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Page._ 2.

The information about the chemical composition, the physical and
mechanical properties, the thermomechanical parameters, the
technological processes of forging and stamping vf nonferrous metals
and alloys on their basis is given in the handbook.

Handbook is intended for the production engineers and the
deésigners. It can be useful to students and instructors of VTUZ
[higher technical educational institution].

Page 3.

Chapter 1.

METALS AND ALLOYS.

Forms of alloys, their characteristic and use/application.

Aluminum alloys.

Classification, chemical composition, physical and mechanical

properties and technological characteristics are given in Jable 1-5

W, e vt et -
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DOC = B3173501 PAGE 3
and Fig. 1-26.

During the construction of forgings in stampings together with
the strength one must take into account the specific weight/gravity,
wvhich determines density of metal. Should be considered also the
thermal coefficient of linear expansion and the possibility of a
decrease in corrosion resistance of pairs (parts from aluminum and
alloys on its basis, which contact with the parts and the assemblies

from other metals).

The values of the coefficient of thermal conductivity and
specific heat can be used during calculations of the time of heating

and cooling of forgings and stampings.
Magnesium alloys.

Classification and designation/purpose, chemical composition and
mechanical properties are given in dable 6-14 and Fig. 27-56.
Magnesium alloys have low density, high ability to absorb energy of

impact/shbck and vibrations.

Their high specific heat is also the positive property of
magnesium alloys. The temperature of the surface of parts of these

alloys with an identical quantity of exchanged heat is 2 times lower
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in comparison with the temperature of the surface of parts of 4

low-carbon steel and to 15-20% lower than in parts from the aluminum .

i alloys.
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PAGE 5

1. Classification on the strength of aluminum and alloys on its

basis.
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Key: (1). Group.

(2).

Strength and plasticity.

(3). Alloy. (4).

Mechanical properties. (5). in kg/mm?*. (6). & in %. (7). soft,

plastic. (8).

(10). Average/mean stréngth and plasticity. (11)

lowered/reduced technological properties.

and above).

It is less.

(9).

(12).

depeﬁding on degree of work hardening.

. High strength with

More than 45 (to 60
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Pages 4+5.

2. Chemical composition of aluminum and alloys on its basis.
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Key: (1). Alloying elements in %. (2). Harmful impurities in % (not

more). (3). Alloy. (4). Others. (5). Other. (6). Sum Fe+Si or Fe+Ni.

(7). sum of all admixtures/impurities. (8). Aluminum. (9).
Aluminum-manganese alloys. (10). Magnalium. (11). Riveting alloys.
(12). Duralumin. (13). High-temperature (strength) alloys. (14).
grease. (15). Forging alloys. (16;. High-strength alloys. (17).

Corrosion-resisting alloys.




DOC

= 83173501

Pages 6+7.

PAGE 9

- -3, OBANwECERe CRONCTES ANDNEEER B COIAROS RS €10 OCEOSE s

3. Physical properties of aluminum and alloys on its basis.
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Key: (1). Alloy. (2). Density in g/cm®>. (3). Specific resistance in

Qemm?/m. (4). Coefficient of thermal conductivity® in cal/cm-s °C.

FOOTNOTE '. The temperature in °C is indicated in brackets.

ENDFOOTNOTE.

(5). Coefficient of linear expansion ! «+10-¢ in 1/°C. (6). Specific
heat ® in cal/g-°C. (7). to. (8). (specific conductivity in % of

conductivity). (9). from. (10). and.
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Page 8.

N

4., Mechanical properties of semi-finished products from aluminum and

alloys on its basis.
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Page 9.

Continuation ¥able 4
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Key: (1). Alloy. (2). Semi-finished product. (3). State of delivery.
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(4). in kg/mm?, (5). in %. (6). Direction of cut of sample/specimen.

(7). lengthwise. (8). across. (9). and. (10). Rods of all
sizes/dimensions. (11). Cold-worked. Annealed. (12). Annealed or not
heat-treated. (13). not more. (14). Stampings. Forgings. (15).
Annealed. (16). Rods of all sizes/dimensions. (17). Partly gathered.
(17a). Annealed (depending on weight). (17b). Rods and wire. (1B).
After hardening and natural aging annealed. (19). Wire. (20). After
hardening and ratural aging. (21). After hardening and aging. (22).
After hardening and artificial aging. (23). Rods. (24). Rods and
band. (25). they do not undergo heat treatment. (26). Rods of all

sizes/dimensions. (27). After hardening and natural aging.
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PAGE 15
Page 10.

5. Technological characteristics of aluminum alloys.
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- «) !
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AL W), : Ao 150~180
AL, ALL Manan, (L))
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s »MCY —
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Key: (1). alloy. (2). Strength at 20°. (3). Maximum/overall diameter

of ingot in mm.

Temperature of use/application in °C.

(4). Degree of complexity of obtained stampings.

(6). Average/mean.

(7). High.

(8). Low. (9). Most complicated. (10). Average/mean complexity. (11).
Complicated. (12). Low, low, average/mean. (13). Complicated and

uncomplicated. (14). To.

(15). Low and average/mean. (16).

Uncomplicated.

Average/mean complexity. (17).
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Fig. 1. Diagram of plasticity of aluminum alloy AMts (pressed). L

s {
{

Key: (1). kgfm/cm?. (2). kg/mm?.

Fig. 2. Diagram of plasticity of aluminum alloy AMg (pressed).

Xey: (1). kgfm/cm?*. (2). kg/mm?.
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Fig. 4. Diagram of plasticity of aluminum alloy AKB: a) cast: b)

deformed.

Key: (1). kgfm/cm?. (2). kg/mm?,.
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Key: (1). kgfm/cm?. (2).

kg/mm?.

plasticity of aluminum alloy B95: a) cast; b)
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Key: (1). kgfm/cm?. (2). kg/mm?.
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Fig. 10. Diagram of plasticity of aluminum alloy AKé-1 (pressed).

Key:

Fig.

Key:

(1). kgfm/cm?, (2). kg/mm’.

1l. Curves of flow of aluminum alloy AMts (pile driver).

(1). kg/mm?,
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Fig. 12. Curves of flow

Key: (1). kg/mm?.

Fig. 13. Curves of flow of aluminum alloy B95 (pile driver).

Key: (1). kg/mm?.

(4] )
Xl mm?
Joo°
2 250
7L 40
A 450
10 v
o 1w 2 2 &L,
Fig. 13.

of aluminum alloy AKé (pile driver).
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Fig. 14. Curves of flow of aluminum alloy BOl7 (pile driver). i

Key:

Fig.

Key:

Sadbck

(1). kg/mm?.

15. Curves of flow of aluminum alloy AK4 (pile driver).

(1). kg/mm?.
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Fig. 16. Fig. 17.

Fig. 16. Diagram of actual stresses with elongation of high-alloyed
aluminum alloy B95 (N. I. Korneyev, I. G. Skugarev, I. K,

Kolpashniko).

Key: (1). kg/mm?. (2). initial state. (3). hardening. (4).

hardening+aging. (5). annealing.

Fig. 17. Diagram of actual stresses during compression of
high-alloyed aluminum alloy B95 (N. I. Korneyev, 1. G. Skugarev, 1I.
K. Rolpashniko).

Key: (1). kg/mm2. (2). initial state. (3). hardening. (4). hardening—

aging. (5). annealing.
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Fig. 18. Diagram of actual stresses with elongation of high-alloyed
aluminum alloy of type BS6 (N. I. KRorneyev, I. G. Skugarev, I. K.

Kolpashnikova).

Key: (1). kg/mm®*. (2). without heat treatment. (3). hardening. (4).

hardening aging. (5). annealing.

Fig. 19. Diagram of actual stresses during compression of
high-alloyed aluminum alloy of type BS6 (N. I. Rorneyev, I. G.
Skugarev, I. K. Kolpashnikova).

Key: (1). kg/mm?. (2). initial state. (3)

. hardening. (4). hardening
aging. (5). annealing.
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Fig. 20. Effect of general/common/total strain on mechanical

properties of aluminum alloy A1 (V. A. Livanov): - center; - - =

periphery.

Key: (1). kg/mm?.

Fig. 21. Diagram of recrystallization of working aluminum (Si=0.13%;

Fe=0.2%). Rounds, are hotter settling, annealing at a temperature of

settling and flow 20 min in salt bath.

e —————
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Fig. 22. Change in macrostructure of pressed rod from aluminum alloy

in dependence on general/common/total strain (diagram).
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Fig. 23. Diagram of the recrystallization of Duralumin [J1 annealing

with 500°C for 3 h.

Key: (1). upsetting on the pile driver. (2). upsetting on press.
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Fig. 24. Diagram of recrystallization of aluminum alloy BHl7: a)

upsetting on press; b) upsetting on pile driver.
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Fig. 25. Diagram of recrystallization of aluminum alloy AK6; a)

upsetting on press; b) upsetting on pile driver.
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Fig. 26. Diagram of the recrystallization of aluminum alloy AK8; a)

upsetting on the press; b) upsetting on the pile driver.
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6. Classification and designation/purpose of magnesium alloys.

Pabowan vexneparypa
) o) Dxactws- Anch » o
(‘ Dpos- (3) W) “-orzs e I '?“ bon.een (q)
= | Woem °.. Cazas Cacreas ciinass SEDETYP rO- Haagasesue
Sl o xlimm prees yepop- | UpS LIS~ | UDR KDAT- .
Y ey reaproll | xoBpemesn-
= 5 pa()m:hw aof pabo-m( 3
ey iy (u-&
Bemuconod MAL Mg — Mb Dg 150 200 TAMNOBKE BOCIOWEOR NOBRQITYpAIMA,
uv?_“%ﬂl (16) Be ;xsme OODBIIRS BEperp yeoK
b iy )
MAS Mg — Mg —~ 0.2% Ce Bee »ED: 3600pMEDYEMNI BOJYGaOpEXS-
L"‘j 5) TOF R INTAMOOBXE IZNR petaned cpexmed
0 3 OpOYBOCTE B CIOMNENe no hopue
Cpeased u 200 =0 ﬁ] bo
n MAY Mg—Mp—03Al—02Cal Topcman '\ peccopamemie DonyhaGpPRKATM LAR gET-
v i nefl cpexmef RPONHOCTE
MAT Mg — Al —~ 2n —~ Mo [$VHoBaENe X MITIMDOBARMNE RETANE CJIOM-
BOf ¢opMI LA PAbOTH B YCAORRAX CPeIHNX
Ao
MA! |Mg— Al— 2D - Mp | AWce wC 2eQOOPUEPOBAHENT OO yhabpe-
A o) Kavos I18 geranel cuowaod Hopa. Np»-
. (&3 o 150 260 2o :\e}:‘ﬁme cBOOONHOR KORNE OFPAENYENEO
MAZ - - - FORIETRC- o o & TAMDOBKE JAMOTONOK IN1A BArDYIKCEMMI
ME — Al - 2o - Mo ,;.-n:n.n(.! ‘ peradel §o Hopume cpexned cnowBocTR Cmo-
\ BOJBRBR KOBKA — Bt DEXOMEEIVETCH
> Mas! | Mg - Al — 20 — Mo | Dommwesxan O TaMNORKE  MAFPYMHEEBWI HerTanel 0o
o1 Bucoros (a3 dopue cpemed cronBoeTs CroboiRON KOP
EPOYWOCTE P Be ofpabaTsaeTch
20— BMG-1 Mg~ 20 - Zo T5—150 To 20U {FKmeer Eanbodee DIEPOKOE ODFMEBREHNe
B OPOMMICIEHROCTR KIA MIrOTOBIEBHA KPYD~
BOTa0apETHENI EArp¥HxeSHLX TeTanef caoix-
rof Gopua. JOOFLKAKTCA ODOCTME cOEPs-
. muE cRobITACA KOBKOR
BMI: Mg — Ce — Mo o 250 1
Qb\ Mll‘ Mg — Nd -~ - Ni fo—am X2 lge-n:n b1 1 pabo:i B YCAOBEAX DORMIDES~
BOR TEMDEDERTYDM. MELNSHBO DA YIPOYA MO~
v “'_":‘P"" Matyd Mg~ Tb — Mo MNeCR BETAIR TPR TeMheparypax > Z0° C
BALT Mg~ Th — Mn 400 .

Notes: 1. Alloys MAl, MA3 and MAS are applied limitedly. 2. Alloys

MAS, MAll, MAl3, BM1 and BM17 are applied for manufacturing parts,

which work under overheat conditions. 3. alloys MAl3 and BMAl cont&in

radiocactive thorium in their composition; therefore all forms of

processing must be accomplished in accordance with special rules.

Key:

(1). Group.

(2). Strength

in kg/mm?*.

(3).

Alloy. (4). System

of alloy. (5). Plasticity in range of temperatures of hot
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deformation. (6). Operating temperature of parts in °C (not more).
(7). with continuous operation. (B8). with momentary duty. (9).
Designation/purpose. (10). Low strength. (11). Bigh. (12). Stampings
of uncomplicated configuration, which do not carry heavy overloads.
(13). All forms of semi-finished products being deformed and stamping
for parts of average/mean strength and complicated on form. (14).
Average/mean strength. (15). Good. (16). To. (17). Pressed
semi-finished products for parts of average/mean strength. (18).
Forged and stampings of intricate shape for work under conditions of
medium loads. (19). All forms of deformed semi-finished products for
parts of intricate shape. The use/applisation of smith forging is
limited. (20). Satisfactory. (21). Stampings'of blanks for loaded
parts on form of average/mean complexity. Smith forging - is not
recommended. (22). High strength. (23). Lowered/reduced. (24).
Stampings of loaded parts on form of average complexity. It is not
worked by free ductile. (25). Has widest application in industry for
manufacturing large-size loaded parts of intricate shape. The simple
operations of free ductile are allowed/assumed. (26).
High~temperature (strength). (27). Parts for work at elevated

temperatures. Slowly weakening parts at temperatures of >200°C.

——— ——— -

FOOTNOTE !. They have the lowered/reduced plasticity, especially in

the cast state. ENDFOOTNOTE.
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7. Chemical composition of magnesium alloys.

o) (> \ Jerspyomse anemesru 3 % (3 Y Opmwece 3 % (ne Goanee)
Cuass : )
Al C"ll'i: Na, Mn. 2 Za, i“- Ni, Al Cu I Be ‘ Ni 2o ‘ st ‘ Fe | Dpouwme
MAl 03Al - - - .
02 03 -
MAS - 15-25Mn | e.15—0.35Ce 03 o0 !
'
MAD 04—08Al 1,0—1.8Mp 0.06—03Ca - 0.
- 015
MaAZ 30—40A! | 045—0SMp | 02-082Zn .
: : 005 0.05
MAZ $8-5.0A} 0,4—08M0 05—152n 0,1Ca o 0,005 -
3
MA3 $5-70A1 0,15—0.5Mn 51520 -
BMI17 25—3.5Ct 1.4—2Mn - 02 001 0.0t 02 | o2 -
MAY 28-9.2A1 01>—05Mp | B85—08Znp
- - 0.15
BMI? 12-20C8 0A5—0.9Zr 253520 0,03 0
BME-1 - 03—0.92r { 5.0—6.02Zn 0.0 0.05 o | o0
MAll 25-35Na 15—25Mnp l 013025 N1 043 o 000 o o
0.2
MAL3 1,3-20Th 0,4—08Mp I 02
— 0.05 0.1
BMI 25—35Th 12— 20Mb ! 00
MA10 18—BSAl 02-—0.6Mn 25—24Ag - 003 0.3
70—8.0Cd
Key: (1). Alloy. (2). Alloying elements in %. (3).

Admixtures/impurities in % (not more).

(4).

Other.

e
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8. Physical properties of magnesium.

