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THE TENSILE PROPERTIES (F SOME STRUCTURAL MATERIALS
IN THE TEMPERATURE RANGE 293°K T0 20°K:
PART II, ALUMINIUM ALLOY SHEET D74S WP

by

P. Midgley
R. W. Thackray

SUMMARY

The tensile properties of the aluminium alloy sheet DT4S WP have been
measured at temperatures of 293, 77 and 20°K. Plain and notched specimens
from the longitudinal and transverse directions of the sheet were tested.

The results indicate that the elloy can be used in structures operating
at temperatures down to 77°K.
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1 INTRCDUCTIOR

The use of liguid hydrogen, fluorine and oxygen, with bolling points of
20°K, 86°K ana 90°K respectively, as propellents in high energy propulsion
systems, and also the application of other liquid gases in commercial projects
has ied to an increased interest in the physical and mechanical properties of
constructional materials over a range of temperstures from 293°K down to 20°K.

The mechanical properties of materials at these extremely low tempera-
tures vary considerably. The strength of most materials increases &s the
temperature decreases, but unfortunately this is usually accompanied by a
decreese in toughness, i.e. & reduction in the materialls resistance to
brittle failure.

The main requirements that any material must fulfil before it can be
applied in highly stressed components or structures operating at cryogenic
temperatures are that it should

(a) have a high strength/density ratio,

(b) have adequate toughness

(c) be weldsvle and easily fabricated, and

(d) Dbe readily available, preferably at low cost.

Mach effort has been expended in the U.S.A. on evaluating both metallic
and non-metallic materials over the temperature range 293°K down to
20°K1’ 23 ll. It is unfortunate that, in general, there is no direct
correlation between the chemical and mechanical specifications of U.S. and
U.K, materials., Small changes in chewical composition and processing can
give rise to marked differences in the mechanical properties of a material at
low temperatures. For this reason it is necessary to measure thé properties
of U.X. materials which have potential applications. This Memorandum, one
of a seriess, presents the results obtained from the evaluation of D7US WP

aluminium alloy sheet.
2 EXPERIMENTAL
2,1 Facilities

The low temperature testing laboretory and experimental eguipment for
measuring the tensile properties of materials over the temperature range
293°K down to 20°K have been described fully elsewhere6.




2.2 Material

D74S, an alloy of aluminium-4.5% zinc - 1.25% magnesium, was supplied by
Alcan Industries Itd. In the fully heat treated condition it has an ultimate
tensile strength varying from 300 M¥/a> (19 ton £/in2) to 380 Mi/a°
(25 ton f/ina) at 293°K. The chemical composition of the alloy evaluated is

given in Table 1 along with the equivalent French alloy AZ5G for comparison!.

Provided that the correct welding procedures are employed, D74S can be
readily welded. Comparatively high joint efficiencies can be obtained in the
weld region due to a recovery in strength of the heat-affected zone by natural
ageing. If a full heat treatment is carried out after welding 100 per cent
Joint efficiencies are possible,

2.3 Test specimens

1wo types of test specimen, shoun in Fig.l, were used. A "pipped” test
piece was used to determine the tensile properties, and a "notched™ test piece
for the evaluation of toughmess.

2.3.1 "Pipped” test piece

The pips on the gauge length were used to locate and attach the
extensometer arm assembly simply and accurately. Specimens were taken from
the sheet in both the longitudinal and transverse directions relative to the
direction of rolling during mamufacture. For each configuration, two specimens
were tested at 293°K and three specimens =t 7T7°K (the boiling point of liquid
nitrogen) and at 20°K. In all tests the strain rate was G.005 mimite™ 4o
determine the proof stress and subsequently 0.05 minute™ to fracture.

