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sipnificantly increase the elevated temperature yield strength of the allov.

An empirical formula was developed for low alloy steels to calculate
the elevated temperature (800 to 1200°F) yield strength from the room
temperature yield strength and the operating temperature,

This relationship is: YSp = 2/3 YSpy = C(log T - log IT).
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INTRODUCTION

During the full charpe sustained firing of the 81mm mortar, at which
hoop stresses are at a maximum, temperatures as high as 1200°F have been
calculated, At these pressures and temperatures, hulpging can occur if the
hoop stress in the tube exceeds the yield strength of the material, This
problem has led to programs to determine the elevated temperature transverse
vicld strength, after exposure for various lengths of times, of various
potential mortar tube materials,?»3 The present study considers those
materials currently used in the M29 and M29F1 barrels.

APPROACQ! TO THE FROBLEM

Two materials have been used for 81mm mortar barrels, viz., AISI 4140
in the M29 and AISI 4337M in the M29El (Table I). These base materials were
forged into four and one half inch round bars, i.e., the same size material
from which production barrels are made, The bars were cut into one inch
thick transverse discs, which were then heat treated to four strength levels,
as shown in Table II. Standard ,357 inch diameter tensile bars and ctandard
Charpy V-notch impact bars were machined from each disc, as shown in Figure 1.
From these, the following data were obtained:

1. Room temperature tensile data and Charpy V-notch impact data at
-40°F for each material,

2, Elevated temperature tensile data at 800, 900, 1000, 1100, and
1200°F after exposures of from five minutes to 30 hours for each strength
level material,

3. Room temperature hardness data after exposure to the conditions

cited in 2, From these data, the room temperature yield strength was
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estimated, based on data shown in references 4 and 5 (Figure 2). This
figure also shows data generated in this study which corroborates the data
from the references.

4, Charpy V-notch impact data at -40°F after exposures to the elevated
temperatures for one to thirty hours for all material except 4337\ (120).

The elevated temperature tensile testing was conducted according to
ASTM E21-66T*, For the five to sixty minute exposure tests, all the heating
was done in a furnace on the testing machine. The calibrated furnace requires
about an hour to heat the specimen from room temperature to the testing
temperature, and five minutes is the minimum exposure time available for
equalization of the temperature within the test specimen. At exposure times
less that the five minutes, the yield strength is somewhere between that at
the five minute exposure and the room temperature vield strength, For the
longer exposure time tests, the specimens were first heated in a heat
treating furnace, cooled to room temperature and then tested in the fensile
machine after an additional 15 minutes at the required temperature, A strain
rate of .005 in/in/min, was used for all tests. The Charpy V-notch bars were
tested in a standsrd calibrated machine after the specimens had been held for
at least 15 minutes in dry ice and alcohol at -4G°F,
RESULTS

All the data generated are shown in Tables III-VI for 4140 (130), 4337
((170), 4337 {155) and 4337M (120) respectively. For ease of interpretation
and to note the various trend;, the data were plotted as a function of the
several parameters investigated. Specifically, Figures 3-14 show the following:

* Tentative recommended practice for short-time elevated temperature tension
test of materials,



Figure 3 - Effect of tempering temperature on room temperature
yield strength and RA and on -40°F C, impact energy.

Figures 4-7 - Effect of exposure time on the elevated temperature
yield strength,

Figure 8 - Summation of the effects of elevated temperature on
yield stvength.

Figures 9-11 - Effect of exposure time and temperature on the
resultant room temperature yield strength as estimated from the R¢ hardness
for 4140 (130), 4337M (170) and 4337M (155).

Figures 12-14 - Effect of exposure time and temperature on the
resultant -40°F Cy impact energy for 4140 (120), 4337M (170) and 4337M (155).

