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GENERAL

Nimonic 90 is an age~hardenable nickel -base super-
alloy contzining substantial amounts of chromium and
cobalt and with smaller additions of titanium and alumij-
num for precipitation hardening. It has excellent mech~
anical properties and oxidation resistance at tempera-
tares up to about 1600F, and it is weldable, machinable
arnd formable, B of this comb ion of proper-
ties it ig suitable for elevated temperature applications
in aireraft engines and other aerospace hardware. It

is available in most common wrought forms. A cast

-version is designated NIMQCAST alloy 90.

Lommereial Designations
Nimenic 90, AECMA Ni-P96-HT, all forms (European

Aircraft Std., )

Alternate Designations
NIMOCAST alloy 90, UNS NOT090.

Speciftcations

AMS 5829, weldipp wire (L)

B.§. ZHR2, bars and forgings (British}

B.S. 2ZHR202, cold rolled sheet and strip {British)

B,S5. HR402, cold drawn tube {British)

B.S. 2HR501,coid drawn wire for springs (British)

B.S. 2HR502, cold drawn sclution treated wire (British)
B.5. ZHR503, cold drawn wire for thread inserts{British)

Compogition
Table 1.04

Heat Treatment

Generally, the precipitation-hardening heat treatment
of Nimonic 90, which preduces optimum mechanfeal
properties. consists of two steps: first, solution treat-
ment (anneal) at a high temperature followed by air
cooling or more rapid cooling, and second, aging ata
lower temperaturc and alr cooling.

Appreciable variations in solution temperature from
1750F to 2100F, in aging temperature from 1250F to
1400F, and in time at temperature - depending on tem-
perature level and product form - have been used with
acceptable Tesults, In recent years, a three-step
treatment. which includes an intermediate anneal at
1700F and relatively short times at high temperatures,
has been developed for thin sections such as sheet and
wire. The short-time three-step treatment minimizes
intergranular oxidation, which can be a problem when
loanger solution times are applied to these preduct forms
unless inert protective atmospheres are employed (2}
(BTHI0H(22)(19).

In current practice the following solution and aging
cycle is recommended for relatively heavy product
forms, such as bar, forgings, and castings: 1975F

§ bours, AC + 1280F 16 hours. AC. This treatment can
also be effective on thin sections, such as sheet and
wire, but an inert protective atmosphkere is réecommen-
ded during the solution treatment of these types of pro-
ducts (T){12).

The three-step treatment recommended for sheet is as
follows: 2100F 3 min, WRQ er fluidized bed quench to
room temperature + 1700F 1 hr, AC + 138CF 4 hr,

AC. The fuidized bed quench minimizes distortion,
Modifications in the second step of this treatment,
ranging from 1$00F 20 min, AC to complete climina-~
tion, have little effect on strength properties bur do
result in slightly lower tensile and rupture ductility
(7M12).

Annealing for softening purposes is cormally arried
out at about 1900F followed by water quench or air cool-
ing. Exposure time at 1900F varies from 20 min to 8
ar depending on sectien size (12).

Hardness
Table 1.06.

Forms and Conditions Avatlable
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NONFERROUS ALLOYS

Nimonic 90 is generally available in the forms of bar,
rod, billet, extrusions, sheet, strip, tube and ¢astings *
(12)(15).

Melting and Casting Practice

Electric-arc melting is rarely used. Induction melting
is usual; elecire-slag melting is also used.

