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GENERAL

VM-103 i5 2 NASA wrought cobalt-base alley which has
useful streagth at temperatures as high as 2200F. The
addition of 10 percent nickei to the standard composi~
tion improves both hot and ¢old formability, ductility.
impact strength and metatlurgical stability with only a
slight loss in strength properties. Strength properties
produced by vacuum induction melting (VIM} are slight~
1y higher ai elevated temperatures than those produced
by electroslag remelting (ESR). Electroslag remelting.
however. significantly improves fabricability and due-
tility. The alloy has demonstrated censiderable high
temperature ges erosion resistance. Based on limited
data the alloy appears to be castable but further devel-
opment effort will be needed to characterize casting
parameters and cast properties.

Commercial Designation
VM-103

Alternate Designations

Specificationg
NASA procurement specification, (4).

Composition
Table 1.04.

Heat Treatment

Solution treat.

For minimum hardness. minimur grain growth, and
minimum carbide precipitation: 2200F (in circulating
air), 30 min., water quench. Grit blast to remove
oxide se¢ale (4).

Age. The alloy was designed to be solid-solution
strengthened. Limited data, however. indicate a
potential aging resporse (4).

Effect of aging time and temperature on hardness of
sheet in solution treated condition, Figure 1.0521.
Effect of aging time and temperature on hardness of
sheet in solution treated plus 15 percent cold reduced
condition, Figure 1.0522,

Effect of aging time and temperature on hardness of
sheet In solution treated plus 25 percent cold reduced
condition. Figure 1.0523.

Hardness

See z2lso Figures 1.0521, 1.0522 and 1.0523.

Effect of cold work on hardness of sheet. Figure 1.061.
Hardness of sheet in various condjtions at room and
elevated temperatures, Table 1.062,

Specified maximum hardness. 363 Brinell (4).

Forms and Conditions Available

General. VM-103 has not as yet been produced in pro-
duction guantities. However, a significant amount of
research and development work has been done on this
alloy and it could be produced in production quaatities
with 2 minimum of scale-up efforts. Procurement
specifications have been prepared to cover bar, forg-
ings, plate and sheet (4).

Melting and Casting Practice
Meilting practice. The alloy is produced by vacuum in-

duction melting (VIM) plus vacuum arc remelting (VAR)
or VIM plus electroslag remelzing (ESR) (4).

Casting. Based on limited data, the alloy appears to
be castable.

Special Considerations
Thermomechanical processing studies of the VM-103

alloy show that combinations of cold work and aging can
be effective fn increasing reom temperature hardness
and probably alse its room temperature and intermed-
iate temperature strength. However, tensile tests per-
formed at 2000 and 2200F showed no beneficial effect
).

The high sirain rate tests bave indicated that this alloy
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NONFERROUS ALLOYS

is strain rate seasitive at room and elevated tempera-
tures {1},

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range. Ineipient melting at 2550F (2).

Phase changes. The nature of phases present in VM-
103, Table 2,012,
Time-temperature-transformation diagrams, Figure
2.0121.

Thermal conductivity.

Thermal expansion. Average coefficient of linear
thermal expansion over range from 77 to 1832F.
7.75 % 1078 in per n per F (4).

Specific heat.

‘Thermal diffusivity.

Other physical properties
Density. 0.357 lb per cu in_, 9.89 gr per cu cm (4).

Electrical properties.
Magnetic properties.
Emissivity.

Damping eapacity.

Chemical Properties

Nuciear Properties

MECHANICAL PROPERTIES

Specified Mechanical Properties
Specified minimum tensite properties, Table 3.011.

Mechanical Properties at Room Temperature
Tension. See Table 3.0811 and Table 3.0312,

Stress-gtrain diagrams.

Effect of exposure at etevated temperature on tensile
properties of cast specimens at room temperature.
Table 3.0212.

Compression.

Empacet.

Impact strength at room and low temperature. Table
3.0231,

Bending.

Minimum bend radii of anneated sheet. Table 3.0241.
Torsion and shear.

Bearing.

Stress concentration.

Notch properties.

Fracture toughness.

Combined properties.

Other static properties.