DISCUSSION OF RESULTS

Elevated Temperature Yield Strength

In previous hot tensile testing, 1‘3, it was determined that the elevated
temperature yield strength of high strength steels decreases\rapidly with
temperature and only slightly with time at temperature. The same trend was
seen for these materials as shown in Figures 4-7, In every case, the strength
dropped after the first five minutes exposure followed by either no change or
a relatively small change with additional exposure time., This observation
suggests that future evaluation of the elevated temperature tensile properties
of low alloy steels for mortar tube use need consider only short time exposure.
In several cases, there appeared to be a slight increase in strength with long
time exposure. This might be attributed to ~ secondary hardening phenomeng
associated with precipitation of alloy carbides. However, because the cha;ge

was slight, no attempt was made to verify this possibility.,




Again, as seen before, the parameter which exerts the greatest control
over the elevated temperature yield strength was exposure temperature (Figure 8).
In plotting this curve, the yield strength after five minutes exposure was
used. Several points can be made concerning Figure 8. First, it is seen
that the data tend to converge at the higher temperatures regardless of the
starting strength, Second, the most impo:rtant parameter controlling the
yield strength at any given temperature up to the point of convergence, is
the initial yield strength of the material,
The data for yield strength at temperature appears to fit the following
general r.iation:
YST = ;_ YSpr - f(T, YSpp)
The general form for f(T, YSpr) is not certain but for the low alloy steels
and the maraging steel tested in this and other studiesd might be expressed
as:
£(T, YSpr) = C(log T - log IT)
or specifically

YSp

where T = Test temperature in °F

%.YSRT - C(log T - log IT)

IT

Inflection temperature in °F

and C = Empirical material conszant
The inflection temperature is based on the observation of a change in slope
of the yield strength vs, test temperature curves, Therefore, its measurement
is not precise, but might be defined as that temperature at which the yield
strength drops to two-thirds of its original room temperature value. Using

an IT of 800°F, and C = T(YSRT) the yield strength at several elevated
400°F



temperatures for several of the materials tested was computed (Table VII),
It is seen that they compare favorably with the actual data,

While in its present state, this relation is purely empirical, it has
several potential benefits to commend it, TIf the concept were accurate, it
might be possible to define the inflectinn temperature more precisely based on
its coincidence with some metallurgical occurrence in the steel. The heating
of the material prior to testing is essentially a tempering operatien, This
subject has been studied in great detail so that the microstructural changes
which occur are fairly well understood. It is known, for example, that certain
alloy additions such as Cr, reduce a steel's temperability by forming a stable
carbide, thereby maintaining hardness and strength to hicher tempering temper-
atures and, if present in sufficient quantities, causing secondary hardening,
These steels should then have a higher IT. It was observed, in fact, that on
the materials tested, those alloys with the greater amount of carbide formers
did maintain their strength to a higher temperature and showed a higher IT,

If a relation could be reliibly éhown, it would be very useful in predict-
ing the actual strength at elevated temperature for any alloy with a minimum
of testing, Consider that the yield strength-test temperature data were
available for an alloy steel with a specific room temperature yield strength.
Then the effect on élevated temperature strength could be calculated from thé
room temperature data, To allew this, more information is required regarding
the factors which control the several parts of the relation, While it has been
suggested that carbide formers should show a higher IT, the pfecise effect of
the addition of each alloy might be determined, A relation showing the effect

of alloving addition and tempering temperature on room temperature hardness

10
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has been derived 5,6, This type of relation might he examined for use here.

At this time, the effect of initial yield strength on C and IT is unknown.
It is probable that there should be an effect, Since the R.,T. yield strength
is changed by varying the tempering temperature, and since heating during
testing (or during firing) is equivalent tc tempering, it should be expected
that the higher yield strength materials should show the effects of heating
at lower temperatures than the lower strength materials. However, it should
also be expected that the elevated temperature yield strengths should converge
at some high temperature, in excess of the original tempering tempecraturc,

The rationale for this is simple. During tempering, carbides are precipitated
and the microstructure tends toward its equilibrium state of ferrite and
carbide. If the temperature is high enough, the microstructures will be the
same, irrespective of the initial state of the material., That the data do
tend to converge is seen in the data shown in Figure §.

One of the most interesting phenomena observed was the initial drop in
yield strength with short exposure times (five minutes) followed by little
decrease in strength with additional time. This cannot be explained strictly
in terms of changes in microstructure with additional tempering., Two specific
observations tend to corroborate this., First, since the precipitation of
carbide is diffusion controlled, time is an important factor, It is improbable
that five minutes is sufficiently long to cause any significant change in
microstructure., Second, the drop in strength is seen at temperatures below
the initial tempering temperature. Again, significant changes in microstructure
would be unexpected.