2.3.2 "Notched" test piece

The root radius of the notches was 0,05~0,075 mm (0.002-0,003 inch),
giving a stress concentration factor (Kt) of 6.3. This value of K, was
selected because

(1) it had been used extensively in U,S, programmes evaluating material
behaviour at cryogenic temperatures, and

(i1) 1t is thought to be more sensitive in differentiating between
tough and brittle xma,ter.’uatls3 .
3 RESULTS

The results of tensile tests for unnotched specimens tested in the
longitudinal and transverse directions are given in Table 2, and for notched
specimens in Table 3. Comparative data on an equivalent French material, AZ5G 7,




are presented in Table 4. The variation in the tensile properties of D74S WP
with temperature are shown in Fig.2, and the appearance of the fractured test
pieces in Figs.3 and 4.

b DISCUSSION

The properties of D74S WP in the longitudinal aad transverse directions
shoved a similar variation with temperature. The ultimate tensile strength
increased markedly from 305.8 m/m2 (19.8 ton f/ina) at 293°K to 514.3 m/m2
(33.3 ton f/;na) at 20°K, whilst the variation in proof stress was smaller,
increasing from 264.1 m/m2 (17.1 ton f/ina) to 332.1 m/m2 (21.5 ton f/ina)
over the same temperature range. The ratio of Notched Tensile Strength/
Ultimate Tensile Strength (N.T.S./U.T.S.) was greater than unity down to
approximately 50°K, but at 20°K it had decreased to a value of 0.79 and 0.84
for longitudinal end trunsverse specimens respectively, A value of the
N.T.S./U.T.S. ratio of less than unity is considered to be an indication
that the material is becoming brittle and less resistant to crack propagation,
This latter tendency is confirmed by the appearance of the fracture surfaces
of the notched test pieces (Fig.4). Specimens tested at 293°K failed in a
completely ductile manner by shear accompanied by plastic deformation. The
fracture surfaces of specimens broken at 77°K and 20°K, however, comprised
two regions; the first, adjacent to tne root of th.: notch, indicates that
the crack had initially propagated in a brittle manner under plane strain
conditions, end the second region that the mode of propagation had changed
to a ductile shear mechanism associated with plane stress conditions. The
degree of brittle fracture in the test plece increases with decreasing
temperature indicating that the material becomes more brittle as the
temperature is lowered.

An unusual feature of the results is the increase in total elongation
of the specimen with decreasing temperature, ranging from 10 per cent at
293°K to a maximum of 27 per cent at 20°K. From the discussion of the results
and the conclusion already reached that the material becomes more brittle at
low temperatures, a decrease in total elongation would be expected. The
reason for this discrepancy is not obvious. It could be caused by the notched
specimens being broken in a bi-axial stress system, whereas in the conventional
tensile test the specimen is subjected to a uni-axial stress. Attention
should be given therefore to the influence of multi-axial stresses on the
brittle behaviour of aluminium alloys and components at cryogenic

temperatures,




5 CONCLUSIONS

The medium strength aluminium alloy sheet D74S WP can be used safely in
the construction of components operating at temperatures down to 77°K. A more
extensive testing programme would be reguired before it could be decided
whether the material was suitable for use at temperatures below T7°K.

The trend in the propevrties of D74S WP with decreasing temperature from
293°K to 20°K, for both longitudinal and transverse specimens can be
sumnarised by the following characteristics:

(a) a slight increase in the 0.2 per cent proof stress from 260 Ml!/m2
to 330 m/ma.

(b) A more warked increase in the U.T.S. from 305 MN/u to 515 MN/n°,

(c) A pronocunced increase in total elongation from 10 per cent to
27 per cent,

(d) A N.T.S./U.T.S. ratio greater than unity above 50°K.