Mechanicat Properties at Various Temperatures
Tension,

Tensile properties of ESR sheet at temperatures from
75 to 2000F for various conditiong, Table 3.0311.
Tensile properties of VIM sheet at temperatures from
75 to 2000F for various conditions. Table 3,0312.
Tensile properties of solution treated sheet tested at
elevated temperatures with conventional strain rate.
Figure 3.0313.

Tensile properties of solution treated sheet tested at
elevated temperatures with high strain rate, Figure
3.0314.

Compression,

Impaet. See Table 3.0231.

Bending.

Torsion and shear.

Bearing.

Stress concentration.

Notch properties.

Fracture toughness.

Combined properiies,

Other static properties.
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NONFERROUS ALLOYS

Creep and Creep Rupture Properties

Creep rupture properties of wrought solution treated
sheet. Figure 3.041.

Creep rupture properties of cast solution treated gheet,
Figure 3.042.

Typical creep sirain curves 2t 1600, 1800 and 2000F,
Figure 3,043,

Stress=rupture curves for cast specimens tesied in
helfum at 2000 and 2125F, Figure 3. 044,

Fatigue Properties
Tension-tension fatigue properties for 0.012 inch VAR

and ESR sheet. Table 3.051.

VM 103 3.06 Elagtic Properties
3.061 Poisson's ratio,
3.062 Modulus of eiastieity.
3.063 Modulus of rigidity.
4. FABRICATION
4,01 Formability
4.011 Forging. Condition cast ingets for forging by grit
blasting to remove surface impurities and to allow
assessment of ingot quality. Remove surface imper~
fections by grinding or rough turning. Soak at 2175F
for 30 minutes. Forge with initial reductions of 8 to 10
percent. Return to furnace after each reduction; soak
at temperature for 15 minutes. Subgeguent.reductions
15 to 20 percent. Return to furnace after each reduc-
tion: seak ai temperature for 10 minutes. After last
pass, soak at 2200F, 10 minutes and water quench.
Inspect after each reduction and grind or crop any sur-
face defects as required. This forging technique has
been used successfutly to reduce 4 inch diameter ingots
to 1 inch square bar using a 3500 lIb. hammer {orge {4).
4,042 Rolling. Ome inch bar has been successfully reduced to
0. 10 inch using the fotlowing rolling techniques: Pre-
heat at 2175F, 30 minutes. Eoll initinl passes 12-15
percent with subsequent reductions of 15 to 35 percent,
Reheat between pagses at 2175F for 3 to 10 minutes,
depending on material thickness. After last pass, soak
at 2200F for 10 minutes and water quench (4).
4,02 Machining and Grinding
4,021 General. This alloy, like most other cobalt-base
alloys, is difficult to machine. Electrochemical and
electrode discharge machining techniques have been
used successfully in limited applications (4).
4.903 Welding
4.04 Heat Treatment
4.03 Surface Treatment
Source 4) 4 (3} “) {4) (&)
Composition Standard Specification | Stondard | Modified
Percent Percent Parcent Percent
Nominal Min, | Max. Typical Typical
Tungsten 25 24 26 25. 0 24.70
Chromium 3 2.5 3.5 3.16 2.98
Titanium 1 0.75] 1.25 1,07 1.10
Zirconium 0.5 0.4 0.8 0.52 0.42
Carbon 0.3 0.48) 0.52 0.52 0.55
Iron 0.1 max. - 0.1 .12 0.12
Nicke! - - - 0.13 10.30
Manganese - - - 0.04 0.04
Silicen - - - 0.10 0.10
Hydrogen - - - 0,000 0.000%
Oxygen - - - 0.002 0.002
Nitrogen - - - 0.0055 0.0055
Gobalt Balan¢e Balance Balance Bal
{a} Procurement specification.
{b) Modified by addition of 10 percent Nickel.
TABLE 1,03 COMPOSITION
cobe 4312
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STANDARD VM-103
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FIG. 1.0521 EFFECT OF AGING TIME AND
TEMPERATURE ON HARDNESS OF
SHEET IN SOLUTION TREATED
CONDITION, 4)
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FIG. 1.0522 EFFECT OF AGING TIME AND