(‘\ Hanmenosanue unonassrensh (’3 [onsssrean
UJno_ran‘uc?s » D/ca® npu Temnepatype v * C: (3) -
650 (raepnut) 4, L, ) e e e 1,64
o0 gty . S5) L 157
WO v e e e e I 1,04
Tosus muasnonun 8 vC €3 L 850
Toaxa whuenns s * C (.1.) ................... 1120
TeanoTa UNABAGHAN B KGA/2 .(.%) ................ 888
Tennors MCDAPOHMA B xax/d .(. 5 ................ 1300
Tennora CrOPERUA B Xa4a/MOAL L !o.\ .............. 145 000
YNenbHEn TONLN0BMKOCTL Npu 5° C » xaa/s - * C. Y 028
Kosg T Tenaohp W 8 xas/em - cox - *C ('Z) RPN 037
Kospduuueur Rioro p na.i0= 3 t/°C nps remiie.
patypo # * C; 013)
Wt o o v vy s s e e e e e e e o8
W3 5 s v v e s e e e e e ey e 20
’ XB=500 . . . ..o e e e ("‘) 238
[ 'anr;;jﬁoe ‘ln.enfrl.)ocl:o‘lnporu.lneuue uuxr.u/u flp.ll nu.lepa"ry‘pfs ?"C: s
B0 L L e e e e e e e e e e e e e e e 10
60 (rsepant) &/, . L . L. L. L. .. e 15
650 (mmanu®) 2, . . ... L. e e e e e e e 3
1000 . . . . L s e e e e e e e e e e e . »

Key: (1). Designation of indices. (2). Indices. (3). Density in g/cm?
at temperature in °C. (4). solid. (5). ligquid. (6). Melting point in

{ °C. (7). Boiling point in °C. (8). Heat of fusion in cal/g. (S). Heat

of vaporization in cal/g. (10). Heat of combustion in cal/mole. (11).
Specific heat with 25°C V cal/g of °C. (12). Coefficient of thermal
conductivity in cal/cm s of °C. (13). Coefficient of linear expansion

a*10°¢ in 1/°C at temperature in °C. (14). Specific resistance in

mcal/cm at temperature in °C.
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9. Physical properties of magnesium alloys.

) (2Y)  tiowesareau no cnassamw
Hanmenvesuns uonassTONSR

MAJ, MAY| MA2 ‘ BHN] HM&-I] MAS

b
Mnornocry npe 2° C s [/em :3 . 1,82 1,78 1.89 1,80 tn
Toaxa oaasnenun s *C . . (4, is) 600 615 67 649 618
Ynenbioe SNEKTPOCODPOTHRISHME NPM
2°C » mxoMjea . ... “ 18 11,5 10 - 125

Kolemuom unnonpononnom apu

A°C w Kaajca ok *C ... ..y 0.18 02 oz 028 ox
Kosdbuuuedr anpefnoro pncmupe‘tzun
npe X—10* C q: W0 » §i/*C 5 -] -] oS8 208 as
Yne.usun TenaceMuooTs opr % C
| I + 02: o 034 0.3 -

Key: (1). Designation of indices. (2). Indices on alloys. (3).
Density with 20°C V g/em®. (4). Melting point in °C. (5). Specificb
resistance with 20°C V uQ/cm. (6). Coefficient of thermal
conductivity with 20°C vV cal/cm s of °C. (7). Coefficient of linear
expansion with 20-100°C @-10-¢ in 1/°C. (8). Specific heat with 25°C
V cal/g of °C. |

e e s
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Page 20.

10. Mechanical properties of semi-finished products from magnesium

alloys with 20°cC.

: ) ) |[Us)
% | % 6‘1524 300‘ Cwatme Kpyweane | Cpes
) 3 X st @ Y
a) (2 Y6} Hanpasaenne aupesxs o0paata (L) 3 |8
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Cunas Donypabpmxat coctamke |8 () | ® P @) ® S 1 ZE ] %0 [Cos|Toul Te | Ter
sl El 2| B 2| B|%= {08
£ g ] -
g E % : E % g s | < B xI/aa? ‘
MAZ 0 |12 w.o) o | v 6] 1| 16
2 | mpyrox (W 18 1
= T T T
OpyToK D B0 s 185
-1 v 08 105 3» 8 6 175 1%
Qaura 30 s §) () x|z | |v |2 |® I 2 | 03] |
Topsaenpec- e - ‘ - " - ‘ -
Opyrox {9 cosamunt | o | 2 | % | 12 3 ‘ -
ua Donoca (k) b2 | 1 % = ]e u.o\ & | - a.s{ 1y \ 1%
: =5 ns| 1| |- -] - -1-1-
M np%q"'&“ — ’ ' Y Y] t | 65| 2| B
Tipyror (R |swanemmat | = | 12 |} 8| 2| -] u l ]
130 ' “lots 7 - - -
AS Ops7op O 20,130 an | (30 x - - —
: TopAsempec- 16 10| 80 6
Donoca @ COBAHEWS 10 — _ :
s | DT D 1% am z % unjos| - | -
{ 1 2
Dpry O 112 an @) P ERENE R R o o 25 ©
‘ : 128 bL
U0 100 s | Bexcycormen- | ® | 2 | 30 | 11.3! s | n @
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b P
- DoncEE 34 aum sslzs'm m|wJu|z> 0.7|13l66l16 N

Key: (1). Alloy. (2). Semi-finished product. (3). As-received
condition. (4). in kg/mm*. (5). in %. (6). Direction of cut of
sample/specimen. (7). lengthwise. (8). across. (9). in kg-m/cm?.

(10). on base of cycles. (11). Compression. (12). Torsion. (13).

Shear/section. (14). Rod. (15). Plate/slab. (16). Band. (17). to.

(18). Hot-pressed. (19). Hardened/tempered. (20). Hof-pressed. (21).
Artificially aged.

oy o
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11. Mechanical properties of semi-finished products from magnesium

alloys at different temperatures.

. A e
[QA] ) y?

—£% ‘
e yrom 8) | BMa-1 oraw- ,
(3] AS 1) [) MA10 OpyTOK [4
[ us’a’n,::u MAS oronaKes- (:xw:ré-m MAS opyrox | MAS apyrox Qﬁ:-n(pa::;- Bfg“pe“-‘:':;“ DoRxa secow
r max DOJOCS pemwe) |
:r.; LIETE XU Mm 0. i0 ¢, o o, |o o, | ,| o, 19| & .
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Key: (1). Temperature of heating in °C. (2). MA2-1 hot-rolled

plate/slab 30 mm. (3). in kg/mm?. (4). MA3 annealed band. (5). in %.

= —

(6). MAS rod (hardening + aging). (7). MA8 rod. (B8). MA1D rod £ of 25
mm (hardening + aging). (9). BM&5-1 band (aging). (10). BM65-1

stamping with weight of 80 kg.
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Page 22.

In comparison with the aluminum ones magnesium alloys give

considerably larger shrinkage and possess lower thermal conductivity.

During the construction of parts and assemblies should be
avoided sharp/acute cuts and sharp transitions/transfers of
sections/cuts. It is expedient to consider the anisotropy of the
mechanical properties of forgings and stampings, so that the action
of maximum stresses/voltages in the parts would coincide with the

direction of the maximum mechanical properties of stampings.

With the connection of parts from the magnesium alloys with the
parts from other materials it is necessary to consider the
possibility of contact corrosion, while with the connection with the

nonmetallic materials - aggressiveness of the latter.

Some magnesium alloys (MA3, MAS5) being deformed to attackable

under the stress (corrosion cracking).

e e g e
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The nonobservance of the temperature of the end of the forging
and stamping (at too high a temperature of the end of the strain)
leads to the formation of the large-grain structure and
reduction/descent in the mechanical properties or (at too low a

temperature of the end of the strain) to over-riveting and cracks.

i

(The results of statistical processing of the values of the mechanical
properties of large-size series stampings from float BME5-1 are given
in Fig. 27 in the form the normal distribution curves of the
mechanical properties of stampings, manufactured on the hydraulic
presses, moreover Fig. 27a gives results on ultimate strength, and in
Fig. 27b for the values of elongation per unit length. A limit of the
i strength of analogous in the form of parts, but differing in the
weight during the investigation three weight groups (I group to 30
kg, the II group from 31 to 100 kg and the III group - from 101 to
250 kg) virtually have the close values of ultimate strength with the
small advantage in parts of the I group and minimum in the III group:
the level of the values of the mechanical properties of the 11 group
occupies intermediate position. The characteristics of the elongation
per unit length, investigated on all three weight groups of parts,
change with the same law, i.e., value relative to elongation of 1

group 16%, Il group 12%, and III group 10%.

The obtained dependence of the values of the limit of strength

and elongation per unit length is explained by the smaller degree -f
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the metal deformation in stampings of large weight. On structural
strength of the loaded parts, manufactured from the stampings, great
effect exerts the character of the arrangement of filament over the

section/cut of stamping, determined from the macrostructure. |

Fig. 28 gives the photograph of the general view of stamping,

T

while in the photographs, located more to the right, its

macrostructure in zones A and B, which is characterized by the normal
arrangement of filament corresponding to the configuration of part.
This macrostructure is characteristic for the stampings, manufactured

with the reduced machining allowances.

e e - ———— e
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12. Typical mechanical properties of forgings from the magnesium

alloys with 20°C ?.

FOOTNOTE :. The mechanical properties of forgings depend on the

arrangement of sample/specimen (explosive) relative to the direction

of the metal during the deformation. The highest mechanical

properties have samples/specimens, whose axis/axle is parallel to the

direction of the maximum flow of material, i.e., most frequently

along the length of forging, property on the width of forging

somewhat less,

and on the thickness - minimum
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Key: (1). Alloy.

kg/mm?

(6a). Hardening.

(2). As-received condition. (3). & in %. (4). in

(5). Without heat treatment. (6). Annealing of 340° 3 h.

(7). Without heat treatment. (8). Artificial aging.
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13. Typical mechanical properties of stampings from the magnesium

alloys with 20°C.
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Key: (1). Alloy. (2). semi-finished products in as-received
condition. (3). in kg/mm?. (4). & in %. (5). 0., at kg/mm* on base
5.10" of cycles. (6). HB in kg/mm?. (7). in kgfm/cm?. (8). Stamping
without heat treatment. (9). Stamping with weight of 50 kg without
heat treatment. (10). Stamping (2 kg) (annealing of 340°C - 3 c).

(11). Stamping - hardened/tempered. (12). Stamping with weight of 50

kg (aging 185° - 24 h. (13). Stamping with weight of up to 2 kg aged.
(14). Stamping with weight of 50 kg aged. (15). Stamping (impeller

without heat treatment.
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Fig. 29. Key: (1). Zone.
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Fig. 30. Model of crystal lattice of magnesium and reference planes
and direction of slip: ABCDE - basal plane (0001); OB - direction of
slip; A'OB' - plane of pyramid of first first-order kind (1011);
A'KB' - plane of pyramid of first kind second order (1012); 00' -

hexagonai axis/axle.

Fig. 31. Curved strains/work hardenings of single crystal of
magnesium with temperature of 250°C and at different deformation

rates.

Key: (1). Shear stress. (2). G/mm?. (3). Shift/shear.




DOC = 83173502

Page 25,

0)
e8uy,% Qe nlmcmin
90 y o TRAA W)
80 /é—ﬁgﬂgﬁhdﬁ

“lon
701— ——1J0
= 1

80 Ek‘*'l fH 2
y 20
13
—4—1{10

-\n
a4

4
O30 g06- G0 300 b

Fig. 32.

Fig. 32. Diagram of plasticity of alloy Ma8.

Key: (1). kgfm/cm?; p.
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(2). kg/mm?,

Fig. 33. Diagram of plasticity of alloy Ma2.

Key: (1). kgfm/cm?.
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Fig. 34. Fig. 35.
Fig. 34. Diagram of plasticity of alloy MA3.
Key: (1). kgfm/cm?,

Fig. 35. Diagram of plasticity of alloy BMé65-1.

Key: (1). kgfm/cm?*; p. (2). kg/mm?.
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Fig. 36. Fig. 37.

Fig. 36. Diagram of plasticity of alloy of type BMI3.

Key: (1). kgfm/cm?; ..., kg/mm?.
Fig., 37. Diagram of plasticity of alloy BM17.

Key: (1). kgfm/cm?*; p. (2). kg/mm?.
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Fig. 38. Fig. 39. Fig. 40.

‘Fig. 38. Specific pressures of alloy MAl with dynamic load

(V,=4.4-8.5 m/s).

Key: (1). kg/mm?.

Fig. 39. Specific pressures of alloy MA8 with dynamic load (F. I.

Filatov).

Key: (1). kg/mm?.

Fig. 40. Specific pressures of alloy BM65-1 during dynamic

deformation (F. I, Filatov).

Key: (1). kg/mm?.
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Fig. 41. Fig. 42.
Fig. 41. Tentative straight line actual stresses of magnesium.
Key: (1). kg/mm?. (2). Strain.

Fig. 42. Tentative straight line actual stresses of alloy MA3 (S. 1I.

Gubkin, Ye. M. Sovitskiy).

Key: (1). kg/mm®. (2). Strain.
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Fig. 43. Fig. 44.
Fig. 43. Region of solid solutions in systems.
Key: (1). % the alloying element.

Fig. 44. Distribution of mechanical properties over section/cut of

rod with general/common/total degree of strain 75% (A. A. Lukonin).

Key: (1). kg/mm?., (2). Kray rod. (3). Middle of rod. (4). Along

filaments. (5). Across filaments.
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Fig. 45. Change in mechanical properties of alloy MA2 in dependence
on degree of strain during forging in form-shaping dies of press (A.

A. Lukonin).

Key: (1). kgfm/cm?®. (2). ... and ..., kg/mm?*.

Fig. 46. Change in mechanical properties of alloy MA3 in dependence
on degree of strain during forging from degree of strain during
© ©

forging in form-shaping dies of press (A. A. Lukonin): °-° along

filament; 0-@® across the grain.

Key: (1). kgfm/cm?*. (2). ... and ..., kg/mm?.
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Fig. 47. Change in mechanical properties of alloy MA7 in dependence
on degree of strain during forging in form-shaping dies of press (A.

A. Lukonin).

Key: (1). kgfm/mm?*. (2). ... and ..., kg/mm?.
Fig. 48. Change in mechanical properties of alloys MA2 and MA7 as a
function of the degree of strain during forging on flat/plane °~° and

figure faces ©-0.

Key: (1). kg/mm?.
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Fig. 50.

Fig 49. Change in tensile strength of magnesium alloys in dependence

on degree of strain during extrusion/pressing and subseguent forging

{({A. A. Lukonin).

Key: (1). kg/mm:?.

. Pressed. (3). Forged.

Fig. 50. Diagram of recrystallization of magnesium with settling on

hydraulic press.

I
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Figl 51. Fig. 52.

Fig. 51. Liagram of recrystallization of alloy MA2 with settling on

hydraulic press.

Fig. 52. Diagram of recrystallization of alloy MA3 with settling on

.

hydraulic press.
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Fig. 53. Diagram of recrystallization of magnesium, deformed on

vertical pile driver.

Key: (1). face 35 kg. (2). face 50 kg.
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Page 289.

Fig. 29 gives the macrostructure, observed on the templets (cut out
from the same zones A and B, but from the stamping, manufactured on

technology, which foresees large machining allowances), in which the

character of the arrangement of filament does not correspond to the

configuration of part. The parts, manufactured from the stampings
with the larger allowances as a result of the unavoidable shearing of
filament during the machining, have smaller structural strength,

lowered/reduced reliability and service life of article.

The highest strength has the alloy BMé65-1, at the same time its
sufficiently high plastic properties give the possibility to carry 1
out deformation both on the presses and on the hammers. Therefore ' !

alloy BM65-1 obtained the widest industrial use/application for the

parts of different designation/purpose.

From the magnesium alloys, deformed by the method of forging and

stamping, in the industry find wide application the alloys MAa2,

MA2-1, MAB. Alloys MAl, MA3 and MA5 are applied limited, alloys MA9,
MAll, MAl3, BMIl and BM17 find use in the industry and they are

utilized in accordance with their designation/purpose for

1
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manufacturing parts which work under the overheat conditions.

With the connection of parts from the magnesium alloys with the
parts from other materials it is necessary to consider the
possibility of contact corrosion, while with the connection with the

nonmetallic materials - aggressiveness of the latter.

Y IOV T~ . £ em 1




DOC = 83173502 pace 49
4
M )
o bopx Jone A
J 200} « Soer Mu o
£) “~i i </
wo| & LL;-.- — 15/77-’0” ; )
100} t-—~L— " /., A 400
50| i GO L EL L Sy : A
VAP
1

055 20 30 40 S50 60¢,%

Fig. 54. Diagram of the recrystallization of the alloy MA3, deformed

on the pile driver.