Table 1

CHEMICAL, COMPOSITION OF D74S AND
AZ5G ALUMINIUM ALLOYS

. Quantity of alloying element, per cent

Material : — : ,
Pe | -on | st | W | Mg | ™ jo iZa) oz
| l l
o7ss | 0.28 o_,oJ 0.11 | 0.25 | 1.37 | 0.13 | 4.53 |
AzsG  |o0.25 | 0.01 ! 0.07 | 0.25 | 1.15 { 0.03 * 0.19 | #.79 ’ 0.16




Table 2

TENSILE STRENGTH OF D745 WP ALUMINIUM ALIOY
THICKNESS 1.2 mn (0.048 in)

2 i i < ;
Proof stress, MN/m . Elongation | Modulus of
Tf;p" I - i "x:;'ﬁé’ | on 50.8 m, | elasticity,
0.1% y 0.2% | 05% | I per cent | GN/mR
Iongitudinal (in direction of rolling)
295 | 259 | 264 | 269 | %6 | 1.0 . 682
7 287 | 295 | 301 l 389 I 21.6 , 76.1
20 | @3 | 334 | M3 | 5 3.4 L T5.8
Transverse (perpendicular ta 3ivection of rolling)
293 | 250 ! 258 | 266 | 304 10.0 68.4
i 279 22 | 304 | 3 , 19.4 [ 69.8
20 | 320 | 32 | 36 | 528 27.1 | 72.0
‘ 2 l :
o P v v |y | D | e
C ‘ 0.1% i 0.2% ; 0.5% l on per cent | 107 ton f'/in2
Longitudinal (in direction of rolling)

20 i 16,8 | 171 | 17.4 | 19.8 i 1.0 442
~25% | 20,9 | 215 | 22.2 | 333 | 334 4,91
Transverse (perpendicular to direction of rolling)

20 | 16.2 1 167 0 17.2 | 197 i 10,0 |  Ab43
~196 | 18 | 18,9 | 1907 | es.4 | 19.4 ‘ 4,52
253 | 207 | Ak | 22k | ke 21 | W




Table 3

NOTCHED TENSILE STRENGTH OF D74S WP ALUMINIUM ALIOY
THICKNESS 1.2 mm (0,048 in)

Notched tensile ,

Temp., . R l L2
! strength (N.T.S.), U.T.S. | 0.2% proof stress
; M/ !

Longitudinal (in direction of rolling)

| 293 i 337 10 | 1.27
Vil 428 1.09 1.45
20 | 1406 0.79 ! 1.22

Transverse (perpendicular to direction of rolling)

293 | 349 [ 1.15 1.35

77 429 1.1 1.47
l 20 4h2 0 83 1 .3"»

.  Notched tensile | :
Temp., ! L N.T.S. N.T.S.
oc stren%g: ?{j 8.), l 7.8 ‘_E‘prroof stress
Longitudinal (in direction of rolling)

20 21.8 { 1.0 | 1.27

"'1% i 27.7 1 09 ‘ 10“’5

~253 ‘ 26.3 0.79 | 1,22

Transverse (perpendicule.r to direction of rolling)

20 ; 22.6 115 1.35
=196 ! 27.8 1.1 1,47
-25% | 28.6 0.83 ! 1,34




10

g'h = ¥ sa30ucp,

N wO' Oh *819 Loy | @29 0'ge 2¢h 9I~DSZY
\*4i2 9°'g3 ehh -2 11 14 b L2 144 dM shld * suexy, oz
: | 11 €°92 SO 11 #1$ s'12 hee dM shia *Buol
, %] #0° € *Ons 14 02s L'92 2l 9L-DSZV
N1 §°L2 62h wese 26¢ 6'glL 262 dM shia *sueLy L
9'13 L°L2 g23h 2's2 6ef L'61L g62 dM shia *Suo
-1 »g' L3 *22h 2 mm cLs 0°123 wee 9I-DsZV
0'0L 922 64< L'6L #0% AT gs2 dM shia *suval c62
0*LL g8'L2 Le< g'61L 90¢ (A h92 dM shia *3uoT
aueo zed kﬁ\« wos | _W/NN | UT/3 J03 i L_uu\zz | QUT/F U0 me\zz 4894 30 Yo
‘uotqeducty .m.a.% = A [esoass so0ad 420 TOMSIM | yoyqosara | ¢*dusy

91-Dg2V GNV dM shlQ
SA0TTY WAININNTY EHI 40 STIIMEJOMd TVOINVHOIW

% e1qes




...l!'
)

T. F. Durhan
R. M, McClintock

Jd. E. Campbell

P. Midgley

R. W. Thackray

P. Midgley

R. Develay

n

Title, etc.

