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GENERAL

This steel is a development of 4330 and 4330 V
Mod. The higher carbon content appreciably in-
creases the tensile and yield strengths at low
tempering temperatures. The alloy is used pri-
marily in a condition heat treated 1o Fyyy = 210 ksi
minimum. It is available in the form of sheet, sirip,
plate, bar, forgings and tubing. It possesses good
welding characteristics and the formability of the
steel, if spheroidized, is also good.

Commercial Designation
4335 V Modified.

Alternate Designations
4335 Modified.
UNS Number: K33517.

Specifications
AMS Specifications, Table 1.031.

Composition
Table 1.04.

Heat Treatment

Normalize, 1600 to 1750 F, air cool. Normalizing
temperature is frequently kept low (e.g., 1585 10
1615 F, 20 minutes). AMS 6428 gives 1690 to
1710 F.

Full anneat. 1585 to 1615 F, 1 hour per inch
thickness, furnace cool to 1400 F, continue
furnace cool at 30 F per hour maximum to

1000 F maximum,

Spheroidize anneal sheet and plate for maximum
formability. 1435 to 1465 F, 10 hours, furnace
cool 20 F pe: hour maximum to 800 F maximum.
Intermediate anneal 1o remove strain hardening of
cold worked spheroidized sheet. 1200 to 1250 F,
2 10 8 hours.

Stress relief welded material. 1025 10 1075 F,

30 minutes, furnace ¢eol to SQ0 F.

Austenitize. 1600 to 1650 F, 20 minutes per inch
thickness, 30 minutes minimum, air cool or oil
quench. Below 1600 F, the properties may be
irregular. Tensile properties decrease slightly with
increasing austenijtizing temperatuzes. Normalizing
should precede austenitizing if steel has been
previously spheroidized.

Temper. 400 to 500 F, 2 hours minjmum, to ob-
tain FIY = 210 ksi minimum, and 700 F minimum
for atleast 2 hours to obtain Fyy = 190 ksi mini-
mum. AMS specified tensile properties, Table
1.057.

Alternate heat reatment for sheet. 1635 to

1665 F, 20 minutes, quench in salt bath at 375 to
415 F until metal reaches iemperature of 400 to
500 F, hold 2 hours minimum. This treatment
produces less distortion than oil quenching.

Hardness

End quench hardenability, Figure 1.061.

Effect of tempering temperature, quenching media
and melt method on hardness of sheet, Figure
1.062.

Rockwell number for extruded bar with typical
tempered martensite structure: 50 HRC (35).
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Effect of thickness, melting practice, austenitizing

temperature and tempering temperature on hard- Fe
ness of sheey, Table 1.064, 0.35C
Effect of below-normal austenitizing temperature |1 .8 Ni
on hardness of forging, Figure 1.065. 0.8 Cr
Forms and Conditions Available 0.35 Mo
Alloy is available in the full commercial range of (0.2 V

sizes for sheet, strip, plate, bar, tube and flash-
welded rings. 4335 V
Bar and forgings are available in the normalized Mod
condition. Sheet and plate are available in various

annealed conditions.

Melting and Casting Practice
Electric furnace air melt. Induction and consum-
able electrode vacuum meits.

Special Considerations
See 4340,

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range. 2645 to 2845 F.

Phase changes. Transfermation temperatures from
ferrite to austenite,

Acl = 1310F
Ag = 1480F
Mg point = 375 F
Mg point near 360 F.

Determined on specimens with 0.35C (12).
Time-temperature-transformation diagram, deter-
mined by (12), Figure 2.0121.
Time-temperature-transformation diagram, deter-
mined by {26), Figure 2.0122.

Thermal conductivity. 29.2 Bru/ft/hr/ftZ/F.
Thermal expansion, Figure 2.014.

Specific heat. 0.16 Btu/ib/F.

Thermat diffusivity.

Other Physical Properties

Density. 0.283 ibfin.3, 7.83 g/em3.
Electrical resistivity.

Magmetic properties. Alloy is ferromagnetic.
Emissivity.