Key: (1). face 35 kg. (2). face 50 kg.
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Fig. 55. Fig. 56.
Fig. 55. Diagram of recrystallization of alloy MAB with settling on ﬂ
press. )

Fig. 56. Diagram of recrystallization of alloy MA8, deformed on pile

driver.
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l14. Hardness, stampings from the alloys MA2 and MA3, manufactured on i
the friction press. j
0) HB o &l juut (3)
Cunas Cmmmu p) funousa
AN Acraas
&)
65,5 84,2 1
MAL 63,5 st
624 638 1
) 8.5 68,6 |»
MAJ | W65 671 ;
(3] [:CR) Pi

Key: (1). Alloy. (2). NV in kg/mm?, (3). Rod of part. (4). Head of :

part.

Page 30.

Some magnesium alloys (MA3, MAS) being deformed udergo corrosion

under stress (corrosion cracking).

Titanium alloys.

Data about the chemical composition, the physical and mechanical

properties are cited in TFTables 15-27 and 57-81 *.

FOOTNOTE Figs. 61-67 initial state - preliminarily deformed.

ENDFOOTNOTE.
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&
Depending on designation/purpose and strength at a room temperature

titanium alloys are divided into following groups.

The malleable alloys of the low strength (not more than 60

kg/mm?) commercial titanium BT1-0, BT1-1, BT1-00 and dilute alloy

OT4-1. These alloys are applied for manufacturing the parts of
complex configuration, which do not test/experience large loads.

Alloys are suitable for sheet stamping.

The malleable alloys of average/mean strength (60-100 kg/mm?):
medium-alloyed titanium alloys OT4, BT4, alloys BT6é and BT6C, and
also alloys with an a-structure BT5-1 and BT5. They possess
satisfactory technological plasticity and them are applied in the
constructions/designs without the strengthened/hardened heat
treathent. Alloy OT4 found the greatest use/application for
manufacturing of forgings and stampings. Alloys BT5 and BT6 are
applied when the moderate heat resistance with the satisfactory

wveldability is required.

The high-strength alloys being deformed: a) with ultimate ?
strength are above 100 kg/mm?: BTl14 and BT20 and the experimental

alloys BT15, BT16, which apply in the heat-treated state; b) alloy

OT4-2 with ultimate strength in the annealed state ¢ =85+ 120 kg/mm?

(by heat treatment it is not strengthened). Alloys BT14 and BT1l6 are
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two-phase, while alloys BT15 and BT20 single-phase.

The plasticity of alloy BTl14 during the hot working by pressure
is satisfactory. Alloys BT15 and BT20 during the working by pressure
are less plastic in comparison with the alloy BTl4. The plasticity of

alloy OT4-2 during the working by pressure is analogous to alloy

BT14.

High-temperature (strength) titanium alloys being deformed:
BT3-1, BT8, BT9 and BT18. The first three alloys have two-phase
(a+B)-structure, and alloy BT18 has single-phase a-structure at the
pasis. Alloys BTS and BT18 possess a higher heat resistance. Allo
BT3-1 is most widely used, it is applied mainly for the parts of the
compressors of reaction engines. For the parts, which work at a
temperature higher than 400°C, to preferably apply the alloy BTS;
which possesses higher strength and thermal stability, than alloy
BT3-1. Alloys BT3-1 and BT8 have satisfactory plasticity during the

hot working by pressure.

Alloy BT18 has the lowered/reduced plasticity during the working

by pressure in comparison with the alloys BT3-1 and BT8. The

plasticity of alloy BTY9 satisfactory; it it is possible to work by

pressure (ductile, by rolling, by extrusion/pressing, etc.).

5
§-
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Copper alloys.

The data about the chemical composition, the physical and

mechanical properties are cited in"fable 28-37 and Fig. 82-95.
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Fig. 57. Depth of the alpha-deposited layer of alloy BT8 depending on

temperature and heating time.

(1).

Key:

electric furnace.

(2). gas-fired furnace. (3).
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Page 31.

PAGE (45

15. Chemical composition of titanium alloys.

Q) [3) Jerupyomme anewesry » % (3 Opsmecn & % (me boaee) ; ! ,
Conas T
Al |Mosnco | Voo | s | RN |l r| 8l 2z | 0| K| B npeme
OT+—0 0214 02~13 Mn ‘
OT4-1 0,722 0538 Mp - 030
OTé 35— 05—2.0 Mn —
- 0.15 oo
OTé-2 5530 | 10—23 Mo | 0325z 010 | 030
BT+ A5—£0 | 0820 Mn - - 815 | 030
BT3-! 4660 | 25-3p Sn -
BTS 362 020
BT6C 43—33 - 35—A3 ¥ (¥ 1] 02 0.3 0.0 8015 | X
BTS 5570 LS55 ¥ 030 -
BT 55-65 | 26-30 Mo | 1.0—25Cr |0.13—040] 0207 Fe - 050 | 0.8
BTR - —_ 0.20—0.40 030 - 1
BTY 5670 | 2538 Mo | 08252 02003 0 - ] ot
BTH 3560 | 25-38Mo | 05157 - 0g0 | — 030
BTI1S 2336 68—86D Mo 85—118 Cr -_— 030 0.15 -— 0.42 oo
BT16 1630 | &5 33My | 4855V Y 030
BTIE T2—82 02—10 Mo 100125 2r | 0.05—0.16 05—15 Kb 0. -—
BT 60-35 | 65—20 Mo | 15-25 % - - 03 | ey | — | G5 st
Key: (1). Alloy. (2). Alloying elements in %. (3).
Admixtures/impurities in % (not more than). (4). Other.
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16. Physical properties of titanium.
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Tooa apenxs 3 °C . . .. ... ... T e e e e s e w mmwpormnp.pmmt'c:-r—
Tenors posromxa (35°C) P Wt . . . . ... .00 . e . 106 5 PEONN DESBETRKE B A . . . o . v v o o o o o o o o o a =
Yaensan recyoeaxocrs 0t § 30 500°C 5 mmare-*C . . . .} 0.1 . FECATORAIMAS OROTROYDAROSAKEAR pomersa.|.
DurponEn (25°C) xos.amse - %C L L L. L Lo L L s . 2% 2% . . .t e e s e v s e s et e s s e e A=l I,
ceGOAIIACET XABSAIONO PACKIEDENS (25°C) o - 13 31°C| 85 ARTRB BOPC . . . i i et e e s s e e La—!-lﬁ

Key: (1). Designation of indices. (2). Indices. (3). Designation of
indices. (4). Density in g/cm’>. (5). Melting point in °C. (6).
Boiling peint in °C. (7). Heat of sublimation (25°C) in kcal. (8).
Specific heat from 0 to 500°C V cal/g+°C. (9). Entropy (25°C)
cal/mole-°C. (10). Coefficient of linear expansion (25°C) ¢-10"* in
1/°C. (11). Coefficient of thermal conductivity (25°C) in

cal/cmes-°C. (12). Specific resistance (20°C) in uQ-cm. (13).

Temperature of allotropic change in °C periods of grate in A. (14).

a-titanium, hexagonal close-packed lattice, 25°C. (15). B-titanium of

g00°cC.
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17. Physical properties of titanium alloys.

Lo\ PRre L
E—1i3) ) (O
‘ ( ') Nlaor- Hosdpdbuunenr [~/ Kospdunuent Yaeansoe .
c HUCTD AuHeRNOro SERN0N POBOANO- SNeKTPOCO- Teunotunocrs
GJaB yu pacwmpenis cTHC B QpoTMRAEHNE Cs
J Fjemd| o+ 10708 1/°C | xan/cm - cex - *C |p 8 om - umBju| HOA/E . °C
OTé-1 455 8,0 (20—100); 0,023 (20); - -
8,8 (100—200), . ,u._s (100);
B4 (20— 00); 29 (300);
0,6 (300—500); 0,032 (400);
8,6 (600--500) 0,035 (500);
0,030 (600)
OTé 4,5 3,0 (20—1w),; 0,023 (20) - -
8,8 (100-200); ’
9.1 (200—300);
8,0 (300—b00)’
9.4 (400—500)
8,8 (
BT 48 8,4 (20); 0.020 i'-’ﬁ) - 0.125 (100);
8.0 (100-200), 0,022 (100 0,135 ;21!’)2
8.0 }JJO—&]O;, 0,025 (200 0,345 (40V);
9,0 {300—400, : 0.028 .100). 0,300 (600)
0,001 (800)
BTS 44 8.3 (20—-100): 0,021 (29), 1,08 (2v), 0,13 (100),
B8 (100—200); 0.023 (1041), 1,15 (200, 0¥ (200)!
9,5 (00— 300); 0,0 (Louy; 1,16 (JU0); 0,15 (300):
10,4 (300—400); 0,027 (3w, 1.2 (500) 0,16 (400);
10.6 (40U—500); 0.030 (400, 0.17 (500)°
108 (500—800) .gg‘_-] {500y, 0,18 {6U0)
0.04 (gw),
0,043 (800);
0.047 (800)
BTH1 4,42 8.3 (0—100}; © 0,021 (), 1,38 (20) 0.42 (100},
8.9 (20-—200); 0,023 (100); q,13 (20},
8,1 (20— 300 0,028 (200); 0,135 (300);
8.3 (20—400); 0,028 (300), 0,14 (400),
#.5 (A-500), 0,032 (400); 11,15 {500);
§,6 (20— 800}, 0.035 (500); ~ 0,16 (v00);
8.8 (20— 700); 0,038 (6V0); 0.47 (3#0);
10,4 (20—800); 0,041 (700; 0,19 (800)
105 (20—900) 0,044 ‘
BT3) (¥ 8,6 {20-—1300) 0,018 (), 1,398 (20) 0,11 (J00);
11,8 (400—500) 0,02 (100); - 0,12 (200),
. 0.02% (200) .13 (300);
0,027 (300); 0,15 (400);
0,037 (800); 0,16 (500);
0,040 (700) 0,17 (800)
BTS 448 8.3 (20—100), 0.017 (25); 1,61 (%) 0,42 (100)
8,6 (20—-200); 0,020 (100);
8.7 (20-300); 0,023 (100 N
8.8 m—mn 0.027 (300);
9,0 (lU—bﬂU), 0,030 (40V),
8.1 (20—-800) 0, U3 lMll;,'
VW37 (v

.

CRRD. £SYReRrr

B PSP TR NP
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Continue 17.
F)
b
451
BTS 8.3 (20—100); 0,018 (25), 1,6 (20) 0,13 (100)
8.83 (0—200); 0,020 (100);
9,05 (2U—300) 0,023 (200); .
9,28 (H—4tN); 00126 (300); B R
8.5 (e 500); VA9 (40); A O
8,6 (20—~0600) 0,033 (500);
4,036 (M0 ;
0.03% (700);
0,043 (800);
0,047 (900)
BTI18 448 9,0 (201K, 0017 (&), 1,76 (20) 0,12 (1),
8.3 (20200} | 0018 (100); 0,498 (200); i
9.5 (20—} 0,023 (200), : 014 (300); p
9,8 (L0—4u0), 0,026 (300); 0,16 (400);
10,0 (20~—500); 0,029 (400); 0,17 (500);
10,2 (20—000); 0,033 (5(0); 0,18 (600);
1o (20—700); 0,037 (B00); 0,10 (700},
1.7 (20—800); 0,040 (700); 020 (M00Y;
10,9 (20—000) 0,044 (KU0): 0,21 (900 £
0,046 (buu)
BT¢ 4,4 HAL (L0—100f), 0.0 (2by), R :
- 806 (00—~20); | 0w (T, Vo, |0 ooy
10,1 (.‘m—.wu), 00020 (20} 2,02 (400); u.4d (ou).
10,12 (300-—400) 0.027 (0); 242 (uuu), 0,17 (4);
- 035'3 wﬁ; 2,14 (T00); 0,19 (500); b
0137 (umi 2,14 (800) 0.2 (b0)
0.0»0 (o,
BT 452 8 (0—100); 6,020 (25); 0.12 (100);
8.2 (20— n); OU (100); 0.43 (200); ’
8.5 (HW—3I00); 0,025 (200); 0,14 (300); !
8.8 (U—400); 0,028 (3u0); 0,15 (400);
R.0 (20=500)! 0,031 (500); 0,16 (500); .
8.7 (20—B01)! 0,043 (300)! ,17 (800); |
B8 (W—T00); 0,037 (400); 020 (700);
9.1 (2—800); 0,040 (W)’ 0,24 (800) f
8,6 (20—900) 0,064 (B00)! i
0,048 (100)
BT20 445 8 (=100, G021 (1), 1,03 0,43 (100); .
8,2 (y—2m); 0,026 (200); : 0,16 (200); .
: 8.5 (W—3un); 0,020 (30); 0,15 {™0);
8.8 (20 —=hiw); 012 (4tn): 0,14 (400);
H.0 (.m—.,w) [IKINK] ('»uu) Uy 17 (w);
8.7 (2W—000); 01,036 (100); 0,18 {6y,
BN (U—Tni); 0.0411 (700); 0,20 (N,
8,1 {(Su—buuy; 4,043 (llllO), 021 (uoen;
8,0 (20—bov) 0,047 (BU0) 0.22 (W }
UTe-3 Ly 2.7 (0 —100); 0,017 (), - 0,10 (Y0i); ;
B0 (1N - ), 0020 (Your); 0,115 (2); !
HH (0-~200); 0,023 (2ou)! 0,13 (:mu;; ‘
9.2 (op—gunn)’ 0,028 (300); 0,15 (4K);
. 9.3 (M0 ~HN); 0,032 (400 0.17 (tmy; i
94 (400—5U0); 0,36 (50u); 0,48 (uw); |
0,040 (o)), 0,20 (7M),
0.3 (700) 0.21 (),
043 (w0)
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In the brackets is indicated the temperature of testing in °C.

Key: (1). Alloy. (2). Density v in g/cm’®. (3). Coefficient of linear
expansion a-10-¢ in 1/°C. (4). Coefficient of thermal conductivity c
in cal/cm+s-°C. (5). Specific resistance p in Q-mm?/m. (6). Heat

capacity C in cal/g-°C.

Page 34.

18. Possible strain/work hardening of titanium alloys by oxygen and

by carbon.

A
(:) T’i} 11omao-
Conep- |une itpous-
a. na upoy-
.2 % HOCTH B
K jam? ga
Kucnopoa ., ., : 60
Asor P° ..... [Fi) 125
)leepol . L 5

Key: (1). Element/cell. (2). Content in %. (3). Increase in ultimate

strength in kg/mm? on. (4). Oxygen. (5). Nitrogen. (6). Carbon.

ey
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19. Mechanical properties of forgings and stampings from titanium

alloys at a normal temperature.

o a)g §
(,) :é-) Fy v -ﬁ ( ) wm-u“u TIOKOSXY SONGACLHNMS
. Cunas .s; (‘).,‘ }E BT [ ) I 4] = | -
[
- * Qo)_npvmm OUAMERPOM 10~—B0 auts
&) OMaNcIE Orrteae
liosoexu, wimamnoexu u npymxu xosanwe -
Oudmempon 80 JOO am &\ox.lmnu BT1s . 90—100 | 12 00|
BTI1-0 580 | — j450] 7 (" Bpymes ouosempon 10—100 au
OT 0175 15 50 &5 SAXGAFHNME U COCNGPENMHMS
oT4 7090 00| 15 ;’NO I 106—125 | &6 {200 -~
BTH 85105 . i lgma.unocm. NONOSKU U KOeBHNE NUMIU
- Ouamempom 0 100 sk nocAe usome u-
BTS 7585 10 50 30 NOOK080 oMM UBC Npu 870—680 *(,
. OXAGMO00MNS NG 0080YX2
BT51 80—100 : [¥]
BT6 95110 300] 80 i | % | s | .‘MI y
BT . w 1801 50 1B
(ﬂ)npymxu K00t BuGMEMPON Boace
(s)ﬂum U XOALYA, WMAMNOSAHHNS 100 M nocae ullﬂ:l? UNECKOZ0 OMacuso
U KOSONMS DINOICHE MHME npy '70—::0'“‘_’&&0&&&
BTH 8B 8 BO & BTS- % | 81200 3
(6) {Ipymxu n Bua. PoX | (N) Aucwku U xoasua
60 100 mm omoxacernme BTt % 8 (200 3
BTH | W | 10 | %0 50 erst | w6 853
. : ()S)Bm:ou:u. WMasMnosxy, npymau
é7) a n Sua " KOOO NWE OO M #riHais
60 100 s aaxa. u P BT Pl e 800 3
BT (R I &1 8 2 (,") 8 u Ban ACHUR
(s)ﬂpvmxu U NoRNoexy Suamempos “_ 0K OTOX I MNKMe
100 amm sonarnrrme BTS 1 105 1 o |80 3
BT1S o0 j 12— |40 {ﬁ)’p N
B YKy, , NOKOIRU, Wmasnnoexy
OO X CHMme
VB“ [ I 9 |80} 3
) o
4 )Ipvmru. NOADCK. MONUIKU, WMOMNOIKU
OTROME A S
BT18 l m,’alzo.olz
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Key: (1). Alloy. (2). ... in kg/mm?. (3). in %. (4). ... in kgfm/cm?.
(4). Forgings, stamping and rods forged with diameter to 100 mm
annealed. (5). Disks and ring, stamped/die-forged and forged
annealed. (6). Rods pressed by diameter to 100 mm annealed. (7). Rods
pressed by diameter to 100 mm hardened/tempered and aged. (B). Rods
and forging with diameter of 100 mm hardened/tempered. (9). Rods and
forging, hardened/tempered and aged. (10). Rods with diameter of
10-20 mm annealed. (11). Rods with diameter of 10-100 mm
hardened/tempered and aged. (12). Stampings, forging and forged rods
with diameter of up to 100 mm after isothermal annealing with
870-650°C, cooled in air. (13). Rods forged with diameter are more
than 100 mm after isothermal annealing with B70-650°C, cooled in air.
(14). Disks and ring. (15). Forgings, stamping, rods forged annealed.
(16). Blanks for manufacturing blades annealed. (17). Rods, band,
forging, gtamping annealed. (18). Rods, band, forging, stamping

annealed.

