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CHAPTER VH 

EXAMINATION.OF THE HEAT RESISTANCE OF ALLOYS OF THE SYSTEM 
Al-Cu-Mg-Si-Kn-Cr-Ti AND OTHERS 

1. Fundamental Concepts used As Basis For the Development• 
of the AL20 Alloy* 

It was shown in the study of V. A. Livanov, D. A. Petrov, V. P. Kozlov- 
skaya and Ye. I. Kutaytseva, carried out in 1944, that an alloy of the system 
Al-Cu-Mg on a base of solid aluminum solution and containing copper and 
jnagnesium in quantities corresponding to the ratio of these elements in the 
S(Al2CuMg) phase has the highest short time heat resistance of all the alloys 
of this system at temperatures of 250-300°C. Therefore an alloy with a con- 
tent of up to %  copper and 1,7$ Mg was taken as the basis for the develop- 
ment of a new super alloy intended for prolonged operation at 250-300°C. A 
higher content of these components will lead to a reduction of the alloy.ls 
ductility. 

Alloys of this system cannot have good casting properties because their 
base is a solid solution. A definite amount of a eutectic (not less than 30#) 
is needed for improving their casting properties. The examined alloys were 
alloyed with silicon for this purpose. It was assumed that elementary silicon 
would sharply lower the alloy's heat resistance, therefore it should parti- 
cipate in the formation of stable phases of a complex composition.] 

The investigations showed that the most heat resistant phases contain- 
ing a silicon are the phases AlrSiFe, Ali^lzFe  and ic (AlßSigJMe). In order 
to form these phases, iron in ratios corresponding to the composition of the 
Al^SiFe phase or the phases indicated above has to be jointly introduced with 
the silicon into alloys of the system Al-Cu-Mg. The content of each of them 
should not exceed Z% because in a contrary case the alloy's ductility is 
lowered. 

* In addition to I. F. Kolobnev, D. A. Petrov, G. V. Zakharova, A. V. 
Korobkov and V. N. Qzepetskovskiy participated in the development of the 
AL20 alloy. 
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Alloying with small additions of manganese, chromium and ^twiluBifM 
„ade utoÄ reducing the structure ^increasing  -^ ductility. 
These addition can also cause an increase in the heat resistance. 

The chemical composition of the examined alloys J? ^^^^wSi 
The test specimens of standard shape were prepared by the usual ruethod witn 
the use ofA00 grade aluminum. The test results are given in Table 71. The 
ultimate strength of the alloy increases in both the cast as well as the 
SS ITealZ  states with an increase in the copper and magnesium content. 
But \£ test sables of alloys of the system Al-Cu-Mg «r^^* ^ 
heat treated condition than in the cast. It should be noted that alloys con 
SiS siScon and iron in a ratio corresponding to the composition of the 
AUSiFe Phase have a high heat resistance in the cast state. ^oys with a 
higher silicon content have a decreased heat resistance which is associated 
with the presence of elementary silicon in them. 

Table 70 

Chemical composition of the examined alloys 

i  '*, ("0 (2) .CoAepw aHHe. •/,. octa/ibKoe B/IIOMHHHA 

cnjiana Cu Mg SI Fe Nl Ti Cr Mn 

1 2,22 0,76 __ — — — — — ■ 

2 3,11 . 1,24 — — —•   
3 4,46 1,67 — — *"""" - 
4 2,11 0,90 1,35 1,37 —. 

5 
6 
7 
8 
9 

10 

3,32 
4,6 
3,78 
4,44 
3,53 
4,20 

1,32 
1,75 
1,25 
1,65 
1,30 
1,66 

1,81 
1,42 
1,25 
1,26 
1,27 
1.37 

1,52 
1,45 
1,31 
1.14 
1,30 
1,23 

  

0T2 
0.2 

0^2 
0,25 

o7l8 
0,29 

11 3,03 1.27 2,85 1,35 — — 

12 
13 
14 

3,03 
3,22 
3,18 

1,24 
1.14 
1,21 

5,37 
10,39 
10,25 

1,55 
1,25 
1,25 » 

-leMOAH^H 

ItpOBaHHb 

UHpOBaHH 

ill 

bifi 

(Onp.K ■    ,. B' «a».«» 1-9   «A* "TH"»   A06.«-    »   cooT„ou,eHHnX 
V^P^^^*^VlOA-UE«e],03o H KpeMHHfl  Ao6a[UII,K>TCH » cooTHomeHH« o6pa30BaH„n *aa 

Al.SIFe. .  '■ 

Kev 1—Alloy number; 2—content, j> with aluminum remainder; 3—modi- 
fied; ^--unmodified; 5-Notes. 1. Copper and magnesium was ad- 
ded to alloys 1-9 in ratios corresponding to the £°rmatt-°nof 
the S(Al2MgCu).phase. 2. Iron and silicon was added to alloys 
10-14 in ratios corresponding to the formation of the Al2SiFe 

phase. 
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The data in Table 72 attest to the fact that alloys 7, 8, 9 and 10 
have oorapletely satisfactory mechanical properties at room and elevated 
temperatures in the cast and heat treated states; alloy No 7 is the most 
ductile, it was therefore taken as the base for the new alloy under the 
designation AL20 (V14A) and it was checked for ultimate strength at 250°C. 

VThe following composition for the AL20 alloy was established as the re- 
sult of an all inclusive investigation: 3.5-^.5$ Cu, 0.7-1.2$ Mg, 1.5-2$ Si, 
1.2-1.7$ Fe, 0.2-0.3$ 1-In, 0.1-0.18 Cr and 0.1-1.18$ Ti with the remainder 
being aluminum^ __ ^   / Ü G 

In ratio of the basic components of copper, magnesium and silicon the 
AL20 alloy is found [2] in the region "2S + S - Mg2Si - CuAl2 of the two dim- 
ensional cross section diagram of the tetrahedron Al-Cu-Si-Mg (at 90$ Al) 
shown on Figure 91« 

It was established that the AL20 alloy with an addition of manganese, 
chromium and titanium has a higher heat resistance but the ductility of this 
alloy is lower than that with an addition of titanium. 
Changes in small additions do not have any essential effects upon the en- 
gineering properties of the alloy. 

r r 

Table 71 

Mechanical properties of the alloys as a function of 
temperature and composition : I 

(2^ CoCTonmie cnjiana 

n HToe saKajieiiHoeSWcTccTDCiino 3.1Ka.ncHN08 ll'llCKycCTDCIIHO 

(1) (5) :ocTapen IOC cocTapeii IOC 

M MexammecKHe flflllTe/Ib- MCXilHHICCKlie flrtHTCHb. 
3) HOCTb 

ircnbiTaiiiifl 
npii 300° C 

MCXaHIIMCCKlie nmneny,-/ 

u 

h\   CBO/lCTBa 
^/npii 20° C 

HOCTb 
iicnuTaHiifl 

npii 200° C 

n\ cBoftcTna 
fjnp» 20° C 

1 fl Vo0«cTna 
-^rfpii 20° C 

HOCTb    V 
HcnbiTaimlf 

npii 300° C 
a. H HanpHwe- H HanpHwe- H HanpHwe- 

o 
X 

"6 
KB/MM' 8. % 

HIIII 
6  Ke/MM* 

lac. 

"b 
KB/MM* ». % 

HUH 
6 Ke/MM' 

Mac. 