TEMPERATURE ON HARDNESS OF
SHEET IN SOLUTION TREATED
PLUS 15 PERCENT COLD REDUCED
CONDITION. @
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FIG. 1.061 EFFECT OF COLD WORK ON HARDNESS OF

SHEET.
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Source [C3]
alloy VM-103 Co

Condition (a) Heat Hot Hardness Test Temp. -F

No. (b)| RT | 1006 | 1200 | 1400 25 w

BT B3 |S1Rg|92Rp | 90 Rp | 86 Rp 3 ¢
sT B4 |38RC|%Rp | 95Rg | 52Rp r
ST + Age B3 |35 R [ssRp | 98Rg | 86 Rp 1 Ti
ST + Age Bs |42 Rg|35Rg | 30 R [200 Ry |
ST + 23 percent CR B3 48 Ro |41 R | 39 Ry 31 Rgp 0.5 Zr
ST + 25 percert CR Bs |49 Rg[48 RS | 43R¢ | 29 Re .
ST + 25 percent CR+ age | B3 |55 Rp|47 R { 41Rg| 24 Re 0.5 C
ST+ 25 perent CR+2ge | B¢ |54 RC|47 RS 41 R, | 28 e
{3} ST: 2200F, 30 min.. WaQ.

25 percent CR: 25 percent reduction at 75F. VM -103

Age: 1300F, 10 hr_ air cool.
(b} Heat B3 - Modified VM-103 (ESR)
Heat B4 - Standard VM-103 (ESR)

TABLE 1.062 HARDNESS OF SHEET IN VARIOUS CONDITIONS AT
ROOM AND ELEVATED TEMPERATURES

Source 3)
Alloy Standard VM -103
Lattice Pearamebers
Phase Structure a
o-Co fee a=3.544
£-Co hep a=12.514
¢ =4,103
c/a = 1.6329
TiC B1, fec a=4.341 (1)
ZrC Bl, fec a=4.643 (2)
Mgl fee a =10, 90§ (a)
Wl hep a=2.99
c=4.72
c/a=1.58
o= CogW L1z, ordered fcc a=3.57
A-CoszW D039, ordered hexagonal a=5, 134 (a)
c =4 115 (3)
¢/a=9.80
Laves C14. hexagonal a=4.73
CoaW c=7.7T0
efa=1.63
MCorWg D85. hexagonal 2=4,73
(rhombohedral) c =255
¢/2=5.39
() Calculated values,

TABLE 2.012 THE NATURE OF PHASES PRESENT IN VM-103
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Co STANDARD VM-103 ' I
25 w D MgC ® £, -Cogw AB-Co W
1200 ® Co% O MC(TIC, 2r¢) V- Co,Wg
3 Cr
» 1100 fa? /
1 Ti 7 2000
0.5 Zr 1000 500
05 C 200 t
15 ~41600 ,
- ! 800 Z
M 103 E 1400 E
2 200
1200
b ~ G+U-Cog WrMC S
~ | - 1000
500 ! 1 11 L Ll L L1l 1 [ 1
1 100 1000 10,000
AGING TIME - HOURS
FI1G. 2.0121 TIME-TEMPERATURE~TRANSFORMATION DIAGRAM
FOR VM-103. 3}
Jource {4)
Alloy Standard VM-103
Condition Solutfon-treated
Form Bara, forgings, plate and sheet
Fry, min  (kai) 135
Fiy, min  (ksi) 80
a(ln 4D} (percent) 7
Hardness - Brineil 363 or less
TABLE 3.011 SPECIFIED MINIMUM TENSILE PROPERTIES
Source {2}
Alloy Standard VM -103 Cast Specimens (a} Source 4)
Exposure time and Test temp. Fiy [ Alley VM-103
temperature (b} (F) tksi) {in 1.2 in) Test Temp. F
{percent) Heat G5 [ __RT
As cast Room 97.7 2 Conditien (a) No. (b) IE Charpy V
1200F, 192 hr. Room 118.7 1 Ft-lbs Ft-lbs
114.1 1 SHT B3 27.1 30.4
1400F, 192 hr_ Room 141.5 ] SHT B4 15.4 17.7
141.9 1 SHT + ape B3 26.9 30.5
1600F, 192 hr. Room 1490.5 1 SHT + age B4 14.5 20.8
134.5 1] SHT + 25 percent CR B3 5.8 7.3
1800F, 192 hr. Room 58.3 2 SHT + 25 perceat CR B4 4.4 4.5
59 ¢ 2 SHT + 25 percent CR + age B3 5.3 2.7
2000F, 192 hr. Reom 89.6 3 SHE + 25 percent CR + agre | B4 3.0ic) 1.7
__$0.3 3 {a) SHT = 2200F. 30 min., WQ
(%) Specimens were cast to final dimensions; conical shoulders 25 percent CR = 25 percent recduciion at 75F
with 20 degree included angle. Gage section - 1.20 inehes Age = 1300F, 10 hr.. air cool
long #nd 0.25 inch diameter, {b) Heat B3 - Modified VM-103 (ESR)
(b} Exposure and testing were performed in air. Heat B4 - Standard VM~-103 (ESR)
{¢) Cme specimen failed during machining.
TABLE 3.9212 EFFECT OF EXPOSURE AT ELEVATED
TEMPERATURES ON TENSILE PROPERTIES TABLE 3.0231 DMPACT STRENGTH AT ROOM AND LOW
OF CAST SPECIMENS AT ROOMN TEMPERATURE TEMPERATURE
cooe 4312
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Co

