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FOREWORD

This report was prepared by Allen W. Gunderson of the Materials
Engineering Pranch, Materials Support Division, Air Force Materials
Laboratery, ‘right-Patterson Air Force Base, Ohio. This program was
conducted under Project No. 7381 "Materials Applications," Task No.

738106 "Engineering and Design Data."” This report covers work

conducted from September 1967 to December 1968. The manuscript was
released by the author in February 1969 for publication as a technical - :.
report. ST

N

The testing portion of the program was accomplished by Richars I 7

Marton and the computer data reduction by Robert Smith of the SR
University of Dayton Research Institute.

The items tested in this program were commercial items that were
not developed or manufactured to meet any government specifications,
to withstand the tests to which they were subjected, or to nperate
as applied during this study. Any failure to meet the objectives of
~his study is no reflection on any of the commercial items discussed
herein or on any manufacturer.

This technical report has been reviewed and is approved.

2T Oerith
ALBERT OLEVITCH
Chief, Materials Engineering Branch

Materials Support Division
Air Force Materials Laboratory
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ABSTRACT

A test program was conducted to obtain mechanical properties data
on two aluminum casting alloys. Work included tensile, creep, and
rupture tests at room temperature, 300, 400, 500, and 600°F. The _

alloy Hiduminium RR-350 was developed as a high temperature alloy. Its-

room temperature properties were moderate but it held its strength
quite well up to 600°F. The alloy CH-70 was developed as a high
strength, high performance alloy in the 60,000 ultimate tensile
strength, 50,000 yield strength, and 5% elongation range. Tensile
properties of CH-TO held up well at the 300° test temperature but
decreased rapidly at higher temperatures.

This abstract is subject to special export controls and each
transmittal to foreign governments or foreign nationals may be made
only with prior approval of the Air Force laterisls Laboratory (MAAE),
Wri~ht-Patterson Air Force Base, Ohio L5433,
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INTRODUCTION

The emergence of high strength and temperature resistant aluminum
casting alloys in recent years has led to their increased usoge in
agrospace systems. The castable alloys provide a design flexibility
and economy not attainable by wrought products and processes.

The two allcys tested in this program are of a new generation of
alumimm casting alloys. The major portion of the test program was
conducted on Hiduminium RR-350 alloy. Hiduminium ER-350 is a sand-
casting alloy specifically developed for high tempersture applications
and is jointly patented by High Duty Alloy and Rolls-Royce Limited of
England. The Hidiainium specimens were furnished the Air Force
Materials Laboratory by the General Electric Company Flight Propulsion
Division. The material has been used as a scavenge pump housing
material on the J-93 engipe, and is scheduied for use in controls and
accessory systems in the GE-4 engine (SST).

The second alloy evaluated was CH~TO, = high j:r?ormance alloy

developed by Aluminum Company of America. The specimens of Cil-TO

were furnished by Northrup Corporation Norair Division. Norair recent-

: 1y completed a room temperature mechanical property evaluation of

3 ) several high strength aluminum castipgs alloys, including CH-TO, and

the results are to be published as an Air Force Materials laboratory i 3

Technical Report AFML-TR-68-8. :*"%
:
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The present effort was conducted to establish the properties of 43
the RR-350 alloy, particularly for extended periods of exposure, and
to establish the elevated temperature capabilities of the CH-T0 alloy. 5
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EXPERTMENTAL PROGRAM

The Hidumirium RR-350 alloy is used in jet engine components,
such as housings and covar boxes for accessory drives. In such
locations, the ambient telmperatures may exceed 400°F. RR-350 in
limited testing previously\conducted by High Duty Alloys had shown \g
attractive high temperature\izrength. This test program, outlined in 3

TP SRR S AR
/

Table II, was designed to determine the effect of high temperature
enviromments on the RR-350

of time, and to establish a ¢
properties of the CH-TO alloy.

oy, particularly over extended periods X 3
arison with the elevated temperature ;

&
A3
-

The CH-T0 test progrem, Tablé II, followed the same temperature i
levels as the RR-350, but because the limited number of specimens *
available and the availability of mechanical property data from other AN
sources, its evaluation was primarily\ for comparison only. A
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SPECIMEN INFCRMATION

The RR-350 alloy was from three sources. Separat:ly cast test
bars from two vendors were machined to the 2-inch gage scotion thread-
ed specimen configuration shown.in Figures 2 and 3. Also, 1rlat speci-
mens were machined from actual component castings {one is showa: in
Figure L). '

All of the CH-T0 specimens were taken from wing span castings
such as shown in Figure 5. Flat specimens with a l-inch gage length
were machined.

The nominal chemical compositions for the two allcys ave given in
Table I.

The standard heat treatment of the Hiduminium RR-350 alloy was:

5 hours at 1004-1012°F
Quench in boiling water
Age 16 hours € L14-L2L4OF.

For the portion of the test program investigating the effect of age
temperature on tensile properties, the listed temperature was used
instead o the standard.

The vendor "B" specimens listed as overaged were aged 16 hours
at 500°F in sddition to the standard age.

The CH-TO alloy was heat treated to the T-6 conditen by the
following procedure:

2 hours at 975°F

i hours at 985°F

12 hours at 995°F

1 hour at 985°F '
Water quench (less than 10 seconds delay)

Age 18 hours at 310°F

TR R

The test plan for both alloys is given in Table II.
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TEST METEODS

Tensile tes{:mg vwag 'lcne on & 50,000-1b Baldwin Weidemann
Universal Testing Ma,cnme. Autogragi‘uc load-strein data was recorded
as shown in Figwe 5. For the room temperature tests the strain was
measured by a Baldwin Microformér transducer. Thé elevated temperature

test used an Arcweld extensometer which aiso utiiizes a linear variable
d:.fferen*:xal «,ransfcrmer.