Probably, the sudden large drop in yield strength is related to an effect

11



on the mobility of dislocations which are responsible for plastic deformation.
The dislocations become more mobile, deformation becomes easier and yield
strength is decreased. It is known that increasing temperature increases
the ease with which the dislocations move and so explains the effects seen,
It would be naive to attempt to quantitize this since the interrelations of
dislocations and microstructure in steel is a subject for which there is no
simpie explanation. However, the effect of the carbide formers on reducing
temperability is likely due to the carbide's interference with the movement
of the dislocation and increasing the yield strength.
In summarizing the effects of temperature on yield strength, the

following appear factual:

1. The yield strength drops gradually with exposure to temperatures
to a characteristic strength of 2/3 its room tamperature value,

2. Beyond the Inflection Temperature, the effect of temperature
becomes more pronounced.

3. At a sufficiently high temperature, the initial yield strength

becomes incidental and unimportant, However, until that temperature is reached,

the initial yield strength controls the elevated temperature yield strength.

In addition, there are several trends and hypothese shown below which
while not proven by the data, appear reasonable and worthy of further study.
This is suggested since the generation of elevated tempzrature yield strength
data for a new alloy or strength condition is costly and time consuming, It
would be desirable if a relation were available to preclude the necessity for
such large scale testing,

1. The sudden drop in yield strength is probably due to an increased

12



mobility of dislocations with an insignificant effect of change in micro-
structure,

2. Carbide formers should delay the IT,

3. Material with higher yield strengths should show either a
lower IT or a higher C.

4, ‘The value of IT may be constant for a particular alloy system,

5. The values of C and IT may be sufficiently similar for the
mass of low alloy steels with low percentages of carbide formers that they
can be considered as one.

Room Temperature Yield Strength

The effect of various exposure conditions on the room temperature strength
was approximated from the hardness of the tensile test bars after elevated
temperature testing. While not so desirable as actual tensile testing, this
was céﬁsidered sufficiently valid based on data taken from the literature
(Figure 2) on the relation of YS to Rc hardness and data obtained in the
initial stages of this program. The data for each condition plotted vs.
exposure time are shown in Figures 9 - 11, It is seen that in most cases
there is no effect of exposure below the initial tempering temperature even
after 30 hours exposure., Generally, in calculating the hardness after
tempering, the effect of time is introduced as a logarithmic function, so
that large changes in time are required to effect noticeable changes in
strength, In all cases, the teuperaiure is much more important. Again,
exposure to elevated temperature, whether during firing or in a heat treat

furnace, is simply a tempering operation.

13



Ductilitz

In all cases, the ductility, viz,, RA, followed the rules generally seen,
viz,, as the yield strength decreased, the ductility increased., Tt was seen
that as the temperature of exposure increased, the ductility increased
markedly, Again, as with the yield strength, increased time at temperature
had no effect,

Impact Energy

Since one of the basic criteria for acceptance of cannon tube materiols
is the C, impact energy at -40°F, this nroperty was evaluated for all the
materials except 4337M (120) which was subjected only to the tensile testing,
As with the room temperature tensile data, the Cy impact data simnly represent
cffects of tempering. As the exposure temperature increased, the impact
energy increased,

While the elevated temperature data showed a temdency for vield strength
convergence at the higher temperatures, no similar trend was noted in the low
temperature impact data after exposure to the high temperatures. For examnle,
whereas the yield strengths of all materials tested were similar when exposed
at 1200°F, the -40°F impact energy of 4337M was double that of the 4140, This
is the same trend that has been reported in the literature previouslyg, namely,
that different alloy steels may show the same strength but significantly
different impact energy.

Application to Mortar Tubes

As noted in the introduction, one of the problems associated with mortar
tube materials is the possibility for bulging, particularly during maximum-

charge rapid or sustained firing. By considering the mechanical pronerty data

14
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generated, it is possible to select an initial yield strength to withstand a
given hoop stress., The decision is dependent on the assumed or desired
starting conditions.

Based on an applied hoop stress of 86 ksi, it is seen that 4140 (130)

is inadequate above approximately 800°F, By a similar analysis, the 4337\

(150) material is adequate to approximately 1000°F for this hoop stress,

While the yield strength data supgest that either 4140 or 4340M would
% suffice if heat treated to the same initial yield strength, the Charpy data

separate them markedly. For a given strength, the C, (-40°T) of the 4337\

‘ is higher than that for the 4140. To separate the material even farther, it

is seen that for an applied hoop stress of 86 ksi, the best material tested
was 4337M (155) since it exhibited the same high temperature tolerance as the
4337M (170) with a higher C, (-40°F) impact energy.

