutes formes de piéces de taille

petite ou moyenne,

* les productions allant des
profotypes aux pelites et
moyennes séries,

* tous types de matériaux.

CHARGEMENT

onteneur

coussin

flane—"" outil

[ L

SERRE-FLANC

o=

vérin

FORMAGE

CALIBRAGE HAUTE PRESSION

I L 3 I

vérin



Skills and facilities at your service >

A development centre and
forming workshop, unique
in Europe.

Thanks to its production facilities
for research and development and
to its high-qualified engineers,
ACB Pressure Systems is your
partner for success for designing
and forming your parts :

e forming simulation,

® prototyping,

* jool designing and
manufacturing,

* technology transfer,

e small batches and series
production,

® process training.

ACB Pressure Systems is engaged
in the main european aerospace
programs such as AIRBUS, ATR,
SAAB, RAFALE, EUROFIGHTER ...

L
e T

Simulation of Profile
Stretch Forming FEHP-10

Comyright © 19951908 SITIA. Copyright @ 19051998 TEST



LELASTOFORMAGE

LE MOYEN LE PLUS RAPIDE, LE PLUS SUR ET LE
PLUS ECONOMIQUE POUR LA PRODUCTION
DE PIECES EMBOUTIES DE PETITES ET
MOYENNES SERIES.

LE FORMAGE SOUS COUSSIN ELASTOMERE
A 700 BARS :
e PERMET UNE GRANDE PRECISION ET

REPETABILITE DES PIECES.
 DIMINUE LES DEFAUTS D'ASPECT.

e ELIMINE LES OPERATIONS DE

REPRISES MANUELLES.

* REDUIT CONSIDERABLEMENT

LES COUTS D'OUTILLAGE.

ALSTOM PROPOSE UN SERVICE
DE PRODUCTION DE PIECES SUR
SES PROPRES PRESSES.

LAISSEZ-NOUS VOUS CONVAINCRE.

ALSTO

votre contact : Joél Doisneau
Boulevard Prairie au Duc - 44945 Nantes
Tél. +33 (0)2 40 41 14 97 - Fax +33 (0)2 40 41 15 47



Elastoforming >

This process is a very good
alternative for low to medium
production requirements. This
operation is performed through
pressurising a pad on a single half-
tool.

This process allows for low
production costs.

Presses are characterised by :

* simultaneous forming of several
parts during the same cycle,

* installation of one or two tables,
or a carrousel handling system.

EMC Low pressure presses
Loire EMC BP

The Loire EMC BP 4200 press is
well adapted to the forming of thin
aluminium sheets.This machine

is characterized by a forming
pressure of 200 bar on its
elastomer pad of

2100 X 1000 mm.

EMC High pressure presses
Loire EMC

Designed for blank holder forming,
this press range is characterised by
its high pressure when forming.This
machine allows first-rate quality of

parts, without manual reworking.

Main charateristics of oblong shaped Loire EMC presses

EMC 3500 EMC 5000 EMC 8000
Pad pad dimensions (mm} Q00x650 1100x750 1300x850
700 bar  maximum hesght tool (mm) 80 120
Pad pad dimensions (mm] 750x500 900x650 1200x750
1000 bar  maximum height tool {mmy) 80 100

EMC 12500
2000x1000

120
1600x900
100

EMC 16000
2400x1050

200
1900x950

130

EMC 20000
2850x1100

200
2200x1000
130
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SuperPlastic Forming and Diffusion Bonding
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PRESSURE » SYSTEMS

SUPERPLACTIC FORMING AND DIFFUSION BONDING

SUPERPLASTICITY is a property featured by
certain materials which, under certain

temperature and strain rate conditions, will yield

extensive elongation.