Nt

Creep and creep rupbure testing were acconplished on Satec-
Arcweld test frames with temperature control by either a Leeds and

Northrup or an ircweld controller. Data was recorded automsticaliy by
the MAAE Dsta~Logger unit. ’
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RESULTS

The tensile properties of Hiduminium RR~350 held up fairly well to
the G00°F temperature level. As can be seen from the data, the cast.
test bars are noticeably stronger than specimens machined from component
castings. The overage condition of scme vendor "B" specimens did noét
improve the tensile properties. The vendor "A" specimens gave slightly
higher tensile values than the vendor "B" specimens. The tensile pro-
perties of RR~350 are listed in Tables IV through VII and show graphi-
cally in Figures 6 through 8. Test temperatures to 600°F were used to
characterize these properties. Tensile properties of CH-TO are given
in Tables VII, IX, and X.

The creep rupture and creep tes s for RR-350 are presented ss one
group of data because of the overlapping values obtained. The creep
rupture tests were originaily designed to anticipate rupture in 560
hours and the creep tests anticipated deformation in the 0.1 to 0.2%
range. The curves shown are for representative specimens from each
temperature. The creep and creep rupture specimens were also tested
at temperatures up to ©00°F. This data is presented in Tables XI
through XVII and Figures 9 through 16.

In both the tensile property tests and the creep tests, the com-
ponent specimens were lower in values than the cast test bar specimens.

The CH-TO alloy was not designed specifically for elevated tem-
perature applications end the ~slues obtained in this program should
not affect its major 1.sage as a high strength casting alloy for use at
low temperatures. As shown in Figure 17, the tensile properties with-
stood 300°F fairly well, but then decreased rapidly.

The creep test results for the CH-T0 at 400°F show that tempera-
ture to be near the upper limit for the material's usefulness (Figure

19).

Comparison data is given in Figures 20 and 21.
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CONCLUSIONS

1. Hiduminium ’RR-350 exhibits fair temsile properties up to 600°F.

2. Hiduminium KR-350 creep strength drops rapidly aftsr 500°F.

3. The CH-T0 alloy has good temsile properties up to 300°F. At LOC°F, :
)y the tensile values are about one~half room temperature values. :
: 3

4., CH-T0 creep specimens show little elongation before fracture.
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TABLE I

NOMINAL CHEMICAL COMPOSITIONS FOR RR-350 AND CH-TO

ELEMENT " PERCENT
HIDUMINIUM RR-350 CH-~TO

COPPER 5 5.5 .

NICKEL 1.5 —
SILVER — 0.7
MANGANESE 0.25 - 0.30
MAGNESTUM — 0.27

TITANIUM 0.2 0.29

%}
E‘i
&

COBALT 0.25 4 —
ANTIMONY 0.25 — )
ZIRCONIUM 0.25 —

SILICON -— 0.06

< b S R e e AR

IRON ——— 0.02

o S e €

ALUMINUM Remainder Remainder
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- % TABLE IT
2 :
b TEST PLAN FUR ALUMINUM CASTIAGS
2 7 HIDWMINIUM RR-350 CE-TO
E CAST TEST BARS COMPONENT | WING SPAR
g . i EFFECT OF AGE TEMP VENDOR B VENDOR A CASTINGS CASTING
| OF TERSILE FROPERTIES | qnoott] Ky=3 | smooth |K¢=3 | smooth | Kg=3 | smooth [K¢=
g | TEST AGE TEM-
i . ¢ | TEMPERATURE BERATURE
- ROOM L1h-hoy 31 1 1 |1 "3 13 3 13
. ROOM 500 3| 1 1 |
F | ROOM 550 31 1 1 |1
3 E
1 ROOM- 600 3 1 1 1
EFFECT OF TEMP ON coth
TENSILE PROPERTIES ver- _a
E | TEST - HOLD TEM- e E
| TEMPERATURE  PERATURE
5 300 1000 3| 1 1 3 3 3
E 400 1000 31 1 1 3 3 i
4 500 1000 3 3 3 2
. 1
3 600 1000 3] 1 1 3 3 i
¥ L Y
53 ¥ i
T 400 1/2 3 3 i
Dol !
L 400 500 3 3 3 :
3 g STRESS RUPTURE motch~-
E TEST TEMPERATURE ed Kt=3
E 300 1 1
i ‘
- S 400 3| 1 1 3 3
¢ ¥ .
E 2 500 1 1
E 600 3 1 L 3 3
4 CREEP (.1 to .2%) smooth
4 TEST TEMPERATURE over-
: age
300 1 1
; 400 3] 1 1 3 3
500 1 1
3 600 3] 1 1 3 30




3 R e e RN
_TABLE 11T
3 HIDUMINIUM ‘RR~350 CAST TEST BARS,
¥ ETEECT OF ACE TEMPERATURS ON ROOM TEMPERATURE TENSILE PROPERTIES
E SPEC. ULT. 0.2% Y.5. % ACE AVERAGES _ ;
% NO. KSI ¥SI ELONG. oF ULT, Y., ELONG =
= - - 7
3 B25 39,99 32,31 1.5  STD 41.64  32.83 1.3 :
3 B39 43.31  33.27 “1.15 STD 4
: BHY 4i.61  32.92 1.25, 57 q
£
2 . B115 36.69  24.31 1.85 500 37.65 24,11 1.95 :
4 : B127 38,45 25.59 2.1 500 2
3 B135 37.81  22.u4 1.9 500 :
1 B107 37.05  21.83~ 2.65 600 36.53  22.07 2,33 !
3 4 B119 36.43  21.97 2,05 600 : :
3 B13l 36.04  22.40 2.3 600
£
: B11l 37.70  21.30 2.8 550 36.83  22.21 2,43
3 1 B139 35.12  22.54% 1.95 550 3
3 B143 37.67  22.70 2.55 550
i A132 42,89  34.03 1.35 STD
4 ~ A8 38,19  27.00 1.85 500 ,
;; 1 A52 38.57 24,20 2.35 600
3 é A23 38.55  25.42 2.3 550 :
e 3
E 1 B8O 39,34 STD :
k: : BYS 39.95 STD i
; : B103 34,13 500 ;
3 B123 33,06 o 600 ‘
B147 32.27 g 550
3] H
AS7 40.83 0 STD
A3 36.24 500 i
AL3 34,08 600
AlS 33,82 ) 550
¢ ] ,
= ,-‘
7 ¢ !
4 : H
: ;
9