One danger inherent in the application of high temperature tensile data
is the possible effect of strain rate on yield strength. Generally, the yield
strength increases with strain rate, Then, since the loading rate during
firing is considerably higher than that during tensile testing, it is possible
that bulging would not occur as predicted by these data. However, the use of
these data is conservative and should preclude any bulging problems.
CONCLUSION

The following conclusions are based on the data presented:

1. The elevated temperature transverse yield strength of 4140 and
4337M, decreases rapidly with temperature from 800 to 1200°F,
2. Exposure times to 30 hours at elevated temperatures had little

or no effect on the hot transverse yield strength after a sharp decrease from

15




room temperature strength within the first five minutes of exposure.

3. The sustained firing rate which each material can withstand
depends on the hoon stress and charge used., Generally, however, as the
initial yield strength of the material increases, the tolerable firing rate
increases,

4, The elevated temperature yield strengths converge at high
temperatures so that if the working témperature is sufficiently high, the
starting yield strength is irrelevant, For the materials tested, this

occurred at approximately 1000°F,

5. The room temperature yield strength based on hardness, decreases

with exposure temperature, indicating a simple tempering effect,

6. The data suggest that the elevated temperature strength is
primarily a function of initial yield strength so that different alloy steels
heat treated to the same strength should perform similarly, The materials
are separable based on impact data.

7. The elevated temperature yield strength data for the alloys
tested appear to follow the relation

YST = %.YSRT - f(YSRT T)

8. For a hoop stress of 86 ksi, the best material to use based on
these tests is 4337M (155).
FUTURE WORK
1. To resolve the accuracy of the empirical relation described in this
report, those trends and hypotheses suggested but unproven should be invest-
igated. This involves an alloy development study with a strong emphasis on

the physical metallurgical characteristics of the materials, As noted

16




previously, the success of such a study could decrease markedly the amount
of elevated temperature testing needed to characterize an alloy, and permit
the more logical selection of a material for high temperature applicationms.

2. Additional data should be gathered on the study suggested above
and on those alloys already tested.
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Alloz

AISI .40
4140

{0

AIST .38
4337 Mod,

AISI .37
4337

Alloz
4337 M (170)

4337 M (155)
4337 M (120)
4140  (130)

* 0il Quench
**  Water Quench

TABLE 1

CHEMISTRY OF ALLQYS TESTED

Mn p
.92 0ld

72 007 .

o7y 035

S

—

018

008

040

Ni

—

1.83

-.84

TABLE II

Cr

.98

.77

.80

Mo

.18

(8]
[74]

HEAT TREATMENT USED ON ALLQYS TESTED

Austentizing
Temp, Time
1550°F 1.5 hrs,*
1550 1,5 *
1550 1.5 *
1550 1.5 *

37

Tempering
Temp,
950°F

1025
1150

1100

Time

2 hrs**

2 L L]
1‘5 *h

1.5 * ¥

Al Cu
W05 -

-OS -

Nominal YS

(P.T.)

170 ksi

155

120

130




TABLE III

Tensile, Charpy Impact and Hardness Data

on 4140 (130) Tempered at 1100°F

Test Exposure

Temp, Time uTs 0.2YS 0.1YS
{°F (Hrs,) {(ksi) {ksi) (ksi)
R.T. 151 137 133
R.T. 138 139 134
R.T, 150 130 127
P.T. 149 131 129
800 .08 124 92 84
800 .03 124 90 81
800 .25 118 93 86
800 .25 114 91 85
820 .50 112 90 84
800 .50 112 20 84
800 .75 112 88 80
800 .75 113 90 84
800 1 108 86 80
800 1 107 85 77
800 5 102 82 77
800 5 105 82 74
800 10 106 89 83
800 10 105 83 77
800 15 109 88 82
800 i5 108 88 83
800 20 108 85 78

* Value obtained after exposure
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15,7

30.4
24,0
44,9
42,4
43,9

51,6

54,4
46.2
45,6

50,0

-40°F
Cv*

{ft-1bs)

15,5
13.5
4.8

14,2

Rc*

30

31

30

30

31

30

32

32

33

31
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B Loiiethatio Bl R DU ]

i

Test
Temp.
£n
800
800
800

800

900°
900
900
900
900
900
960
00
S00
900
900

900

900
900
900
900

900

Exposure
Time uTrs 0.2YS 0.1Y§

(Hrs,) (ksi) (ksi) (ksi)
20 105 82 77
25 103 80 73
25 112 93 87
30 103 94 90
30 105 82 76
.08 103 83 76
.08 105 88 81
+25 98 81 74
.25 101 84 78
«50 98 84 78
.50 86 83 77
.75 100 84 78
.75 101 86 80
H 96 81 77