Special Considerations

A rmarked reduction in duetility occurs in the tempera-
ture range 1200 to 1600F, which is characteristic of
many nickel-base superalloys. For example, see
Figures 2.0314, 3.03711 and 3.0231. Improved
three-stage treatmeets given (10).
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PHYSICAL AND ENVIRONMENTAL EFFECTS
- Thermal Properties
Melting range. 2390 - 2438F (7)(22)
Phase changes. Alloy is age hardenable.
Time-temperature-transformation diagrams.
Thermal cenductivity .
Effect of temperature on thermal conductivity, Figure
2.0131.
Thermal expansion, Figure 2.014.
Specific heat,
Effect of temperature on specific heat, Figure 2, 0151,
Thermal diffusivity.
Other Physical Properties
Density. 0.2986 ib per cu in. 8.15 gr per cu em (12).
Electrical properties.
Electrical properties of bar and sheet. Table 2.0221.
Magmetic properties,
Mametic permeability, Figure 2.0231.
Emittance .,
Damping capacity.
Chemical Envirgnment
Weight loss as a result of oxidation after 100 hours 2t
elevated temperatures. Figure 2.031.
Effects of cyclic heating to various temperatures - 15
min in furnace and 5 min outside - on oxidation in still
air, Table 2, 032.
Although Nimonic 20 does not corrode in sea water
under turbulent and high-velocity flow conditions, it is
subject to gevere pitting and crevice corrosion in still
or slowly flowing (less than 3 ft per sec) sca water. It
ig Tesistant to stress corresion in sea water (17).
Weight loss as a result of exposures to atmospheres
containing sulfur dioxide at elevated temperatures,
Table 2. 034.
Nuclear Environment
MECHANICAL PROPERTIES
Specified Mechaniral Properiies
Mechanical Properties at Room Temperatere
Tension - stress-strain diagrams - tenslon properties.
Stress-strain ¢urves at room temperiture for sheet
cold rofled various amounts between roill annealing
and aging, Figure 3,0211.
Tensile properties at room temperature for annealed
and gge-hardened sheet. Table 3.0212.
Effect of cold rolling an tensile properties of sheet,
Figure 3.0213. .
Tensile properties of castings, Table 3.0214.
Compression - stress-strain dingrams - compression
properties.
Compressive stress-strain curves at room tempera-
ture, Figure 3.0221.
Compressive yield strength at reom temperature,
Table 3.0232.
Impact.
Effect of exposures to elevated températures in impact
cope 4210
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strength at room temperature, Figure 3.0231.
Bending,

Annealed 0.070 inch sheet can withstand close 180
degree bends in both longitudinal and transverse orien-
tations without visible ¢racking (19},

Torsion and shear (see Figures 3. 0351 and 3. 0352},
Bearing.

Stress concentration.

Notch properties.

Fracture toughness.

Cambined properties.,

Mechanieal Properties at Various Temperatures
Tension - stress-strain diagrams - tension propertics.

Stress-atrain eurves for sheet at temperatures from
G8F to 1110F, Figure 3.0311.

Stress-strain curves determined at various tempera-
tures at a rapid strain rate after rapid heating of sheet
cold rolled 9, 10 and 20 percent between mill annealing
and aging, Figure 3,0312,

Siress-strain curves determined at various tempera-
tures at a rapid strain rate after rapid heating of sheet
cold rolled 30 and 50 percent between mill annealing
and aging, Figure 3,0313.

Effects of temperature on tensile properties of extruded
bar, Figure 3.0314.

Effects of temperature on tensile properties of hot-
roiled bar, Figure 3.0315.

Effects of temperature on tensile properties of sheet,
Figure 3.0316.

Effects of elevated temperatures on tensile properties
of transverse and tongitudinal sheet specimens, Figure
3.0317,

Effects of temperature on tensile properties of anncaled
+ cold + aged sheet tested at a rapid strain ratc of 0.1
in per In per sec, Figure 3.0318.

Effects of temperature on tensile propertics of annealed
sheet, Figure 3.0319.

Compressicn - stress -strain diagrams - compression
properties.

Impact

Elevated -temperature impact strength of bar after
various exposure times at test temperature. Figure
3,0311,

Bending.

Torsion and shear.

Efiects of temperature on shear strength of bar,
Figure 3.0351.

Effects of temperature on maximum shear strength of
bar in torsion, Figure 3, 0352,

Bearing.

Stress concentration.

Notch properties.

Effects ¢f temperature on erack strength of sheet in
comparisen with smooth tensile properties, Figure
3.03711.

Fracture toughness.

Combined properties.

Creep and Creep Rupture Properties
Creep-rupture curves for bar at temperatures from

1290F to 1600F, Figure 3.041.

0.1, 0.2 and 0.3 pereent creep curves for bar at tem-
peratures from 11:10F to 1600F. Figure 3.042.
Creep-rupture curves for sheet at temperatures from
1290F to 1650F, Figure 3.043.

0.1 and 0.2 percent creep curves for sheet at tempera-
tures from 1290F to 1650, Figure 3.044.

