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GENERAL

TD NiCr is a further development of the TD Ni disper—
sion strengthened system (see Code 4115} to produce an
alloy with useful ereep strength up to 2200F combined
with good oxidation resistance. The materials is pro-
duced by a proprietary powder metallurgical process.
The powder i5 precessed o dense mili shapes by extru-
sion, forging or roll consolidation. Thermomechanjcal
processing is the preferred method for breakdown of
these consolidated slabs to produce sheet with the best
high temperature strength. This process involves heavy
reductions {== 30 percent) at 1200 to 1500 F followed by
annealing at 2150F. The resulting structure possesses
an oriented texture, primarily cubic with grain aspect
ratios of about 3:1 to 6:1. Other processes of breakdowr
kave been employed involving cold reducton aloue or
combinations of warm and cold work but these do not
appear capable of producing as high an elevated tempera:
ture strength as the previously deseribed thermomechan-
ical processing. It should be noted that the mechanical
properties of the alloy will be a strong funetion of the
processing history.

This afloy bas excellent elevated temperature strength
properties in the temperature range between 1800 and
2200F and is a candidate for such applications as re-
entry heat shields and burner hardware in advanced
turbines. It is difficult to fusion weld with out seriously
impairing its high temperature strength, however braz-
ing has been used in the manufacture of turbine hard
ware. Onddadon under cyclic temperature or dynamic
airflow conditions leads to a degradation of tensile prop—
erties. Considerable scatter is observed in the tensile
and ereep properties and very low values of elongation
characterize those precessing conditions producing the
highest elevated temperature strength. It is expected
that with further development the variability of mechani-
cal properties will be reduced.

-Commercizal Designation
TD NiCr

Alternate Designations

None.,

Specifications

AMI 11 {14).

Company Specification. Fansteel Product specifications
5 TC-5-01-R-1 December 1, 1969. $SDMM-5-01-R-0
January 1, 1969.

Composition
Table 1.04.

Heat Treatrnent

(see also GENERAL)

Recrystallization anneal or stress relief 2150 to 2200F,
2 hr in Hy,

Hardness

Forms and Conditions Available
Table 1.07.

Melting and Casting Practice
(see GENERAL)}

cizl Considerations (see also 2.03 and 4.03)
Considerable scatter chacterizes the reported strength
values for TD NiCr sheet and foil at both room and ele-
vated temperature. The producer's specified properties
for thermomechanically processed sheet are at the
lower end of the scaiter band at room temperatire and
near the midpoint ai elevated temperatures (compare
Table 3.011 with Table 3.0212 and Figure 3.0314}, It
is likely that the spec¢ified minimum properties will
change with further development of the alloy.

Processing conditions producing high strength at ele-
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NONFERROUS ALLOYS

Ni

vated temperatures result in low values of tensile elong
ation for sheet (see Figure 3.0314} and low reduction in
area values for bar (see Figure 3.0316). At 2200F
creep rupture specimens of thermomechanjcally pro-
cessed materials exhibit essentially zero elongation
(see Figure 3.042). Mild notch testson sheet with an
unspecified processing history exhibited notch weaken-

Ni
I8 Cr

2 ThOp

ing at 2200F (see Table 3.03711). The significance of
these low values of ductility on the fracture toughness
should be determined by suitable tests using specimens
containing fatigue eracks.

Material which has been cold worked or thermomechan-
ically processed to obtain high strength at elevated
temperatures exhibits considerable directionality with
the transverse directioa being of lower strength in ten-
gile and ereep rupture tesis (see Table 3.0313, Figures
3.042 and 3.044).

TD NiCr is slightly radioactive due to the ThO, content.
1t is an alpha emitter and requires precautions be taken
if dust is generated by dry grinding.

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties
Melting range. 2550 to 2600F (2).

Phase changes. None.

Thermal eonductivity.

Thermal coaductivity of bar, Figure 2.0131.

Thermal expansion.

Effect of temperature on mean coefficient of thermal ex-
pansion, Figure 2,0141.

Speeific heat.

Thermal diffusivity.

Other Physical Properties
Density. 0.308 Ik per cu in (8,41 g per ¢u cm).

‘Eleetrical-properties.,

Electrical resistivity, 42.5 micrchm=in,

Magnetie properties. Alloy is not ferremagnetc.
Emittance.

Effect of temperzture and surface preparation on total
hemispherical emittance, Figure 2.0241.

Damping capacity.