1 90 79 73

5 98 79 73
5 84 70 64
10 75 63 58
10 93 77 71
15 97 86 81
15 96 77 71
20 90 71 62
20 92 78 73
25 93 79 73
39

Table IIT continued

lw:n
Yt

19,0

17.1

54,4

55,5
52.5
57.4
53,2
57.0
55,5
54,4
55,2
54,6
53.4
54,7
61,6
68,9
51,3
49,7
53.2
59.3
50.9

57.0

-40°T
Cv~*

(ft-1b)

11,0
11.3

12.5

12.0

12,5
13.8

11.8

10,5
11.3
12,3
12,0

10,8

31

30

31

31

32

31

32

32

31

32

31

30

30

32

N
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Table TI1 continued

Test Fxposure ~40°F
Temp. Time uTs 0-2 YS 0.1 El RA Cv
(°F) (Hrs.)  (ksi) (ksi) (ksi) % Ly (ft-1bs)  Rc
900 25 99 81 75 12.1  47.0 10.8 30
900 30 93 82 78 14,3 50.1 9.8 31
900 30 92 79 73 16,4 52,1 11.0 30
1000 ,08 87 74 68 16.1 61,3
1000 . .08 86 76 70 20,8  68.0
1000 .25 81 67 67 18.6 65,0
1000 .25 83 72 67 18,6 63,7
1000 .50 81 71 67 17.5  63.4
1000 .50 82 73 68 14,3 61.6
1000 1 79 68 63 17.5 64,0
1000 1 85 74 69 16.4 63,0
1000 1 70 53 47 25.4  65.0 11.5 31
1000 1 66 48 47 31,4 67.0 11.5 32
1000 5 74 67 63 20,0 61,0 10.8 30
1000 5 74 61 56 23,5 58,6
1000 10 78 61 58 24,0 66,4 10.( 32
1600 10 70 55 47 2.8 €3.6 13.5 31
1000 15 76 63 55 15,2 54,8 12.3 31
1000 15 59 55 31.4 60,
1000 20 64 46 39 45.7 68,9 14.3 30
1000 20 75 62 58 24,1 64,2 9.8 32
1000 25 76 6l 57 2..1  62.7 10.0 29
1000 25 83 66 63 21.4  59.5
1000 30 66 5¢ 48 18.9  62.4 10.8 3
1000 30 73 6¢ 52 20,8 63,7 10,3 31
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Table III continued

Test Exposure

Temp., Time UTS 0.2 YS 0.1 El
CR - sy (ksi) (ksi)  (ksi) %
1100 .08 64 42 36 24,0
1100 .08 60 38 32 25.7
livu .25 56 41 34 27.5
1100 .25 55 40 33 24,0
1100 1 43 33 27 40,0
1100 1

1100 S 36 35 31 31.4
1100 5 45 32 27 27.5
1100 10 61 32 27 32.2
1100 10 55 47 34 20.8
1100 15 49 37 31 53.5
1100 15 47 37 32 26,8
1100 25 44 39 37 42,1
1100 25 49 37 33 21.4
1200 .08 38 20 17 15.7
1200 .08 33 20 18 32,1
1200 .25 30 22 i9 64.0
1200 .25, 33 22 20 62.3
120 1 29 23 20 74.4
1206 1 33 2z 19 25,0
1200 10 31 23 20 A46.5
200 10 27 28 22 35,4
-20¢ 20 26 23 22 79,2
200 20 31 30 28 24,0

3lank spaces denote data not taken
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RA

68.9
63,4
68,0
63.2

67,6

69,0
71.0
74,8
71.3
72,0
71.0
77.6
73.6
60,2

596.1

22

64,9

-40°F
Cv

(fr-1bs)

16.3
16.5
#10,5

12,00

28

29

28

29




TABLE IV

Tensile, Charpy Impact and llardness Data
on 4337M (170) at 950°F

TEST Exposure

Temp, Time UTS 0.2YS 0.1YS El RA -40°F

(°F) (Hrs,) (ksi)  (ksi) (ksi) 3 LR Cv* Re
RT 186 178 175 10.4 26.6 15,5 40
RT 188 179 177 12.5 37.4 14,0 41
RT 181 170 166 9,7 31,3 16,0 40
800 .08 150 126 117 10.4 33.6