Mechanical properties of structural materials at
low temperatures.

N.B.S. Monograph 13, U.S. Government Printing
Office (1960)

Cryogenic materials data handbook, 1940-59,

N.B.S., Cryogenic Engineering Laboratory,
Boulder, Col.

Low temperature properties of high strength
gircraft and missile materials,

A.S.T.M, Special Technical Publication No.287,
Philadelphia 3, Pa., (1961)

Alminium alloys for cryogenic service.
Materials Research and Standards, pp.540-~543 (1964)

The tensile properties of some structural materials
in the temperature range 20°C to ~253°C,

Part I Aluminium alloy sheet HS30 WP,

R.P.E. Technical Memorandum 426 (1967)

A facility for the investigation of mechanical
properties of materials in the temperature range
+20°C to ~253°C,

R.P.E. Technical Memorandum 410 (1966)

Les alliages d'aluminium & moyenne ou haute
résistance et leur comportement aux basses
températures,

Revue De LPAluminium, Février, pp.193-215 (1966)




DISTRIBUTION:

Mintech:

D/mat & S

D/Space

AD/Eng RD5

AD/GW?E)

AD/GW(X)

AD/Space 2

ERCE

RAE Farnborough

RRE

NGTE

NEL

NPL

aw(cac)s

I i/c AID, Harefield
ARC Rocket sub-committee

Min Defence (Army):

RMC Science
RARIDE

UKAEA :

AERE

VT AN

21

35

N




RP 4191 RPE T.M. 471
FIG. 1

254 |4  |58.75 MM >
— MM 2 HOLES
508 127 MM DIA
MM

\ ! MiggONS | J /
@ @ 381 MM

(A) PiPPED TEST PIECE

e 254 | 15875 MM >
MM 2 HOLES

2 l
60"+ 15’ 2-7MM DIA

N\

f
© O

5 MM 10 MM

0.075~ 0-05 MM RAD
AT APEX OF NOTCH

(B) NOTCHED TEST PIECE

FIG.1 TENSILE TEST PIECES




RP 4638 RPE n;':i:,-'z:
— ? LONGITUDINAL
2 TRANSVERSE ONGATION
TON l:/(l)N /M2 \\ ELPERCENT ’
600 AY %
\ ELONGATION
30
NOTCHED TENSILE
STRESS
400 2°
\
A ULTIMATE TENSILE
S / STRENGTH
O
\
20 ~ \?45\_—0
‘210 g -0
PROOF STRESS S~
\ ~
0
200 0
101
ol o o
o 100 200 300

TEMPERATURE ,°K

FIG.2 VARI!ATION IN TENSILE PROPERTIES OF D745 WP

WITH TEMPERATURE




RPE TM.47)

RP 4639

FIG.3

S3ANIVEIdNIL
IN3334410 LV SONI1S31 ¥314V S323ld 1S31 3JUSNEL €913

AVNIGN LIONOT

3s43AsNvHL (Q)

(

v

)




RPE TM.47!
FIG.4

RP 4640

3D3Id 1531 Q3HDLON 4O 3DVIHNS 3dNLOVAS

3s¥IASNVYEL (9)

vold

avnignLoNno (V)




bifarmiation et
Krowledoe Servicos
[dsti] Jorron Den,

Scilivhary

Hiits

NP

S0 s

Jeds MGSOAi7520

o DHEus-G 0 30T0

Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

USA.

AD#: AD849443
Date of Search: 8 December 2008

Record Summary: DSIR 23/36825
Title: The Tensile Properties of Some Structural Materials in the Temperature Range 293
Kto 20 K: Part ll, Aluminum Alloy Sheet D74S WP
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (DepartmentRPE-TM-471, 31079
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