FOOTNOTE '. Hardened/tempered and aged with respect to 115; 6; 20;

2.5. ENDFOOTNOTE.
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Page 35.

20. Mechanical properties of forged (according to AMTU [AMTY -
Aviation Metallurgical Technical Specifications] 531-67) and pressed

rods at normal temperature by diameter or by side of square from 65

to 100 mm.
e N T

Canas % o ) newaTHa)

| J g7 xlafext | 01073000

(3) s Y% ( )

(A) (34) |
BT1-00% | 30—5 % ) 12 4955
BTI06 | a5 50 10 &3—-52 . j:
OTe-04 5565 20 el 7 3543 k
OoT4 ¢ K80 10 30 .
oT+1d | &7 5 S 4s oy
OT4-2¢ B—110 8 b3 3 1337

‘| Bred 5105 » LY 34—38 .
BTM14 | 300—120
BTS¢ & 10 z, 3 by
BTS14¢ 80100 « 3438
BTs¢ ©—107
PRy [ 3 3387
2 “Pixy anTRTEAE:

BTE 11017 6 2 - 31-34
BT6C* 85—100 g) 10 ' = {'s 4—38
BTSC A | ot | PUPTTTER so-s4 | }
pTe} 100120 s )
BT 10515 v I > 33—35
BT14 41 90—110 10 5 5 3438
BT we wesee 4 8 2 15—34

ey 10

Note. Samples/specimens for the testing were cut out lengthwise.

Key: (1). Alloy. (2). ... in kg/mm?. (3). in %. (3a). ... in

kgfm/cm?. (4). HB (diameter of impression) (10/3000) in mm. (5). they

are faculative. (6). not less than.

PUCTR

ST TR e e
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g

FOOTNOTE :.*. As-received condition respectively: annealed;

hardened/tempered and aged. ENDFOOTNOTE.

3 ekl
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21. The mechanical properties of forged (annealed) rods at a normal
temperature by diameter or by the side of square are more than 100 mm

(according to AMTU 534-67).

Q] ) " BB Umma-
o, o, TP o
Cozas B =T jasml o B xla/cut® “.:!&I)
é) X (8. X00,
0) {3a) | waa
BT1-00 % 2
‘| BTio0 e} Zi—4S = & ¢ 55
BTi-0% 17 325
BTi0 . k) 5 L
oTe0! Fearsy 17 x ) 253
g lex | e B P |
OT4-2¢ 90110 7 333
BT4" 0105 85 € 3 h—-%}
BT31} [ o= 8 ’ 337
BT * B
BT>1} 76100 16 2: u—u“
)
BT6" 107
BTec Ti—100 = : itji
BTS = - 7
BTS 0| 16 3 335
BTY < 200—
BT = 5_{2 [ 14
nrui_ s 110 5] 2 e
BTI4 &—110 8 X ‘ M3

Note. Samples/specimens for the testing were cut out in the

transverse direction of filament.

Key: (1). Alloy. (2). ... in kg/mm?*. (3). in %. (3a). in kgfm/cm?.

(4). HB (diametér of impression) (10/3000) in mm.

FOOTNOTE !, 2, *. Diameter or the side of square respectively: 101-250:

101-150; 151-250 mm. ENDFOOTNOTE. )
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Page 36.

22. Mechanical properties of rounds with diameter of up to 60 mm at

normal temperature (on AMTU 451-67).

21 0 QT
i
. ) ) e . ope (5\ a [}..7T™
Cunas [\ . = 5d oTnevarra)
- | RIgT VL TS » xlam/jcaet (" (10/3000)
® % He menee L]
‘BT100d | 3045 w | s 120 4855
B0} $0—355 2 50 10.0 4.5—-52
oTe0 ¢ 50—85 & ] 35—43
oTé{ 4 0—T75 15 ) 45 2
OT+ */ 20—90 1 0 4D 3547
OTé-2 105 8 = 30 3337
Y
BT 85105 38 3.4—38
BTs1 ¢ 4 JO0—102 10 x Y] 35-37
BT3-! i %e uesee 120 6 2 20 3,0~33
BT: b T = 5.0 3,435
10
BT>1$ 80—100 w“ B4—38
BTs b @ 0107 30 33-3;7
Bre % IBe wemee 110 ™ ¢ | % 25 3134
BToC ¢ 100 10 2 A0 34—38
BTSC, 3¢ @c memee 105 & = $2-35
BT ¢ | 7) 10120 H 30 20 3337
BTE f' e wemee 10| 6 2 20 3032
BTy & 105—125 9 ) 30 33-33
BT ' e MeBee 120 6 2 20 3.0-33
BTis b 96— 10 |- % 50 $4—35
BTis Y ¢ memee 112 [ 12 20 1=34
BTI¢ —100 8 ] 50 3438
BT & e memee 110 6 20 P 31-=34

The note: samples/specimens for the testing were cut out

lengthwise.

Key: (1). Alloy. (2). in kg/mm?, (3). & with /=5d4. (4). in % not

less. (5). in kgfm/cm?. (6). HB (diameter of impression) (10/3000) in




Dt 1 - M A A T A A ST
« ittt gt 42"
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mm. (7). not less

FOOTNOTE !. Annealed.

*. Har<ened/tempered and aged. ENDFOOTNOTE.

e~

N O - 1 TR
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23. Mechanical properties of stampings and flows with thickness to :
100 mm. F
I 8 Glas
S e, —
8 xI/amt C‘\ » % xLajcm? 10’/3007‘
Be MeHee B Am
B0 | 30 = 8 1 A8-355 i
)
BTI-0 40—55 50 10 9
oTea ¥ b5 2| e 7 e
‘ - .
OTs 60T 15 3 4 5k 2
o s 2090 10 20 S gH;
oTe2 95110 = 3337
BT4 } 5105 3 35 3438
A
BTS 2595 243
BT> ¢ 80100 10 | o= 4 3
BT6 ¢ (g) 82110 ! 3 g 3337
>
BTE 10
Brec & e .eaee 1 ’g :zb) f.ﬁ ea-esee 3,0
" .
BT6C n 105 6 2
BTt |~ 100120 0 {3 R o s e
BTR—I < ¢ meHee 120 [ 2 2 ¢ MEBOE
BTE 4 100—120 9 7 3 83,7
BTS & mepee 120 [ 20 2 ¢ menee 3,0
BTe 4 105—125 9 2 3 3235
BT °f e memee 120 6 il 2 » wenee 3,
BT 90—110 $ 30 5 3,438
BT § 115 10 = N 3538
BTZ 410130 ? 2 3 31-37

Note. Mechanical properties were determined in the
samples/specimens with a diameter of 5 mm with the five-fold

calculated length, cut out lengthwise of filament.

Key: (1). Alloy. (2). in kg/mm?. (3). in % not less. (4). in
kgfm/cm?*. (5). HB (diameter of impression 10/300) in mm. (6). not

less.

FOOTNOTE !. Annealed.

?. Hardened/tempered and aged. ENDFOOTNOTE.
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Page 37.

24. Mechanical properties of annealed stampings and forgings with

thickness are more than 100 mm.

U ) e-\ o |« | @?nism
c o, Q’.‘)“‘n OTneRaTka
sy wrvae [(3) s % » xlavcxt| 10/3000)
Bt meBee B s
t 3
el m—w |5 | X | e 4$-55
} .- n
BTi-0 17 RS
1-52
ol | B |y s -5
oret BeTTw | 1 3 4248
4 1 k2
Tl | m-m o = 4 2
OT4 ""‘ e 85 35 35—40
OT+2 2% Bo—105 | 7 2 3337
BT+ -;‘* 8105 | 84 3 a.e-—:;;
. ey 5 34—
§§4£L 76—100 16 a5 3438
BT °%y | Bo10i 6 3 33-27
BT&C °3°| 7i—100 2 4 3438
En4?' s
BT ¢ -1 ki
B“k et §6 3 3237
vt s ) ¢ "
‘BTS J; 15
BTH s~—1no - o) B [ 34—38
‘BT 85110 g .. N
BT % 90—115 ‘ 3 u—&:
Br= % | 19013 Ty 24-47

Note. Mechanical properties were determined in the
samples/specimens with a diameter of 5 mm with the five-fold
calculated length, cut out in the transverse or chord fiber

directions.

Key: (1). Alloy. (2). in kg/mm?®. (3). in % not less. (4). in

kgfm/cm?. (5). HB (diameter of impression 10/3000) in mm.

- -

FOOTNOTE ',?,°. Thickness in mm with respect to 101-150; 151-250;

101-250. ENDFOOTNOTE.

W
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25. Mechanical properties of annealed forgings of type of rings from

titanium alloys.

- LEN

e B 5 mms-

/Ll\ ; Q-\ 4 fpm < Qﬂ ueTp oroe-|

o, oo 5d Gy qaTKa
Coaxs » xljant s xLac/caed]  10/3000)
OTs 67 | 10 | = A48
1 30
EE' % 5 3237
BT 106 2 PR

; gym—y
B ™ ’ W 34~35
BT¢ % -] 3337
BTX [3 & 3338

Note. Mechanical properties were determined in the
samples/specimens with a diameter of 5 mm with the five-fold

calculated length, cut out in the thord fiber direction.

Key: (1). Alloy. (2). in kg/mm?*. (3). & with /=5d. (4). in kgfm/cm:®.

(5). BB (diameter of ‘mpression 10/3000) in mm.

R e v N

iffplent 58

-y ‘x;f:/""—“‘ 3

r - “-ilnue:uw
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26. Mechanical properties of annealed stampings of type of disks.

!
N |@eec  |(3), \.__L__‘_‘_’_ @)ga .
RITaMmoB- ., o~
Caxas s w2 | B Xl Vman? ane’ueuee x
BT [®no > ® | 2 .
m 100 % P
101200 ®
= B 100 g =
L OF S 3 » 3.
S1—-100 18
$0; —200 ® B it
5)11 i)
BT = % bt 8 ]
- 51100 10 T 25
__)g;—mo M0 [

Notes: 1. HB (diameter of impression 10/3000) for all .

samples/specimens is 3.2-3.7 mm.

2. Mechanical properties were determined in samples/specimens
with diameter of 5 mm, with five-fold calculated length, cut out in

chord fiber direction.

Key: (1). Alloy. (2). Weight of stamping in kg. (3). in kg/mm3>. (4).

in % not less. (5). HB in kgfm/cm®*. (6). To.
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Page 38.

27. Mechanical properties of stampings of type of compressor blades.

(“ &2') g, GT&S"“ =5 l v G‘) %u HBk(iu)luc'rp
Canas o xI/ o () % . » xlmjom? OTIIUNATKE
10/3000) B A
C“) He wenoe
oTé ot 0 % 85 8540
BT31 100 ! -] 80 32-3,7
1% s 2 25 31-33
b 30 8439
Bl;r'l.‘;?l X ;50 : 10 -] 40 . 3A—38
BTS o, ' - 3,3-37
wd 9 : 20 - 82-87
BTS 120 & 8 2 ' 8,1-33
{ 2—38,7
- 105 ] % 823
10 & . » Y i-33
BTIS wb 10 ) 1,6 -

Note. Mechanical properties were determined in the
samples/specimens with a diameter of 3 or 5 mm with the five-fold

calculated length, cut out lengthwise of filament.

Key: (1). Alloy. (2). in kg/mm*. (3). & with /=5d. (4). in kgfm/cm?.

(5). HB (diameter of impression 10/3000) in mm. (6). in %. (7). not

less.

- ——-—

FOOTNOTE *, *. State of samples/specimens respectively: annealed;

VTMO. ENDFOOTNOTE.

e ot e
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U 0o oo 10 g0
2 M5 os s Q/L P T A
L < lna Y4 T
Ul 7 cus A ™
YT, —> . ¥ Adq, {400
{ S fu‘ v @’_m/r/ s 1rso
py7) e ,wj—;i 15 VZ ,
15 A ' s y.Cld 1200
ol 4 %0 - Jrso
..0\' yﬁ *2’0: ‘0 \ 5[1'!17.«/ digo
o Gtiet2in) P 30 ;
:'W N o0+ 25 vmenef {00 T W ) —J T s
20| ) \ - 5 (f"’"‘""’i :
v SN ;
o QL2 8 ards e 0 0 .81 8. 030 08 Qb G7 .
s\ % “{0, (’ Yo ber " ?l
Fig. 58. Fig. 59. :
fi
Fig. 58. Change in limit of strength, viscosity/yield and elongation {
in dependence on oxygen content in titanium. ]
4
Key: (1). % at. (2). kg/mm*. (3). % weight. :
Fig. 5¢. Change in limits of strength, viscosity/yield and elongation
in dependence on content of nitrogen in titanium.
. |
Key: (1). % at. (2). kg/mm?. (3). % weight. %
|
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Fig. 60. Change in limits of strength, viscosity/yield and elongation

in dependence on carbon content in titanium.
Rey: (1). % at. (2). kg/mm*. (3). % weight.
Fig. 61. Diagram of technological plasticity of alloy OT4.

Key: (1). kg/mm?. (2). kgfm/cm?.
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Fig. 62. Diagram of technological plasticity of alloy BT3-1. i
;.
Key: (1). kg/mm?. (2). kgfm/cm?. 3

Fig. 63. Diagram of technological plasticity of alloy BTS5-1.

Key: (1). kg/mm?. (2). kg-m/cm.
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Fig. 64. Diagram of technological plasticity of alloy BT6.

Key: (1). kgfm/cm?.

Fig. €5. Diagram of technological plasticity of alloy BTS.

Key: (1). kg/mm*. (2). kgfm/cm?.
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Fig. 66. Diagram of technological plasticity of alloy BTS.

Key: (1). kg/mm?. (2). kgfm/cm?.

Fig. 67. Diagram of technological plasticity of alloy BT18 (according

to data of V. Ya. Kleymenov, T. N. Sazonova and V. M. Arzhakov).

Key: (1). kg/mm?.
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Fig. 68. Fig. 69.
. b
Fig. 68. Different types of curves of specific pressure of flow (N. E

S. Kurnakov, S. F. Zhemchuzhnyy).

Key: (1). Effort/force. (2). Way of male die/punch.

Fig. 69. Possible curves of specific pressure of flow for

low-plasticity materials (N. 1. Korneyev, I. G. Skugarev).