Extruded Bi-43 Sn test specimen prior to and after
superplastic deformation of 1950%

U6 CG30E



ACDB

PRESSURE > SYSTEMS

SUPERPLACTIC FORMING AND DIFFUSION BONDING

HISTORY :

YEAR MATERIAL UNDER EXPERIMENTED | ELONG. %

CONSIDERATION BY OBSERVED
1920 Zn-Al-Cu alloy Rosenhaim - 60

Haughton -
Bingham
1928 Cd/Zn and Pb/Sn Jenkins 400
1934 | Extruded Bi/Sn eutectic Pearson 1950
1946 | Rediscovery of the SPF | Bochvar (USSR)
process
Al-Zn alloy

1962 | Discovery by the western tUnderwood
countries of the Bochvar (USA)
work and 1st SPF
applications with TA6Y
titanium alloy (pods of
the ROCKWELL B1
bombardier)

0600JuU. t
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SUPERPLACTIC FORMING AND DIFFUSION BONDING

SUMMARY OF SUPERPLASTIC MATERIAL
CHARACTERISTICS

SUPERPLASTICITY

N
/

. Fine groined
Al/Lo high shuctore
)\ No or little 4
cavitation
high plastic Particulor
stability mechanisms
m high ———o——-j
Other failure
mechanisms

Growth and/

or cavitation

06 0030/E
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SUPERPLACTIC FORMING AND DIFFUSION BONDING

SUPERPLASTICITY CONDITIONS :

Theoretically, any material having a fine grained
structure, and which is stable in temperature, can
be shaped through the SPF process (SuperPlastic
Forming).

General requirements

+ Forming temperature > 0.5 x fusion temperature
(in Kelvin degrees)

*» Fine grained (single axis if possible) < 10 um.
+ Stable matrix structure at forming temperature
* Slow deformation rate:

10-4s-1 <£<10-3s-1.

Case of the bi-phased materials

In addition to the above stated requirements:

* Respect of a certain ratio between the two
phases.

+ Homogeneous distribution of the 2 phases.



ACD

PRESSURE > SYSTEMS

SPF PROCESS DESCRIPTION

The standard industrial way to manufacture SPF parts is to use a
tool consisting of a die cavity and a plate.

A4 > L 4

Argon == S Superplastic
Pressure sheet

Event

The sheet of superplactic metal is
clamped between the die cavity
and the plate by the heating
press.

The gas pressure (argon for Ti
alloys, nitrogen for Al alloys} is
then applied to push the sheet
against the walls of the die cavity
at the stress and the strain rate
required

L 4 - L 2
5
=
=
10 minutes
- v L 4
9
o o
30 minutes
b 4 L 4 A
\"

Formed part 45 minutes
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SUPERPLACTIC FORMING AND DIFFUSION BONDING

METALLURGICAL STATES OF ALUMINIUM ALLOYS

AND TAb6V :
Material Initial state Final state
7475 @) 1762
5083 H19 : cold drawn, O
extra hard (informative)

(*)
TA6VY Annealed at (*)

730°C

Decarbonized
Planned

AMs 4T 1]

(*) Final condition characterized by the mechanical
properties obtained after SPF.

Q]Lfe'/ ﬁ})‘—- )

. ¢
bis o AT
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SUPERPLACTIC FORMING AND DIFFUSION BONDING

STRUCTURE OF THE PRINCIPAL SUPERPLASTIC

MATERIALS:
ALLOY TYPE ESSENTIAL
CHARACTERISTICS

SUPRAL |Quasi-single phased|Fine precipitate
7475 distribution at  grain
8090 junction in the fine
5083 grained matrix
PbSn Eutectic
ZnAl
TA6V Biphased with Phases in quasi-equivalent

micro-duplex
structure

proportions
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SUPERPLACTIC FORMING AND DIFFUSION BONDING

Equation featuring the behaviour of a material in
the superplastic range:

The equation featuring the behaviour of the plastic
flow of a material is as follows:

o = o0 + f(c,e,T)

At any moment of the tensile test:

- 00 = yield strength;

- o = plastic yield stress;

- ¢ = In(L/Lg) = true deformation;

- ¢ = de/dt = deformation rate;

- T = temperature.

06 0030/E
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SUPERPLACTIC FORMING AND DIFFUSION BONDING

ILLUSTRATION OF THE DEFORMATION :
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SUPERPLACTIC FORMING AND DIFFUSION BONDING

ASHBY AND VERRAL MODEL :

HHH

HHH

@ étatinitial ® éutintermédiaire © éutfinal

— Htustration schématique du modéle de glisseament
aux joints accommodé par diffusion.