"b 
KI/MM' 

5. % 
11IIII 

6   Ke/MM' 
qac. 

■   1 12 1,37 1,83 19,6 5,58 6 19,8 2,4 9 
2 13,7 0,75 14,3 20,8 1.3 33,5 23,6 1,2 44,6 
3 15,4 0,27 23,3 22,5 1,43 45 22,5 0,75 72,6 
4 18,8 2,1 27,1 21,4 3,5 31,5 25,1 — 65,7 
5 19,9 1.9 66,7 21,6 2,4 70 24,6 1,5 69,3 
6 20,0 0.9 94,5 22,7 0,96 82,7 28,4 0,3 78,7 
7 18,8 1,57 131 25,9 1,8 113,3 28 1.1 103 
8 20,4 1,33 148 23,4 2,18 138 34,4 0,85 121 
9 22,2 1,0 128 25,6 1.4 115 26 1.2 108 

10 19,9 0,8 157 22,7 0,8 134 27,4 0,7 116 
11 16,9 0,45 34 25,6 1.1 33,3 20,9 0,5 20,8 
12 18,7 0,5 38 19,85 31,8 24,0 0.48 20 
13 16,7 0.7 28 20,6 1,0 15 17,7 — 27,3 
14 18,9 0,5 59 19,9 0,8 24 17,0 0,2 16 

Keyt    l~Alloy number; 2—Condition of alloy; 3—Cast; 4—mechanical 
properties at 20°C; 5~duration of testing at 200°C and load of 
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Key to Table 71 (continued) 

6 kg/mm2, hours, 6~hardened and naturally aged; 7—-mechanical proper- 
ties at 20°C; 8—duration of testing at 300°C and load of 6 kg/mm2, 
hours; 9—hardened and artificially aged; 10—mechanical properties at 
20°C; 11—duration of testing at 300°C and load of 6 kg/W, hours. 

The AL20 alloy is almost a unique alloy -which contains up to 1.7$ Fe 
as the basic alloying constituent. Hence its application in industry pro- 
motes a wider use of secondary alloys and industrial scrap -which has been 
contaminated with iron. 

Tables 72-7^- give the mechanical characteristics of the AL20 alloy as 
a function of its condition. The heat resistance of the AL20 alloy is ade- 
quately high in both the cast as well as in the hardened and artificially 
aged states. It should be noted that during short time tensile testing the 
alloy in heat treated condition has a superiority over the cast alloy only 
up to 250°C. At higher temperatures the tensile strength of the AL20 alloy 
in both states is practically identical whereas the yield stress in the heat 
treated condition is higher at all test temperatures. This is a character- 
istic peculiarity for all raulticomponent alloys with a strongly alloyed solid 
solution. 

Figure 91« Two dimensional diagram for JOf» Al of the tetrahedron 
Al-Si-Cu-Mg. _ 14A _ 



Table 72 

Duration of testing in hours of individually cast test 
specimens of AL20 alloy 

(1) 
HOMCp 

191 CocTORHite cnjjana 

1*1 
»WaiwiecKHe cBOflcTna 

npH 20° C 

"b 
KI/MM' 

8. % 

flflllTeJlblfbCTb 
HCnbiTaHHft 

npii 250°.C 
O. = 9 Kl/MM1 

qac. 

( ^Y' saKa^eHHoe H HCKYCCTBCHIIO cocTapenHoe i2| _ f77_ 
MexaiiHiecKiie CBOflcTBa 

npH 20° C 

"b 
Ki/MM' 

8. % 

20 
18,2 
18,3 

1.8 
1,3 
1.6 

100* 
100* 
100* 
96 

100* 

27,5 
28,4 
28,4 

1.3 
0.7 
1.3 

flJlllTeflbllOCTb 
HcnuTaiiHfl 

npii 250° C 
<»£= 8 Ke/MM* 

Mac. 

100* 
100* 
100* 
100* 
100* 

(8)* Oßpasubi «burn CHJiTU 6es paapyuieHHH 11 nepeeeAeHW Hd cneayicmee Hanpamemie. 

Key: 1—Alloy number; 2—Cast; 3—mechanical properties at 20°C; 
k—duration of testing at 250°C, ö£ = 9 kg/inm2, hours; 
5—hardened and artificially aged; 6—mechanical properties 
at 20°C; 7—duration of testing at 250°C, (ft +  8 kg/mm4, hours; 
8~* The test specimens were removed without failure and then 
carried over to the following load; 9~Condition of alloy. 

Table 73 

Short time testing vof AL20 alloy 

fpy      CocTOHHiie cn^aBa 

(3)  '       JIHTOfl SaKajICHHblA  H HCKyCCTBCIIHO COCTapCHHblft   ( 

H 
O.ID 

c 3 
X c V u 

1- X 
| 5* 

O   * 

. * 
•   X 

■a is 
CO    K tö •<>■ 

«A 
ft 

CO 

20 17,2 17,3 0,4 0,3 5,0 13,88 7590 23,6 23,8 0,8 0,9 10,7 19,9 707a 
100 17,0 17,1 0,1 0,1 7.5 15,25 7635 21,75 22,0 0,9 1.1 10,45 17,6 /03i> 
150 16,7 16,75 0,1 0,1 7.0 14,40 6855 20,6 20,8 0,82 0,8 10,2. lb,b bb/l> 
200 16,2 16,22 0,2 0,2 6,8 12,20 6715 20,8 21,2 1.5 1.4 10,0 17,9 bbyi> 
250 15,0 15,1 0,7 0,6 4,2 8,9 6585 14,9 15,3 2,6 2,7b 6,7 13,0 b3Utf 
300 12,6 12,7 1.85 2,1 2,9 5,9 6300 12,7 13,0 3.4 7.1 6,b 11,U bU2l> 

Key: 1—Test temperaturei  °C; 2—condition of alloy; 3—cast; 
4—hardened and artificially aged. 
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Ultimate strength of AL20 and other alloys at 300°C 
(Individually cast test specimens) 

(1) 
MapKa cnjiaBa 

AJ11 
AJ13 
A/15 
AJI4 
AJ120 

(2) 
fl^HTeJiLiiocTb HcnuTaiuilt AO pmpyinciniii 

npH Hanpii*eiiiiH 6 M/MM*. Mac. u cocTOnmtii 

(3) 

89 
5 

' 5 
1 

140 

sakä-neMHoM 
aiffliiCTiiiD 33KMlcnillOM 

H  COCTapCllflOM 

125« 
4 
8 

114 
4 

11 
(6) Pa3pyuiH^cn npH Harpy>Keniin 

125* I 115 

Table 7^ 2-3 1 
heat: 
Agin; 

a tei 

, n p H M e q-a H H e.   Cn/ia» A/120 TepMtoiecKH oÖpaSaTuoajiH no pe>KHMy: narpea noA sana/my 
H 515° C a TeMeHiie 3 iac; aaKa^Ka B Boae; CTapemie npH 250   C » TWHHO tu lac. 

(8) • CHHTU 6C3 pa3pyiucHHH. 

Key: 1--Designation of alloy; 2—Duration of testing to failure at 
a load of 6 kg/mm2, hours, in condition; 3—cast; ^--hardened; 
5—hardened and aged; 6—Failed at load of; 7~Note. The AL20 
alloy was heat treated according to the regime: heating to 
below hardening at 515°C for 3 hours; water quenching; aging 
at 250°C for 10 hours; 8—* Removed without failure. 

2. Heat Treatment Conditions For the AL20 Alloy 

The optimum heat treatment conditions were selected not for the purpose 
of obtaining casting with a maximum strength but rather for assuring minimum 
volumetric changes in the parts during their service at elevated temperatures. 
In this case hardening and aging with the attainment of a maximum strength 
are harmful. 

Vihe mechanicalproperties as a function of heat treatment conditions are 
given\in Table 75. ["The best heat treating regime is shown, in Figure 92. 

Figure 92. Heating and cooling curve for the AL20 alloy. 
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The heating to below hardening was gradual; 2-3 hours at 500°C, then 
2-3 hours at 515°C. Under conditions of slow heating to 525°G one step 
heating will also assure high properties. Water quenching was at 80-100 C. 
Aging at 250°C for 10 hours. 

This heat treating regime assures (for individually, cast test specimens) 
a tensile strength of 25 kg/mm2 and a relative elongation of 1.5#» 

Table 75 
Mechanical properties of AL20 alloy as function of 

heat treatment conditions 

(1) 
PewHH TcpMii'icCKof! o6pn(SoTKir 

(2)Mexa iixiecKiic cooflcTna 

Oj,,  Kl/MM* 

(3)   JllITOfl          
(^•) JIHTOH + oTWHr npH 250° C B TeMemie 3 Mac. .  . 