Key: (1). kg/mm?., (2). Time.
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Fig. 70. Fig. 71.

Fig. 70. Average/mean specific pressure for alloy BTl (forged state):

————— dynamic deformation; - - - - static deformation.
Key: (1). kg/mm?.

Fig. 71. Average/mean specific pressure of alloy BT3-1 in cast and

forged states during dynamic deformation.

Key: (1). kg/mm?. (2). Cast state. (3). Forged state. (4). d.r. (5).

crack.
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Fig. 72. Fig. 73.

Fig. 72. Average/mean specific pressure of alloy BT3-1 in cast and

forged states during static deformation.

Key: (1). kg/mm®. (2). Cast state. (3). Forged state. (4). other.

Fig. 73. Average/mean specific pressures of alloy BT6é during dynamic

deformation.

Rey: (1). kg/mm?.
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Fig. 74. Average/mean specific pressures of flow of titanium alloys
during deformation on 40% depending on temperature (forged state):
L e dynamic deformation; - - - static deformation.

Key: (1). G/mm?. (2). Types.

Fig. 75. Diagram of recrystallization of pure titanium: I - it began;

Il - end.
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Fig. 76. . Fig.

Fig. 76. Diagram of recrystallization

of alloy of type BT3-1 (initial

state preliminarily forged, needle microstructure).

Fig. 77. Diagram of recrystallization of alloy of type BT3-1 (initial

state - cast).
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Fig. 78. Diagram of recrystallization of alloy BT3-1 (on macrograin}:
a) temperature of complete a+BgB-transformation of 930°C (initial
structure equiaxial); b) temperature of complete a+Bzf-transformation

of 990°C (initial microstructure - needle a+fB).

Key: ‘the point of macrograin.
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Fig. 79. Diagram of recrystallization of alloy BT8 (on macrograin):
a) temperature of complete a+fzp-transformation of 980-1000° (initial

microstructure equiaxial); b) temperature of complete

a+fap-transformation of 980-1000°C (initial microstructure needle).

Key: (1). Point of macrograin.
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Fig. 80. heating blanks with diameter of 150 mm on industrial

purity/finish in three-layered inductor: 1 - temperature of surface

of blank; 2 - temperature of middle of blank.

Key: (1). Cutoff/disconnection. (2). min.

Fig. 81. Heating blanks with diameter of 55 mm at frequency of 2500

Hz: 1 - temperature of surface of blank; 2 - temperature of middle of

blank.

Key: (1). Cutoff/disconnection. (2). s.
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28. Chemical composition of brass.
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Key: (1). Alloy. (2). Basic elements/cells in % !.
FOOTNOTE *. Rest is zinc. ENDFOOTNOTE.

(3). Admixtures/impurities in % not more. (4). In all
admixtures/impurities. (5). Simple (dual) brasses. (6).

Multicomponent (special) brasses. (7). Aluminum. (8). Silicide.

Manganese. (10). Nickel. (11). Tin. (12). Lead.

.‘:&‘L_ ..

(9).
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29. Chemical composition of bronze in %.
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Key: (1). Alloy. (2). Basic components?.

FCOTNOTE '. Rest is copper. ENDFOOTNOTE.

(3). Admixtures/impurities. (4). Sum of admixtures/impurities is not

more.

s

(8).

(5). Aluminum.

Chromium.

(6). Beryllium.

(7).

Silicide.

(8). Manganese.
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30. Physical properties of brass.
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Key: (1). Alloy. (2). Density in g/cm®. (3). Thermal conductivity
kcal/(m+h-deg). (4). Coefficient of linear expansion «+10-* in 1/°C
at temperature of testing in °C. (5). Heat capacity C in cal/g-°C.
(6). Specific reéistance p in Q-mm®/m. (7). Temperature coefficient
of electrical resistance. (8). Simple (dual). (9). Multicomponent
(special). (10). Aluminum. (11). Silicide. (12). Manganese. (13).
Nickel. (14). Tin. (15). Lead.
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31. Physical properties of bronze.
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Key: (1). Alloy. (2). Density in g/cm’®. (3). Thermal'conductivity in

cal/cm-s-°C. (4). Coefficient of linear expansion «-10-* at °C. (5).

Heat capacity in cal/g-°C. (6). Specific resistance in Q-mm:/m. (7).
Temperature coefficient of electrical resistance. (8). Aluminum. (9).

Beryllium. (10). Silicide. (11). Manganese. (12). Chromium.
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32. Classification of copper on hardness.
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Key: (1). State. (2). Properties. (3). Indices of properties. (4).

Soft. (5). Cast. (6). Solid. (7). in kg/mm?. (8). in kgfm/cm?. (9)

on base of 10° cycles.
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33, Classification of brass.
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Key: (1). Alloy. (2). in kg/mm3:. (3). in %. (4). Classification on

hardness. (5). Simple (dual). (6). Solid (work hardening/peening

50%). (7). Solid. (8). Cold-~drawn. (9). Multicomponent special. (10).

Aluminum. (11). Soft. (12). Silicide. (13). In cast state. (14).

Deformed. (15). Manganese. (16). Nickel. (17). Tin. (18). Lead.
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34. Mechanical properties of bronze.
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Key: (1). Alloy. (2). in kg/mm?. (3). in %. (&), Note. (35). Alumi .

(6). Solid. (7). Beryllium. (B8). Solid, refined. (8). Silicide. (10).

wWork hardening/peening 50%. (11). Manganese. (12). Chromium.
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* 35, Effect of oxygen on the properties of copper.
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36. Effect of phosphorus on properties of copper.
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37. Effect of antimony on the properties of copper.
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Fig. B2. Change in mechanical properties of non/without-oxygen copper

at high temperatures.

Key: (1). kg/mm?,

Fig. 83. Dependence of mechanical properties of brasses on content of

zinc.

Key: (1). kg/mm?*.

Fig. B4. Change of mechanical properties of aluminum bronze in

dependence on content of aluminum.

Key: (1). kg/mm?., (2). kgfm/cm?. (3). (weight).
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( on content of lead (1 - without lead; 2 - containing 0.5% Pb).
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Fig. 85. Change in impact toughness of brass (20% Cu) in dependence f
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Fig. 86. Diagram of plasticity of brass J96.
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Fig. B7. Diagram of plasticity of brass J90.

Key: (1). kg/mm?.

Fig. 88. Diagram of plasticity of brass JI80.
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Fig. 85. Constitution diagram Cu-Zn.
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Fig. 90. Constitution diagram Cu-al.
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Fig. 91. Diagrams of the recrystallization of the treatment: a) the

electrolytic copper: b) brass of the type JI62; c) brass of the type

J68.
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Fig. 92. Diagram of recrystallization of working brass J70.
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Fig. 93. Diagram of recrystallization of working brass Ji0O70-1.

Fig. 94. diagram of recrystallization of working brass JI59.
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Chapter 2.

METHODS AND THERMOMECHANICAL PARAMETERS OF FORGING AND STAMPING.

Methods of forging and stamping.

The preliminarily wrought by extrusion/pressing alloys of

nonferrous metals possess a sufficient reserve of plasticity and them

it is possible to work by pressure even in the stressed states with
the presence of the stretching strains and stresses/voltages.
However, the ingots of the majority of alloys and the preliminarily

wrought high-strength alloys should be worked, as far as possible, in

the softer stressed states by extrusion/pressing in the containers
and by open-die forging with the limited broadening, and also in

closed dies.

High alloys possess the lowered/reduced plasticity in the

presence in volume of tensile stresses being deformed and the absence
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of the forces, which prevent destruction. Therefore such alloys in
the form of the pressed rods must be worked in the open dies with the
limited broadening, and also in the closed dies with the vertical
surfaces of impressions, which do not have slope angles, for example,
in the horizontal forging machines or under the hammer or the press

in the closed dies with the knockout.

Low-plasticity and brittle alloys should be worked
extrusion/pressing with the counterpressure, when plastic deformation
is accomplished/realized during the nonuniform cubic compression with
high main compressive stresses and during the low strains and with

the tensile stresses.

The classification of the methods of forging and stamping

depending on the plasticity of alloys is given in Tables 1 and 2.
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1. Groups of the methods of working by pressure.
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forging with free broadening. (11). Rolling in bores. (12). Methods,
which significantly raise plasticity. (13). Extrusion/pressing by
extrusion. (14). Open-die forging with limited broadening. (15).
Flashless die forging with limited broadening. (16). Flashless die
forging without broadening. (17). Extrusion/pressing by extrusion

with counterpressure. (18). Flashless die forging with

counterpressure. (19). Stamping in plastic shell.
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Page 54-57.

2. Classification of methods of working by pressure due to

stress-strain and plastic states of machined metal

(Korneyev N,

1.).
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Key: (1). Group. (2). Methods of working by pressure. (3). Diagrams
of methods of working by pressure. (4). Value of principal stresses.
Form of the stressed state. (5). and. (6). Amount of main strains.
Form of the strained state. (7). Value of plasticity and resistance
to deformation. Permissible degree of strain for each reduction in %.
(8). Extrusion/pressing by extrusion and stamping under press in
closed dies without broadening with counterpressure. (9). Very large.
(10). Large. (11). Very high. 75 are above. (12). Extrusion/pressing
by extrusion without counterpressure in containers. (13). Flashless
die forging without broadening and counterpressure. (14). Flashless
die forging with limited broadening on hammers and presses (flash ss
die forging). (15). Large and average/mean. (16). High. to 75. (17).
tamping in horizontal forging machines in closed dies. (18). First
period. (19). Second period. (20). Stamping in open dies with limited
broadening on hammers and presses. (21). Stamping in open dies with
unlimited broadening on hammers and presses. (22). Average/mean.
(23). Average/mean. 50-60. (24). Forging with lateral pressure
(upsetting in shell and drawing in figure faces). (25). Low. (26).
Rolling of type in box grooves. (27). Rolling type in open grooves
with limited broadening. (28). Smith forging without lateral pressure

(upsetting and drawing) on platens. (29). Rolling type in open

grooves with unlimited broadening. (30). Low. (31). Low. 40-50 (30

e - - e aee
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for low-ductility steel and alloys). (32). Rolling on smooth rolls.
Page 58.

In the methods of the working by pressure, in which the strain
is composed of the free flow of metal with the free broadening and
the metal flow under the effect of lateral pressure, plastic
deformation must be divided into two periods: 1) plastic deformation
flows/occurs/lasts with the free broadening; 2) acts lateral pressure
and occurs a considerable increase in the value of main compressive

sStresses.

In the first period the degree of deformation can be applied
only in the limits, the permissible deformations for this metal or
alloy. For brittle metal it composes 10-25%; for.low—plasnicity
30-50%, while for the metals and the alloys, which possess the

average/mean and high reserve of plasticity, it can be >60%.

Upon transfer from the methods of working by pressure, which
call the brittle state of the metal being deformed, to the methods,
wvhich raise plasticity and considerably raising the plasticity, as a

result of an increase in main compressive stresses, increases the

resistance to deformation.
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To each method correspond the specific stress-strain state, the
value of main compressive stresses, the plastic state of the metal

being deformed, structure and mechanical properties.

The classification of the methods of working metals and alloys
proposed consists of the groups, each of which is characterized by
the form of the stress-strain state; with the value of principal
stresses; by the resistance to deformation; by the form of the
strained state; with the amount of main deformations; by the
plasticity.of the metal being deformed, determined by the permissible

deformation.

In proportion to the accumulation of quantitative data the
classification will be supplemented by new groups, new quantitative
indices, which will make it possible even to more accurately produce
the evaluation of the stressed and plastic states of the metal being
deformed and the scientific substantiation of the methods of working
by pressure depending on the reserve of the plasticity of metals and

alloys.

Group I. The plastic deformation of metal occurs under the
conditions for hydrostatic compression, with which from the very
beginning of working by pressure the metal undergoes the effect of

cubic compression with high main compressive stresses, and the
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stretching deformations and stresses/voltages are extremely low. In

this case with an increase in the counterpressure.the portion of the
stretching deformations and stresses/voltages sharply is decreased,
and the technological plasticity of the metal being deformed
grows/rises. The stressed state corresponds to nonuniform cubic
compression, and the strained state to opposite diagram with two

compressive strains and one - elongation.

With the extrusion/pressing with the counterpressure and
flashless die forging without the broadening with the counterpressure
brittle and wrought alloys are deformed without the signs/criteria of
brittle state and crack formation. The value of counterpressure must
be for each alloy strictly defined. With the insufficient value of
counterbressure the brittleness of metal or alloy can be and not be
removed. The value of counterpressure can be determined from the-

relationship/ratio

P = 0,4P,

where P - pressureé of press.

They set experimentally for each metal and alloy of the value of

1 counterpressure.

Principal stresses, resistance to deformation and plasticity are

—

e e v p——




DOC = 83173504 PAGE |§H

raised with an increase in the counterpressure. Consequently, an
increase in the plasticity at the considered/examined methods of
working by pressure is achieved due to an increase in the resistance

to deformation and expenditure of great work for working by pressure.

Page 59.

Group Il 1is characterized by the mechanical diagram of the
deformation, which corresponds to nonuniform cubic compression, and
by the presence of lateral pressure from the very beginning of
deformation. This mechanical mode/conditions of deformation during.
the extrusion/pressing by extrusion and during the stamping is
observed for the duration entire period of working. Exception is
use/application in the beginning of the extrusion/pressing the
so-called pre-pressing - the operation, with which the metal in the
container undergoes common free settling for increasing the degree of
the deformation of the center of the section/cut of blank.
Introduction to this operation removes a shortcoming in the
extrusion/pressing by the extrusion, with which the middle part of
the section/cut is deformed as the periphery of section/cut, only
during the high deformations. The degree of deformation with the

pre-pressing on the average does not exceed 25%, that the brittle

state of malleable alloys is not caused.

i,
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During working of metals and alloys by the methods of this group
main compressive stresses, which affect in the metal being deformed,
sufficiently high, and tensile stresses are relatively small. The
form of the stressed state corresponds to nonuniform cubic
compression, and the deformed state is characterized by the opposite
diagram, in which two compressive strains, which affect from the
deforming force and the lateral pressure from the side of the walls
of container and one tensile strain, which appears during metal flow
from the eyelet of matrix/die. The latter leads in many instances of
extrusion/pressing with extrusion to a decrease in the plasticity of

. the pressed metal, and under specific conditions for working (with an
increase in the velocity and a decrease in the temperature of
extrusion/pressing) - to crack formation in the pressed rods,
profiles/airfoils, ducts/tubes/pipes and stampings. Thus, the
stress-strain state of metal during the extrusion/pressing by
extrusion from the observance of the established/installed
thermomechanical mode/conditions obtains satisfaction the plastic
deformation of metals and alloys with this method, that takes place

with the favorable loading.

Therefore the methods of working the second group find wide
application for the cold and hot working by the pressure of
relatively wrought alloys {(aluminum, magnesium, titanium, etc.).

During the working by pressure by these methods the plasticity of the

-;
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machined metals and alloys proves to be sufficiently high. The
process of working is accomplished/realized in one machine for
one-two operations, without the formation of projecting edges and

during the considerable deformations. The latter excludes the

possibility of working by pressure during ultimate strain and
provides obtaining in the deformed metal of the macrostructure
correctly oriented in the direction of the metal flow and high
mechanical properties. As a result of the drag-rise characteristics
to deformation during this stressed state and use/application of high
deformations .in many instances it is expedient to apply for the
working by pressure by such methods forge-press, crank and hydraulic
presses, and also horizontal forging machines and machines for th

pulse methods of processing.

Group III. In the beginning of working, in first period of
deformation, bgfore the onset of the contact of metal with the walls
of die/stamp and emergence of lateral pressure, the deformation is
accomplished/realized during the free broadening and the considerable
lateral deformation. This creates dangerous deformations and tensile

stresses in the metal.

The subsequent, second period, relates to that moment/torque of
the deformation, when appears the lateral pressure from the side of

the walls of die/stamp, which continuously increases in proportior to
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filling of die/stamp and toward the end of the working reaching
maximum value. With the methods of the third group it changes after
the emergence of lateral pressure or reaction with the side of the
rigid walls of die/stamp, the process of deformation, and the
considerable portion of the stretching deformations and

stresses/voltages is replaced by compressive.

Page 60.