06 0VI0/E
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SUPERPLACTIC FORMING AND DIFFUSION BONDING

BALL HUTCHISON MODEL :

E empilement de dislocations (pile up)
B grain bloquant le glissement aux joints
P plan du glissement aux joints de grains

— {{lustration schématique du modéle de glissement
asux joints_accommoda par deformation plastique (5 p. 4.1].

06 0030/€
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SUPERPLACTIC FORMING AND DIFFUSION BONDING

SUPERPLASTICITY PREDICTION :

SUPFORM2 - Significant parameters :

SUPFORM?2 is a forming cycle prediction software
based on the behaviour equation:

o(c) = K(e) x £(e)m(e)

The cavitation and structure change phenomena
are neglected.

It is of the 2D type; In other words, only the case of
cylindrical or revolution parts is envisaged.
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SUPERPLACTIC FORMING AND DIFFUSION BONDING

The essential parameters to be entered into the
program are:

- tool geometry; R
- metal sheet/tool friction coefficient; \rglgé, >y
- trussing of the metal sheet

- sheet maximum deformation rate

- type of calculation (axisymmetrical or
cylindrical) ;

- initial thickness of the sheet (constant or not);

- material behaviour law (k(g), m(g)).
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The essential results obtained are:

- the forming cycle:

Pressicn de gaz (212a) |

182
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- thickness distribution;
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APPROACHED CALCULATION:

Forming pressure:

- Forming of a spherical dome

P = (2 thickness cosb ¢ )/R

(thickness and R = same unit)
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PROGRAMME

- Presentation of SUPFORM2.
- The use of SUPFORM2.

- Demonstration on a real case.

- Exercise : simulation of the hemispherical part by the trainees.
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- Forming of a cylindrical cavity

P = (thickness cos0 c)/R

(thickness and R = same unit)
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SELECTION CRITERIA BETWEEN VARIOUS
MATERIALS - EXAMPLES

- Corrosion resistance
(ex : 5083>7475>SUPRAL) ;

- Mechanical characteristics (ex :
7475>5083>SUPRAL) ;

- Ductility (ex : 8090>7475>5083) ;
- Temperature strength (refractory >TA6V) ;

- Diffusion bonding ability (TA6V>all other
materials);

- Heat transmission (ex : Cu>all other materials) .

06 0030/E
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TECHNOLOGICAL ADVANTAGES

- Possibility of obtaining complex (not developable)
and deep shapes (extensive elongation).

- Absence of springback and internal stresses.

- Simultaneous forming of parts featuring highly
different geometries, hereby sparing from the need
of performing numerous assembling operations.

- Tools only requiring a single die (no shape
adjustment required contrarily to conventional
drawing tools. Production costs, exclusive of
material, cut short by 4).

- Reduced weight and production costs in cases
where the forming operation can be combined with
a diffusion bonding operation (TA6Y).

- Process well suited to reduced and medium serial
production.
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TECHNOLOGICAL DRAWBACKS:

- Expensive basic materials {few'suppliers and little
volume).

- High forming temperature and slow deformation
rate (special press and long cycle times: 1/2h to

8h).
- Tool materials often difficult to machine.

- Part thickness not constant (except in the case of
specific preparation or finishing).
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GRAIN REFINING METHODS

INITIAL INTERMEDIATE FINAL
MICROSTRUCTURE  MICROSTRUCTURE MICROSTRUCTURE
PHASE » »
TRANSFORMATION @ @
MEATING,

COQLING

INHOMOGENEOUS “.. R —— -
or cumex »',0‘ > — >

ALLOYS

DEFORMATION DEFORMATION
PHASE SEPARATION
IN QUPLEX ALLOYS @ -> @ >
ANNEALING
(reca iF)
RECAYSTALLIZATION 3 % >
OEFORMATION ANNEALING

(ft(u(\’)
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GRAIN REFINEMENT THERMO-MECHANICAL

PROCESS FOR AN ALUMINIUM ALLOY GRADE

7075

SOLUTION
TREAT

TEMPERATURE*C

RECRYSTALLIZE -J

OVERAGE

ROLL

TIME ——

Step

Parameters

Solution Treatment
Ovéraging

Rolling
Recrystallization

482°C, 3 hours, water quenched
400*C, 8 hours, water quenched
200°C, 90 reduction