TABLE IV

T T A T i

HIDUMINIUM RR-350 VENDOR B CAST TEST BAR SPECIMENS,
EFFECT OF TEMPERATURE EXPOSURE ON TENSILE PROPERTIES

= e M s s 24 Ve

AVERAGEZS
] SPEC ULT. Y.S. ELONG., TEMP TIME ULT. Y.S. ZLONG.
B3L 38.50 29.71 2.05 300 ~lo00 393.68 30.45 1.9
: B37 39,55 31.11 1.95 300 1000
S B55 39.99 30.52 1.70 300 1600
R - B88 33,97 23.37 2.65 400 1/2 33.64  25.06 2.63
B92 33.63 26,53 2.55 400 1/2
BYS 33.31 25.27 2.7 400 1/2
B21 34,72 2y.24 2.6 © 400 500 33.89  23.95 2.33
B57 33,22 23.73 2.5 400 500
B77 33.14 23.77 1.9 400 500
B23 33.61 25.77 2,45 400 1000 34.12  25.02 2.53
Bu3 33.63 22,006 2.40 400 1000
B83 36.11 26.44 2,7 400 1000
B18 30.465 22,75 3.45 500 1000 30.09 22.5 3.53
’ B62 30.465 22.94 3,7 500 1000
B99 . 29,34 21.81 3..5 500 1000
; B59 23,04 16,96 4,85 600 1000 23.17 17.1 5.62
: Bol 23.00 17.19 6.5 600 1009
- B73 23.48 17.15 5.5 600 1000
E
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E 3 TABLE V :
[
A )

S

g

HIDUMINIUM RR-350 (4ST TEST BAR SPECIMENS,

: : EFFECT OF TEMPERATURE EXPOSURE ON TENSILE PROPERTIES
E SPEC. ULTIHATE YIELD HOLD AND ° HOLD
-3 NO, STRENGTH STRENGTH ELONGATION TEST TEMP.  TIME

A60 38.97 32.21 1.7 : 300 1000

Al05 34,02 27.65 2.7 / 400 1000

| A159 23.06 17.52 7.8 600 1000
i #B136 36.06 25.86 2.8 300 1000

A 4 *B128 33.10 2,98 2.8 400 1000

o £ #B116 22.59 16.37 4.8 600 1000

3 , % STANDARD HEAT TREATMENT AND AGE PLUS 16 HOURS AT 500°F PRIOR
N ~ TO TEST EXPOSURE.
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. TABLE VI §
. HIDUMINIUM RR-350 CCMPOMENT CASTINGS f
E STANDARD AGE g
- : ROOM TEHMPERATURE TENSILE PROPERTIES 5

SPEC. ULTIMATE YIELD ELONGATION SPEC.
NO.  KSI KSI $ TYPE J

© e e e b

2A 37.17 28.79 1.9 Smooth

6A 37.46 29.49 1.2 Smooth

'3
SR S At thh Ahemeed Yty ss

6B 35.45 29.09 1.2 Smooth

AVERAGE 36.69 29.12 l.4

s
B, AR v s

3
E:
-
P
&
-3
b

22 30,44 Notched K¢=3.0

A IO 4 i sl 3 e Pl v TN O

ke

4 i 4

23 32.37 Notched K. -3.0

i 24 31.46 Notched K¢=3.0 :
h‘ a{

3§ AVERAGE 31.42 ;

NOTCHED :

L TNOTCHED ~ RATIO = .85 ;
g ¢ ;
o y,
IR
E 2 :
v %’
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E :
A i
: §
¢ ]
y i»j
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TABLE VI

HIDUMINIUM RR-350 COMPONENT CASTINGS,
EFFECT OF TEMPERATURE EXPOSURE ON TENSILE PROPERTIES

ULTIMATE YIELD HOLD AND HOLD
SPEC. STRENGTH STRENGTH ELONGATTON TEMP. TEST TIME
NO. KSI KSI % °F (Hrs)
8 31.94 25.99 1.8 300 - 1000
14 30.09 23.75 2.4 300 1000
57 33.03 26.11 1.7 300 1000
AVERAGE 31.68 25.28 2.u 300 1000
12 25.46 20.01 2.1 100 1000
29 31.84 23.66 6.4 490 1000 ;
71 27.21 20.79 2.8 400 1000
AVERAGE 28,17 21.45 3.9 400 - 1000 %
11 21.10 17.53 3.1 500 1000 é
59 24 .44 19.41 2.6 500 1000 g:f
72 24.73 19.62 2.8 500 1000 %
#
AVERAGE 23.42 18.85 2.8 500 1000 :
13 15.5 13.12 3.1 600 1000 ’%
34 18.57 14,84 3.1 600 1000 g
70 17.21 13.25 2.6 €00 1000 é
AVERAGE 17.09 13,74 2.92 600 1000 5
15 25,27 19.62 2.3 400 500 *
) 27.39 21.35 2.5 400 500
65 27.08 19.99 2.6 400 500
AVERAGE 26.58 20.32 2.5 400 500 ;
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TABLE VIIY