(5) JTlHTOft + OTÄHr npn 250° C B TeMemie 35 Mac.    . 
(6')  HarpeB   noA   3aKajiKy   npi!   520° C   B   TeMemie 

3 Mac.  
(7) HarpeB   noA   3aKa;n<y   npH   520° C   B   TcieHHe 

10 ;iac  
(8) HarpeB   HOA   3aKajwy   npir   520° C   B   TeMenne 

10 Mac. + crapeHiie npn 250   C B TeMemie 10 Mac. <. 

(9) HarpeB   noA   3aKaJiKy   npH   520° C   B   TeMemie 
10 Mac. + crapemie np« 250° C B TeMemie 10 Mac.  . 

(10)HarpeB   noA   3aKa;iKy   npii   515° C   B   TeMeHHe 
10 Mac. 

(ll)HarpeB    noA   3ah-a.m<y   npii   515° C    B   Tenenne 
10 Mac. + cTapeHiie npti 250   C B TeMemie   5 Mac.   . 

(l2)HarpeB   noA   3aKajn<y   npn   515° C   B   TeMemie 
10 qac. + CTapenHe npn'250° C B TeMemie 10 Mac.  . 

(l3)HarpeB noA 3aKa.w<y npn 515° C B TeMemie 
.10 Mac. + CTapeHiie npn 300b C B TeMemie 10 Mac.  . 

(l4)HarpeB noA aaKa^KV npn 515° C B TeMeuHe 
10 Mac. + CTapeHiie 170* C B TeMemie 10 Mac.  .   .  . 

n OHarpeB noA 3aKa/iKy npn 515° C B TeMemie 
"10 Mac. + CTapeHiie 170° C B TeMemie 15 Mac.  .  .   . 

(l6)HarpeB noA 3anajiKy npn 515° C B TeMeHHe 
10 Mac. + CTapeHHe npn 150   C B TeMenne 10 Mac.  . 

(17)HarpeB noA 3aKaJiKV npn 515° C B TeMeHHe 
10 Mac. + CTapeHHe npn 150* C B TeMemie 15 Mac.  . 

/n oM-larpeB   noA   3ana/iKy   npH   515° C   B   TeMeHHe 
*   T3 Mac. + CTapeHiie npn 1506 C B TeMeHne 50 Mac. . 

(19)HarpeB noA 3aKa,m<y npn 515° C B TeMeHHe 
3 qac. + CTapeHHe npn 250°. C B TeMeHiie 5 Mac.  .  . 

(20)HarpeB noA 3aKa;n<y npn 515° C B TeMeHHe 
3 Mac. + CTapeHHe npn 250° C B TeMemie 10 Mac.    . 

(2lpryneHMaTbiH pewuM 3aKa^Kii: Harpes npn 500° C 
v  B'TeMemie   3   Mac.   B  515° C  3   Mac. + CTapemie 

npn 250° C B TeMemie 5 Mac  
(22 frrynemiaTfciH peauiM 3aKa;nui: narpeB npn 500° C 

B TeMemie 3 Mac. + 520° C B TeMemie 3 Mac. + CTa- 
peime npn 150° C B TeMemie 35 Mac.  .  . •   .  ..    . 

18,3 1.1 
18,2 i.o 
21,4 0,7 

29,5 1,3 

29,3 1,3 

..25.7     ' 1,4. 

27,5 0,9 

29,5 1,13- 

27,2 1.3 

24,1 1.0- 

19,2 1.6 

27,7 0,6 

33.3 0.8 

23,8 1.5- 

29,2 1.7- 

33,5 0.4- 

25,8 1.1 

23,5 1.2 

31,2 l.l 

36,3 1.5 

»..% 
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Keyi (Table 75) 

1—Heat treatment conditions; 2—Mechanical properties; 3—Cast; 
4-Cast + annealing at 250°C for 3 hours; 5--Cast + annealing at 
250°C for 35 hours; 6—Heating to below hardening atyo ^ xor 
3 hours; 7-Heating to below hardening;at 520°C for 10 hours; 
8-Heating to below hardening at 520°C for 10 hc»irs + agingat 
2<50°C for 10 hours; 9—Heating to below hardening at 5^0 ]* 1Qr 
10 hours + aging at 250°C for 10 hours; 10-Heating to oelovr hard- 
ening at 515^C for 10 hours: 11-Heating to below hardon^g at 515°C 
for 10 hours + &«in<r  at 250

6C for 5 hours; 12-Heating to below 
Wening^t 515^for 10 hours + aging at 250°C for 10 hours; 
1>-Het?ins to below hardening at 5£5°C for 10 hours + aging at 
300°C for 10 hours; 14—Heating to below hardening at 515 - -°r 
10 hours + aging at 170°C for 10 hours; 15--Heating £°oelow hard- 
ening at 515&C for 10 hours + aging at 170°C for 15 hours, 16--heat- 
inTto below hardening at 515°C for 10 hours + aging ^ 150°C for 
10 hours; 17-heating to below hardening at 515°C for lOnours + 
aping at 150°C for 15 hours; 18—Heating to below hardening at 
515OC for 13 hours + aging at 150°C for 50 hours; 19--Heating to 
below hardening at 515

§C for 3 hours + aging at 250OC for 5 hours; 
20-Heating to below hardening at 515°C for 3 hours + aging at 250 C 
for 10 hours; 21—Step by step hardening regime; heating at 500 0 
for 3 hours. At 515°C for 3 hours + aging at 250°C for 5 hours; 
22—Step by step hardening regime: heating at 500WC for 3 hours + 
520°C for 3 hours + aging at 150°C for 35 hours. 

a 

c 
1 

t; 

t 
( 

3. Mechanical Properties of the AL20 Alloy 

The effects of low temperatures on the mechanical properties of the 
AL20 alloy in annealed condition after casting are given in Table 7&. 

Table 76 

Mechanical properties of AL20 alloy at low temperatures 
(according to S. Ie. Belyayev) 

(5)nPH HCIlHHt. ,—5. .—C _ K03<}>ctiiinHeHTW Ae1"BHB HaApeaa. 

(1) 
BHA 

oöpaoua 

TeVncf- 
paTypa 

HcnuTaHH« 
»c Kl/MM* Ki/MM* 

+•% ». % 
"6 

"   (2) r^aAKHft +20 
—40 
—70 

17,2 
17,6 
18,6 

17,7 
17,7 
18,6 

2,1' 
1.0 
0 

0.5 
0.2 

0 
— 

— 

r(3) 
C Haflpe- 

30M 
+20 
—40 
—70 

16,1 
16,2 
16,6 

16,1 
16,2 
16,6 

0 
0 
0 — 

0,935 
0,915 
0,890 

0.910 
0,915 
0,890 T"7 

Key:    1—Type of sample; 2—Smooth; 3~Notohed; 4—Test temperature 
oC; 5t._Note.    S^   ^ . These are the coefficients of notch effect. 
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^Tests were carried out for tension and mechanical shock resistance at 
a temperature of +20, -40 and -?0°C on small and notched test specimens1^ 

The samples were cooled down to a temperature of -70° with a mixture 
of carbonic acid and acetone and were then held at the test temperature for 
15 minutes. 

^Fatigue tests'^ were carried out at a vibration frequency of 20 x 16° 
cycles in the case of testing at normal temperature Ü4rhe fatigue data for 
the AL20 alloy in comparison with other alloys is given \in Table 77. _.c.-- 

-1 r- ;> &-> 
With respect to fatigue strength at 20°C the AL20 alloy is not inferior 

to the AlA alloy and it surpasses the latter in ultijnate strength at 250 C 
(see Table 7*0. 