Chemical Properties
General. The general corrosion resistance has not been

reperted but should be at least as good as TD Nickel
{Code 4215). The alloy has exceptionally good oxidation
resistance and in this respect is superior to TD Nickel.
Oxidation. In gyciic exposure to still air {760 torr) at
2200F the alloy shows very little weight gain in several
hundred hours and is much superior to conventional sup-
eralloys in this respect (see Fipure 2.0321). However,
under eyelie dynamie conditions (arc jet) exidation appears
to be more rapid {see Figure 2.0322) and specimens sub-
jected to these conditions exhibit internal porosity (6).
Cyclic oxidation at 2200 and 2400F in 760 torr air produces
losses in both retained room temperature and elevated
temperature tensile strength and elongation values (see
Table 2,0323).

Effect of cyclic oxidation on weight gain for TD NiCr and
Hastelloy X sheet, Figure 2.0321.

Low pressure dynamic and static oxidation results for
sheet tested 2t 2200F, Figure 2.0322.

Tensile properties of sheer at room and elevated temp-
eratures after elevated temperature cyclic exposure,
Table 2.0323.

Nuclear Properties

MECHANICAL PROPERTIES

Specified Mechanical Propertdes

AMI and producers specified mechanical properties,
Table 3.011

TD NiCr
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NONFERROUS ALLOYS

Mechanical Properties at Room Temperamre

{see also 3.03}

Tension.

Stress-strain diagrams.

Average and spread of 1ensile properties for sheet,
Table 3,0212.

Average and spread of tensile properties for foil, Table
3.0213,

Effect of cold work on tensile properties of extruded bar,
Figure 3.0214.

Tmpact.

Bending.

Tarsion and shear,

Bearing.

Stress concentration.

Notch properties (see 3.037).

Fracture toughness.

Combined properties.

Mechanical Properties at Various Temperatures
Tension.

Stress-strain diagrams.

Average and spread of tensile properties for foil at
2000F, Table 3.0312.

Average and spread of tensile properties of foil at 2200F,
Table 3.0313.

Spread of elevated temperature tensile properties for
anncaled sheet and the effect of exposure on these
properties, Figure 3.0314.

Effect of angle between testing direction and rolling dir-
ection on 2000F tensile properties of sheet, Figure
3.0313.

Effect of cold work on 2000F tensile properties of ex-
truded bar, Figure 3.0316.

Impact.

Bending,

Torsien and shear.

Bearing.

Stress coacentration.

Notech properties.

Mild notch strength ratio of sheet at room and elevated
temperatures, Table 3.03711.

Fracture toughness (see 1.08).

Combined properties.

LCreep and Creep Rupture Properties

(see also Figure 3.033)

Effect of temperature on 100 hr creep rupture
strength of sheet showing spread of data from various
scurces, Figure 3.04%,

Short ime creep rupture curves at 2200F for sheet,
Fipure 3.042.

Effect of temperature on stress to produce various
amounts of total ¢reep {n 100 hours for sheet, Figure
3.043.

Effect of angle between testing and rolling direction on
2600 F, 100 hr rupture strength of sheet, Figure 3.044.
Effect of stress on 2000F minimum creep rate of ex-
truded and cold worked rod, Figure 3.043.

Creep rupture curves at 2000F for extruded and cold
worked rod, Figure 3.046.

Fatigue Properties
Room and elevated temperamre fatigue strength of sheet,

Table 3.051.

Flexural fatigue resistance of sheet strain cycled at
2200F, Figure 3.052.

Static and ¢yclic creep rupture of sheet, Figure 3.053.

Elastic Properties

Poissons rato.

Modulus of elasucity.

Elastic modulus in tension at elevated temperatures,
Figure 3.0621.

Effect of testing direction with respect 1 rolling direc-
ton on reom temperature and 2000 F tension medalus of
sheet, Figure 3.6622.
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FABRICATION

Formability

General. Only a Himited amount of experience has been
obtained with forming this alloy. A summary of avail~
able informatien is given by Holko (6}. In simple bending
a radius of at least 3T should be used to avoid cracldng.
Various configurations and shapes have been made from
TD NiCr sheet, these inelude rib stiffened panels, honey-
comb core segments, turbine vane air foils and filame
holdexrs (6H{7).