Damping capacity.

Chemical Properties
Similar to 4340.

Nuclear Properties
MECHANICAL PROPERTIES

Specified Mechanical Properties

AMS specifications.

AMS specifications for sheet, strip and plate,
Table 3.0111.

AMS specifications for bars, forgings, stock or
billets, Table 3.0112.

Fabricators’ specified mechanical properties, Table
3.012

Mechanical Properties at Room Temperature
Tension.

Stress-strain diagrams.
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Stress-strain curve in tension for bar, Figure
302111,

Effect of auszenitizing temperature and time on
tensile properties.

Effect of austenitizing time and temperature on
tensile properties of bar, Figure 3.02121;

Effect of austenitizing temperature on tensile
properties of sheet, Figure 3.02122.

Effect of austenitizing time on tensile properties
of sheet, Figure 3.02123. .

Effect of quenching time at 400 F in salt on tensile
properties of sheet, Figure 3.02124,

Effect of normalizing and austenitizing tempera-
ture on tensile properties of sheet and plate, Fig-
ure 3.02125.

Effect of below-normal austenitizing temperature
on tensile properties of forging, Figure 3.02126.
Effect of tempering temperature and time on
tensile properties of sheet and plate.

Effect of austenitizing and tempering temperatures
on tensile properties of sheet, Figure 3.02131.
Effect of melting practice and tempering tempera-
ture on tensile properties of sheet, Figure 3.02132.
Effect of tempering time and temperature and time
of austenitizing on tensile properties of sheet and
plate austenitized at 1350 F, Figure 3.02133.
Effect of tempering time and temperature and time
of austenitizing on tensile properties of sheet and
plate austenitized at 1600 F, Figure 3,.02134,
Effect of tempering time and temperature and time
of austenitizing on tensile properties of sheet and
plate austenitized a1, 1650 F, Figure 3.02135.
Effect of tempering temperature and quenching
media and melt method on tensile properties of
sheet, Figure 3.02136.

Effect of tempering time and quenching media on
tensile properties of sheet, Figure 3.02137.

Effect of tempering temperature on uniaxial and
biaxial tensile stress properties of sheet, Figure
3.02138.

Effect of tempering temperature and time on
tensile properties of bar,

Effect of quenching and tempering temperamure on
tensile properties of bar, Figure 3.02141.

Effect of tempering time and temperature on
tensile properties of bar, Figure 3.02142.

Size effects on tensile properties,

Effect of thickness on tensile properties of sheet
and plate, Figure 3,02151.

Effect of thickness of sheet from two melting
practices and various heat treatments, Table
3.02152.

Tensile properties of gun-tube extrusion, Table
3.0216.

Tensile properties of forging, Table 3.0217.
Compression.

Stress-strain diagrams.

Stress-strain curve in compression for bar, Figure
3.02211.

Impact.

Effect of quenching and tempering temperature on
impact strength of bar, Figure 3.0231.

Effect of tempering time and temperature on im-
pact strength of bar, Figure 3.0232.

Effect of below-normal austenitizing temperature
on impact properties of forging, Figure 3.0233,
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Impact properties of gun-tube extrusion, Table
3.0234.

Correlation of Charpy-V shelf energy with dynamic
tear shelf energy in comparison to a range of
various high-strength steels (37), Figure 3.0235.
Bending.

Torsion and shear,

Effect of diameter-to-thickness ratio on ultimate
shear strength of hollow cylinders, Figure 3.0251.
Bearing.

Stress concentration,

Notch properties; see also 3.0272 and 3.0371.
Effect of tempering temperature on tensile proper-
ties and notch strength of plate, Figure 3.02711.
Effect of tempering temperature, melting practice
and sheet thickness on notch strength of sheet,
Figure 3.02712.

Effect of stress concentration on notch strength of
sheet, Figure 3.02713.

Effect of tempering temperature on notch strength
of sheet austenitized at 1650 F, Figure 3.02714.
Effect of tempering temperature on notch strength
of plate austenitized at 1650 F, Figure 3.02715.
Effect of tempering time and temperature on
notch strength of bar, Figure 3.02716,

Effect of quenching and tempering temperature on
notch stength of bar, Figure 3.02717.