CH-70 WING SPAR CASTING SPECIMENS,
STANDARD AGE ROOM TEMPERATURE TENSILE PROPERTIES

SPEC. ULTIMATE YIELD ELONGATION SPEC.
NO. KSI KST % TYPE

C6-1-2 56.16 5464 7.8 Smooth
C26-1-2 63.90 47.4 10.2 Smooth
c27-1-1 67.85 54.47 10.1 S$mooth
AVERAGE 65.97 52.17 9.4
c5-1-1 70.53 Notched K¢=3.0
€26-1-1 66.79 Notched K¢=3.,0
027-1-1 67.02 Notched K¢=3.0
AVERAGE 68.11

NOTCHED o

e RATIO = 1.03

u‘.\
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TABLE IX

CH-70 WING SPAR CASTING SPECIMENS,
EFFECT Or TEMPERATURE EXPOSURE ON TENSILE PROPERTIES

skt BT S R R

ULTIMATE YIELD HOLD AND HOLD
SPEC, STRENGTH STRENGTH ELONGATION TEMP, TEST TIME
NO., KSI KSI % oF (Hrs)
C6-2-1 58,86 54,24 8.6 300 1000
C26-2-1 59,60 57.59 5.0 300 1000
€27-1-2 55,90 52.80 6.1 300 1000 .
AVERAGE 57.45 54,87 6.5

C6-l-1 47.62 46,03 12,2 400 1/2
C26-4-1 47.81 45,78 9.4 100 1/2
€27-3-1 50,3 47,0 2,2% 400 1/2
AVERAGE 48,58 46,27 7.2

* Fractured at gage mark.

C6~-b-2 36,53 32.96 13.2 400 500
C26-4~2 36,08 32.02 10.0 400 500
£27-3-2 38,92 36,12 8.7 400 500
AVERAGE 37.18 33.70 10.6

C6-2-2 36,62 32.48 15.6 400 1000
026-2-2 34,138 30,32 11.9 400 1000
€27-1-2 35,20 30.37 9,7 400 1000
AVERAGE 35,40 31.06 12.4
C6-3-1 .. 21,21 17.55 18.2 500 1000
026-3-1 20,77 1.8.29 21.1 500 1000
€27-2-1 24,92 20.93 0.4 500 1000
AVERAGE 22,30 18,92 16.6
C6-3-2 10,71 8.54 46 600 1000
C26-3-2 11.14 8.83 28,2 600 1000
€27-2-2 11.17 9.14 35.9 600 1000
AVERAGE 11.0 8.83 36.7

15

to, O
Cue
e e e s R A AT S0 F AR e i R LA T 7 S TR R P R D T O T R A e R R Y T I RS Y VR PR RS el e




o] S ety a - -

4 S5 e - N ’ ~ )
a"«gﬁq’;@.mf .
2y RS % et i e e -~
S - 3 W“xwﬁm N At ] R SO e ey SRR EINELNE I B, TR IR TN T TR B0 2!5' *’&/; -

TABLE X

HIDUMINIUM RR-350 CAST TEST BARS,
NOTCHED (Kt=3.0) RUFTURE TESTS

TEST
SPECIMEN TEMPERATURE STRESS HOURS TO
NO. oF KSI RUPTURE

B2% 300 28 1868 Did
Not Fail

B69 400 23 582.2

B1GO 500 15,5 561.6

o2

oy

B67 600 7 1110.3
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TABIS XT

TIME IN HOURS VS. TOTAL SPECIMEN DEFORMATION IN PERCENT

MATERIAL: Hiduminium RR-350 Vendor "A" Cast Test Bar Specimens
TEMPERATURE : 400°F 400°F 600°F _ 600°F
STRESS XSI: 23,0 16.0 7.5 3.5
SPECIMEN
TIME (HRS) A72 Al¥l A66 Ally
0.01 0.17 .19 0.09 0.04
0,02 0.31 0.20 0.10 0.04
0.05 0.35 0.20 0.12 0.04
0.1 0.38 0.22 0.17 0.04
0.2 0.40 0.23 0.17 0.04
0.5 0.43 0.23 0.17 0.04
1.0 0.47 0.23 0.17 .04
2.0 0.52 0.23 0.17 0.04
5.0 0.60 .24 0.17 0.05
10.0 0.67 0.24 .17 0.05
20,0 0.73 0.27 0.17 0.05
50.0 0.84 0.27 0.20 0.06
100.0 0.92 0.31 0.23 0.06
200.0 1.03 0.32 0.26 0.08
500.0 1.17 0.32 0.44 0.12
1000.0 1.33 0.3u4 0,93 0.21
17
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500°F
8.0
B34

T

500°F
u.0
B74

300°F
23.0
B9

TABLE ¥X1I

30Q°F
25.0

Hiduminium RR-350 Vendor "B" Cast Test Bar Specimens
B85

-
.

MATERTAL

TEMPERATURE

STRESS KST
TIME (HRS)

SPECIMEN
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TABLE XIV

MATERIAL: Hiduminium RR-350 Vendor "B" Cast Test Bar Specimenls i
TEMPERATURE: 600°F :
STRESS KSI: 7.0 7.5 7.0 3.5 3.5 4.0 4.0
SPECIMEN ' ) ’
TIME (HRSY B13 B60 | Bi40 Bl10 | B28 | B78 |Bl2%4
0.01 0.09 0.07 0.07 0.03 | 0.03 {0.05 |0.06
0.02 0.09 0.07 0.07 0.03 | 0.04 {0.05 {0.06
6.05 0.09 0.08 0.08 0.03 | 0,04 | 0.05 {0.06
0.1 0.09 0.08 0.08 6.03 | 0.04 {0.05 |0.06
0.2 0.10 -~ 0.08 0.08 -{ 0.03 | 0.0 {0.05 {0.06
9.5 0.11 0.09 6.08 0.03 | 0.04 {0.06 j0.06
1.0 0.11 0.10 0.09 ¢.ou4 | o.04 10,06 |0.06
2,0° 0.12 0.13 0.09 0.04 | 0.04 |0.06 | 0.07
5.0 0.1u 0.14 0.11 0.04 | o.08 |90,06 |0.09
10.0 0.16 0.17 0.12 o.04 | 0.05 {0.06 |0.09
20.0 0.19 0.20 0.14 0.04 | 0.05 }0.07 }0.10
50.0 0.32 0.30 0.19 0.96 | 0.06 {0,09 |0,13
100.0 © 0.4l 0.43 0.27 0.07 { 0.06 {90.13 | 0.16
200.0 0.56 0.70 0.38 0.11 | 0.06 [0.25 | 0.19
500.0 1.15 Fracture 0.80 0.20 | 0.15 0.36 | 0.27
) @Quu6 Hrs
1000.0 Fracture Fracture| 0.25 | 0.20 |0.40 | 0.u2
"~ |@815 Hrs @871 Hrs
g
]
i
|
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TABLE XV