Source (1) Source {4) .
Alloy Standard VM-103 (0.030 inch) Alloy VM-103 0.040 in. sheet Co
Condition Hot rolled and annealed Heat No, A-1 Standard VM-103 (VIV}
Test 3 point bend tests (ASTM E290-66) Test e 25 w
Heat number Minimum 90° bend radius without cracking Condition Temp. Fu Fiy (1 in)
(T = 0,030 inch} (F) (ks1) (ksi) {percent) 3 Cr
VAR 20-1 >4T ST () 75 138.7 6.2 9.5 .
VAR 20-5 4T 1200 108.4 9.9 9.0 1 Ti
ESR PF-11 1T 1600 82.1 63.2 3.3
ESR PF-13 41 1800 P 22.5 0.5 Zr
VAR = Vacuum arc remelted. 2000 20.4 17.3 11,5 0.5 C
ESR = Electroslag remelted. ST + Age (b) 75 174.8 1444 z.5 *
Specimen: Bend specimens with 20:1 width to thickaess ratio. ) 2000 19.3 12,5 23.5
IST + 25 percent CR 75 204. 1 152 9 4.3 VM -103
TABLE 3,0241 MINIMUM REND RADI OF ANNEALED SHEET ST + Age (c) 75 156.79 99.3 1.5
1600 77.3 48.0 0.5
{a) ST: Solution treat 2200F, 30 min., water gquench.
() Ager 1300F, 10 hr., air cool.
(g) Age: 1600F, 192 hr., air cool.
TABLE 3.0312 TENSILE PROPERTIES OF VIM SHEET AT TEM-
PERATURES FROM 75 TO 2000 F FOR VARIOUS
CONDITIONS,
200 Ar
STANDARD VM-103
Source {4) SHEET
Alloy VM-103 ©.040 in. sheet ST 2200F, 30 MIN, WQ
Heat Test e I
Condition No. (&) | Temp. | Fty Fiy (1 in) 160 T STRAIN RATE: — T
(F} (ks) | {ksy) | {percent) i 0.005 IN/MIN TO YEELD +
ST (2) B3 75 156.2 | 76.3 35.5 0.05 BN/MIN TO RUPTURE
B4 75 150,58 | 906.5 15,0 % \ | ;
B3 1200 97.6 | 61.7 | 12.0 %120 :
B4 1200 101.2 85.1 4.8 @ L i
B3 1600 52.4 | 4%.4 10.8 o A F
B4 1600 66.1 [ 53.7 9.5 £ \ Y
B3 1800 38.5 | 23.6 21,0 g0 S
B4 1800 41.9 | 27.8 32.0
B3 2000 16.7 | 10.2 41.0 Fry
B4 2000 187 | 13,7 31.5
ST + age (b) B3 75 176.0 | 110.9 13.2 o \
B4 5 167.2 | 133.1 3.0
Sl e B R roc o
z - -2 2<. AVG OF 2 TESTS
ST + 25 percent CR | B3 75 204.9 | 166.3 10.0 ¢ i i
B4 5 251.4 | 165.7 12.5 £ o l
ST + age (c} B3 75 127.5 | 80.5 4.7 ] .
B4 73 135.4 | 92.4 1.2 = 10 e{l IN)
B3 1600 64.1 | 39.8 16.0 =
B4 1600 80,6 | 51.4 10.§ 0 Ar
(a) ST: Solution treat 2200F, 30 min, water guench. RT 1200 1600 2000 2400
(b} Age: 1300F, 10 hr., ait cool. TEST TEMP- F
(¢) Age: 1800F, 192 hrs.. air cool.
(d) Heat B3: Modified VM =103 (ESR) FIG. 3.0313 TENSILE PROPERTIES OF
Heat B4: Standard YM-103 (ESR) SOLUTION-TREATED SHEET
TESTED AT ELEVATED TEMPER-
TABLE 3.0311 TENSILE PROPERTIES OF ESR SHEET AT TEMPER- ATURES WITH CONVENTIONAL
ATURES FROM 75 TO 2000F FOR VARIOUS CONDITIONS STRAIN RATE. )
cooE 4312
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STANDARD VM-103'
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ST 2200F, 30 MIN, WQ
I