Table 77 

Fatigue test data for AL20 alloy in comparison with other alloys 
(sand cast test specimens) 

CD 
ripcA«! ytT.inocTii cn/iaDa npn 
TeMncpaTypc.   "C o   ■    KS/MM' 

■3 
B 20 250 

C 

« 
a 
«3 

(3J JlllTOil 
20-10' 

t^HK/IOB 

TepMimccKii 
oöpaöoTaH- 

Horo 
(210' 
UHKJIOB) 

TCPMIHOCRII 
oßpaöoTaii* 

Horo (2  10' 
UHK/IOD) 

All 
AlA • 
kL5 '. 
AL20 7 

6,5 
7,0 

7^5 

4Ti 
4,5 
6.5 

Key: 1--Alloy designation; 2—Alloy's fatigue limit at temperature, 
°C. <^ 2 kg/mm2; 3—Cast, 20 x 106 cycles; 4—Heat treated 

(2 x 10? cycles). 

1 The tests were carried out under the directorship of Ye. S. Belyayev. 

The tests were carried out under the directorship of L. S. Zhukov. 
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Table 78 

Creep test data for AL20 alloy in comparison with other alloys 

4Q %y» , 3a 100 Mac. sa 100 Mac. 

MapKa 
npH 250° C 

KI/MM' 
npH 300° C 

KtlMH1 

enjiasa (6) 
5 ° £ 

' 
S             11 * O 
q             P WO 

ALI 6,2 __ 3,0 
AlA   2,0 — 1.2 
AL5« AL20 4^5 

3,0 
3,2 

2,4 
4,0 

— 6,0        - ... 

is p 

in T 

char 

Key: 1—Alloy designation; 2~ cTrs o  for 100 hours at 250°C kg/mm2; 
3—Cast; 4--Heat treated; 5—Q£ 2 for 100 hours at 300°C 
kg/mm2; 6~Cast; 7—-Heat treated". 

The minimum creep values for the AL20 alloy (with GQ9Z ~ 100 hours) in 
comparison with other alloys are given in Table 78. Data for prolonged ten- 
sion and compression tests for the AL20 alloy on individually sand cast test 
specimens are given in Table 79^ 

Table 79 

Data for tension and compression tests of AL20 alloy test specimens 

(1) 
CoCTOHHHe 

(2) (3) 
X 

I) *5) 
u, x 

(6) ripeÄcvi'TCKy- 
MecTH. xe/MM' npii 

BHA- * * x»^ *      . 
cnJiaBa HcnuTamm 

a? ss 
3° 55 s? 2 w o 

, X u £ a a . 
C «0 to •a- K a. -9- b e e 0 ty 

(8) OrO/toKeH- H5 patTH- 19.0 19,5 0,5 2.4 _ 1.4 7.8 15;0 13,3 12,0 7080 
Hblfi llj<eHHe 

npH 250° C Ha cwaTHe 116,7 5,12 —   56,0 __ __ __   _- 6800 
B TeMcmie 

5 Mac 
(9)   nocne 3a- Ha pacTn- 25,3 13,6 24,7 21,7 7080 

Ka/IKH  H 
Ha OKaTHe CTapeuHR 76,8 38,7 48 

Key: 1—Condition of alloy; 2—Type of test; 3—<£, kg/mm2; 4—Sjj, 
kg/mm2 ture; 5—acceleration test in j> EK; 6--Crop0r-y.onalitv 
kg/mm*; 7—Yield stress, kg/mm2, at; 8—annealed at 2500C for 
5 hours; 9—after hardening and aging; 10—tension; 11—compres- 
sion; 12—tension; 13—compression. 
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The AL20 alloy is considerably superior to the AlA and AL5 alloys and 
is practically equal in strength to the ALI alloy. 

Short time testing of the AL20 alloy for portion and shear are given 

in Table 80. 

Figure 93 shows the microstructures of the AL20 alloy. Comparative 
characteristics of the basic alloys are given in Figures 9^ and 95. 

Table 80 

Results of portion and shear tests 

(1) 
CocTOmme 

(9)OTO>K>KeHHbifl 
npn 250° C 
B TeieuHe 

5 Mac. 
(10)3aKa/ieHHMfi 

H cocTapemibift 

flgT'Cfl '"" 
••      H  X 
*     U   41 
2   « =r 
A ^ >> v c o. 
H a x 

woo 
—    H  U 

II ss 

4,1 

2 15. 
II f£ 
V   o u 

5,5 

11.9 

* * 

«A n « *t        o   = 

to 

II 

'J    H    W 

Upl 
V *. Uj T> 

7,9 10,4 

17,7 

14,5 

* a * o * r 

ID <£ 

li ss. 
V 2 C 

19,4 

25,6 

" a 

K >• a. p. 

110 14,5 

17,6 

2 c.^ 

2G60 

2600 

Key: 1—Condition of alloy; 2— <p= 12 kg/mm
2 with consideration of 

plastic tortion; 3-Tp s l6 &<""§ ^ ^^^V.t™.«;. 
elastic tortion: 4~r = 12 kg/mm2 maximum, tangential stress, 
5~t;= 16 kg/ram2 maximum stress; 6—average angle of tortion, 
degrees; 7-*: average tangential stress at shear; *~-f?™ 
modulus in tortion § kg/mm2; 9—annealed at 250UC for 5 Hours, 
10—hardened and aged. 
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(c) (d) 

Figure 93. Microstructure of the AL20 alloy: 1 - 300°C; 2 - 350°C 
a - in cast state, 100X; b - the same, 500X; c - in hardened and 
annealed state, 100X; d - the same, 500X. 

It vas established as a result of the examination that the AL20 alloy 
surpasses the ALI alloy with respect to prolonged heat resistance in the 
cast state but it is practically equal to the latter in the heat treated 
condition. The AL20 alloy is less inclined to crack formation during cry- 
stallization and quenching than the ALI, AL?, AL8, AL9, AL21 and other alloys 
(See Figure 9/*a)» 

The flowability of the alloy at 730-780°C is fully adequate for the 
casting of complex and irregular parts (Figure 9^)» 

The ability to retain its strength in relation to cross section thick- 
ness is higher than in the cases of the ALI, AIA, AL7, AL3, AL8 and AL12 
alloys (Figure 9*Jb). 
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w 

M2 MS A/15 AJ19 AJ/7.2 M13M\ M70 A/Hi Ml A/13 A/IB Mil 
AM AMI T/0. fiurnoH    (5) 

(c) . 

Figure 9*K Comparative characteristics of the alloys: a - hot 
shortness of AI19 and AL20 alloys in comparison with other alloys; 
b - (retention of tensile strength in the alloys with an increase 
in the casting diameter from 15 to 60 mm; c - flowability of 
alloys at 700°C temperature. l~width of ring producing cracks, 
mm; E—no cracks; 3—length of cast bar, mm; 4—retention of ten- 
sile strength, #; 5--cast. 

The parts made out of the AL20 alloy are distinguished by a high air 
tightness (water pressure above 100 at. is withstood without failure). 

The coefficients of thermal expansion and heat conduction at high tem- 
peratures are practically the same as those in the AlA and AL5 alloys. 

The mechanical properties at room temperature in the cast and hoat 
treated states are practically the same as those in many alloys (AL6, AL9 
and others) with the exception of a decreased elongation xn cast state. 

The optimum heat treating conditions which have been developed for the 
AL20 alloy assure a relatively high level of heat resistance with retention 
of satisfactory strength at room temperature. The following heat treatment 
conditions are recommended for parts which operate at elevated temperatures. 

Kcatinr to below hardening at 515°C for 3-5 hours, water quenching 30- 
•mnor Kd Swat 250° for 5-10° per hour. The given regime provides for 
f?ensSe strong^ ^the alioy 0/25 kg/mm* and a relative el-gaUon oi: no^ 
less than 1.0# as well as a rupture strength for 100 hours at 300° of 5 Kg/*^' 
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„A.l.^,.-.-.;,...t.'r,[..-,.i.;.,j„;.. 