Thus, the special feature/peculiarity of this group of the
methods of processing is the separation of the process of plastic
deformation into two periods: the first period, which is
characterized by the extremely rigid stress-strain state, during
which the metal being deformed is located under the effect of
dangerous stresses/voltages and tensile strains, which in many cases
can cause the brittle state of metal; the second period, when the
considerable portion of tensile stresses and deformations is replaced
by compressive and plasticity of the machined metal sharply it is

raised in the stress-strain state.

Therefore the stress-strain state of metal during the working by

pressure by the methods of the third group must be described by two

different ones for the first and second periods of the working by

mechanical and deformation diagrams.
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In the first period of working the stressed state in the form of
nonuniform cubic compression with compressive stresses low in the
value acts, and deformation diagram - opposite, with one compressive

strain and two stretching deformations.

In the seconé period of working in the stressed state, which
corresponds to nonuniform cubic¢ compression, compressive stresses
considerably increase, and in the deformation opposite diagram only
one deformation remains stretching, and two others are tensile

strains.

The basic condition, which must be observed during the working
by pressure by the methods of the third group, for warning/preventing
the sharp incidence/drop in plasticity and decomposition of the metal
being deformed, is the limitation of deformation in the first period
of working with the free broadening to the emergence of the contact
of the metal to be stamped with the walls of die/stamp. During this
period it is possible to apply only permissible in the value for this
metal deformations. The permissible deformations for the wrought

alloys must not exceed 30-50%, for alloys of average/mean plasticity

60%, but for the highly ductile alloys they can reach 70% and more.

S AR SRR et
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Group IV. In the process of stamping considerable deformation
flows/occurs/lasts during the first period of working with the free
broadening. In the metal being deformed appear the stretching
deformations and stresses/voltages in many instances of high value.
Therefore method is applied for the working by pressure of metals and

alloys of average/mean and high plasticity.

A redv:tion/descent in deformations and tensile stresses and an
increase 1n the plasticity is produced, as this was indicated during
the analysis of the methods of working the third group, also by the
limitatior of deformation in the first period of working with the
free broadening, without exceeding the permissible deformations
indicated for the alloys of different plasticity. This can be
achieved/reached by stamping annular billets, close ones in the
geometric form to the finished article and decreasing the lateral
deformation. Especially this must be considered during stamping of
the alloys, which possess the relatively low plasticity (aluminum,

magnesium and copper alloys). ;

Second period of deformation in the open dies appears after the
emergence of the contact of the machined metal with the walls of
die/stamp. This period is characterized by an abrupt change of the

mechanical diagram of deformation, in the direction of an increase in

main compressive stresses, which leads to an increase in the %




|
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plasticity of metal.

The stress-strain states of metal in both periods of deformation
will be here analogous to those, which were in detail presented for

the methods of working the third group.

Group V. Plastic-deformation is accomplished/realized during the
limited broadening and the lateral deformation and the considerable
stretch deformation. This occurs, because lengthwise grooves with the

forging in the faces and the dies/stamps are open.

Page 61.

Therefore the metal flow free without the lateral pressure occurs
lengthwise. Forces of friction, which are usually small, prevent the

metal flow lengthwise only.

The described pattern of the flow of metal during the forging in
the grooves determines the favorable stress-strain state of metal,

which affects during the working by these methods.

As a result of the free flow of metal in the beginning of
deformation in the transverse and longitudinal direction the process

of working is accomplished/realized with relatively low main




DOC = 83173504 pace |8l

compressive stresses, especially second and third principal stresses,
which during this period of deformation are equal to forces of

friction.

The diagram of deformations in the first period of working is
opposite with two those stretching (longitudinal and transverse) and

is one is compressive, from the deforming force.

This stress-strain state of metal into first period of the
working by the methods in question causes the considerable
incidence/drop in the plasticity of the metal deformed by ductile,
which must be considered during the development of the

transitions/transfers of forging.

In second period of deformation, when is created the contact of
the machined metal and lateral pressure, in the diagram of
deformations one tensile strain is replaced by compressive also
already two compressive and one that stretches deformations act in
the deformation diagram. In this case an increase and second main
compressive stresses occurs, which leads to a considerable increase

in the plasticity of wmetal in the second period of forging.

The methods of forging this group find wide application during

the manufacture of the annular billets before stamping of alloys even

‘
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with the relatively low reserve of plasticity.

For increasing the plasticity of wrought alloys by the methods
of working fifth group it is necessary to apply least possible
deformations into the first period and the highest in the second
period, when lateral deformation is relatively small and when lateral

pressure acts.

Since the given methods of processing with respect to the
stress-strain state have considerable advantages over the free
ductile on the platens, it is necessary the smith forging of ingots
and blanks on the platens to replace by the forging in form-shapi
dies or grooves of multipass dies, which consist of the grooves for

the preliminary forging of blanks and grooves for the stamping.

Group VI. Metal working is accomplished/realized during the
nonuniform ali—round compression with low compressive principal
stresses and considerably by higher than in all preceding/previous
methods of working, by tensile stresses and by deformations. First
main compressive stress in these methods of working acts from the
deforming force, and the second and the third - from force of

friction, in the value, usually considerably less in comparison with

the force, which accomplishes/realizes deformation. Therefore forging

in such stressed states occurs virtually without the lateral
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pressure.

Since in this stressed strained condition occurs in unlimited

free broadening and absence of lateral pressure from the side of the
rigid walls of instrument, and consequently, with low compressive
stresses, which prevent decomposition, during the smith forging on

the platens, especially wrought alloys, in many instances is created

the brittle state of the metal being deformed with crack formation.

To the creation of the brittle state of metal in the process of

working contributes also the opposite deformed diagram, which affects

with such methods of the working, in which only first main

deformation - compressive and two others, the second and the third -

stretching (from the considerable lateral deformation in the free
broadening and the absence of lateral préssure).
Page 62.

| An increase in the plasticity of alloys during working of %
ductile on the platens is possible only by a reduction/descent in
degree and deformation rate, and also by the use/application of wide
faces during the forging for an increase in force of friction and

increase in compressive stresses. But working under such conditions

for deformation depresses productivity.

The methods of working the sixth group it is expedient to apply

;
i
f
!

i
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for forging of highly ductile and possessing the average/mean reserve

of the plasticity alloys.

GEZf necessary for working wrought alloys forging on the smooth faces
should be produced with the limitation of broadening and replaced the
ductile in the figure faces and in the plastic shells. It is
expedient to apply also the preliminary deformation of ingots by
extrusion/pressing, by extrusion without the counterpressure and in
the presence its, after which the plasticity of metals and alloys

considerably is raised.

Group VII. contains such technological processes of the work. |
by pressure as drawing, whose stress-strain state is characterized by
opposite form. In this stress-strain state one principal stress even
one main deformation - stretching. The presence of tensile stresses
and deformations with the drawing is made this technological process

extremely "rigid".

A change in the stressed and plastic state upon transfer from
the first group of the methods of working to the sixth is
characterized by falling plasticity, decreasing the permissible

deformation, by decrease in the resistance to deformation or

deforming force.
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Therefore the first two groups and especially the first group of
the methods of working by pressure are advantageous from the point of
view of high plasticity and almost unlimited permissible deformation
of machined metal and are unfavorable in view of the necessary
use/application of méchines of large power, since the resistance to
deformation of the machined metal in such stressed states
considerably grows/rises. The great advantage of given methods of
processing is also the stability of the processes of deformation with
respect to the constancy of the basic thermomechanical parameters of
processing pressure (speed, degree and deformation temperature) and

uniformity of deformation.

The third and the especially fourth of the group of the methods
of working, on the contrary, are advantageous with respect to the
possible use/application of machines of a comparatively low power and
expenditure of small work for the deformation and are not
advantageous because of the possibility decreases in the plasticity
of the machined metal and low deformation, which can be allowed
during the working. Should be considered also essential shortcomings
in these methods, consisting in the difficulty observances of the
constancy of the thermomechanical condition of deformation and

unavoidable nonuniform deformation.

Therefore the methods of working the first and second groups

S et . e o e ey g e o - v e . e e e ane o
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should be applied, where it is necessary to raise the plasticity of
the machined alloys and the uniformity of properties, manufactured
semi-finished products. However, the methods of working the third and
fourth groups should be applied for working of alloys with the large
reserve of plasticity and when of the semi-finished products being

deformed is not required upper limit of mechanical properties.

It follows from the classification that working wrought alloys
by ductile and hot stamping must be performed in the figure faces and
the die impressions, instead of the platens used and the grooves with

as the small as possible free broadening of metal both during the

smith forging and during the stamping; by instrument with least
possible angles of the slope of working surfaces; in the closed dies

instead of the open dies used.

Page 63.

Aluminum alloys. Technical aluminum (AJI1 and AL) has high
plasticity. It can be deformed by cold and hot ductile and stamping
with the different types of loading. In this cace a change in the
deformation rate does not cause a considerable decrease in the
plasticity of aluminum. Technical aluminum is subjected to forging

and stamping on the presses, the forging machines and the hammers

predominantly on the platens and in the open dies.
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Aluminum alloys soft (AV, AMts, AMrl, AMr2, AN31, AI33, etc.)
and average/mean strength (Jd1, AK2, AK4, AK6, BO1l7, AMr6, etc.) have
a good plasticity. They are worked by ductile and hot stamping in the
stress-strain states, in which act the deformations and tensile
stresses. Forging the alloys of these groups is produced on the
hammers and the hydraulic presses on the platens and in the open and
semienclosed dies. The hot die forging of the soft and average/mean
strength of alloys is made in the hammers, the forging machines, on

the crank and hydraulic presses.

Fine/small and middle machine parts stamp on the crank presses,
and large/coarse - on the hydraulic presses. lLarge/coarse stampings
can be stamped, also, on the hammers. Aluminum alloys highly ductile
and average/mean plasticity can be werked by pressure with that
stress-strained states from the rigid (upsetting with the free
broadening) to the soft (flashless die forging without the

broadening) mechanical diagrams of deformation.

The aluminum alloys of high strength (B93, B95, B96, AK3, BAl23,

etc.) have the lowered/reduced plasticity in comparison with the

alloys of other groups.

R e T
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These alloys are worked by ductile and hot stamping in the

softer stress-strain states and predominantly on the hydraulic and

crank presses. Working alloys with this deformation rate with the
observance of the established/installed parameters of forging and hot

die forging does not shift them into the brittle state.

Stamping fine/small and average sizes of parts is produced on
the crank presses, large/coarse - orn the hydraulic presses. The
alloys of high strength can be worked by ductile and hot stamping,

also, on the hammers.

For working of wrought alloys it is necessary to apply the

closed and semienclosed methods of deformation.

Brittle aluminum alloys, for example, of the type of system
Be-Al and "SAP" must be worked by the new methods of
extrusicn/pressing and stamping with the counterpressure and with the

use/application of plastic shells.

The deformation of the ingots of all aluminum alloys, as a rule,
for the exception/elimination of the action of considerable tensile

stresses and deformations must be produced by extrusion/pressing for

deformation 50-60%.

A MNAE 2 e et e e
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The determination of the methods of forging and stamping and

form of the stress-strain state depending on the plasticity of
aluminum and other alloys must be produced according to the
classification of the methods of working by pressure due to the

stressed and plastic states of the machined alloy.

Magnesium alloys. The alloys of system magnesium - manganese
with the small additions of cerium (MAl, MAB) possess high plasticity
during hot and fabrication and undergo deformation in the soft and

rigid stressed states (forging, stamping, etc.).

The alloys of magnesium with different content of aluminum and
additives of small quantities zinc and manganese (MA2, MA2-1, MA3,
MAS) have higher strength characteristics and lowered/reduced reserve
of plasticity. The plasticity of these alloys substantially is

depressed with an increase in the content in them of aluminum.
Dage 64. !
|
i

The alloy MA2, which satisfactorily undergoes forging and hot die
forging even in the rigid mechanical diagrams of deformation,

possesses the greatest plasticity in the hot state. However, the

deformation rate in this case must not be high.

Approximately/exemplarily the same law is established/installed also
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for the alloy MA3, which during such forms of loading or forging and

stamping possesses satisfactory plasticity. Alloy MAS has

lovered/reduced stored up plasticity and hot working by pressure is
performed with the soft forms of the stress-strain state

(extrusion/pressing in the container, flashless die forging, etc.).

The alloys of magnesium with zirconium (BM65-1, etc.) relate to

the group of wrought alloys. Forging and the hot die forging of the

alloys of this group are produced also with the soft forms of the

stress—-strain state with minimum tensile stresses.

High alloys, which possess the low reserve of plasticity, mu
be subjected to forging and hot die forging by the method of

extrusion/pressing - stamping with the counterpressure, which ensures

strain with high main compressive stresses.

atachil

Titanium alloys. Commercial titanium (BT1l) with the
sediment/residue on the press at a room temperature is not destroyed

up to deformation 50%; with an increase in‘the temperature the

plasticity is raised and it can be deformed without crack formation

at 600° C to BO%, but at 900° C to 90%. !

Titanium alloys BT3-1 and BT5 at a room temperature without the

translation/conversion into the brittle state are deformed by sta*sc
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upsetting to 10-15%. In the case of upsetting on the press with 600°C
the permissible deformation composes 60%, and at 900°C - it increases

to 90%.

In the case of dynamic deformation under the hammer the
plasticity of titanium alloys descends to 10-20%. Thus, for the
alloys BT3-1 and BTS with the sediment/residue under +he hammer with

600°C the permissible deformation is equal to 50%, and at 900° - 80%.

Titanium during the cold smith forging by upsetting and by
stamping allow/assume the limited deformations. The permissible
deformations during cold working can be increased by the
use/application of forging in the notched strikers and the stamping
in the closed and open dies with the limited broadening, when act the
stress-strain states, with which the deformations and tensile

stresses are relatively smali.

During the hot deformation and, especially, at temperatures of ;’
900°C it is above, when the weakening processes are developed, l
titanium and titanium alloys have sufficiently high plasticity. From
titanium alloys with ductile and hot stamping they are manufactured
the complicated on the geometric form of machine part (blade, disks

of compressors and other parts).

paterorrpa ey =yl
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Titanium and titanium alloys low- and medium-alloyed can be

worked by ductile and hot stamping by all methods used, virtually
with many forms of loading. These alloys with a change in the
stress-strain state, in the limits of the technological processes of
forging and stamping used, retain sufficiently high technological

l plasticity.

For difficultly deformed titanium alloys can be used the
semienclosed and closed methods of forging and hot die forging -
drawing in the figure faces, upsetting in the plastic shell,
flashless die forging with the broadening and without the broadening.
Such methods with the soft stressed state allow/assume forging an
stamping with the large deformations. Besides the possibility of
working with the large deformation and an increase in the
technological plasticity, this technological process of working by
pressure provides more uniform deformation and obtaining of

fine-grained structure and high and uniform mechanical properties.

Page 65.

The plasticity of titanium and titanium alloys sharply is
depressed in the presence on the surface of the alpha-deposited
layer. Were carried out experiments on the forcing - by upsetting i

titanium alloys, which had on the surface the remainders/residues nf Jﬁ
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the alpha-deposited layer.

Bulging test underwent the samples/specimens, in which after the
machining of the alpha-deposited layer they remained on the surface
along the generatrix of black spot - untreated strips.
Samples/specimens were upset on the mechanical crank forging press on

the unheated dies/stamps with 1000°C.

Afterward sediments/residues with the degree of deformation are
higher 50% on the lateral surface of the blanks, where the
alpha~-deposited layer remained, wide cracks appeared. The reason for
the appearance of cracks on the lateral surface éonsists in that that
more brittle, than base metal, the alpha-deposited layer, it is
destroyed as a result of the elongation of the lateral surface of
sample/specimen in the beginning of upsetting, forming thé network of
fine/small cracks. These cracks as stress concentrators, with an

increase in the degree of deformation contribute to destruction of

base metal. The depth of such cracks is within the limits of 1-2 mm.

Crack formation with the upsetting of samples/specimens made
from titanium alloys with the alpha-deposited layer occurs during
coating of sample/specimen with consistent grease (the water glass,
graphite, etc.). The appearance of cracks in the case of applying

consistent grease is explained by the fact that the film of
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lubrication between the contact surfaces creates considerable tensile

stresses. The brittle alpha-deposited layer of these stress/voltage
does not maintain/withstand and is destroyed. On the other side
samples/specimens smooth without the cracks are obtained after
deformation by upsetting without the lubrication and with the
use/application of liquid lubrications - petroleum residue, machine

0il, compressor oil, etc.