Creep and rupture curves for transverse shest speci-
mens at 1350. 150¢ and 1659F, Figure 2,045,

Creep and rupture curves for longitudinal sheet gpeci-
mens at 1350, 1500 and 1650F, Figure 3.046.
Short-time creep and rupture curves for annealed +
aged sheet heated io test temperature within 10 sec.
Figure 3.047.

Short-time ereep and rupture curves for anneated +

10 percent CR + aged sheet heated to test temperature
within 10 sec, Figure 3.048.

Short-time ereep and rupture curves for annealed +
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20 percent CR + aged gheet heated to test temperature
within 10 sec, Figure 3.049.

Short-time creep and rupture curves for annealed +
30 percent CR + aged sheet heated to test temperature
within 10 sec, Figure 3.0410.

Shert-time creep and rupiure curves for annealed +
50 percent CR + aged sheet heated to test temperature
within 10 sec¢, Figure 3.041%.

Creep-rupture curves for sand castings, Figure 3.0412
Fatigue Properties

Stresg-range fatigue diagram for bar at elevated tem-
peratures, Figure 3.051.

Fatigue life of bar at elevated temperatures, Figure
3.052,

Effects of temperature on fatigue stress for a life of
1.2 x 107 eycles in sheet, Figure 3.053.

A comparison of the axial fatigue tife (A = 0.383) of
forged Nimonic 80 &t 1560F in air and in an environ-
ment of fuel-rich gases, from the combustion of kero-
sene containing Q.5 percent sulfur. showed no signifi-
cant effect af the fuel-rich atmosphere (21).

Elastic Properties
Poisson's ratio,

Modulus of elasticity.

Statie modulus of elasticity of sheet in tengion and
compresston at room temperature, Table 3.0821.
Effects of temperature on static modules of elasticity
of sheet, Figure 3.0622.

Effects of temperature on static modulus of elasticity
of bar. Fizure 3.0623.

Effects of temperature on dynamic modulus of elasticity
Figure 3.0624.

Effects of temperature on modulus of elasticity of
annealed + cold rolled + aged sheet tested in tension at
a rapid strain rate of 0.1 In per in per sec, Figure
3,0625,

Modulus of rigidity.

Effects of temperature on modulus of rigidity, Figure
3.0631.

Tangent modulus.

Secant medulus.

FABRICATION

Forming

Nimoni¢ 9¢ should be hot formed in the temperature
range 2190 to 1920F. The mechanical properties can
be adversely affected by slow cooling from tempera-
tures above 2000F. so rapid ¢ooling is recommended
after hot forming {12)(13).

The alloy can be cold formed in the annealed condition.
Interstage annealing, when needed, should be carried
out at 1900F (see Section 1,054) (12).

Nimonic 90 has excellent explosive-forming character -
istics at room temperature. The effect of explosive
forming between solution treatment and aging is to re-
duce the precipitation-hardening response, but because
of a large increase in hardness reselting from explo-
sive deformation the peak hardnesses are greater than
those of undeformed precipitation=hardened material
22).

Machining and Grinding
Nimonic 90 should be in the fully heat-treated condition

for all machining operations. Its high hardness in this
condition aecessitates the use of rigid machining set-
ups and slow machining speeds (12)(13).

Jeining

Nimenic 90 ¢an be fusion welded by conventional GMA
and GTA processes in sections up to about 0.20 inch
thick. Above this thickness microfissuring may occur
in both the weild and the heat affected zone. Nimonic
90 filler wire is recommended (12).