482°C, 0.5 hours, water queunched
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7475 SPF MATERIAL THERMO-MECHANICAL
PROCESSING RANGE

o )
; 182 J Mise en solution (2h) Recristallisation {30ma)
5 [ ]
<
g. 200 - Globulisation (8h)
— Lamnage a
tiede jusqu'&
90% de
reduction
d'epaisseur
200 4
‘ Tadle de gran
D x 10);.:11
20 : L__

Temps

‘—-G’Ammo de traitements thermomadécaniques permaet-
tant d'obtenir sur les alfiages d’aluminium 7475 une structu-
re recristallisée & grains fins de 10 ym enviroa.

06 0030/L



ACD

PRESSURE » SYSTEMS

060030/E

SUPERPLACTIC FORMING AND DIFFUSION BONDING

PART/TOOL EXPANSION COEFFICIENT:

When designing a SPF forming:.tool and, more
generally, a hot forming tool, due allowance must be
made to the different expansion characteristics of tool
and part materials when it is desired to obtain a part
actually true to shape.

Calculation principle:

At forming temperature T, the following conditions
must be satisfied:

(1+apart?) X Lpart = (1+atoolT) x Ltool
U

Ltool = Lpart x [(1+apartT)/(1+at00lT)]

Where:

- apart = expansion coefficient of part material at the
forming temperature;

- dtool = expansion coefficient of tool material at the
forming temperature;

- Lpart = part dimension;

- Liool = dimension on the tool corresponding to
qur‘l‘.
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LOCAL DEFORMATION RATIO (TD%) :

TD% = 100x (eo - emini)/Emini
= 100 x [(e0/emini)-1]

Example : air inlet

e0 =2 mm JTD% = 300%
emini = 0.5 mm )

In superplastic forming applications, elongation is
expressed with reference to TD%.

06 0030/E
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EFFECTS OF VARIOUS PARAMETERS ON
THICKNESS DISTRIBUTION:

Effects of a back pressure:
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Effects of the temperature:

03;
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ROLE OF THE SHIELDING GASES:

Their role is to protect the hot metal from oxidation.

However, they shall not contain contaminating
elements.

TA6V, which is highly sensitive to O, H, N, must
therefore be protected (and thus formed) with
extremely pure argon, whereas nitrogen is convenient
for aluminium alloys.
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Effects of initial pre-machining of the sheet:
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USUAL MATERIALS :
ALLOY
Aluminium | Titanium | Refractory | Stainless | Copper | Zn-Al
steel
AA 2004 (Al- TA6V : | (IN 625) | URANUS | Cu-2.8 Al-|Zn 22
Cu) 700% 45N : 1.8Si-0.4 | Al
IN718: | 1000% Co
AA 2095 TA3V2.5 200%
110% Cu-9.5 Al-
AA 5083 (Al- 4 Fe
Mg) : 320% Aluminiu
-res Cu-1.8 Be-
AA 6082 (Al- 0.2 Ni
Mg-Si)
AA 7475 (Al-
Zn) : 560%
AA 8090 (Al-Li)
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THE DIFFUSION BONDING PRINCIPLE DIAGRAM
IS AS FOLI.OWS:

% Initial contact
Limited to surfoce asperities. . s

g )
1st step
S 4 Plostic deformation and creeping
of the osperites.
Step corresponding to physical =0 ,zi
reconciliation of the surfocss, 4T
during which phenomena such as
rupture of the oxide films elc... occur.
.
2nd step
- Gruin growth through the interfocs,
the new junctions tending towards
an equilibium corfiguration; ubes z
the subsisting pores begin to be subsish {’Q 7&
oliminated by diffusion at grain junctions. PQM i 71
. 2
8
3
5 4

3rd step
W Elimination of the remaining pores
by volume diffusion
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DIFFUSION PRINCIPLE :

Cristal complet

Cristal incomplet

Example of centred face cubic structure
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THE SIGNIFICANT PARAMETERS OF DIFFUSION
BONDING ARE:

- pressure applied:
- temperature;
- bonding time;

- absence of surface contamination.