The lubrications of liquid consistency do not cause the
significant magnitude of lateral deformation and tensile stresses.

The bresence of the alpha-deposited layer sharply decreases
technological plasticity of titanium and titanium alloys. The metal,
which has the alpha-deposited layer, is extremely sensitive with the
forging and the hot die forging to a change in the stress-strain-
state with an increase in stresses/voltages and tensile strains.
Since, virtually, with all methods of forging and stamping act
tensile stresses and deformations, during the heating under the hot
machining of titanium and titanium alloys one should avoid the
formation of the alpha-deposited layer. This is achieved by heating
prior to the forging and the stamping in the reheating furnaces with

2 neutral or oxidation-free atmosphere. The most adequate/approaching

medium for heating of titanium and titanium alloys is aragon.

R S
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Titanium and titanium alloys are heated in the air-circulating

furnaces with coating of blanks with enamels. N

Copper alloys have the narrow range of temperatures of forging
and hot die forging, low stored up plasticity during the smith i
forging and high thermal conductivity in the final stage of working,
in consequence of which these alloys acguire the lowered/reduced

plasticity. Therefore for the copper alloys should be applied the

»»ﬁ-4_<‘,u-,

form of loading with the forging and the hot die forging with the
smallest possible stretching deformations and the stresses/voltages. }f

Being guided by this, the ingots of copper alloys are deformed

predominantly by extrusion/pressing in the containers, anéd hot die
forging is usually produced either with the closed methods of working
(flashless die forging), or with the semienclosed methods, or opened,
but with the limited broadening. in this case technological processes
are applied with the smallest possible number of operations, and in
the majority of the cases stamp parts to one pressure or one blow of
hammer. For increasing the plasticity of the metal the containers and

the dies/stamps are preheated to 300-500°C.

Page 66.

THERMOMECHANICAL PARAMETERS OF FORGING AND STAMPING.

{
5
1
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The thermomechanical parameters of forging and stamping of
nonferrous metals and alloys (temperature of beginning and the end of
the working; general/common/total of deformations; the permissible
deformations, which do not call the decomposition of metal during the
working; the deformations, which determine kinetics of the
recrystallization of working; the deformation rate; the heating rate,
rate of cooling and the stress-strain state of metal during the
working), are set to the results of the complex of the tests, given
in Table 3, being guided by data of Table 2 and figures 1-95, led in

€hapter 1.

Temperatures, speeds and degrees of deformation.

The elevated temperature of the beginning of forging and
repeated reheats between the operations make it possible to
considerably increase the degree of the deformation of alloys. The
high deformation rates with the considerable reduction for one
impact/shock cause the premature decomposition of blank not only at
low temperatures of the beginning of forging, but even with those

increased.

The greatest anisotropy and the lowered/reduced mechanical
properties of the pressed semi-finished products are observed during

the deformation in limits of 50-75%. In the case of
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general/common/total deformation not less than 95% are obtained more
uniform mechanical properties along and across the filaments, or the
general/common/total level of the properties of the pressed
semi-finished products is raised. Therefore during the
extrusion/pressing of profiles/airfoils, rods, and also blanks for

the forgings and the stampings it is necessary to provide the

greatest deformation, which must compose 60-65% for the pressed rods,

intended for the forging and the stamping and 95% for the pressed
rods and the stampings, designated for manufacturing the machine

parts.

Aluminum alloys. Temperature ranges of forging and stamping are
determined according to the diagrams of plasticity, the curves of
flow and the constitution diagrams of the matching systems of alloys.
For the separate aluminum alloys these intervals should be selected

in the limits, indicated in Table 4.

Degrees of deformation. The highest mechanical properties and
the smallest anisotropy of these properties are obtained during the
general/common/total deformation of alloys in 65-75%. Therefore in
the case of working by pressure of ingots on the blanks, the
forgings, the stampings and other semi-finished products the

general/common/total degree of deformation must be minimum.
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It follows from the diagrams of the recrystallization of working
different aluminum allcys that ultimate strain compose 12-15%. For L
the purpose of the exception/elimination of the recrystallization of
alloys with coarse-grain formation, the forging and their stamping

are produced with reduction 15-20% and more for each course of }

machine.

S TN

The permissible degree of deformation for the working stroke of

—

machine, determined from the diagrams of plasticity, for the separate

S PP NP SO

groups of alloys is within the limits, given in Table 2.

Deformation rate. The analysis of the diagrams of plasticity

e+ p———
N o

wvith respect to a change of the permissible deformations of aluminum

alloys in the dependence on the rate of working shows that the i

technological plasticity of alloys noticeably is not depressed with

an increase in the deformation rate. Only in separate high alloys

et et

upon transfer to the high rates of working the permissible
deformations are depressed for each course of machine from 80 to 40%. L
In addition to this upon transfer from the static ones to the dynamic
rates the resistance to deformation of alloys grows/rises 1.5-3

times, depending on their alloying. Therefore aluminum alloys can be

worked by ductile and stamping both at the low and high deformation

rates.
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3. Methods for testing steels and alloys for determining of

temperatures and other parameters of working by pressure (Korneyev N.

I.).
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Key: A. Plasticity test by free upsetting. (1). through each of

25-50° in temperature range being investigated. (2). Evaluation of

" plasticity is produced on appearance of first crack in

sample/specimen being deformed. They are determined.

B. Plasticity test by impact bending. (1). Impact test
samples/specimens of Mesnagef T°C - through each of 25-50° in the
temperature range being investigated. (2). Evaluation of plasticit

is prdduced on maximums and minimums in curves in coordinates::'?t‘—isc.

determined by T. (3). cm?. (4). Optimum temperatures of forging.

C. Determination of resistance to deformation. a). Determination of
relative resistance to deformation by free upsetting (in %). (1). G -
weight of falling/incident parts or pressure; G = const; H - fall;
H=const; Ah - degree of deformation through every 5% in interval of
0-60%; T°C - through each of 50° in temperature range being
investigated; 4 of samples/spe;imens - 10-25 mm. (2). Evaluation of
resistancé to deformation is produced in value of.ﬁpsetting (in %) at
this temperature in curve in coordinates; they are dgtermined.,éﬂ.
Determination of specific resistance to deformation. (1). 1Is
determined by change of resisting deformation with sediment/residue

either other methods of working by dynamometers or by other measuring

T
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. meters., degree of deformation during testing by upsetting through
each 5% in ranée. through each in temperature range being
investfgated. (2). Evaluation of resistance to deformation is
produced in its value at this temperature in curve in coordinates.

they are determined.

D. Determination of critical temperature of grain-growth during

PSR e R

- heating (collecting recrystallization). (1). Through each of 50° in

[

o it

temperature range being investigated; diameter of sample/specimen
15-30 mm. Grain size is determined by one of the methods used. (2).
Critical temperature of grain-growth in heating corresponds to
beginning of intense grain-growth in curve in coordinates (grain ¢

size). It is determined. (3). grain size. (4). Critical temperature.

E. Determination of interval of critical degrees of deformation with y
upsetting (recrystallization of workingi. (1). through each of 50° in
temperature range being investigated; degree of deformation through
every 2-5% in interval; diameter of samples/specimens, egqual to 15-30
mm. (2). Critical degrees of deformation correspond to beginning and

end of intense time of ripening of grain at this temperature in curve

i
H

in coordinates; (grain size) they are determined. (3). Grain size. f

(4). Interval of critical degree of deformations.

F. Determination of phase composition. (1). Phase composition is ‘ #
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determined according to fusibility curves of matching systems of

steel and alloys. (2). Diagram of system. (3). Diagram of system.

i

(4). Zone of brittle state. (5). High plasticity. (6). Zone of

brittle state. (7). Critical increase/growth granulating during

heating. (8). Content of carbon. (9). Working steel and alloys by
pressure as far as possible must be produced in single-phase state,
since with homogeneous structure separate crystallites undergo more
uniform deformation. However, in the case of a heterogeﬁeous
structure the deformation can be nonuniform, as a result of different
properties of the crystallites of different phases. They are

determined general/common/total.
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Page 69. | !

However, being guided by the need of increasing the permissible
degrees of the deformations of light alloys with the working and the
productivity, reduction/descent in the resistance to deformation and
the increase in the viscosity/yield of alloys with the filling of the
impressions of dies/stamps, during forging and stamping the alloys is
more expedient to apply their working on the presses. The tendency of
the use/application of static stabilities of deformation for the
stamping, the especially large forgings from the light alloys at
present are increasingly more fastened. During the extrusion/pressing
by extrusion it is necessary to apply high rates, since the ‘
productivity and temperature considerably are raised with an increase

in the velocity.

For working of wrought alloys it is necessary to apply the

closed and semienclosed methods of deformation.

s Brittle light alloys, for example the type of system aluminum -

beryllium and "SAP", must be worked by the new methods of
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extrusion/pressing and stamping with the counterpressure and with the

use/application of plastic shells.

The deformation of the ingots of all aluminum alloys, as a rule,

must be produced with extrusion/pressing.

The methods of forging and stamping and the type of the
stress-strain state depending on the plasticity of alloys must be
defined being guided by the classification of the methods of working
by pressure due to the stressed and plastic states of the machined

alloy.

Magnesium alloys. The temperature intervals of forging and

stamping are given in Table 5-7.

With hot treatment the large dependence of the plasticity of
magnesium alloys on the temperature is considered by pressure. The

high temperature of the termination of deformation makes it possible

"to utilize the greatest reserve of the plasticity of alloys, but in

this case coarser-grained structure is formed, which, in turn, causes
decrease in the level of mechanical properties and decrease of the
anisotropy of material. The degree of the softening of the stampings

from the alloy BM65-1, manufactured on the swaging hammers, is given

in Fig. 1, and alloy MA2 in Fig. 2.
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- 4. Temperatures of beginning and end, the permissible degrees and the

rate of deformation of the aluminum alloys of ductile and by

stamping.
]
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Key: (1). Alloy. (2). Temperature interval of forging and stamping in
°C. (3). Beginning. (4). End. (5). Deformation rate in m/s and
equipment used. (6). Permissible degrees of deformation in %. (7).
Hammer. (8). Press. (8). Hammer, press. (10). Press. (11). Hammer.

(12). and. (13). and more. (14). Cast. (15). Deformed. (16). To.
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A reduction/descent in the mechanical properties, as is evident from
given data, at high temperatures of heating and deformation it occurs

as a result of the recrystallization of structure, that also causes

-

e

- g
. ’ PO
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. softening.

Exception/elimination from technology of the factors, which

cause the softening of material during the hot deformation, is a very

! important question, since the magnesium alloys MA2, Ma2-1, MA3 a&and
! MAB by heat treatment are not strengthened, but the effect of the
strain/work hardening alloys MA5 and BM65-1 during the heat treatment

is insignificant (Fig. 3).
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- 5. Mode/conditions of forging magnesium alloys on the hammers and the
A
presses. g
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Key: (1). Brand/mark of alloy. (2). Temperature of forging in °C.

(3). Hammer. (4). Press. (5). Maximum permissible degree of

deformation for heating with sediment in %. (6). Permissible degree

of deformation with broach in %. (7). Beginning. (8). End.
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- 6. Temperatures of stamping magnesium alloys on the swaging hammers

and the forging presses.

3 )
TomintpaTypitidfl WHTUPuRR
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MAS '
MA2-1 40 | g | 280 | 20 }
MA3, MAS| v p - |
BMG5-1 0 | 820 | 2% 20 ’
LML 4 | 350

MA13 80 | 00 - -

[T

Key: (1). Alloy. (2). Temperature interval of deformation in °C. (3).

Drop forging and mechanical forging presses. (4). Work hardening on

swaging hammers. (5). Beginning. (6). Termination.

:
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7. Temperatures of stamping magnesium alloys on the hydraulic

presses.
Tomuvpurypuh MUTOpuE)
(2\ nogupMauuue » *C
3
« tiTamnosia (q)
Mapuia HO PRNLIBIER-
uu?nn GOKNX HurapTobiy,
npocosy (31
Hi
li;(-isu- Ouan- Haua Ounaon-
79 [T ao Hauw
@
MAL, MAZ,t &2 50 =30
MAS 300
MAZI 00 80 250
MA3, MAS 390 280 - -
BMES-1 LY 310 &% 240
MAL3 - 450 380
Bugi
BM17 Y. 390 - -
MALL - 80 380

Rey: (1). Brand/mark of alloy. (2). Temperature interval of
deformation in °C. (3). Stamping on hydraulic presses. (4). Work

hardening. (5). Beginning. (6). Termination.
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For raising the level of the mechanical properties of stampings
one should apply the warm work hardening (final rolling) on the
hammers and the presses at temperatures, given in Table 7 and degrees
of deformation in limits of 10-15%. An increase in the mechanical
properties of the stampings from alloy MA2, manufactured for one

transition/transfer with the subsequent work hardening with 230°C on

L

. Silistdd
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the hammer, it is shown in Fig. 4. The use/application of a
technological operation of final rolling provides the strain/work
hardening alloys, which is accompanied by the formation of fine/small

homogenous structure.

This data shows that in stampings the mechanical properties are

raised with the decrease of grain size.
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Fig. 4. Key: (1). kg/mm?. (2). For one transition/transfer. (3).

Final rolling.
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The best structure of alloy and high mechanical properties are
obtained with the press forging with the subsequent final rolling on

the hammer with 230-250°C.

A change in the hardness of stampings from alloy MA2 from
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deformation temperature and in the dependence on the number of

heatings (or number of transitions/transfers during the stamping)
shows the character of the softening of alloy (Fig. 5). As a result
of prolonged heatings, i.e., the more prolonged determinations of
alloy at a temperature, the process of recrystallization pass more

completely and magnesium alloys obtains softening.

Taking into account relatively low it stored up the
technological plasticity of the majority of magnesium alloys, forging |;
and stamping them should be produced on the hydraulic and crank

presses at the lowered/reduced deformation rate. Not lower than 300°C

the magnesium alloys virtually little are strengthened in this ca. 4

at a temperature of the end of the deformation and the mechanism of

deformation is similar to hot deformation.

Magnesium alloys are considerably better deformed during the
working with the low rates; therefore on the hydraulic presses it is
possible to obtain stampings of low and large sizes/dimensions with a
weight of up to 250-300 kg from all brands/marks of the magnesium

alloys being deformed.

For improvement in the viscosity/yield during the deformation

and best filling of cavities the stamping should be conducted at

temperatures, which correspond to the upper limit,
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established/installed for this alloy. In order to create conditions,
with which is developed the greatest plasticity, stamping in the

closed (flashless) dies/stamps is produced.
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8. Degree of deformation for the different diagrams of forging.
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Key: (1). Alloy. (2). Temperature of forging in °C. (3). Beginning of

forging. (4). End of forging. (5). Diagrams of forging (see Table 16
v €hapter 5). (6). a broach without turning. (7). b broach to square
‘or rectangle. (8). Maximum permissible degrees of deformation (in %)

on hammers with weight of falling/incident parts to 2T inclusively.
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In the process of stamping in the preliminary or final
(clean/finishing) dies/stamps on the presses, which ensure the most
favorable high-speed/high-velocity tonditions for deformation, the
degree of deformation is not limited during the optimum temperature

conditions.

Gt
The deformation (see Table 4 and 8).

Ty ——————r
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Changss in the mechanical properties of forgings from alloy MA2
in the dependence on the degree of stretch are given in Fig. 6, from
which it is evident that the blanks of the rod of alloy MA2 of the
characteristic of plasticity (b, &) are raised with an increase in the
drawing, but ultimate strength virtually does not change. An increase
in the values of impact toughness and elongation per unit length is
explained by an increase in the degree of the deformation of the

preliminarily pressed material.

The variety of drawing is the operation of flattening, made in
the case of drop forging with the large supply without the turnin or
with the turning, during which is smoothed the undulation on the
width. In the case of flattening (drawing) on the press during the
metal deformation perpendicular to the axis/axle of blank the

operation is carried out for one stroke of press.