Electron beam, [riction, resistance, inertia and flash
bun welding have all been successfully applied to thick-
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nesses greater than 0.20 in {12). 18 T
4,033 Welding should be carried out on annealed material. NIMONIC 80 | | J I | Ni
In general, the full solution and aging heat treatment 18 SHEET
should be applied after welding (see Section 1.052). £ [2100F 3 MIN, FBQ(2) +1900F 20 MIN, AC + 20 Cr
For thin sections, such as sheet and wire, welding = 13B0F 4 HR, AC
should be carried out between the first~step 2100F Biyg ,/ 18 Col:
solution treatment and the second-step 1700F treat- g / .
ment (see Section 1.053) (12). g 12 2.5 Ti
4,034 Sound brazed joints between Nirsonic 50 parts can be = [~
made in vacuum or hydrogen atmosphere. A liquid ,E," /./ 1-5 AI
flux, such as boric oxide or borax, is required with B 10 »
hydrogen atmosphere, Nickel-base or ecobalt-base [ =~
brazing alloys are recommended (16). 54 THERMAL CONDUCTIVITY NIMONIC
4.0341 Creep-rupture strength in shear at 1470F for Nimonic & =
40 alloy joints brazed with various filler metals in /' 90
vaguum or in hydrogen with liguid flux, Figure 4, 034%. [
0 200 400 600 800 1000 1200 1400 1600 1BQO
4.04 Surface Treatment TEMP - F
Removal of hot-work and heat-treat scales is best done
by immersion in one of the commereially available FI1G. 2.013) EFFECT OF TEMPERATURE ON THERMAL
caustic -base salt baths followed by pickling in hot sul- CONDUCTIVITY. {12}
feric and hot nitric-hydrofluoric acid, {a) FLUIDIZED BED QUENCH TO ROOM TEMPERATURE.
Source (1)
Percent
Min Max
Carbon - 0.13
Manganese - 1,96
Silicon - 106
Sulfur - 0.015 11 T T | l [
Chromium 18.00 21.00 NIMONIC 80 —[
Cobalt 15.00 21.00 =10 1975F § HR, AC + 1290F 16 HR, AC
Titenium 2.00 3.00 = l ‘/
Aluminum 1.00 2.00 [
Iren - 1.50(a) = ¥ ®{12) ;.’/
Copper - 0.20 = A0 ,../
Zirgonium - 0.15 E 5 .
IEZZT : g-gzz z ./-:A MEAN COEFFICIENT LINEAR
Silver - @, 0005 ° THERMAL EXPANSION FROM _]
Bismuth - 0, 0001 2 “- RT TO TEMP INDICATED ]
Nickel Balance § 1 l l |
{2) The casting version of the alloy - 0 200 400 60D 800 1000 1200 1400 1600 1800 2000
NIMQCAST alloy 86 - is similar TEMP - F
in composition except that a maximum
of 5.0 percent iron is allowed (15). FIG. 2.014 THERMAL EXPANSION. (10)12)
TABLE 1.04 COMPOSITION
Alloy Nimonic 90
Source ! Form Condition Hardnegs
()] Bar 1975F 8§ hr, AC + 1290F 16 hr,AC §340-400 VHN
Annealed . 230-300 VHN
(7) Sheet 2100F 3 min, AC + 1700F 1 hr,
WQ + 1380F, 4 kr, AC 320-380 VHN
Annealed 220-250 VHW
(20} Sheet 2000F 15 min, WQ+ CR 19 per-