Machining and Grinding
(see TD Nickel, Code 4115}

Welding and Brazing
General. Very little experience has been cbtained on the

mechanical properties of welded or brazed joints. Fusion
welding produces segregation and dgglomeration of ThO,
particles and the loss of the strengthening effect of prior
thermomechanical processing. These effects result in
30 to 50 percent joint efficiencies in short time elevated
temperature testing {6). Resistance spot welding has
been used to successfully join sheet but ThO, agglomera-
tion was noted in the fusion zone (6). Solid state welding
using the hot vasuum press process with special surface
preparation apparently can produce welds in sheet in
which the deleterious effects associated with fusion weld-
ing are substantially reduced. Thus, using thig teah
nifue to produce lap joints 100 percent shear joint ef-
ficiencies have been achieved in 2000F cresp rupmre
tests {(6). Conventional resistance heating has been

used to produce solid state welds; however, recrystal-
lization was encountered at the weld line (6).

Brazing with a Hastelloy-C (+4 percent §) alloy has beer
u86d to produce afrioil shapes but various difficuities
are evident: (1) Si diffusion with the TD NiCr causes
ThO, agglomeration. (2) The brazing time ig critical
and too long times produce errasion of the TD NiCr.

(3} This braze zlloy has a lower strength at high temp-
eratures than TD NiCr aed may become porous at these
temperatures (6). Other brazing processes will likely
be subject 1o one or more of these difficulties,

Surface Treatment

Scale removal. Aeid pickiing can be used to remove
light oxide seale (see Table 4.0511),

Solutions used for acid pickling, Table 4.051l.

TABLE 1.04

Alloy

TD NiCr

Source

6} (2)