Figure 95« Rupture strength and creep limits for the alloys at 
300°C. The creep limit is cross hatched; the ultimate strength 
is cross hatched and unshaded; increase in the rupture strengths 
at optimum chemical composition —  dots with the arrow pointing 
upwards; the same, reduction —  arrow pointing downwards. 
1—Rupture strength and creep limit, kg/mm2. 

CONCLUSION 

(A generalization of the source material as well as the comprehensive 
material in the present work make it possible to draw a conclusion concerning 
the possibility of the development of still more heat resistant aluminum 
casting alloysjthan the alloys shown in Table 5(for prolonged services at 
temperatures of 0.8-0.85 from their absolute melting point.^ The following 
propositions have to be considered in the development ofTEeView alloys: 

1. A binary system should be taken as the basis for the development of 
a new highly heat resistant casting alloy. This system should have: a) a 
eutectic with a high melting point; b) a second phase which practically does 
not react with aluminum at working temperature. 

2. The melting point of the new alloy should be above 600°C which will 
enable to increase its working temperature to 400-50Q°C. 

3. The alloy should contain notlless than 35$ of "the eutectio and have 
a relatively narrow interval of crystallization (not more than 30°C) in order 
to assure high casting properties and to obtain extra airtight parts. 
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4. The basic alloying constituents should be the elements of the ev 
transition group of the periodic table in order to obtain a relatively stable tr 
bssolid solution and a high temperature eutectic. The most suitable are by 
those elements which have a low coefficient of diffusion in aluminum, a high 
melting point and the capability of forming complex and dispersed decomposi-     ., 
tion products at working temperatures which then create a stable microhetero-    ;    tr 
geneity of the second quarter within the grains. For example an alloy in-       ; 

tended for prolonged service at *«)0°C should be alloyed by the following        , 
most effective constituents: cerium, manganese, chromium, vanadium, zirconium    >    «3 
and other analogous elements. u tu 

tr 
ma 5. The higher the alloy's working temperature to a greater degree is 

it necessary to strengthen the grain boundaries with phases which are stable tr 
at working temperatures [for instance Al^CuCe, AlS^Ce. Al3(NiCa)2, AI6CU3N1J of 
which crystallize in a branched form and for all practical purposes do not ; mc 
react with the ^solid solution. Generally those phases form a stable lattice pe 
blocking the grains of the solid solution. j<   2* 

6. The sizes of the particles of the second phases as well as their ; se 
quantity should not be very high so that a concentration of stresses, leading fc 
to a reduction in the alloy's ductility, would not occur. j   me 

The size and quantity of the particles of the second phase, optimal for    J 
a given alloy and service conditions, are found experimentally. j 

Data are given below which characterize the heat resistance of the I 
alloy composition as a function of the nature of the alloying constituents. j 
Silumin type alloys can operate for a long time only at temperatures up ^00- 1 
2?5°C on account of the increased diffusion mobility of the silicon and alu- , 
minurn alloys. Silicon does not form complex compounds with aluminum therefore j 
the formation of the silicon particles proceeds rather rapidly during the de- j 
composition of the '^solid solution. When the Silumin type alloys are alloyed . 
with elements of the transition group their heat resistance is raised con- , 
siderably. This is explained by the strengthening of the ^ solid solution 5 
and the grain blocking force owing to the formation of a stable framework of j 
complex phases. Examples of similar alloys are the alloys AL25 (ZhLS-1) and < 
AL26 (VKZhLS) which are used for the pistons of automobile and tractor en- j 
gines. It is of advantage to employe the systems Al-Mg and Al-Cu as the base > 
when developing a high strength alloy for brief service at elevated tempera- j 
tures or one which is subjected to the prolonged action of low gas or fluid 
pressures at temperatures which are below the aging temperatures. The alloys \ 
should have a fine grain structure with a minimum quantity of particles of       ; 
second phases distributed among the grain boundaries. The degree of super-      > 
saturation of the <2K solid solution of the alloy by the alloying constituents 
should be maximum. 

The most suitable systems are the Al-Ce, Al-C and Al-Ni as the basis 
for an alloy intended for prolonged service at temperatures around 4-00 C. 
The alloy structure should be multiphase and particles of the second phases 
should reliably block the grain boundaries of the solid solution. A solid 
solution should answer the requirements set forth in section 4. 
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The role of the transition type alloying constituents, increasing the 
• interatomic bond and stability of the ^ solid solution of aluminum, can be 
evaluated by Raynor's data (See page 64). The pausitive effects of the. 
transition elements on the heat resistance of the alloys has also been noted 
by M. V. Zakharov (page 64). 

The data of our investigations confirms the very positive effect of the 
transition group elements on the heat resistance of aluminum alloys (page 64). 

Their effects can basically be reduced to the following: a) strength- 
ening of the interatomic bond owing to the completing of the electron struc- 
ture of the multicomponent solid solution (a partial filling up of the elec- 
tron shells by valance electrons, for example d in the case of atoms of 
manganese, chromium, nickel and others) as well as the low mobility of the 
transition element atoms. Presence of metallic atoms with a low coefficient 
of diffusion in the solid solution promotes the appearance of Cottrell "at- 
mospheres," inhibiting the movement of dislocations; b) the formation of dis- 
persed particles of complex phases, having a favorable effect upon the ori- 
gination of microheterogeneity within the grains of the solid solution and 
stable at working temperatures; c) strengthening of the grain boundaries by 
second phases which crystallize in a branched form. These considerations 
found confirmation in our examinations the result of which was the develop- 
ment of the ATsR2 alloy operating for a long time at temperatures up to 450°C. 
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*iiiiiii#if-L'i""*—-^■^^■»■-■'^■"^■'■'*■■■■-"■*•■"-■■--■--" ■-*■<■—-Yiinriin 

Key to Appendix 1 (continued) 

preventing deformation of the grain of the ^solid solution; 12-- 
Slightly stable and deficient solid solution (with a content of up 
to 1.5;i Si); 13—Silicon particles sphereodize rapidly; 14—modi- 
fied structure less heat resistant than the unmodified; 15—Si, Mg2Si 
'^(AljjKgjjCu/pSiiP (with dopper content on upper limit the CuAl2 phase 
is formed); lo—-Copper and magnesium in ratios for formation of S 
phase (2.65  : 1) create a more stable «£•> solid solution; 17—Silicon 
particles spherodize, the '^(Al^-IgcCu^Si/j.) and AlSiMnFe phases change 
only slightly whereas the Mg2si and CUAI2 phases react completely; 
18—Structure more multiphase than that in AL5 alloy; 

- 159 - 



'S 
S 
15 o 
o 

X 

a 
w 
Pu, 

►- X 

O 
O 
CO 

O 

1. 
«oo 
CNCO 

1 

CO 
CO 

m 
1 • 

0 oOZ «d" '» <N CM 
r» 

I 2. 

Hi       . *     %     o            * 

x  1 

1         •   m 
1,9« 
u m co  c; 
cum id 3 

""I    »X  0  «o 
\)J O n h 

s s 3 x 
c; m 03  D* 
TO    O   O   O 

1   CO  S  O  o1-» 
« a a. ""■ y 5 "^ 
a 0.0 0 a | >. 

—TC 3 x >, 0 c n 

*-*£ 5TB     <o «   - 
•r n      Ji      *3 

'    O   lj!  O   n  w 

8   m  O  =   2  c; 
H I 2 >^c 

a   Si   CJ 

CM^ S S 3 + 

g_ <u 0 S 4- 
X a           B 

m 

§xS.§£ 
x a    £ 5 

..Ha" 

?i K Sd     Q. 

S  H  B   Ö.5 
»1 u     0 a. 

QS.>>     0 <. a a 
CM* =t/3 ^1£ K T 
^5 = t3g<£'§ 

es R   1   00" 
sura* — 
- H m £ 5 
S  ~        0 X 
0 >.  eJ 0 H 

Jvi _   2  3  O   ^ 

6§BUC§* 
Bp|s 

K    •            ,                   1 

x 2^: 0 co * 2 
S >^*^ [^ en co c*l 
ai a. 3 a/ S 2* * 

*~«=u = U Ä ■©" c „ ? 