cent + 1350F 16 hr, AC 44 RC
15) Sand Cast | 1875F 4 hr ,AC + 1290F 16 hr,AC 291 VHN
As cast 280 VHN
(15) Investment | 1975F ¢ hr,AC + 1290F 16 ht,AC 291 VHN
Cast As cast 278 VHN
TABLE 1.06 HARDNESS
cooe 4210
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- __.\n. 170 T | —r 2p . . ; i
Ni 1% NIMONIC $0 / NIMONIC 90 i
€ 0.160 i ! f
20 Cr = / g @ CONTINUOUS EEATING
18 ColE 0,150 W G117 A INTERMITTENT HEATING ]
o ! 5 {COOLED TO RT EVERY
ilg i & 24 HR)
2.5 Ti & o140 I o \ l
1.5 Al ‘EH OXIDIZED IV STILL AIR >
= 9,130 /( w | WEIGHT LOSS DETERMINED
s & |aFTER ELECTROLYTIC
= = ESCALING IN CAUSTI
NIMONIC 7 0-120 (/ SPECIFIC HEAT, =5 sDogi%u‘ G I¥ catsTIC
% £ ! /]
“ 9,110 (J z
' a
0.100 L
0 200 400 606 BOD 1000 1200 1400 1600 1500
TEMP - F ./
- ; 0
FIG. 2.0151 EFFECT OF TEMPERATURE ON SPECIFIC HEAT. (12) 1200 1200 1600 1500 2000 2200
TEMP- F
FIG. 2.031 WEIGHT LOSS AS A RESULT OF ONIDATION
AFTER 100 HOURS AT ELEVATED TEMPER-
ATURES. (12}
Alloy Nimanic 20
Form 1 In dia HR Bar CR Sheet
Condition | 1975F 8 ha, AC + 1290F 16 dr, AC 2100F 3 min, FBQ(a) + 1900F 20 min, AC +
1380F 4 hr, AC
Source {11) {12)
Electrical Conductivity | Electrical Electrical Conductivity Electrieal
Temp. percent megmhos | Resistivity percent megmhos Resistivity
F 1ACS per in’ micrgchm-in. | IACS per in' microhn-in.
68 1.46 0.0215 46.5 1.46 00215 46.5
212 1.43 0.0211 47,3 1,42 92,0210 47.5
392 1.40 0.0206 48.5 1.41 0.0207 48.4
572 1.39 0.0204 48.9 1.37 0.0202 49.5
752 1.37 0. 0202 45.6 1.35 0.0198 50.4
532 1.35 $.0198 50.4 1.32 0.0184 51.6
1112 1.35 0.0198 50. 4 1.32 0.0194 51.6
1293 1.37 ¢, 0202 49.6 1.32 ¢_0194 51.6
1472 1 39 0. 0204 i8.9 1.32 0.0194 51.6
1652 - - - .33 0.0196 31,0
1832 - - - t.35 0.0198 50.4
{2} Fluidized bed quench.
TABLE 2.0223 ELECTRICAL PROPERTIES OF BAR AND SHEET
| NIMONIC 90 ] ; I I T
SHEET t I i [
2100F, 3 MIN, FBQI3) + 1900F 20 MIN, AC + 1330F & HR, AC|
P08
=
S0 \ Atloy Nimenic 90
= 1.0 Source (12}
3 Time to start of spalling. Weight change in 1000 hr.
= Temp. F hr. mg/em”
= 1.0 1633 > 1900 +2.935
= \ 1670 > 1000 +3.52
2 1815 250 -214
T1m \'\ 1550 200 -332
Z — 1995 100 -850
o
= T—e—L o 2030 75 -1107
=
1.00
0 400 500 1206 1600 2000 2400 2500 3200
FIELD INTENSITY - QERSTEDS TABLE 2.032 EFFECTS OF CYCLIC HEATING TO ¥ARIOUS
TEMPERATURES - 15 MIN, IN FGRNACE AND
FIG. 2.0231 MAGNETIC PERMEABILITY. {12) 5 MIN. QUTSIDE FURNACE - ON ONIDATION IN
1) FLUIDIZED BED QUENCH TO ROOM TEMPERATURE. STILL AR,
cope 4210
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Alloy | Nimonic 90 |
Source | {12 Ni
Descaled weight loss after 1000