06 0030/€
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EFFECTS OF PRESSURE AND BONDING TIME ON
THE PERCENTAGE OF BONDED AREAS:
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CASE OF THE TA6V :

TA6Y features very good diffusion bonding
characteristics:

- little oxidation at ambient temperature (no
« diffusion barrier » phase will develop at the
surface during the preparation phases).

- the diffusion bonding temperature coincides with
that of the SPF (925°C) hereby enabling the SPF/DB
technique to be used.

However, it should be noted that TA6VY can be
bonded at lower temperatures, but for pressure
and time values higher than at 925°C.

The curve below highlights the effects of pressure and
time on diffusion bonding of TA6V material:

Temps

(heures) o Titanium BAL-4v ¥25°

b4 — théorie
X sans défaut without a’e/e(/r
© porosités

040030/t
P
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CASE OF ALUMINIUM :

The layer of alumina which builds-up practically
instantaneously at the surface of aluminium alloys at
ambient temperature, stands as a diffusion barrier
and prevents the achievement of the diffusion bonding
process.

Nevertheless, the developments currently in progress
demonstrate that diffusion bonding of certain
aluminium alloys is possible, by « breaking » the-oxide
layer at the early stage of the bonding operation.

;¢75
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THE SPF/DB PROCESS:

The SPF/DB technique applied to TA6V allows
achieving, in a single or two operations eventually,
structures of the « honeycomb » type, in which the
structure of the material in the weld areas between
the stiffeners and external metal sheets is the same as
the structure of the basic material. Hence, parts
featuring lighter weight and enhanced mechanical
strength are obtained.
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THE DEVELOPMENTS IN PROGRESS

The developments, in their great majority, are aimed
at the achievement and chardctérization of new
superplastic materials:

- Duplex stainless steel materials;

-INCO 718 ;

- Inter-metallic alloys (Titanium aluminiures);
- Metal matrix composite materials;

- Structural ceramic materials;

- Ceramic - Ceramic composite materials;

and many other materials: copper based,
magnesium alloys ...

Through these materials, new superplastic forming
applications will emerge.

Another improvement channel would be the
development of materials, perhaps featuring lower
performance characteristics in terms of elongation
(~150-200%), but which could be formed at higher
rates and would be cheaper to produce than the
current superplastic materials.

06 0030/E
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SPF PROCESS DESCRIPTION

MAIN ADVANTAGES

OF THE SPF TECHNOLOGY

= SUITABLE TO OBTAIN DEEP AND COMPLEX SHAPES

= SAVES ASSEMBLY OPERATIONS PARTICULARLY WHEN
COMBINED TO DB OR LASER BONDING

B 737 ACCESS DOOR

Standard design SPF design
STANDARD

DESIGN SPF DESIGN GAIN
Number of parts 31 parts 6 parts 81 %
Number of rivets 237 rivets 137 rivets 42 %
Weight 3,0 kg 2,74 kg 9.8 %
Assembly process Milling + manual Automatic

riveting
Cost of the door (cost
of tool and engineery 75 %
depreciation included)
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TYPICAL GEOMETRY OF THE STIFFENER

2 sheets part :

3 sheets part :

>ACK BONDING

‘ ‘ ‘ ‘ FORMING

=== c:{_/_\jé

4 sheets part :

PACK BONDING

== = = = 2

-
?

FORMING

BONDING

06 0030/E
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3 AND 4-SHEET SPF/DB PRINCIPLE DIAGRAM

3 TOLES 4 TOLES

A | Préparation A | Préparation

" Mﬁdﬁusam@

g-wr) of

s AR Formage
2): R B | Soudage Bl C |5 soudage

F2 —= —
e -~ 7

C | Formage

-

D | Soudage D | Soudage

1/ N\ 5 -
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THERMAL
CORRECTIVE
MATERIALS EXPANSION COEFFICIENT
COEFFICIENT TITANE / STEEL
BETWEEN 20°C AND ‘
925°C
TA6V 10,64 x10%

mm/°C/mm
Z50NCW50-27-5 16,5x10°¢ 0,995
(XN50TF)

17,5x10° 0,994
Z4ONC40-20
(XN4OTF) 19 x10° 0,993
Z 12 CN 25/20 12,6 x10°® 0,998
(NS 30)

16 x10° 0,9952

Z75C26 M
(BR 260)* 0,7x10° 1,0064
Z 6NC 55-18 20,3x10® 0,9885
(Cronite)

NETSHAPE (Ceramic)®

22-9-4°

* Materials to be avoided for serie tools
BR260 : bad creeping resistance.