MATERIAL: Hiduminium RR-350 Component Part:s Specimens
TEMPERATURE: 300°F 300°F 500°F 500°F
STRESS KSI 26.0 23.0 i2.0 8.0
SPECIMEN
TIME (HRS) 30 28 - 37 53
0.01 0.37 0.29 . 0.36 0.07
-0.02 0.39 0.30 0.36 0,07
0.05 c.41 0.30 0.38 0.07
0.1 0.u2 0.30 0.39 .07
0.2 0.u44 0.30 0.40 0.07
0.5 0.1S . 0.30 0.43 0.07
1.0 0.50 0.30 0.45 0.07
Z.0 0.53 0.30 0.46 0.08
5.0 0.55 0.34 0.51 0.09
10,0 0.58 0.34 0.53 0.09
20.0 0.62 0.35 0.58 0.09
50.0 0.73 0.38 0.63 0.09
100.0 0.84 0.u41 0.69 0.13
200.0 0.88 0.49 0.72 0.16
500,0 0.96 0.45 0.77 0.21
1000.0 1.02 0.54 0.77 0.27
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3 TABLE ¥VI
3 MATERIAL: Hiduminium RR~-350 Component Parts Specimens
b TEMPERATURE: 400°F ,
; STRESS KSI: 23.0 20 16 16 15
SPECIMEN
TIME (HRS) 21 B3 61 27 45
6.01 0.61 0.1Y4 0.21 0.19 0.07
0.02 0.72 0.3% 0.21 0.19 0.07
0.05 0.83 0.40 0.21 0.20 0.07
0.1 0.94 0.44 0.21 0.21 0.67
0.2 1.10 0.50 0.22 0.24 0.08
0.5 1.47 0.59 0.24 0.24 0.08
1.0 - Fractu e 0.68 6.24 0.29 0.08
@0.51 Hrs
2.0 0.84 0.26 0.29 0.11
£ 5.0 1.04 0.29 0.34 0.12
i 10.0 Fracture 0.31 0.38 0.12
-1@5.3 Hrs
20.0 0.36 0.4k 0.12
50.0 0.38 0.u46 0.12
100.0- 0.42 u.51 0.18
: 200.0 0.u8 0.54 0.20
i 500.0 1.11 0.60 0.26
1000,0 Fracture 0.26
@694 Hrs
22
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-3 TARLE XVII .
'4f MATERIAL: Hiduminium RR-350 Cocmponent Parts Specimens
3 TEMPERATURE:  600°F
» STRESS KSI: 7.0 7,0 6.0 4,0 3.5 3.0
; SPECIMEN
3 TIME (HRS) 26 43 59 50 32 51
R 0,01 0.08 0.02 0.03 0.01 | o0.01 .04
E 0.02 0.09 .02 0.03 0.01 0.01 0.08 .
| 0.05 0.09 0.02 0.03 6.01 0.01 0.04
4 0.1 0.09 0.02 .03 .01 0.01 0.06
L 0.2 0,09 c.02 0.03 .01 0.01 0.06
W 0.5 0.26 0.02 0.04 0.02 0.01 | 0.06
i 1.0 0.26 0.02 0.04 0.02 0.01 0.07 :
E 2.0 0.26 0.03 0.04 0.02 0.01 .07 g
3 5.0 Controller| 0.05 0.05 0.02 0.01 0.07 3
- 10.0 Caused 0.09 0.05 0.02 0.01 0.07 $
o Failure @
; 20.0 3.5 6.16 0.05 2.03 0.02 0.07
3 50.0 0.32 0.13 0.01 0.02 0.07
B 100.0 0.73 0.26 0.07 0.03 0.07
; 200.0 1.74 | Fracture 0.10 0.07 0.09
@175 Hrs
500.0 Fracture 0.43 0.11 |. o0.11
@208 Hrs
1000.0 1.18 0.15 0.11
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MATERIAL:
TEMPERATURE:
STRESS KSI:

.«@:ﬁgv&%;%\’vfmgywuwwwm gy

CE-70
600°F
4.0

BT,

e i o

TABLE XIX

3.5

3.¢C

L3
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) ; ﬁ& gradigt
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SPECIMEN

C6-8-2

C26-12-2

C27-12~1

c27-12-2

TIME (HRS)

o v e o
[=]
AN

.

QOO ULNHOOOOOO
« & & o ¢ N
QOO0 O0OOOUMNMFOC

»

.
QU1 N
[«

200.0
500.0
1000.0

0.05
0.us
0.¢5
.05
0.65
0.05
0.05
0.05
0.05
0.06
0.10
0.21
0.40
0.96
3.25
Fracture
@su6 Hrs

Fracture
@502 Hrs

0.02
c.02
0.02

.04
6.06
0.08
0.14
0.25

2.29
Fracture
@521 Hrs

0.08
0.08
0.08
0.08

. . .

L3

. & &
:w&—'l—‘t’:oo@c
[ N ™ o o ®

[N NNl NNl
.