hr at following tsmperatures. 20 Cr
mg/em
Atmosphere 1110F | 1290F [ 1470F | 1650F 18 CO
3 percent SOg - nrgon 3.7 18.0 40.0 - H
3 percent SCp = air 4.5 8.1 1.4 2.0 2.5 Ti
3 percent 502 - 5 percent Og-argon| 1.9 4.2 1.3 3.7 1.5 Al
TABLE 2.034 WEIGHT LOSS AS A RESULT OF EXPOSURES TO NlMONlC
ATMOSPHERES CONTANING SULFUR DIOXIDE AT
ELEVATED TEMPERATURES . 90
NIMORIC 90 ' {
2ap |-0:062 IN SHEET
MILL ANNEALED + CR + AGED
[ | 220 J./ A
Fru
MILL ANNEALED + CR + AGED /
200 J/
50 PERCENT CR + 1250F
16 KR, AC
| 7 150 F
2 TY
30 PERCENT CR +1300F, 16 HR, AC
1 "
| L
160
]
10 PERCENT CR + 1350F 16 HR, AC —]
| 140
i ® AGED 1400F 16 HR, AC
NO CR + 1406F 16 HR, AC A AGED 1350F 16 HR, AC
@ AGED 1350F 16 HR, AC
. 120 ) O AGED 1300F 16 HR, AC
&= 0:003 IN PER IN PER MIN i L AGED 1250F 16 HR, AC
[
L
L 100 -
£=10,003 IN PER I¥ PER MIN
20
0.005  0.010 0.015 0.020 0.025 > .._.——'L\l
STRAIN - IN PER IN ~ s
£ \e(f Yy
i
FIG. 3.0211 STRESS-STRAIN CURVES AT ROOM TEMPER- Q10
ATURE FOR SHEET COLD ROLLED VARICLS =
AMOUNTS BETWEEN MILL ANNEALING AND &
AGING. {5)(6) 1
i
0
Q 10 20 30 40 50
REDUCTION BY COLD ROLLING - PERCENT
FIG, 3.0213 EFFECT OF COLD ROLLING ON TENSILE
PROPERTIES OF SHEET. (2)(6}
Alloy Nimonic 90
Form 0.070 in. sheet
Source {19)
Specimen Fty Fey | e(2in)
Condition Orientation ; (ksi) | {ksi) | (percent)
Annealed 2100F, 3 min, WQ L 65.6 127 50.0
T €4.3 126 48.0
1750F 15 min, AC + 1350F
4.5 hr, AC L 127 184 25.0
TABLE 3.0212 TENSILE PROPERTIES AT ROOM TEMPERATURE
FOR ANNEALED AND AGE-HARDENED SHEET
cope 4210
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. || Aoy Nimonic 90 (NIMOCAST alloy 90}
Ni [Form Castings
Source {15)
20 cr Condition 1975F 8 by, AC + 1280F
As Cast 16 hr, AC
18 Co Casting Fry | Fm e @VANEY Fiy Fta |e (€VAYD)
2.5 Ti Process (ksi) ] (ksi) | (percent) | (ksf) {ksi) (percent}
* Sand cast 72.8 92.5 8.1 79.6 105.0 12.6
1_5 A' Investment 74.4 |91.8 14.8 75.3 101.4 4.1
{2} Gage len;th equals 4 x the square root of the cress-sectional
area of the maze section.
NIMONIC
TABLE 3.021¢ TENSILE PROPERTIES OF CASTINGS
90
U
NIMONIC 90
140 4+0.070 IN SHEET
1750F 15 MIN, AC + 1350F 4.5 HR, AC
e
/
P
120 /’
100 y
7 %0
¥
.
: —1,
£ G0 - T
-
40
20
0
0 0.002 0.004 0.006 0,008 0.010
STRAIN - IN PER IN
FIG. 3.0221 COMPRESSIVE STRESS-STRAIN CURVES
AT ROOM TEMPERATURE. (19)
Alloy Nimonic 90
Form 0.070 {n. sheet
Condition 1750F 15 min, AC + 1350F 4.5 hr, AC
Source (19}
Specimen Fcy
Orientation [U)
L 130
T 131
TABLE 3.0222 COMPRESSIVE YIELD STRENGTH AT ROOM
TEMPERATURE.
cope 4210
PAGE 6
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EXPQSURE TIME ~ HR