Element

Percent rercent
minimum maximam maxirmum

minimum

Chrormium
Thoria
|Carbon
Sulphur
Nickel

18.00

1.50
- 0.05 -
- 0,015 -

Balance

22.00
3.00
0.05
0.015

Balance
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NONFERROUS ALLOYS

TABLE 1.07
Source (3) Ni
Alloy TD Nicr '
Form Sheer* |8
T.010t0 | 0.040 to 0.080 to Cr
Thickness = i . .05 .
Docssoml om0 | soo | 0.0 o[oma] 2 Thop
Leagth - n e e i 0.020 INCH SHEET
* Plate and foil (< 0,010 in] available on special OTGer, WW .
o o TD NiCr
o 4 A
N :
O 100 MESH
Al,0y GRIT BLAST
.6
S /0/'
&)
z
:: _4 /0’
2~ ,o/ AS RECEIVED
e 9 n/o
- ATEST1 | 100 MESH Al,Ug BLAST +
TD NiCr ATEST2 | 2200F, LHR
BAR
= 0 l ‘ i
M 600 1000 1400 1800 2200 2600
é TEMPERATURE - F
= / FIG. 2.0241 EFFECT OF TEMPERATURE AND SURFACE
g PREPARATION ON TOTAL HEMISPHERICAL
& / EMITTANCE. (7. p. 77}
=
118 -/
£ L~
- 4/
12
0 200 800 1200 1600 2000
TEMPERATURE - F
FIG. 2.0131 THERMAL CONDUCTIVITY OF BAR.  {3)
12
TD NiCr
SHEET &) 30
=, / TD MiCr
-"’:lﬂ 5} —
: e /
z / *® 3
Z g ] = HASTELLOY X
5]
z “’/-’—-—'— o
5 S10
‘s il FROM 75F TO TEMPERATURE INDIGATED = /
- TD NiCr
6 / 24000 po-ue
, Lo 1
0 100 200 300 400 500
4 NUMBER OF ONE HOUR EXPOSURES AT
0 500 300 1200 1600 2000 2400 2200F IN AJR AT 760 TORR
TEMPERATURE - F
FIG. 2.0321 EFFECT OF CYCLIC OXIDATIOK ON WEIGHT .
FIG. 2,014} EFFECT OF TEMPERATURE OX MEAN COEFFICIENT GAIN FOR TD NiCr AND HASTELLOY X SHEET.
OF THERMAL EXPANSIOK. GBS ©)
CODE 4120
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Ni % | Towicr
=
I8 Cr 13
&
2 Th02 3 ATR VELOCITY IN DYNAMIC TESTS -
5 MACH 5 ARC JET STAGNATION PRESSURE
21 15 TORR
=]
TD NiCr Za
Z I ENTHALPY 2900F BRU PER LB
8
= o
[
& /CE‘NTHALPY 1100 BTU PER LB
-1 < -Cr
&
w
2 STATIC TESTS -
“w 10 TORR
'
¢
L] 20 40 80 80 100
NUMBER OF 0.5 HR CYCLES AT 2200F
FIG. 2.0322 LOW PRESSURE DYNAMIC AND STATIC OXIDATION RESULTS
FOR SHEET TESTED AT 2200F, {12)
TABLE 2.0323
Source {8, p. 56)
Alloy TD NiCT ) TABLE 3,0212
Form 0,010 inch Sheet Source (1)
Conditien Stress Relieved, L Alloy TD NiCr
100 gycles Form 0,010 ta 0,063 in sheet
at 2400F Condition Warm roll + anneal, Land T
Exposure® 100 cyeles at 0.18 Fyy - avg, kst 130
None 2200F and 760 tarr] 760 torr | tort Spread ksi 96-148
Test Temp-F | RT |1600 | 2000 | 2200 | RT [1600] 2200 [RT [1600[ RT Fiy - avg, ksl 90
Fm - ksi 136 |31,3 (16,4 14.4(126 | 24.5{12.2 f125| 24 [115 Spread kai 73=-103
Fyy - k8l 90 131.3(16.1| - | 83]2s.1] - | 77| 24 | 82 (2 In} -avg, percent 16
e(2 ln) percent| 35§ 1.1| 0.2| 0,2| 108 0.2| 0.15| 12| 0.3| & Spread percent 11-20
* Time at {max cyclic temperature - 50F} was 12 and 13 minuges for
2200 and 2400 F max temperatures respectively. Pressure = 160 torr
air.
TABLE 3.0213
Source {1)
Alloy TD NiCr
Form Foil
0.010 or G.020 in sheet rolled 50 percent at 1300 0.020 in sheet rolled 75 percent at 1300 to 1500F
Condition 1o 1500 F + 2200 F (H2) + + 2200F (HZ) +
35 to 64 percent CR 44 to 58 percent CR 50 percent CR 40 to ¢4 percent CR
Thickziess, In 0.004 0.005 0.002 0.003
Dats Points * 8 8 12 12 5 3 a 3
Direction L T L T I T L T
Fiy - avg - ksi 130 130 130 131 126 134 128 128
Spread ksi 103-13% 119-145 124-138 118-139 121-131 126-142 128-129 122-137
Pty - avg = ksi 98 100 a9 101 96 104 104 98
Spread ksi B2-104 94-111 84-108 §4-109 87-100 98-121 B9-115 92-109
e{ ) - avg-percent] 12 14 9 9 9 9 7 T
Spread percent 6-18 3-18 6-14 6-14 6-13 3-13 5-9 4-10
* Number of specimen results included in average and spread.
TABLE 3.011
iAlloy TD NiCr
Form Sheet
[Thickness - in 0.020 to 0,075 0010 o< 0.020
Souree AMI 11{13) (2) (2}
Temperature - F RT ]2000 | BT [ 2000 | RT [2000
Fyy - min - ksi{a} 115 | 15 110 15 100 10
"Fty =~ min - ksi 75 - 75 - 65 -
le(1 in)-min-percentf 10 2 10 1 B 1
[20 hr - min - 5.5(b)
rupture 1ife at ksi - |oré0 | - 5.5 - 4
(a) AMI specifies tensile tests in L direction for widths
<9 fnches and T direction for widths >9 inches.
Producer specifies all T properties.
(b) AMI gives 5.5 ksi for 0.020 <Thickness <0.040 inch
and 6.0 ksi for 0,075 < thickness ¢£0.075 inck
cobE 4120

PAGE 4




RELEASED: SEFTEMBER |97

240

DRAWIRG
SWABING

INTERMEDIATE
ANNEALS
NONE

2200F, 1HR(H;) &
BEFORE COLD
WORK AND AF-
TER EACH 25
PERCENT AND
AFTER FINISH

[ ]
ko

TD Nice |
0.35 TO 0.40 IN DIA
EXTRUDED ROD

_ 200 -
w
2
]
2
= 160 /j
r
—— | A
120
200
*
160 —
e T A
-
% & M
5120
& A
80
40 =
A
20 RA |
= [
Z
[~
g2 o9
g
20
_*'———‘_N\
e(l IN)
0 M
0 20 40 60

COLD WORK - PERCENT

FiG. 3.0214 EFFECT OF COLD WORK ON

TENSILE PROPERTIES OF
EXTRUDED BAR. {14, Tbl 14)