1.37
Fracture
@882 Hrs

0.04
0.0%
0.04
0.04
0.04
v.04
0.05
0.05
0.05
0.05
0.06
0.13
0.18
0.41
1.29

Fracture

@556 Hrs
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FIGURE 2
NOTCHED (K4=3.0} CAST TEST BAR SPECIMEN
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FIGURE 4
CH-70 WING SPAR CASTING SPECIMEN

FIGURE 3
COMPONENT PART FLAT SPECIMEN
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STRESS - &SI

50
VENDOR "A* $ROOTH ULTIMATE
VENDOR “8° SNOOTH
ULTIMATE —-c\
4ol VERDOR *A° AN
NOTCHED umnm//}‘\\:
VENDOR 8" /
| NOTCHED ULTINATE N\
VENDOR *A® YIELD —]
VENDOR “B° YIELD —-%
0 A,
3 ~N
(PLOTTED FROM TADLE IL)
20
- 3
VENDOR *8°
ELONGATION )
1¢ )
VENDOR *A*
ELONGATION
|
] c—— 0
300 400 50 800

AGE TEMPERATURE - °F
238

ELONGATION %

T R S A Bt s < - 5 > - > =
T AL Pl S BN TR e PO AP - SR e S S P B AT B s IR N, VS

EFFECT OF AGE- TEMPERATURE ON TENSILE PROPERTIES

HIDUMINIUM RR-350 CAST TEST BAR SPECIMENS,

FIGURE 6.




i rec kTl

R s e

SIS TIRLE T SN TIE I TIE R T T N

. e

< e

IR

s

- SRR

P e

,, va.umm.mc.m& TIISNAL NO F¥NSOdXT WNOH-000T J0 103433
, ¢ SRAWIOAAS ¥Vd 1ISIL LSVO 0SE-YI WNINIWNAIH

*L TWNOIL

% WOILVONO13

a4
N
[ =
- [
- O B O s - <
— & ap = w
az = S =
0“ Qe & ¢
DG o W
N" mPL
b =] o us
o> s
Al I
< g
ol
\ [
¥ 5 <>
N — ">
§ - \
. - o
. @
TAI / L=
(7o)
[ <>
s = = S -3 ’ o~
= - = 3
b R4 o
— (Y] s = [—]
o [~ m— [ s
= ) et = ...Il —
. [V bt ' —cs
- Ll &F.n- a. =
oc = 3 = » -~
<> [~ <> <
(=3 [ - = O
3 = = =
s > il (=4
P <> b L34
- IIIL'IIIIIIII“ o
[ =) L3 =1 [=)
w> - ~ ~ —-— o
ORI

d o s A A Sl AT AL PN ke M s e * &

TEST TEWPERATURE °*F

30




™

5

"

g ke
oai

;
_ o Ed
SR ATIEL, | T ST ,».”i%‘?s"f TIRRR

B 2 S
w B

R e o g e L e TN

VENDOR " 8" OVERAGE ELOIIGATIONI

50[
. L=
VENDOR “A® ULTIKATE
i ) O—\
g VENDOR *8° OVERAGE ULTINATE &
, | . &
E o B
; — VENDOR A" YIELD & o
0-_-\ =
SN
Z B3 =
> p“ m
E vl B
30 g 8
] _ Ba
{ S | VENDOR *B” OVERAGE YIELD :\}\ e &
2 | S
_ @ © o
3 a 0@
’ - ™ 1
[ =
: 207— =g
5 &
(PLOTTED FROM TABLE Y) =
=
] ; 58
a4
T M
-16 o
i 9 » g
1 10— VENDOR * A" ELONGATION 15 x 3
=
/ ‘e
=
S
- s

W L s PRSP Py e

§ 0 100 200 300 400 500 600
TEST TENPERATURE —°F

31




gie=rr

re xag PO SRS I+ WA OISR Wy

S

fali

GHIL NIINY "SA SSTILS ‘0Se-Wy ‘ZDHZHEDQH:

SHNAOH —~ 3WIl

1:0

v
B L it o o g ¢ S

6 JANOIJ

100

/..II

/

/

SN3IWID3dS Sluvd
ANINOJWOD 4,009

S ~—

L..ll&/dllmmam 1531 1SVD 8§

HOONIA 34009

« ﬁ‘mi_owam S1¥vd LNINOJIWOI 3,00t

T

'SH¥VE L83l L1SVO 8 HOAN3A uocov//

il v bl

51831 37TISNIL WCH4 SiINIOd Vviva

32




o e T BARE L8 T e RV s s a0 V8 L TR AT KB Ryt AT SRR s P T R P 50 TR BT AR D T YT A 0l A S B2 TV TS T TR S Y ARV AT [T S SSARg = S e e

TN

.

-
&

NOILVWY0JIQ O IHIL Jo00h °SNIWIOILS
qVE ISIAL ISVO € YOANIA 0SE~WY WAINIWNQIH °O0T MINOIJ

BB

LR @
% , , SUNOR ~ IKIL
g 000! , 00! (o]} { 10 109
W 3UNLOVHA
m { IIX 378VL WONZ G31107d) o't p
d G0 S
& AIN30Y3d )
¥ NCILVYINYO033a vo >
_ ; 43340 co O
: 02’0 A —0C!
! si'0Q
010 W
m 0D © ——¢i

— T
- oln“lv.lﬁﬁlllll ?AWQ/ V= IO% o2

£

ISM ~SS3YLS
33

T
)
/

//
?/ /
i

PR e
AT

—
]

et

A3

,.

iy
a3
k3
!
&

R T et T, " b ¥ s h




TS e

Rt e D i M AR e s T S TR NP it IS et e g e

: SHNOH — IWIL
” 000! ‘ ool ol | ro 10°0
) . y

R

£ A

O 1SM €2 82 ON
¥ 1S%92 Ot ON
SN3WIO3dS LNINOJIWOD -
B8 iSxe2 68
,O ISXG2 688 8 HOGN3A

e e s

EEE A T

”

PR Yo
-

-
P

A: m,m o sﬁgﬁﬂw v.,,mfr%wwmw.i : A A T h.ug%ﬁ epor b i :y\ ,‘.,Hﬁr.» T

[ o s i S L g ) ,

% — NOILYWYHO043d 43340
HIDUMINIUM RR~350, 300°F CREEP DEFORMATION VS. TIME
34

FIGURE 11.