^a*g-5c3g = 

"Si X     'S     Ä 
i   ►■   £ 

x    &   I    I 
.«£S5 

£   0   «   n 

;.,■ & » « 

x £  ^ 

rH 3 0 H 
*_•«=( 6 0 

a 

0.,  , 
0 j n 

£ 5 ^ 
M    O     C 
Scj» Ore 

CM,- ra „ < 
CVJ j3 0 <u a> 

a> u   „" 
£   ""    3 H <? a 

■   <u 

S.2S 
- 5 M 

»— r. c; 
<\>3 Set» VVt gor- 

H   CX. S 

X ■ »> 2 

x u 8 « 
■   x 8 £■&_ 

«««2S. 
Q 2 2 S * 2 5 a» 
S-e-SP 

HI -• 

< 

3   i 

S    2 
0   «; 

X     U    ™ 
wo* 0    x    x 

- § 

._ si c 

in corn 

000 

0*0" 

- 3 M 

VpsOsO 
0^. 0^ 0"^ 

iß—*o 

1 II 
in on 
V—0 

W   3 

voU 

O VO 

in co 

1   1      ■ 
©CM 

1BE1/UD    IX d«W 5 5 

(D 

•H 
no 
•H 
O 
t. 
0) 

,cj 
ft 
w 
w 
o 
H o 
•ri 
■P 
U 
d 
ft 

§ 
o 

•A 
i-J 
■H 
CO 

I 
1 o 

OJ 

o 

Ü 
« 
0> 
to 
0) 

1 
rH 
(M 

-a 

$ 

© 
10 
c3 

CM O 

^ ^! 
O H o 
.. en 
© 

"3 

T*   © 

O T5 

'S 
5 

© 
1 si 
1 

w\ 
CM 

to .» o 
^- r-l 

I 

CM — 

ft  © >r! 
to  txO crj 

« G 
^ o 
ü Ü 

§ w 

•H   ■■ 

/•HO 
w <> o  to 

I   u   . 
>> « © ^ 
?-i CM  ,C 
0) CM    ft © 

© 

G 

CM 

G 
© 

Ü 

O 
O 
G 
-p 
«3 

. . «H 
ft to 

© 
© f^ 

H 

to et 
© -P 

rH CO 
Ü I 

•H J 
P ^r 
JH CM 

w 

o 

•H 
CO 

I 
>> « 
O VD 
H CM 
H 
n! 

U    r> 
ci H      . 
ftrH r-J 

ö ° R O .ri o 
-p o + 
rt 
S^ -rl 
D<CO 

to 

G o 
•A 

t 
o 
w 

I 
I 

ON 

p 
CO 

•ri    © -rl 

<i;  to ro 

-">>  I 

© H 
-P   ccj 
© 

to 
© 
to 
CO 
© 

rri 

& 
O 
Ü 

CM 

13 G <t! 

rri 
rri 
rt 

ra- 
ft 

G 
o 
© 
(0 
ex! 

ft 

©   + 

S-* 
• «ft © 
>>       w 
o   ©   rt 

rri tv. X! 
H   OJ ft 

ctf  S 
O -TJ 

O-   C"-& 
►^ rri 

to 
•ri   © 
to ,G 
<D     - 

U 
5 

•A 
p 

ct) 

•ri 
CO 

© 
P 
© 

rri  + 

© 
X! © 
h3rri 

•ri ,Q 

© 
to 
cd 

Xi 
ft 

© 
to 
rt 
Ä w 
ft-ri TJ 

•ri cu   >» 
CO MO    - 
CM G rri P 
tu) frt rri   Ü 
S S   B)   tit 

© 
p 
© 
H 
Q< 
S 
o 
o 

to 

cd 

© 
-P 
o 
6 
ft 
to 
to 
© 
G 
to 
cd 
A' 
ft w 

o  © s s 
•ri 
G 
o 
•ri 
p 

PS 
rri 
O 

Ü 
•ri 
P 
Ü 
© 

© 

!» 
cd 

•S 
. .© 

H P 

G 
o 

© 

. 160 - 



'S 
•5 
p 

H 

X 

8j 

x r * tT A 

^c^ c° 
1_ So s  . 
«; c    o o *; 
*t° j- H a 
ft; £ .*     ■* >* a £ f, " £ H 

o 
o 
r) 

o 

w 

O 

es" 
in 1. 

«0 * 

CNC0 

oi 
Tr 

0 ,0Z Hdu 'o (N 

o 

1 
o 

O 

■   a 
*   a 

-u s « 
i-       f-       K 5    o    c 
1 2. u 
«    x 

* i 

3   .   . 
M   i  a s g 

p.o.q § 2-2 
0;          r   r   C   CO 
<•>   O   tu          O   «? 

*^= S n .• f. ^ 

ra  .  Ü a ™ ^ 
?       JO 

T" o 9-*= 
■zV     u ^ n 

^p ^ -, ° 
5 m 0.3 

n   H  03   s 

(-, ö <J 

So!1-» 

.Lara       j S >, 

c p •= 3 § & 5 

O-*   2   (-   EJ   =   -   O 
_   JJ    '    <-(J   =.•©• 
n  f- ö "-!■ C <-" 

s ■> t. 

    —~ ■- «s - >• y 
^g «SS g~5§ 

5  . ._ i  . 

f), = n H m o-- 

v-6 =f ra <;      _ 
a a £v 0 »• »a 
a oV a a 3 

" « K 0 & ^ 

n    Q     5 
Jf   2 
P a  x * 

' £.       ■*   £ 
ü " * p. 

x ?  £ 

Q.           is - 

5$ «   tc ic   a   n;   s 
Cu H   o        a   C 

a 

1 1                 n 

Ä «; au 0 s 
2 to 0 ra 0. c; 

Jil     _ 2 ° 0 J r^_c 0.0 2 £ 
^^a 3 _ "^ >» 0 5 S ,3: <J ^ 0 

UH o = a 
c 

_. cj »a 
y—«S 0 0 

Clas •"-> 

^^ 0.0 
i- 0 a 
■    da   ™ 

O   »   O 

*&         • a       o 
x a «; a 
=• 2 z K 

Si 3 o o 

x      i 

01 ^iCx. 
to—; 

,_-l0 .^" 

ü I 
c      «     ~ 
s    «;   ™ 
*    o    ; 
11     X     X 
ft»    4 

Ä     « 

"     5 X   S, 

K 
. U 

3 £ K J» 

C/5 

in 

7 
in 

000 

1 1 
«OCN 

O" 

laei/us »xdr Ar 5 
00 

< 

1 TJ 
1 ^ © 

•rl Ct © P w 0 
«M • «* a« U ctj *~\ © O +> 

U) crt u CM-H P 

O H 
2 

C P ^ crt r^ 
G P 

O crt 
§ O 

•rl 
P 

G  >» 
© H 

Ü 
H 

^ O 3 © >«^ o •rl © CM 
+> u-\ in H B» X> ü P SI .■5J »-1 ctl O ?f W •H © 
H «: Ä 10 w © c iriHfl 
0 Pft H •H 

^ H» tn T( Tf ^ 
ü crt u © 

G m Ü •H U to 0 U 
Tl cfl ■r. tJ)p r^i G Ü crt 
•H CMO c fn t •H 
H* Ö in 0 crt t (0 >» 
O f-^ O in Pft-3- G y © 
V) <i* r- p r^ O in ^3 

^.s 
H 

t     ! 