10,000

FIG. 3.0231 EFFECTS OF EXPOSURES TO ELEVATED TEMPER-
ATURES ON IMPACT STRENGTH AT ROOM
TEMPERATURE.
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(12)

| NIMOKIC 90
©.07¢ IN SHEET

!

1750F 13 MIN, AC +1350F 4.5 HR, AC

—-"‘__

68F

| ———{3%0F

T50F

AN

—'/

—"]

1110F

L] 0.002

0.004

0.006 0.008

STRAIN - IN PER IN

¢.010

FIG. 3.0311 STRESS-STRAIN CURVES FOR SHEET AT TEMPER-
ATURES FROM 38F TO 1110F.

(19)
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NIMONIC 90 Ni
0.062 IN SHEET !
MILL ANNEALED, NG CR, + 1400F MILL ANNEALED +10 PERCENT CR | MILL ANNEALED + 20 PERCENT CR 20 Cr
200 b5 HR, AC r +1350F 16 HR, AC —1+1350F 16 HR, AC — 18 Co
f—" 15F
HEATING TIME - 10 SEC 5F /‘ 2.5 Ti
£=0.1IN PER IN PER SEC s e y
160 1.5 Al
5F 1400F ’/_‘__,,__-__-———-i4oor
— | |
%120 e | / NIMONIC
[ it - e
o 1400F L 1600F
2 P P / 90
N4 /
1800F
1800F| ] /’,._-——-
o et
40 1800F B e
S
L
1
o |
0 0.005 0.010 0.015 0 0.003  0.010  ©.015 0 0,005 0,010 0.015  6.0%
STRAIN - IN PER IN
FIG. 3.0312 STRESS-STRAIN CURVES DETERMINED AT VARIOUS TEMPERATURES AT A RAPID STRAIN RATE AFTER
RAPID HEATING OF SHEET COLD ROLLED 0, 10, AND 20 PERCENT BETWEEN MILL ANNEALING AND
AGING, {5)(6)
NIMONIC 90 |
©¢.062 IN SHEET
T I.
MILL ANNEALED + 30 MILL ANNEALED + 50
260 [FERCENT CR +1300F _| PERCENT CR + 1250F —|
16 HR, 'AC 16 HR, AC
HEATING TIME - 10 SEC
240} £ = 0.1 IN PER IN PER T3
SEC | ///’
200 ///_. F /
- Lo
Z 150 J % 1400F
) 1400F /‘J_;
% / / i / 1600 F
a 120 ——— /
& / / / 1600F /
80 éy
40 1800F 1800F —
, | :
o 0.005 0.010 0.015 O  0.005 0,010 0.015 0.020
STRAIN - IN PER InN
FIG. 3.0313 STRESS-STRAIN CURVES DETERMINED AT
VARIOUS TEMPERATURES AT A RAPID STRAIN
RATE AFTER RAPID HEATING OF SHEET COLD
ROLLED 30 AND 50 PERCENT BETWEEN MILL
ANNEALING AND AGING. 6}
coce 4210
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Ni
20 Cr
18 Co
25 Ti
1.5 Al
NIMONIC
a0
-
NTMONIC 50 | |
200 AR 1
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FIG. 3.0313 EFFECTS OF TEMPERATURE ON TENSILE
PROPERTIES OF EXTRUDED BAR.  {12)
(3) GAGE LENGTH IS 5.65 x THE SQUARE ROOT OF THE
CROSS-SECTIONAL AREA OF THE GAGE SECTION.
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FIG. 3.0315 EFFECTS OF TEMPERATURE ON TENSILE 0
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FIG. 30351 EFFECTS OF TEMPERATURE ON SHEAR
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NONFERROUS ALLOYS
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FIG. 3.041 CREEP-RUPTURE CURVES FOR SHEET AT
TEMPERATURES FROM 1290F TO 1650F. (12)
1oo L NTMOFIC 5 | [T
100 0,050 IN SHEET T
NIMONIC 30 | l , .
oL sueET | go LMILL ANNEALED + AGED 1350F 16 HR, AC
2100F 2 MIN, WQ + 1380F 4 HR, AC b.\ ' [
50 fo 1200F 4 ‘
~ ™ ——
‘\ \ | b
0 -..,___ "-—._____'_
# 1380F
- \\ \
1470F ~ ™ Ny
20 \ L]
% \ 5
¥ ws0r \\ N 210 (—14850F
8 N ™~ " % 8 .
210 4
= \ S~ E 6
1650F \ ~/] N 4
5
T
\ \ \ \\
s AN
AN \ 2
CREEP STRAIN \ q .
_—g-f :g:‘égg @———— 0.1 PERCENT CREEP STRAIN
- A— —— —— (.5 PERCENT CREEP STRAIN
'_'T—_ RUPTURE
2 1 . ;
10 100 To0o 1 10 100 1000
TIME - HR TIME - HR
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NONFERROUS ALLOYS
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NONFERROUS ALLOYS
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FIG. 3.0631 EFFECTS OF TEMPERATURE ON MODULUS OF
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FIG. 4.0341 CREEP-RUPTURE STRENGTH IN SHEAR AT
1470F FOR NIMONIC 90 ALLOY JOINTS BRAZED
WITH VARIOUS FILLER METALS IN VACUUM OR

IN HYDROGEN WITH LIQUID FLUX. (16}
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