800 .08 153 130 121 15,4 50.2

800 .25 149 123 114 15.4 52,9

800 .25 145 123 114 13.2 47.4

800 .5 140 119 109 10.7 36.3

800 .5 141 120 111 14,7 49,0

800 1 146 130 121 15,1 49,7 13,3 41
800 1 147 129 121 13,2 14,8 41
800 5 140 119 109 13,2 48.8 14,0 41
800 5 144 132 125 13.6 46,7 16.3 40
800 10 139 114 103 12.8 48.5 14,8 41
800 10 143 124 11 14,3 44,8 14,5 41
800 15 143 121 112 10.7 39,2 14.8 41
£00 15 128 110 103 12.8 50.1 14.3 41
860 20 140 125 1.8 17.6 47,4 14,0 40
800 20 142 120 113 136 52,1 14,0 41
800 25 142 134 132 14,0 47,8 13,5 41
800 25 142 131 127 11.4 36,2 16.3 40

* Values obtained after exposure
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.

Test Exposure Table IV continued

Temp. Time UTS 0.2YS 0.1YS El RA -40°F

{°F) iirs, (ksi) (ksi) (ksi) % 5 Cv Re

900 .08 132 111 104 16,1 54,2

900 .08 139 119 111 14.5  49.4

900 .25 129 108 101 15.4 55,0

900 .25 128 107 99 11,5 44,6

900 .5 114 108 16.1 57,0

900 .5 124 111 104 14,0 46.6

900 .75 124 110 97 14,7 51,7

500 .75 124 110 97 12.8 46,6

900 1 124 107 98 16.8 50,6

900 1 127 110 101 15.4 53,2

900 1 125 109 9- 16.4  45.5 15.5 40

900 1 128 106 92 11.& 44,9

900 s 124 112 106 12,2 29,5 14,3 40

900 5 126 107 97 14,0 50,2

900 10 126 109 98 14,3  39.5 17.3 39

900 10 124 108 99 14,7 51,4 15.0 41

900 15 125 106 96 13,5 39,0 14,5 a1

900 15 125 106 97 15,0 52,5 18,0 40
; 900 20 124 115 108 12,1 36.4 13,8 41
E 900 20 123 105 a7 12,1 44,9 13,8 11
E 900 25 131 114 108 17,9 59 13,3 1
: 500 25 130 i2d 117 14,3 45,6 13,3 1
; 900 30 129 111 102 11,8  45.8 14,8 41
5 900 30 128 118 106 150 50.7
i
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Table TV continued

A Exposure

Temp, Time HTS C.2 Y5 0.1YS £ RA -40°F e
("F lirs, (ksi) (ksi) (§si) % % Cv L
1000 .08 110 90 80 17,5 49,0

1000 .08 111 920 80 18,6 50.2

1000 .25 107 84 71 17.1 46.4

1000 .25 90 70 63 17,5 48,3

1000 .5 100 76 70 22,6 54,8

igco .5 94 72 63 20,4 46,2

1606 .75 95 75 67 22.8 54,8

1c00 .75 95 77 70 22,6 55.5

1000 1 102 84 75 16,1 52.1

1000 1 102 B85 76 14,7 48,3

1000 1 101 56 48 19,3 52,4 16.8 40
1000 1 16,0 41
1000 S 94 75 64 24,2 59,2 23.5 37
1000 5 95 86 80 27.8 63.0

1000 10 99 71 57 22,2 64,2 22,5 38
1000 IO. 28.0 37
100¢ 15 90 71 61 20.0 47.4 26.8& 38
1060 15 89 78 71 25,0 57.4 26,3 38
1000 20 ga 75 68 19,3 64,0 28,3 37
1000 20 88 74 65 32,2 63.3 30,0 36
1000 25 91 79 74 26.4 59,5 33.5 35
1000 . 25 90 77 71 23.6 60.4 33.5 36
1000 30 87 72 66 20,8 66.7 27.8 37
1060 30 88 75 69 22.8 63,4 36,3 36
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Table IV continued