STRAIN RATE:
3 IN/MIN

\F W
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!

N |

A
RT 1200 1500 2000 2400

TEST TEMP - F

FIG. 3.0314 TENSILE PROPERTIES OF SOLU-

TION TREATED SHEET TESTED
AT ELEVATED TEMPERATURES
WITH HIGH STRAIN RATE,

“
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ST 2200F, 30 MIN, WQ
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50 -
VM-103 MODIFIED (VIM)
CAST .040 IN SHEET
40I'sT 2200F, 30 MIN, W
& Al TESTED IN
%o 1600F = NITROGEN —__|
ﬁ \K"\
%20 . "
@ ™= 1800F
10 S
*— T —e 2000
" 200F |
o
1 10 100 1000

TIME TO RUPTURE - HR

FIG. 3.042 CREEP-RUPTURE PRQPERTIES OF CAST
SOLUTION-TREATED SHEET. (4}

MODEFIED VM-103 (VIM + ESR) . ]
| sT2200F, 30 MI¥, W N
1600F 7
g | ——=—1800F }
G40t —..—2000F /
g
3 7 KSI K
PP
: [z 7
= |
] T35
20 f— o —1L
= ; | ¥ /
w A ! 1 18.5
10 II Los x
d /
_::’/_..= N et o
0.1 1 10 100

FIG. 3.043 TYPICAL CREEP STRAIN CURVES AT 1600,
1800 AXD 2000F, 4
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STANDARD VM-103
4o | GAST SPECIMES Co
. 25 w
20 =
e o 3 O
=10 = .p 1 T
B
. N 0.5 Zr
4 ® 2000F 0.5
£ 4 |—4a225F b-—w c
i 3 1
TESTED IN HELIUM i ‘'VM-103
2
0.1 1 10 100 1000 10,000

TIME TO RUPTURE - HR

F1G. 3.044 STRESS-RUPTURE CURVES FOR CAST SPECIMENS

TESTED IN HELIUM AT 2000 AND 2125F. @
Source {1)
Alloy Standard VM-103 ¢.012 in sheet
Condition Cold rolled and annealed
Test Tension-tension fatigue {a)
Heat No. VAR 20-1 | ESR PF-11
Total Cyeles to Failure (b}
Stress range 37,000 212,400
0 -75ksi 576,000 18,800
82,100 15,100
R=0 130,900 138,000
100,100 676, 800
25,300 =
Average 158.800 212.000
(a) Al tests performed on a Budd (Tatnall -Krauge)
V5P -150 fatigue machine with a direct stress
attachment.
{b) Cyclic rate = 2000 cycles per minute.

TABLE 3.051 TENSION-TENSION FATIGUE PROPERTIES
FOR ¢.012 INCH VAR AND ESR SHEET
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