•H   O 

>, rJ co 

P 

I 
I Ö to Ä I 

CA 
P H 
•H  O § © 

.5 ON 
^ 

Ü © ^l-i w u 
c\t •H •H • w •H p «H 

•P +> ^ © • » P> «rt • •• ^ d 0 i>> O ■A © >. 
Tt OH Tf G Ü Ö to ^ 
H H O crt PI TJ 0 CD © 
O ,u W 

J 
P 10 ,G > 

S ^ O 
■n x> •H 

crt '%^ Pft 
© 

+> to •H (0 G u 1 •H fc 
c, H .s © •H © ! en Cfl 
0 (!) O iM 5 VA (X 
g !H w crt ^'^ bd © 
w Ö !H P © iH M to 
g R A hf) ctl O ••« crt 
u 1 © G crt -x} ♦ *H ,G 
0 t) 
a. c 

0  1 
P H 

si 45 w 
© 
G 'S Pft ••> 

oi •S r^ CO 10 crt © .3 •H O 
ö •■ •H ^3 XI CO 0 

•H •-x •*« 
c? 

to P Tl OJVA 
Vft Ä © © f>» bO-rl .bJ) 

hOVTN Nl 
^ (H Ü C O <n 

c; <n •H iH © u 0 
•H O +> «r) crt -P iH u ©  «H 
■P 4-> CD •H crt crt P ,G O G 
(0 H Ü w © w Pft O 
<rt Pi &, J-i U .G © to to •H 
0 P< 

O 
© 

Si ►> 
to 
crt 5 

crt 

© 
to H 

P 
crt 

& ^ 
ü 

& H H 
O ©   ü o 

•H 
<M Q m to © O p «H 

PHH w rf3 crt •H r* •H U •H 

"8 & & © 
H 

ü 
•H (0 -P a> 

P  crt Ü 
T( O tH © ,G © u crt I ?3 
■n w •H 10 C crt tJM I Ö 
cS Xi c P 2 H o- 

■P ci (H •s crt G G C^\ crt 
w ■cj U 01 ü 0 O 

•H P &i a • •rl Ü • M Si 
© G >»-P •H G -p 

•r) ■s fl) s ,C ü rH 2H O •Ö rn w Ü P •HTIH •H •H 
•>. cd Ü h3P •H ü CO P 

M O ,0 •H G PS Oi W 1 0 G 
P H P. d U t-i ■ cti 1 H © 
O H U O ^ TJVO 0 > 

crt CJW -P to •rl O to © 
VB H w © H 
iA >><i; •f» ■n ü Ü • <K Tl © 

-4 H 
P rl 

to 
© 

to © rl > 
1 « 1 H >J O H £l O © 
1 

on 
O    1 

•H O 
cfl 
•rl 

crt 
© 

(0 g 
^ 

3 to 

.6 C\! 0 cr>p I* r4 ü to ü 

© 

161 



% 

o 
o 

X 

a 
w 
a« 
2« 

4» - t-       *- H 

C5g"c 

o 
o 

o 

O 
CO  . 

1 
«o 

I"l CN 

0 .02 "du <,° 
e>- CO 

CO 

*     g. 
K   £• J5- 
a   a   5 
«    H    5 
»-   o    F 
S  &. " a   ss 
A       X 

.   X    2 

M o S 
ax 2 

u 

S to       x 

X   £   CJ   ^   >» 
«- s a, s o. 
< aj aj u < 

CO 

a K " 5 * 

= - °-c S tl «o       ex 
E X <a E >» o a H o ^ 
t-   W    '    Q.KJ 
O " " o & 

3 

O jn,     ex. o 
JS  c;        Oots 

'-«»13 c « Vo x „ •? x 
t^U f-   .5.2 5 o «   • 
•^r_>.2rax_{i 
s-> S aJ o ü K ft y S X H o n o S 5 

€■ ra o G       y    . 
cu X <u ca o ai 
O.        3-          Ü   | 

5  8  I 
5  "  1  * 

Miss 
Ö 

O.JJ       CO 

^-»* % a § 

^^ a» o  H 
S a y «a ' 

. o      ^ 8            tr 

C3   £   tu   <U 
°*£   «   « L, □ n 

a r< n « cj r; 

H o«>»S 
■   o *. c0 

» co o a- 
t-. X 
CJ 

3         o £000 

ls&« E o it o, X  o   *        ^«. 
H — *~'p w 
^~  D   uft O 3 O O 
C-  GO  Ö  < 

x 5 c o 

-«S'fe 

cQ. 

'S" 

•» c 

«A 

eg      — 
H     S u     p 8 I 
? « ? 
*   2    £ tj     x     « 

£    ^ 
X      H 

•«-< •— •■? 

mco"*^ 
in — e? 
III 

m oo — 

a" «= .- 

•fff 
inco CN 

too 

taeirua v xdvw 
CO 

< < 

s 

C 
ctf 

+> 

g   do 

V3   -P     I 

Ü    <D ^   «   >> 

O    Ü   •« +*   <D 
*■• ;H fe», 5; 

to w   rt  ctj   © 
«£f O   +> 
0^\ o ts- u  C 

,_q    L  j^   CJ.H 
»„» +>      ' «   <D 

Ü   C .H   J^ 
©   3 .H O 
W    (4-     . ©   B 
cj  +>   Ö +> __, 

%  l ^ -P © 

«33- o W 

(A-JJ Ö ft 
p^   <D eri © M 

c-1 -P «Ö © 
• » ,Q W & 
>»   cvt rf W 
O^ 43 O Si 'H 
H    «0 J^t _ . 
H        o  C  w 
rt   >» 6 -H ö 

co   © ,C  ©  rt 

3 p!   cj   hO 

Ö  ^       o« © 

•H E-i +> 

cj O fl<H S 
X! W O O •H 
+>   cj   -rj   ^   ,C 

© &, S -P »tH 
H H .H is 
,Q    ©   O P 

H -H  O" © 
© tyi . . 
^ r-l   o 

c    ■   - ~ u 

CO   >j> W) 

ö 'S ^P © 
O cd J ©, -P 
•H I H   © 
+* TJ IT! &"5 
H   CM       ©   ij 
O    bO •• O   O 
W ^ § co ^ 
3'S   oo   I   . 
o       © © -^ «-) 
10   >>   fcO fn <ti 

^3   © J-i   © © fn 
|p ©   CO P © 
|    © p   cj rt ^ 

CO iH © r3 -P +? 

© 

- 162 



© 

G 
•H 
+> 
§ 

H 
Si 
M 
Q 

W 

31 

«tg-5.5 g» 

5= *g 5 S. 

C58Sa 
H X 

o 
o <o                            '  ' 

« 

•""So 

o 00 T 
o 

,nw/3n 
0 .0Ü H<lu 'o 55 

s s 
S * s 

|ag 

o.g.3 * = « 
—.2 s « £ « - 

oPi      rä 
n  O   ~j 

Pvö g g § g £ 
x <-> a v ,= 
a« r       o 

n 

ö^u £ x 

* ° äx 2 
■°      afr« 
*> — ca w »w 

« t. * ° S 

^i 2 = 5 

5<3C*3 

c • « s *5T ca u: 2 --■ *" 

%9^. 2 5 oj §! s- 
^ £ S 2 = n 
V-^.^ H   t-   X   H   TO 

^ 2 H "=: w °" 
_,   ^*   m   P3   CU „. 

"  O   «  CJ         S 
£ e K o 

«      O  '  y 
*      a      * 
x    t;    x 
C   «   =   5 X      a.    <u      X. 

& p 5 i K   c   x   p 
£      O       W       H 

£■ & «   8 
x  ?   i 

« « S ££^e & __ «a o S H =<;t:» ■< 
^•3 =: y „ s^< _ vrv « o   . x >. .     s 
-V.   S.VD   CO  n  c;(M     -_    . 

i- ois ■=:    <J3 •  a o n     —'<,"'. 
8iJhU 

" 2 o s s § ra (- " — s a o. o a ^ o «o 
,^S:- ^ ;>, x ^ g 
QN2   %  s  3   ™  S 
3-3 ^ £ = x * 
'—S-<2 '^2 

m           - TO   3.   03 

•   S. s b a s 
B   g   B-  O   I-  B 

3          O   ■ 
x o <u m 
f 2 s ft 

; IH^ 
« % 5 § S, V 2 O O 

3 S 2 °- 
x S c M 

X              B 

..._'nj'u    , 

•^r    «.— tr\      TO 5 — 

c 

>"< —;       a. Coj--< = a. 