Py S
&R

R Y

AT

™

A VIR L AR TR N T

TIPSO 3 T I AT e £ E T IR e e

' SHNOH —~ 3NIL

(IIX 318V.LI WOY¥d4 031107d)

IS 91 1v b8 918 18 40 F9VHIAY
is*¥ 02 ¢+ 8

TR PR T oW,

"2 20 .
B o

ISX g2 ¢28
ISH9°'6e2 998

(©)

\%
a

A

SN3INWID3dS 8 MOGN3A

_ (it Zouc i Vb A~ nlheladng & e

0

% -~ NOILVYWHO430 43340

HIDUMINIUM RR-350, 400°F CREEF DEFORMATION VS. TIME

FIGURE 12.

35




CTR G T AT N XSS et et R s B e b

SYNOH — 3Wil u

o

w

>

=

, =

. z

3 [e)

% [

¥ =

b 2 -

. m m

W X ﬂ (3]

w 79

W, m 00

; 3 =
” 2 o8

: (IEX 318V1 WONJ O3110'14) 5 3

. i

, 3UNLOVYHS SALVOKINI X e &

IS% I 9 'ON O ¢ @ m

ISH 91 22ON ¢ g

. ISX0Z It'ON A 2

, ISHEZ 120N O p

s ! SN3WI03dS IN3INOJWOD -

SAYT e SREHGREEEEs sl inelion SR N R ek i AR i rakaton st saoge -

R T TN T TR AR F SO (% e s o




[y

s b A T A AR

=t

B
oo

]
i3 =,

I Y eSS G 2,

¥

E At it e L

SMNOH ~ NI

7 is¥8 ¢€SON
A 1SH 21 LEON
SN3NWID3dS IN3INOJNQD

b IR " TN T, s ¥

O I1s¥s v 8
O IsMbl 28 8 HOCN3A

atdad

GRS

PP [N e :.z.m%zzz-.%i 5 B0 s T IR Raant P b

% - NOILYNY0430 43342

DUMINIUM RR-350, 5C0°F CREEP DEFORMATION VS. TIME

HI

FIGURE 14.

37




R T S T TS e R e DT R TN e

= NN T S

Al i o -

B -~ % TIPS RS,

R gt s R 2 P

o8]
SHNCH ~ 3N m
00! [*]] i 'o . <

) a (o] @
=
<
z
=
- £
[da
fo ¥
Q 2
m O
it . —ee S T u o

~ = 8 S

g 3 o 0°
40005 1V SHNOH 91 SN1d ? 2
% = i
! 397V GYVGNVLS t218 . % R £
‘ (ZX 378vL WON4 031107a) + 2 3
1 ' el
ISMSE 0:i18 O * E
W ISH b _b218 A 2
| Is¥ 2 18 ¢y ¢ .
~ 2 1 ok
ISXGL 098 O .
* ! : SN3W103dS 8 JOAN3A @
, iy

:
o
RSP e - ™ ! % . 1L T i S P
Rpostie sxihad ¥4 %0 pam o = e ”
0! -
A nnins
SRRSOy LY & o A S
R R L Bk £x s Sl TR DA ST R s et e o s - skt
" ¥ e - i Y PRIt o S = tav e 24 =y Keses X
* * T i - ¢ : ) ’ i




%

B

SR

Lo A R

139

—"“1}5_ T Py, Srgn TG
> =T

T TR R

s A vk Gt I AR L

501 RSB A O RO R RV A T AN R WS R T e

J_W‘, auge e et g

JWIL °*SA NOILVAMOJIIQ dITWO d o009 ‘0SE-¥Y¥ WAINIWNGIH 9T T¥N9IJ

SNNOH - IWIL

Ol

—

(IAX 318VJ, WONd4 J31101d)
38NAOVY4 SILVIITNI x
ISMg'e 2eONG
ISt OS'ON O
ISXL ¢HP'ON V
SN3WID3dS IN3INCJIWOD

% - NOILVYRYO0JIQ d33Y8D

39




SRR S ety AR o

=3

f

b
A
13
s

¢
N —

L A o Vet (o s <
.

«
e s  mA R A

P

S

Ch WL, s e e S

.

{ PLOTTED FROM TABLE IX)

O~
\\

60

ULTIMATE

/
& YIELD

50

0.2%
OFFSET

40

STRESS - KSI

30

20}

ELONGAYION A : 10

ELONGATION - %

FIGURE 17.

: : 0
100 200 300 400 500 600 700
HOLD AND TEST TEMPERATURE - °F

CH-70 WING SPAR CASTING SPECIMENS, EFFECT OF 1000-HOUR
EXPOSURE ON TONSILE PROPERTIES

40

E

e R




A c26-8-1 27 kSI
O c27-8-2 23 KSi
0 C26-8-2 I6KSI

x INDICATES FRACTURE

2F— (PLOTTED FROM TABLE X¥III)