The diagram of the manufacture of forgings from alloy MA2 by
drawing in the direction, perpendicular to the axis/axle of blank, it
is shown in Fig. 7. Forging is obtained by the size/dimension
36x380x1050 mm from the pressed blank with the size/dimension
130x1050 mm on the hydraulic press 10000 t for one stroke of

press. Heating the measured blanks before the broach was produced in
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_ the electric furnace with 380-360°C, for 5 h. The coefficient of the

degree of stretch on the width of blank composed 3.0, and deformation
along the height/altitude of blank 72%. The mechanical properties of

samples/specimens are shown in Fig. 8.

The amount of total deformation during the forging has a
positive effect on the mechanical properties of forgings from the
alloys Fig. 8. Ultimate strength and hardness reaches with an
increase in the total deformat@on along the filament of the greatest
values. Yield point with an increase in the deformation changes
insignificantly and elongation per unit length reaches the maximum
values during deformation 50~70%, and during large deformations

(80-90%) it is considerably depressed.

Approximately/exemplarily the same laws governing the change in I
the mechanical properties from the amount of deformation occur, also,: y

in the transverse direction of filament (Fig. 10).

Changes of the mechanical properties of alloy MA2 in the
dependencg on the degree of deformation during the press forging are
given in Fig. 1ll. All values of strength of mechanical properties

. with an increase in the deformation grow/rise and plasticity indices

are decreased.
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Fig. 6. Key: (1). kg/mm®. (2). kgfm/cm?®. (3). Degree of stretch.
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As it follows from the diagrams of the recrystallization of"-

working magnesium alloys, ultimate strain, which call considerable

grain-growth, do not exceed 10%.

The rate of deformation (see Table 4). At the low speed of
deformation the process of recrystallization has time to noticeably

develop only with 350°C, whereas at the high deformation rate

recrystallization is developed at a temperature higher than 350°C.

For the obtaining of homogenous structure and exception/elimination

il
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of the recrystallization of magnesium alloys, the forging and their

stamping are produced with the reduction for the pass more than 15%.

The diagrams of plasticity of magnesium alloys and the degree of
the permissible deformations show that the alloys with the increased
content of the alloying elements/cells possess the lowered/reduced
reserve of technological plasticity and the degree of deformation is

determined by the deformation rate.
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During the working on the hammer the permissible degree of the
deformation of the majority of alloys does not exceed 30-50%, whereas
during the working on the hydraulic press their plasticity
considerably grows/rises and the degree of deformation can be

increased to 70-90%.

Dilute alloys of the type MAl, MAB8 are less the speed-sensing of

deformation. They are worked well by pressure both on the presses and




i
;

DOC = 83173505 PAGE ﬁ;f

on the hammers with the large deformations. Furthermore, the
resistance to deformation of alloys at the low speed of deformation
is approximately/exemplarily 1.5-2.0 times less in comparison with

the working at the dynamic rate.

Titanium alloys. The temperature intervals of forging and

stamping are given in Ffable 9-11.
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9. The temperature interval of forging and stamping titanium alloys.

(Y Pemnoparypuutt untepuen » °C
L‘é\ Ilpensapurens- | -
RePOpPMM-
Caxron mpo?.&“
L‘\ SATOTOBKA o
Canas f8Ye f ) © % v
ST LA O £
g2 | 92 | 23 gE
: @ 5 @ : » 5 -
B | 28 | mZ | x&
BT1-00
B e | W @™
OT-1 800
OT4 1020 L -] 1000 [ 17]
OTé-2 10 [ U] 1050
1020
OT4 1050 850
1000 ) .
BT3-1 0
BTS 1160 1080
900
BTb-1 1100 1050
nTeC . 800
616 1050 850 m
BT8 100 850
BT® 1150 800 | 1020
BT 1050 80 950 600
TS { 1000 |
BT! wol | oo 1100021 g0
BT18 1000 750 900 00
BT18 1089
BT20 1150 850 1050 %0
BT22 1000 l 850 950 800
Note : 1, During forging of ingot under the forging hydraulic
Note ;

press the lower limit of forging temperature is permitted to descend
against that indicated in the table by 50°C.
2. During forging of prelimingrily deformed blank under forging

hydraulic press temperature interval of forging can be respectively

lowered on 50°C,
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3. During forging by the method of double-triple }

sediment-broach, the temperature of beginning of forging (graph/count

R
e

4) with first sediment-~broach must be increased for alloys (in °C):

BT3-1 to 1030, BT6C to 980, BT6 to 1010, BT8 to 1050, BTS to 1050,

BT14 to 980.

il nde. sbalc.:

—— -

FOOTNOTE ®. The ingots of alloy BT15 should be deformed only under 2
the press. It is compulsory to begin deformation from the operation

of upsetting.?. With a diameter of not more than 150 mm. ENDFOOTNOTE.
Page 76. ‘
The subéequent upsetting of ingot and forging the preliminarily

deformed blank for obtaining of more uniform structure and higher

mechanical properties should be produced the method two-, three

multiple sediment-broach with the replacement of faces and angles
with a gradual reduction/descent in forging temperature from the i
B-region to forging temperature to region a+B, i.e., heating metal |

under the deformation to produce above (region B) or is below (region

of a+p) the complete a+f~f transformation of alloy (Fable 10).
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Degree of deformation., Titanium alloys are deformed extremely
unevenly and for obtaining of homogenous structure and mechanical
properties the metal must undergo large general/common/total
deformation. In contrast to other metallic materials during the
insufficient plastic deformation these alloys detect the tendency -
toward the anisotropy of mechanical properties (difference of the
properties between the longitudinal and transverse
samples/specimens), which can be considerably reduced, if
general/common/total deformation will be greatest. The preferred
orientation of crystallites (fibrousness), caused by one-sided
deformation, is another of the possible reaéons, which call the
anisotropy of the properties of semi-finished products from these

alloys.

The purity of alloys also has a considerable effect on the
anisotropy of properties. The existing methods of melting make it
possible to obtain the initial metal of the necessary purity/finish,
but subsequeht heating and high-temperature deformation in air lead
metal to the oxidation and the intense saturation by gases (oxygen,
nitrogen, hydrogen) and with other harmful impurities (carbon), which

even in a relatively small quantity, decrease mechanical and

technological properties, deformability and raise the anisotropy of
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the properties of metal.

[ "g-eappry

Investigations showed that at a general/common/total deformation
approximately/exemplarily 75-80% and a temperature of forging in

interval of 1000-800°C anisotropy of the mechanical properties of an

L PP RIS iy

alloy of the type BTl is obtained thesmallest (Table 12).
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10. Temperature of the phase transformation of titanium alloys.
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11. Temperature of forging and hot die forging of basic titanium

alloys.
WY ) Temueparypa s *C
o
(I AN ) (5) wremnoskn
- E g | esvbor |S—TERy
5 5'5 "":‘.’:l e na @ na
8 3 npecoax | monorax
BTt 230700 950—700 1000—700
nTh s
Ir 1080 —~B50 1100 =RH0 1 1K= BGLD
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(LYY B 1000 ~BUY [LAE ] 10220 —Bod
0142
BT4 100850 180 —B0OO 1030850
Bre | | D60 | oo | ossw
BTS 1020—850 10008560 100850
BTS8-1 1000--850 Pe0—830 l 1030—850
BTIH | - PN—B0 | 1000=p00

Key: (1). Alloy. (2). Structure of alloy. (3). Temperature in °C.

(4). smith forging. (5). stamping. (6). on presses. (7). on hammers.
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A total deformation of approximately 75% provides the
decomposition of cast dendritic structure and in this case the
mechanical properties of the alloy are raised: increase the limits of
strength gnd viscosity/yield; they are raised

(approximately/exemplarily 2 times, in comparison with the cast

state) the characteristic of plasticity and the value of impact

toughness. During this general/common/total deformation the
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mechanical properties of longitudinal and transverse
samples/specimens are virtually identical, i.e., the anisotropy of
properties is minimum. In this case the microstructure of metal is
uniform and characterizes a sufficient study throughout entire

section/cut of blank.

Analogous to law in the effect general/common/total deformations
on the structure and the mechanical properties are obtained for the
alloyed alloys of type BT3-1, BTS, etc. Homogenous structure and
minimum values of the anisotropy of properties in these alloys can be
achieved/reached during the higher general/common/total deformation
of order 90%. With an increase in the alloying‘of the alloy, the
total deformation for achievement of homogenous structure and

mechanical properties must be in limits of 85-90%.

During the development of the technological processes of forging
and hot die forging and the determination of temperatures and
deformations for the separate operations of working by pressure it is
necessary to be guided by the volumetric schemes of
recrystallization, which show a change of the size of the grain of
the metal being deformed in the dependence on the degree of

deformation and temperature.

The temperature of the beginning of the recrystallization of

-

ey
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working pure titanium is equal to 600°C. With an increase in the
degree of deformation from 10 to 40% it descends to 550°C, while
during deformation 80% - to 450-500°C. This temperature is above for
titanium alloys. Thus, in alloy BT5 (5% Al) it composes 800°C, in

alloys BT3-1, BT8 and BTS it is equal to 900-975°C.

Ultimate strain, with which occurs a considerable increase in
the micrograin, in titanium alloys are within the limits of 2-12%.
During the deformations, which exceed 85% on the diagrams of the
recrystallization of these alloys the second maximum is observed. The
formation of texture during such high deformations makes the
crystallographic orientation of the crystallites of very close. The
crystallites with the differing little orientation at high
temperatures are coalesced according to the law of thé coalescence of
crystals. The second maximum is formed as a result of the development
of the process of the collecting recrystallization, when metal

undergoes high deformations.

In accordance with the diagrams the recrystallizations of
perfecting deformation for each course of machine during the forging
and the stamping must exceed critical ones and be taken as the equal
to 15-20% and more, but not higher than 85%. It also follows from the
diagram of the recrystallization of working titanium alloy BT3-1 that
the interval of ultimate strain is expanded with an increase in the

temperature of forging and stamping and the maximums of ultimate

strain increase.

=g
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12. Anisotropy of mechanical properties of alloy BT-1.
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Key: (1). Initial state. (2). amount of general/common/total
deformation in %. (3). Mechanical properties. (4). kg/mm®. (5). in %.
(6). kgfm/cm?. (7). Cast ingot. (8). Forged longitudinal direction of

filament. (9). Forged transverse direction of filament.
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From this it is possible to draw the conclusion that the forging
and stamping pure titanium and titanium alloys at too high
temperatures leads to an increase of grain size in the forgings and
the stampings. Coarse-crystalline structure in the forgings and the
stamped/die-forged machine parts depresses their mechanical
properties. Being guided by such a kinetics of grain-growth during
forging and stamping titanium alloys at different temperatures of
working, the temperature of the beginning of forging and hot die

forging the two-phase alloys of higher 920-980°C is not applied in

g
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practice.

In this case one must take into account that in the case of the
incomplete completion of the recrystallization of working in the
process of forging and stamping, and also during the cooling from the
temperatures of the end of the working, the softening completely is
not removed and the technological plasticity of alloys is depressed.
For the purpose of the retention/preservation/maintaining plasticity
one ought not to allow/assume reduction/descent in the temperature of
the end of forging and stamping these alloys in lower than the
temperatures of the beginning of recrystallization. Consequently,
kinetics of recrystallization determines the plasticity of metal

during the working.

On the other hand, and the temperature, and the deformations in
the process of forging and stamping must be accepted in such limits,
which would create the thermomechanical conditions of obtaining the
prescribed/assigned structure. The structure can be either not
recrystallized with the deformed crystallites in the direction of the
metal floy, which have strain hardening, or recrystallized, in which
the strain hardening virtually completely is removed/taken in the

process of recrystallization and crystallites acquire rounded form.

By the form of that obtaining during the forging and the
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stamping by macro- and microstructures are determined the mechanical

properties of forgings and stampings from titanium alloys.

Consequently, by the degree of the development of the process of
the recrystallization of working during the forging and the stamping,
the cooling after working by pressure and the heat treatment are
determined the technological plasticity, macro- and microstructure_
and the mechanical properties of wrought titanium alloys. This must
be considered during the development of the technological processes

of forging and stamping.

Deformation rate. With the forging and drop forging in many
instances the recrystallization of working does not manage to be
completed. The plasticity of titaniwr alloys being deformed at this
rate is depressed. During the manufacture of forgings complex-shape
on t..e configuration and drop forgings the metal can convert/transfer
into the brittle state and its plasticity of the impression of
dies/stamps are filled incompletely with the decrease. An underspeed
of deformation during the forging and the stamping and the
use/application of presses instead of the hammers proves to be from
the technical side more justified. The recrystallization of treatment
under such thermomechanical conditions flows/occurs/lasts with the

large completion and the plasticity of metal in the process of

forging and stamping in effect is not depressed.
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Kinetics of the recrystallization of working during the forging
and to stamping shows that plasticity, the structure and the
mechanical properties of the metal being deformed are determined by
the temperature-velocity conditions for working and by the degree of
deformation accepted. The degree of deformation for each course of
machine should be applied higher, but the rate of deformation is too
great. In connection with this stamping titanium alloys it is
necessary to produce on the hydraulic and crank presses at
temperatures not higher than 950-980°C.

Copper alloys. The temper;ture intervals of forging and stamping
(fible 13). Copper possesses the greatest plasticity in the range of
temperatures of B800-950°C. At these temperatures copper yields well
to forging, hot die forging and extrusién/pressing. It is expedient
to produce forging of copper at 820-860°C. With the optimum
temperatures of forging and hot die forging they are: 730-820°C for
brass 159, 750-850°C for brass Ji62.

Page 78.

As a result of the fact that during the extrusion/pressing the

stressed state softer in comparison with the ductile and hot
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stamping, the range of temperatures of extrusion/pressing can be

expanded to 650-850°C. The temperature of the hot machining of brass

J168 is located in interval of 650-830°C. The greatest plasticity of
alloys at temperatures indicated is connected with the fact that
these alloys at such temperatures have the phase composition, which
consists of a+pB phases or only of a B-phase, which possess the

sufficiently high reserve of plasticity.

Bronze Bp. AX 9-4 has highest plasticity with 850°C, and the
permissible range of temperatures of working alloy must be
maintained/withstood within limits of 800-900°C, when bronze is in
single-phase state. Since in the process of stamping occurs the m :
intense cooling of the metal being deformed by the walls of
die/stamp, forging this bronze is produced at 850°C, and hot die
forging with 900°C. Hot working by the pressure of copper alloys &t
higher temperatures is accompanied by a decrease in the plasticity
because of the excessive increase/growth in brass and bronze of the
crystallites of beta-phase and by weakening the strength of
crystallites. With a temperature decrease, beginning with 450°C or
lower, fo;mation into brass little plastic B'-phase, plasticity of
these alloys during the working sharply :s depressed. Furthermore,
deformation at such temperatures leads to the considerable drag-rise

characteristics to cdeformation. Thus, the working of brass JI59-1 at

600°C with reduction 40% causes an increase of the resistance %o
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deformation already 4 times. An analogous reduction/descent in the

plasticity is observed also in bronze Bp. AX9-4. The lower plasticity
of brass and bronze with a temperature decrease is explained, just as
has already been indicated above, by the presence of brittle zones in

brass with 300-700°C, and in bronze Bp. AX 9-4 at 650-700°C.
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13. Temperatures of the hot deformation of copper alloys.
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Key: (1). Alloy. (2). Temperature in °C. (3). forging stamping. (&).

extrusion/pressing. (5). Copper. (6). Brass. (7). Bronze. : ‘
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i
Degree of deformation. The process of the recrystallization of !

copper alloys with coarse-grain formation proceeds in the case of hot
machining during ultimate strain, which for these alloys are within
the limits of 10-15%. The recrystallization of the treatment with the

formation of fine/small grain occurs when forging and stamping are
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accomplished/realized during the higher supercritical deformations
and at established/installed temperatures of working for copper of
800-950°C and for brass and bronze of 750-850°C. On the basis of this
stamping copper and copper alloys must be produced with the reduction

with that exceeding 15% for each course of machine.

Deformation rate. The narrow range of temperatures of forging
and stamping of copper and copper alloys necessitates the performing
of working by their pressure with the smallest number of operations
and transitions/transfers, i.e., with the closed methods. During the
working by the closed impedance methods to deformation grows/rises.
On the other hand,