«       • 
«J     X 

s 1 
<o 

x    «   *■ 
K      O      £ 5    x    x 

51 

vOvO 
vo vo \o vo vo e^* o^> 
ö^ «äs. ON b^ o^. io in 
in w o in —* (N CM 

xr mS cf —* o" O o" 
1 1 1 1 1 II mioio (DMnno-.- 

oo'-Joo"o    • 

vo 
vO \0 O^ vo 

0<D CM CO 

to moo 
1   1   1   1 

■«•"«NO©" 

taeirus »xc ■W 
o 

< 
CM 

. 5 

< 

8 
X 
a 
C o 

X 

P) L. O «     ±     w 

a 

a 

z 2 
M"5 c ^ <u 

2 

S    l§3 o,    a) c 3 
o     5 5 v ^ ^ a. 

"«on» 

■»a SSI 

i«2" = 2   s "5 n 

JJ   °„ 

t\ X n n u 
O D.X (=C 3 
"   C   X  Og 

.   x. «. 
M •     (0 * 
cf      « • 
u      t; 
O      c 

© W .   ,   . . 
fc <r) -r-l cn 

bDSn CO   ^1    I 
J3 o cb CO 
\os a)   i ir 
•H JCJ    I 
to W B t> '" 
COH I -3-   W 

H t          0) 

•H 
\£  P, 

H 
•H O 
CO w 
CM 
bcrtf 

— O 
^ w 

Lg^ 

$ 
in 

V) 

CUT) 

+> -H 
Ü H 
cd O 
© W 
^    ^. 
©^ 

r 
3 CT 
O     I 

<M I 
H H 
< ^» 

^^ 
i  © 

„   i xi 
rt CS E-< 

c —o 

Ü 

© C   © 
■   to 

r|   I   ONÄ   -        -   ■ 
<^   I   fJ   P^H   U u~\ O 

«--v       - ©  © Ti 
fc0 •" »O -C   r©      fi 

ö;ä . CVJ? © 

•"—'A «a! 
CO Ü © 

© 
w o 

oj   O 

bO MO^ 

5 3 3 5 

3 3  !t » 

w 
•H   to   cd 

$ n 

© 

163 - 



Footnotes for APPENDIX I 

* Iron bearing phases are formed when the alloys contain an iron addi- 
tion; the ZU S-ePis formed in the , case uhen there is an addition of ,   , 

silicon. s? 

** The lower value for the ultimate strength P^^.^^^^oy       l 1 
alloys. With a maganese and copper content at the upper lxmxt the AL3 alloy 
has higher indexes. , 

*** The higher values for the rupture strength pertain to an alloy con-       ; 
taining molybdenum. 
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Key to APPENDIX 5 

1—Alloys; 2—-Temperature °C; 3—Melting; k—Casting; 5—Shrinkage, #; 
6—Flowability at 700°C (bar test) mm; 7—hot crack formation tendency 
(band width) mm, 
10—Ma chin ©ability; 11—Gas saturation tendency; 12—Corrosion resis- 
tenco and protection of part against corrosion; 13—Recommended areas 
of prolonged use of alloys; 14a—Reduced; 14b—average; 15—Good; 
16—Average; 17—High; 18—Reduced; 19—Average; 20—Increased; 21— 
High; 22a—Satisfactory; 22b—The same; 23—Good* 2k—Satisfactory; 
25—Satisfactory; 26—Good; 27—Satisfactory; 28—Good; 29—Good; 
30—Satisfactory; 31~Reduced; 32—Satisfactory; 33—Raised; 34—Re- 
duced; 35—Low; 36—Good; 37—Satisfactory; 38—Good; 39—Satisfactory; 
40—Average; 41—High; 42—Average; 43—High; 44—Reduced; 45—Average; 
46—Very low; 47—Average; 43—Reduced; 49—Higher than in ALI alloy; 
50—Increased; 51—Higher than in ALI alloy; 52—Reduced; 53—Raised; 
5k—Reduced; 55—Pistons; 56—Cylinder heads and other components from 
which an augmented airtightness and sufficient strength uß to 275°C is 
required; 57—The same for the operation of the parts up to a tempera- 
ture of 225°C; 58—The same for the operation of the parts to a tempera, 
ture of 250°C; 59—Pistons for engines with a horsepower below 100; 
60—Pistons and cylinder heads operating up to temperatures of 275°C; 
61—The same; 62—Heavily loaded parts; 63—For parts operating up to 
275°C requiring an augmented airtightness; 6k—Pistons and parts operat- 
ing at temperatures up to 325°C; 65—Pistons and parts operating at 
temperatures up to 350°C; 66—For airtight components operating at 
temperatures up. to 400°C; 67—Note. The shrinkage can be 2-2.5$ during 
the casting of tubular shaped big parts. 
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APPENDIX 6 

Physical properties of aluminum casting alloys 

Cnflahu 

Aia. 

I.VrunrTl.       KorfKJMUIICIIT IUlOTHOCTk      K03**HUllcil* TCpMH'ICCKOrO 
ijCM' paCUillpCIIHH,   a. 

\*J „  I SjieKTioA/npOTIIB- TcnAn[(bi.OAHOCTb ^ £llCt 'p, 
/.  KQA/CM-CtK,     C CMMM'/M 

2 75   I   22,3- 10-i (20_100° C) 
■        '   24.4- IQ"6 (20-300° C) 

AL3 
2 7     I       22-10-6 (20_100° C) 

'       24- IQ-6 (20-300° C) 

0.31 (25°C) 
0.37 (300°C) 

0.0528 (20°C) 

0.39 (25° C)      0.0449 (20° C) 
0.38 (300° C) 

AL5 2.68 

A19 

AL20 

2.78 

23.1-10-6 (20-100° C) 
24-IQ"6 (20-300° C) 

19.5.10-6
C (20-100° C) 

25.6-10-6 (20-300° C) 

0,38 (25°C) 
0,42 (300° C) 

0.0462 (20°Q 

0.25 (25° C) 
0.34 (300° C) 

0,0595 (20°C) 

2.74 

AL21 2.83 

18.1.10-6 (20-100° C) 
23.6.10-6 (20-300° C) 

0.31 (30° C)      0.0518 (20°C) 
0.35 (300° C) 

22 9.10-6 (20-100°C)       0.27 (30°Q      0;0572 (20° C) 
27;8.10-6 (20-300° C)   |   0,3 (300° C)   I 

VAL1    |     2-89 23.8-10-6 (20-100° C) 
28,7-IQ"6 (20-300° C) 

0 32 (100° C)    0.0545 (20° C) 
0.37 (300°C) ' 

ATsRl 2,8 23,6-10-6 (20-100° C) 
26,7..IQ-6 (20-300°C) 

AL10V        2>78 

AL21 

AL26 

2,72 

22.3-10-6 (20-100° C) 
24,4-IQ"6 (20-300° C) 

0 23(25°C)      0.053 (20° C) 
0.27 (300°C) 

0,40 (25° C)      0,046 (25° C) 
0,42 (300° C) 

19-10-6 (20-100° C) 
20,5-IQ"5 (20-300° C) 

0.38 (25° C) 
0.38 (300° C) 

0.050 (25° C) 

2,68 17 0.10-6 (20—100° C)        0,40 (25° C) 0,058 (025° C) 

19:0'. lO-6 (20-300° C)       0.42 (300° C) 

(6>IP*—• —«• 'B CKo6Kax Äa,,a TeMnepaTypa """"""pDa"TeMncpaTyp- BK0T0P°M 
\>npcAcneiro »TO CBOHCTOO.  — — 

Key:    1-Alloys; 2-Density g/«?; 3--Coefficient of thermal expansion; 
ds • ^-Thermal conductivity X cal/cm-sec, °C; 5-Electracax 
tekstance   P.  cm-mi^/m;  6-Note.    The parentheses contain tem- 
lotSTe or the ?e.PeUure interval in which this property was 

determined. 
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