NONFERRQUS ALLOYS

Ni

Ni
I8 Cr
2 ThOs
TD NiCr
TAEBLE 3.0312
Source {1, pp. §1-83)
Alloy TD NiCr
Form Foil
Test Tempexature 2060F
Condition Same as Table 3,0213
Thickness - inch 0.005 0.002 0.004
Data Peints* 12 14 [ [ -] 10
Direction L T L T L T
Fpy - Ave - ksi " 11,86 9,3 15.4 13.1 8.7 8.0
Spread - ksi §.9-16.1|6.4-12.113.3-17.8/1L7-16.4 | 8.4-10.7|6.9-10.0
F,;y—a.vg—ksi 1.1 B.B i5.2 13.0 9.1 7.6
Spread - ksi 8.1-15.4]7.5-11.4|13.1-17.7 | 1 L4-16.4 | 7.6-10.5 6.4-9.6
e{ ) avg-percent 24,2 |22.8 2.5 5.3 27 a3.2
Spread - percent [ 2.2-80 1.8-88 1-5 0=17.5 4.1-47 7.6-51
* Number of specimen results iteluded in average and spread.
TABLE 3,0313
qurce {1, pp. 86-88)
lioy TD NiCr

Form Foil

Test Ternp 2200F

[Condjtion Same as Table 3, 0213

Thickness - in 9.005 G004 0, 002

Data Points 11 11 £ 8 I 6

Direction L T L T L T

Fry-avg-ksi 8.7 6.8 7.3 6.3 11.6(9.7

Spread - ksi 6.4-~11.0{5.8~8.1 | 6.4-8,7 | 5.6=7.0 - -

Fw—avg—ksi 8.5 6.1 1.2 6.2 11.5]8.7

Spread - ksi 6.4-10.5(5.5-7.3 | 6.1-§.7 |5.4-6.9 - -

e )-avg-perceny 34 41 57 77 9.8 |25.8

Spread - percent|2.6-111 [2,2-127 | 5.5-86 53-95 - -

cobE 4120
PAGE 5
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a0 :
NI TD NiCr
0.010 TO 0. 063 INCH SHEET|
I8 Cr WARM ROLL + ANNEAL
30 >>‘\ 50 g p
2 Thop L a1 : £
o ¢
< / % 5 &
' £ [ F
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o
TD NiCr P / 1 ANNEALS
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F e
\<< [ TY 2
/%— D Nicr | [
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g
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]
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TENSILE PROPERTIES FOR ANNEALED B ‘
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ON THESE PROPERTIES. ()
[
40
:
20 M\
20 Tl 0
TD Nicr \ RA A
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=
§ 0 [
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" \l,_,/"' 205&\
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14 0 [— 1 — A& .
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&
=
Z 4 T FIG. 3.0316 EFFECT OF COLD WORK ON 2000F
2 ) TENSILE PROPERTIES OF EXTRUDED
g BAR, (14, Table 14)
)
0 a3 56
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FIG. 3.0315 EFFECT OF ANGLE BETWEEN
TESTING DIRECTION AND ROLLING
DIRECTION ON 2000F TENSILE
PROPERTIES OF SHEET. @
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N