CREEP DEFORMATION- %

o |

&“’—"' 0 gl 13 . coneomes S —_— e e - :

h 0 iC?O L:WO

TIME - HOURS

F3 vy o M I L s g

F1GURE 18. CH-70 WING SPAR CASTING SPECIMENS, 400°F CREEP
DEFORMATION VS, TIME

L

e

41

A A N




i Poriateias st bt A i ik L St v S s s i e R 7ot

A S RN 5 ek g A - . -

SUO0K —3INiL
QCO! 00l Ol [

e e et D TS T T AR

.
“ . L)
M o
! a5
ot Lo
: 3 O
o,
. S
- b
: [
. )
F S o
* S
¥ — [Te) o
. [}
A (@] ~ o
| :
r
. m = D
N —_t =t
? o m =
i —
, (o) o =
m w D
n a
o o=
M - ™~
£~ 13 =
5 25
— S e
S 2y
=z o, >
{ ;)
¢ e 03
& 23
4 £~
=
=
o
~ S
%5
X S a
o
—
(XIX 318Vl WON4 G31107d) £3
)
)
I¥NIOVHEYd S3LVIIANT X e
: ISHE. 1-21-420 O — €
v IS¥b 2-8-90 V
Y
X
Py e PR A A ARA T A A RN MM S VAN C ek ko de Wt eaiiBatiet e ReanE I 6 5 ST AT & Faohem e T 4 AR S e e pans e
A £ | A, o
ek g R o i 4r Ya» - i Q,_,/“ i & " N s i e = AN - catidea e e fntabande [ B A SR U ey St 303 e
- . N - & . -




g S e ot 5 AR A SR IV ey, g o G G R B e i

70

Ty
80 ~.

50

CH-70

T

40 . \
.; ; B"~m.~_ ’
T~ HIDUMINIUM RR-350
] : 30l ‘ﬂ} * AST TESTBARS |
. g \qk " u
] ¢ HIDUMINIUM RR - 350 < VENDOR B
i ; COMPONENT SPECIMENS |
i ;

- S 20} N

*ﬁi g

/7

P

10

, 0 100 200 300 400 £00 600 700
) TEMPERATURE -

FIGURE 20. COMPARISON OF ULTIMATE TENSILE STRENGTH VS.

TEMPERATURE FOR 1000-HOUR EXPOSURE

43

g oy

PR




BRI 20t - emmame sz T - . . -

oY

¥
P ESArer SWPNE PR NS S A A

_ E_:—;/ RS - L

E BT e e f|
SR N

‘ i

50% \

- . &
e ae oA AR £ A e At N
R R AT R T P BN T TY] DR V) HURC TN R

2
i
r——

s S FEN AR

L S ‘ HIDUMINIUM RR-350
- CAST TEST BARS
&._ VENDOR'B"

R

—— HIDUMIN!UM RR-350
COMPONENT SPECIMENS

200 3 T B0 500700 %

2 TEMPERATURE -°F
, Co
3 FIGURE 21, HIDUMINIUM RP 350 and CH-70, COMPARISON OF TENSILE
YIELD STRENGTH VS. TEMPFRATURE FOR 1090~HCUR EY¥POSURE
uy §
r ;:;
3 8




k7 ¢

-4
?

e

P T T e T T o e e - o e e e e YD A .3

P

— INCLASSIEI]
Securitz Classification
[ IR

DOCUMENT CONTROL DATA-R&D i =7

(Security classilication of iitle, body cf abatrsct and Indexing ton muat e entered when the overall report is cinsziiied)
-J1- ORIGINATING ACTIVITY (Corporate suthor) 28, REPONT SECURITY CLASSIFICATION'
Air Force Materlal§ Laboratory (MAA?) Unclassified
Wright-Patterson Air Force Base, Ohioc L5433 S5 SROUE -

3. REPORT TfTLE

Elevated Temperature Hyiﬂanical Properties of Iwo Cast Aluminum Alloys

R

4. DESCRIPTIVE NOTES (Type of rvpoet and nciusive detes)

Final Report

S. AUTHORI(S) (Firat neme, middle initial, last neme)

Allan W. Gunderson

%. REPORT DATE 78, TOTAL NO. OF PAGES 7b. NO. OF REFS
April 1969 56 ~one
32, CONTRACT SR GRANT NO. 92, ORIGINATOR'S REPORT NUMBE R(5)
b, FROJECT NO.  T381 a0 2L=TR=69-100
e.Tagsk No. 738106 2b. OTHER REPORT ~O(S) (Any ofhr? numbsra thaf may be assigned
thie report; i
d.

10. CISTRIBUTION STATEMENT
This document is subject to special export controls and each transmittal to foreign
govermment or foreign nationals may be made only with prior approval of tlhLz Air
Force Materials Laboratory (MAAM), Wright-Patterson AFB, Ohio 45433.

11. SUPPLEFMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Air Force Materials Laboratory (MAAE)
Wright-Patterson AFB, Ohio 45433,

i
.[AQ!TRACT
—

A test program was conducted to obtain mechanical properties data on twe aluminum
casting alloys. Work included tensile, creep, and rupture tests at room temperature,
300, 400, 500, and 600°F. The alloy, Hiduminium RR-350 was developed as a high
temperature alloy. Its room temperature properties were moderate but it held its
strength quite well up to 6009F. The alloy CH-70 was developed as a high strength,
high performance alloy in the 60,000 ultimate tensile strength, 50,000 yield
strength, and 5% elongation range. Tensile properties of CH-70 held up well at the
300° test temperature but decreased rapidly at higher temperatures.

o
il
/

This Abstract may be distributed without limisation

DD 1473 UNCLASSIFTED

Sccurity Clasaification

mn an b in A e e bivenseki

N
b g b3 o 0 et sk PO AP TE R W E B S S ey D ST

PO

Avarcte et X e 1

| aturai g baie




w

zg{‘[,‘ss( 51‘1‘?!’)
cuzity Claseification i
,ﬁ;. Tk A LINK ® LINK C
KEY N2RDS
- RoLE wr ROLE wy ROLE wr
; ~2£‘ .
3 , Alumirum -
N | : . )
¥ cCastings : :
- . .
. , :
it R
13 r
E: .
&
.-_:v. ,
. k:
1
N 8
1 ?
. 4] b
21 3
i
L 2
v M
[} o ] §
1
v :
g
: .
UNCLASSIFIED
' Security Classification .