Test Exposure

Temp, Time uTs 0.2 YS 0.17YS$
(°r) Hrs. (ksi) (ksi) (ksi)
1100 .08 74 49 39
1100 .08 70 47 39
1100 .25 65 40 31
1100 25 63 38 30
1100 .5 67 52 43
1100 .5 71 49 40
1100 1 54 36 32
1100 1 59 51 47
1100 5 55 36 30
1100 5 53 40 33
1100 10 50 37 31
1100 10 61 37 32
1100 25 55 44 39
1100 25 59 38 33
1200 .08 26 16 14
1200 .08 32 15 12
1200 .25 31 16 12
1200 .25 31 16 i4
1200 1 40 18 16
1200 1 26 16 13
1200 10 25 16 13
1200 10 24 18 16
1200 20 24 16 13
1200 20 25 19 16

Blank spaces denote data not taken

45

£l

=2

19.3
23.2
22,2
29,0
18.3
22,6
22,8
45.0

0,0

2

33.6

56,0
63,0
5.0

64.4

67.3
68.5
71.5
79.6
74.5
80.9
72.2
67.8
77.3
63,6
84.6
78.1
81.4
73.8
81.8

88,7

45,5
45.8
43,8
51.8
47,3

41,3

35

35

34

34

32

30

24

23

20

21

-
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TABLE V
Tensile, Charpy Imnact and Hardness Data
on 4337M (155) Tempered at 1025°F

Test Exposure

Temp. Time UTS 0.2 YS 0.1 YS El RA ~40°F

(°F) (Hrs.) (ksi) (ksi) {(hsi) % % Ev*

RT 167 161 157 12,1 39.7 24 37

RT 168 162 158 12,1 41.6 29 38

RT 1760 159 158 10,7 36.3 28 38

RT 176 164 161 13,2 39.8 30 37

800 .08 139 117 110 13.2 44.¢

800 .08 142 118 110 14,3 47,2

800 .25 138 115 107 12,5 42,3

800 .25 141 119 112 14,7 51,4

800 .50 137 115 107 15,4 54,4

800 .50 137 117 112 14.3 49,8

800 .75 136 114 107 12,1 42,6

800 .75 137 117 110 13.2 45,8

800 ] 126 115 108 14,3 52,3 256.0 38

800 1 129 106 98 17.1 55.1 29,0 38

800 5 130 112 105 10.7 39.6 26.3 IR

800 S 128 111 102 14,3 49.8 26,8 38

800 10 118 108 30.0 36

800 10 131 122 118 15.7 50.9 28.0 38

800 15 143 126 118 14,3 51,0 28.3 28

809 15 25.8 8

800 29 132 113 105 15.0 50,8 28.5 38

* Values obtained after exposure
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Table V continuecd

Test Exposure

Temp. Time Uurs 0.2YS 0,1YS8 El RA -40°F

(°F) (Hrs.) (ksi) (ksi) (ksi) % % Cv* Re*
800 20 131 115 109 14,3 50,5 28,0 38

800 25 129 122 108 15.0 48,1 24.0 38

800 25 132 107 98 15,7 48.3

800 30 133 118 114 15,7 52.5 29.8 37

800 30 126 117 113 14,7 53,2 28.3 38
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Table V continued

Test Expozure

Temp, Time UTs 0.2 ¥3 0.1 YS El RA

o) (Hrs.) (ksi) (ke i) (ksi) ] % -40°F Re
Cv

906 .08 125 108 100 13.2 53,6

909 .08 128 109 101 12,5 46.4

900 .25 122 105 98 13.2 52,1

900 W25 124 107 100 15.7 54.8

900 .50 127 109 101 13.6 51,4

900 .50 122 111 104 15.4 57.4

900 .75 119 101 94 12,8 48,6

900 .75 123 107 101 1£.4 54,6

900 1 115 9§ 89 18,6 61,53 30,5 37

900 1 111 98 92 17,5 57,7 24.3 38

900 5 112 93 81 11.4 43.9 26,8 37

900 5 118 103 96 17.7 58,1

900 16 117 103 9o 17.9 62,0 %0.0 37

200 10 116 103 96 17,8 48,9 26,3 38

€90 15 112 99 94 17.1 56.3 27,0 38

900 15 116 101 95 le.1 58,6 78,8 39

900 20 113 104 a7 17.8 57,4 28,5 38

900 20 117 97 89 . 15.7 56.6 29,8 38

900 25 116 102 96 15,0 52,1 26.8 38

900 25 121 102 96 13.6 54.4

900 30 117 104 97 17,0 57.4 27,8 37

900 30 116 108 104 17.8 55.9 26.3 37
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Table V continued