Ceramic : bad stress test resistance, bonding

ceramic.

22-9-4 : bad corrosion resistance.

between TA6V and
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£mn CORRECTIVE
COEFFICIENT
BETWEEN 20°C AND |~~~ ~- = == =0 =omme
525°C
7475 25 x 10" mm/°C/mm;
5083 28 x 10°® mm/°C/mm
7475 5083
40 C MD 8 14,2 x10°¢ 1,0056 1,0069
55 NC DV 7 14x10° 1,0056 1,0069
Z2 CN 18 10 (304 ) 18,5x10°° 1,0033 1,0048
55 CN DV 4 (SM2G) 13,8 x10°° 1,0056 1,0071
HT 600 (Ceramic) 0,7x10° 1,0110 1,0126

(oyrécrive ) 1s) /-Zg. 1 ﬁ;‘f?\f:; Pg o376 3)
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MATERIALS Price (FRF)/kg Price/kg Possible
Casting with model| Casted block Suppliers
FOR TA6V
Z50NCW50-27-5 120 to 180 AUBERT ET
DUVAL
120 to 150
MANOIR
Z4ONC40-20 100 to 150 INDUSTRIE
AUBERT ET
90 to 140 DUVAL
zaglcsgs-w 120 to 150 MANOIR
(Cronite) INDUSTRIE
70 to 130
Z12CN25-20 FEURS METAL
UNION DES
60 to 130 FORGERONS
UGINE
FONDERIES DE
MARLY
FOR 5083 and
7475 20 to 50 SECOSAR
40CMD8 25 to 50 THYSSEN
55NCDV7 CMM
60 to 80 SAMBRE ET
55CNDV4 MEUSE
(SM2G) 30 to 50
STANDARD
Z2CN18-10 MATERIAL

(304L)
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PART STUDY

PARTS TO BE S1C DAY
MANUFACTURED BASICDATA
Part study Study of production facilities

a) Material

Titanium - TA6V
Alu -5083
7475
b) Part dimensions

LxWxH

. Governs die material selection
(Superplastic forming temperature).

Forming temperature = 925°C

Forming temperature = 515°C

. Allows to check the SPF press capabilities
Heating platen dimensions (1240 x 1240)
Max. opening (400)

Tool max. size : 1200 x 1200 x 390

40 =40  —70
Blank max. size : 1060 x 1060 x 300 (300
is not the thickness but the height of the
part or of a box to be blown)

. Handling facilities

a) part (grips - frame - tools to be created)
b) die (boom - traveling crane)
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PARTS YO BE
MUFACTBREQ

__BASIC DATA

c) Part shape - mini.

thickness required

Forming cycle calculation = results (part
profile modeling).

- Determine the forming pressures, thickness

of the basic blank*.

. Part modification as the case may be

(drawing = customer).

. Radius correction, clearance for stripping

purposes, or to facilitate forming.

. Forming pressure and cycle time

modifications.

. Chemical or mechanical machining of basic

blank as the case may be, to obtain the
minimum thickness required.

* Basic blank - depending on part - 1 or
more sheets, or rolled welded blanks.
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PARTS TO BE
MANUFACTURED

BASIC DATA

d) Quantity to be
produced (small
series, limited series,
large series).

. Governs also die material selection (hot
creep behgavior--in:the long run), cost of
materials, ;. more  or less efficient
performance characteristics.

. Affects die dimensions (large series
production of small parts), several imprints
in the die to produce several parts during a
same cycle, reduction of part forming costs.

. In oder to increase the production rate, it is
also possible to form 1 imprint in the die
and 1 in the cover in the same cycle. These
imprints can be the same or different. This
technique is often used when 2 parts
require a good concordance to be
assembled after forming.