TABLE 3.03711
Source {8, pp. 56 and 65) NI
Alloy 1D NiCr
Form 0.010 inch sheet I8 Cr
Condition Stress Relieved
Test Temp 2 Th02
F RI 1600 2200
Fry - ksi
NSR* .
* TD NiCr
Notch Tensile Specimen 20
TD Nir
SHEET
20\\\\\\\\\\\\\\\\\\
12
1
TD NiCr ]_ \\
0.010 .
_ T00.063 ¥ 0.5 PERCENT
& SHEET N
€10 o~ 10
= / /\ \ 02\ \\
[ .
g % 8 PERCENT
Z L
2 g - >>\>\ z \ \
g / ™
w / 7>> 8 9.1 PERCENT =
>
£ d \
2 \<\<< 7 /
: / )
S yd ~ A
2' 4 = "
2
1800 2000 2200 2400
TEMPERATURE - F 2
‘ 1200 1400 1800 1800 2000 2200
FIG. 3.041 EFFECT OF TEMPERATURE ON THE 100 HOUR CREEFP TEMPERATURE - F
RUPTURE STRENGTH OF SHEET SHOWING SPREAD OF
DATA FROM VARIOUS SOURCES (8) FIG. 3.043 EFFECT OF TEMPERATURE ON STRESS TO FRODUCE
VARIOUS AMQUNTS OF TOTAL CREEP IN 100 HOURS
FOR SHEET, {6)
30
TD NiCr I
0.015 INCH SHEET
2200F {VACUUM}
= 10 — L
—— e | —
zl -—‘—-"‘—-—-—.M_—-—-—_g-—-—I
4 Y
B3
ELONGATION (2 IN) WERE ALL < 0.5 PERCENT
1 |
109 108 102 10
RUPTURE TIME - MINUTES
FIG. 3.042 SHORT TIME CREEP RUPTURE CURVES AT 2200F FOR SHEET.
[45)]
cope 4120
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100
Ni TD NiCr
80 |-0.35 TO 0. 40 [N DIA EXTRUDED ROD
I8 Cr
2 Tho 80 _‘1.3 PERCENT RA
10 i
2 1 SEE FIGURE 3. 044
TO NiCr m FOR CODE
0.930 INCH SHEET| \
TD NiCr g 40 i3
E 4.4 A+ 53.B
. 100 HR STRENGTH AT 2000F . \f\ PERCENT DRAWN
x 2]
‘ , i
S 7.9 4.1
20 2.9 [ e A 4T
PERCENT SWAGE
4 88,8

1] 45 90
ANGLE TO RD

™ CONDITION A
FIG. 3.044 EFFECT OF ANGLE BETWEEN TESTING 10 P

AND ROLLING DIRECTION ON 2000F, 100 109 101 10° 102
HOUR RUPTURE STRENGTH OF SHEET. (9) TIME TC RUPTURE - HOURS

FIG. 3.046 CREEF RUPTURE CURVES AT 2000F FOR EXTRUDED

AND COLD WORKED ROD. (14, p. 110)
109
TD NiCt
0.35 TO 0.40 IN DIA EXTRUDED ROD
101
CONDITION A
- EXTRUDED + 4 TABLE 3.051
2102 | ANNEAL 1% : Source @
- Allay TD Micx, T
B A Form 0.010 inch Sheet
S 47.7 pERCﬂ?/ Sress Frequency Fatigue strength - ksi
o 10 SWAGE A+ 53.8 4 Method | Ratio Stress| cpm | Temp at eyeles
& \/PERCENT 2 | cone F T <% 7
= DRAWN 5x10%[10°]10% |5 x 10
G adal | 0.15 |K=1 | 1020 RT | 110 Jo0 80 | w0
=104, Load 3000 1600 | a1 jso 28l -
: 7
g L
2 oS
107" - ANNEAL. 2200F. 1 HR (Hy) APPLIED AS
INDICATED [N FIGURE 3.0316
1078 '
2 4 6 8
STRESS - KSI

FIG. 3.045 EFFECT OF STRESS ON 2000F MINIMUM
CREEP RATE OF EXTRUDED AND COLD
WORKED ROD. (4. p 112}
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NONFERROUS ALLOYS

Ni

.05 T
TD NiCr Ni
0.015 INCH SHEET
P 18 Cr
- AN 2 ThO,
o I
: :*:)CE
- = TD NiCr
3 20 =
£.03 < SEC
& S
-l
2 T L
g 2200F
e .05 Hz
R=-1
.a2
\\.\
.01
10? 101 102 103 10t 103
CYCLES TO FAILURE
FIG. 3.052 FLEXURAL FATIGUE RESISTANCE OF SHEET STRAIN CYCLED AT 2200F.
(11}
12
TD NiCr |
0.015 INCH SHEET
\ ;
10 " 8 —
=%
b wEG
RESISTANT HEATED =2,
P SHEET SPECIMEN |—=] | @ 23
=] 4 >R
14 s < E[_-
1 < pum——
7]
] \ o CYCLIC TEST AT
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-]
Xe
& T ~
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&=
4 A
T L T
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2
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FIG. 3.053 STATIC AND CYCLIC CREEP RUPTURE OF SHEET. (11)
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TD NiCr
401 SHEET

pd ~

0.030 INCH SHEET

1009 KSt
L
=

«

10 /

u_-/(ﬁr

0 20 40 60 80
ANGLE TO RD - DEGS

FIG, 3.0422 EFFECT OF TESTING DIRECTION WITH
RESPECT TQ ROLLING DIRECTION ON .
ROOM TEMPERATURE AND 2000F TENSION
MODULUS OF SHEET, (910}
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