Test Exposure
Temp. Time uTS 0,2YS 0.1YS El  RA -40°F
(°F) (Hrs.) (ksi) (ksi) (ksi) % 5 cv Re
| 1000 .08 108 97 83 17.9 61.3
§ 1000 .08 104 89 81 17.1 64,0
5 1000 .25 107 91 85 16.1 60,6
E 1000 .25 96 78 71 18.3 59.5
7 1060 .50 o8 82 76 20.1 58.5
1000 .50 102 84 77 16.1 56.6
1000 .75 105 94 86 13.2 49.4
1000 .75 54 44 42 23.2 74,0
1000 1 9: 78 7 22.8 62.7 29,8 36
1000 1 98 34 77 15.0 54.4 27.3 37
1000 5 87 67 54 20,7 58,7 31,5
1; 1000 5 91 79 73 24,3 62.0
| 1000 10 85 80 78 21.4 58,5 28.7 36
, 1000 10 94 82 75 18.6 63.0 31,0 36
§ 1606 15 89 79 72 20,7 64,0 26.8 37

1000

—
N
o
w
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Table V continued

Test Exposure

Temp., Time uTsS 0.2 YS 0.1 YS El RA -40°F

(°r) (ilrs.) (ksi) (ksi) (ksi) % % Cv Rc
1100 .08 74 51 45 15.0 44.9

1100 .08 69 43 4] 25.4 53,6

1100 .25 60 42 36 18,6 54,0

1100 .25 59 35 31 22.8 60,9

1100 1 55 43 38 36.4 66,6 36,5 35
1100 1 54 40 33 34,3 67.2 37.5 34
1100 5 52 40 33 33.6 68,5 34.5 35
110U 5 57 38 22 38,0 69,8 37.3 34
1100 10 54 43 34 33,6 65,9 38,0 34
1100 10 41 36 35 32,2 68,9 37.3 34
1100 25 51 36 28 35,7 69.0 39.0 33
1100 25 42.5 32
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Table V continued

Test Exposure

Temp, Time uts 0.2 YS 0.1 YS El RA -40°T

(°F) (Mrs.)  (ksi) (ksi) (ksi) % % Cv Rc
1200 .08 36 21 18 26.0 66.3

1200 .08 37 23 19 26,8  63.0

1200 .25 34 20 17 26.4 67,0

1200 .25 34 17 14 55.0 77.6

1200 ! 27 19 14 57.8 73.9 47.3 27
1200 1 24 18 17 60,5 81,6 45,8 29
1200 10 26 18 16 2.9  BIL.5 54,8 23
1200 10 33 27 24 33.6 83,9 56.0 22
1200 20 25 16 12 39.3 £82.0 52.0 21
1200 20 31 13 11 69.5 85.7 44,8 22

Blank spaces denota data not talker,




Test
Temp
RT
RT
800
800
900
900
1000
1000
1100
1100
1200

1200

TABLE VI

Tensile Dat: On
4337M (120) Tempered at 1100°F

Exposure
Time uTS 0.2YS 0,1YS El RA
{Hrs,)  (ksi) (§si) {ksi) 3 %
138 123 122 22,5 36.1
139 124 123 1342 42,8
1 106 77 75 19.7 60.2
1 107 84 77 17.5 58.8
.25 97 79 73 22.2 63.0
«25 85 81 75 21.4 64.5
1 78 62 56 17.9 56,6
1 81 66 64 24.0 70.1
1 61 46 39 29,6 75.9
1 63 51 44 25.4 66.7
1 37 25 21 47,1 79.6
1 40 25 21 33,2 76.5




TABLE VII

0.1 YS at Test Temperature (ksi)

* The averape of two or more tests

4337M (170) 4337M (155) 4337 (120) 4140 (130)
IT = 8C0°F

Test C = ,432T C = ,392T C = .304T C = .3307

Temp., Act,* Cale, Act.* Calc. Act,* Calc. Act.* Calc,
R.T. 172 157 122 133

800 115 115 109 105 76 81 ‘R4 3
900 102 96 99 87 74 67 76 74
1000 72 74 75 67 59 52 67 57
1100 40 49 36 A5 42 35 32 38
1200 15 23 18 21 21 16 20 19
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