. The association of different parts in the
same tool depends on :

% the size of the parts ;

% the possibility to find a common forming
cycle ;

% the need of these parts at the same time
(it is not possible to produce one of them
alone).
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DIE STUDY

BASIC DATA

a) Material selection

b) Die internal shape

. From the basic data relating to part
material (titanium or aluminium), forming
temperature (925 or 515°C), cycle pressure
(maximum pressure-to put in the tool, use
of a back pressure), number of parts to be
produced (lifetime of the tool required).

(see the list of possible materials).

Note :

. The heating and cooling times depend
mainly on the size of the tool and power
of the press and not on the type of
material of the tool.

. Frequency depending on the material,
when the surface finishing leaks away, it
is possible to dry sand blast the internal
shape of the tool.

. From the data mentioned on part drawing
(blue print + 3D CAD for die machining),
and - from ‘forming  simulation calculation
data.

. Attention shall be paid to :

.radii R, the largest possible outside the
part (R mini # 10 mm).

. clearance for stripping purposes (deep
drawn section a mini 1°30/).
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DIE STUDY BASIC DATA
. Marks outside part as the case may be,
engraved contour, locating, for contouring.
. Specify : surface :-finish condition, part
703 N formmg areaq, pohshmgRA (hand fmlshmg

c) Die external shape

1 - Sizing

. Calculation of bottom, wall

after form cutter machining).

. Specify part imprint multiplying factor, in

the die to take part and die shrinkage into
account.

From the basic data, mechanical
characteristics of the material, forming
pressure and temperature.

and cover
thicknesses.

. Die external dimensions depending on part

size, plus jointing face area and tank/cover
centering value.

.47”/\ N

4} G



06 0030/E

ACDB

PRESSURE > SYSTEMS

DIE STUDY

BASIC DATA

Successive deformations of the sheet.

Note : For a very deep part, it could be
interesting to work with the die in the upper
position to facilitate the removal. The part
can be removed under the action of its own
weight.

. Air venting holes in calibration areas and
radii to eliminate air pockets, & depending
on sheet thickness, & 1.6 to & 2 :

% directly connected to the exterior of the
tool (air) ;

% connected all together to a same tube
to allow back pressure or vacuum.

. Overlength to be provided for contouring
(straight section + 5 mm mini).
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DIE STUDY

BASIC DATA

. With optimization depending on standard

procurement width of the basic sheets (ex.
TA6V, width : 914 - Alu : width : 1000)
Minimize raw material scraps.
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DIE STUDY

Single joint

- 3 cover centering dowels, screwed into the

tank, possibly used to center the blank :

% the blank is just placed against 2
perpendicular. -centering dowels if an
accurate positionning is not necessary ;

% 3 oblong holes are machined in the
sheet to be accurately positionned on the
tool.

In any case it is necessary to leave free
expansion of tank and cover.

. Centering dowel locating holes in the cover,

not open on top side.

dowe| [daus)] W47 B4k 27414
Uuw] njle) 2B (69) 45 B¢ 169)
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DiE sTUDY

BASIC DATA

2 - External equipment

- Machining of cover top - tank underside

and parallelism between topside and
underside: 0.2/1000 (degradation of
ceramic platens).. ...

. Side’ fac.es:‘mc':.;l bé left in «as ground »

status. zm 33 %(S’% Z‘E\f‘}‘i‘ &7z

. Chamfer on cover top and tank underside.

. Sealing joint between tank and cover

(double for aluminium, backpressure).

. May be single for titanium, pressure side).

. No sealing joint when the tightness is made
in the blank.

Double joint

Cham{ﬁ/ ) \E']J% T

r-Zf?%
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DIE STUDY

BASIC DATA

. 6 thermocouple locating holes (5 in the

tank, 1 in the cover) arranged in diagonal
configuration on two faces of the tank, 1 on
press side, 1 on:operator’s side. Drilling: =
10 mm of part skin.

. Drilling on the side faces to collect the air

venting holes  (aluminium  forming,
backpressure).

. Air venting holes can be through’ holes for

titanium.

. Gas supply in the cover, holes on press

side.

. 4 lifting dowels screwed into tank and

cover, for handling purposes.

. Slots on tank mating face, for part stripping

and picking-up.