Notch tensile properties of forging, Table 3.02718.
Fracture toughness.

Effect of austenitizing temperature on notch
strength of sheet, Figure 3.02721.

Effect of tempering temperature on notch strength
of sheet, Figure 3.027232.

Effect of tempering temperature on notch strength
of sheet austenitized at 1625 F, Figure 3.02723.
Effect of tempering temperature on notch strength
of plate austenitized at 1625 F, Figure 3.02724.
Effect of tempering temperature on notch strength
of sheet austenitized at 1650 F, Figure 3.02725.
Effect of tempering temperature on notch strength
of plate austenitized at 1650 F, Figure 3.02726.
Effect of thickness on notch strength of sheet,
Figure 3.02727.

Fracture-toughness properties of gun-tube extru-
sion, Table 3.02728.

Combined properties.

Mechanical Properties at Vadous Temperatures
Tension.

Stress-strain diagrams,

Effect of test temperature on tensile properties of
sheet, Figure 3.0312.

Compression.

Stress-strain diagrams.

Impact.

Effect of test temperature on impact strength of
plate, Figure 3.0331.

Bending.

Torsion and shear.

Bearing.

Stress concentration,

Notch properties.

Effect of test temperature on net fracture stress
and fracture appearance of shear-cracked sheet,
Figure 3.03711.
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Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of air metted, quenched and tempered 0.015 inch
sheet, Figure 3.03712 (38).

Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of air melted, quenched and tempered 0.015 inch
sheet, Figure 3.03713 (38).

Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of air melted, quenched and tempered 0.015 inch
sheet, Figure 3.03714 (38).

Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of air melted, quenched and tempered 0.030 inch
sheet, Figure 3.03715 (38).

Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of air melted, quenched and tempered 0.030 inch
sheet, Figure 3.03716 (38).

Effect of test temperature on tensile properties,
fracture appearance, and net section {racture stress
of air melted, quenched and tempered 0.030 inch
sheet, Figure 3.03717 (38).

Effect of test temperature on tensile propertes,
fracture appearance, and net section fracture stress
of air melted, quenched and tempered 0.063 inch
sheet, Figure 3.03718 (38).

Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of air melted, quenched and tempered 0.063 inch
sheet, Figure 3.03719 (38).

Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of air melted, quenched and ternpered 0.063 inch
sheet, Figure 3.03720 (38).

Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of air melted, quenched and tempered 0.125 inch
sheet, Figure 3.03721 (38).

Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of air melted, quenched and tempered 0.125 inch
sheet, Figure 3.03722 (38).

Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of air melted, quenched and tempered 0.125 inch
sheet, Figure 3.03723 (38).

Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of consutrode vacuum melted, quenched and
tempered 0.015 inch sheet, Figure 3.03724 (38).
Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of consutrode vacuum melted, quenched and
tempered 0.015 inch sheet, Figure 3.03725 (38).
Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
of consutrode vacuum melted, quenched and
tempered 0.015 inch sheet, Figure 3,03726 (38).
Effect of test temperarure on tensile properties,
fracture appearance, and net section fracture stress
of consutrode vacuum meited, quenched and
tempered 0.063 inch sheet, Figure 3.03727 (38).
Effect of test temperature on tensile properties,
fracture appearance, and net section fracture stress
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of consutrode vacuum melted, quenched and Fe
tempered 0.063 inch sheet, Figure 3.03728 (38).

Effect of test temperature on tensile properties, 0.35 C_
fracture appearance, and net section fracture stress 1.8 Ni
of consutrode vacuum melted, quenched and 08 Cr
tempered 0.063 inch sheet, Figure 3.03729 (38). 0.35 Mo
Effect of test temperature on tensile properties, :
fracture appearance, and net section fracture stress 02 V
of consutrode vacuum melted, quenched and
tempered 0.063 inch sheet, Figure 3.03730 (38). 4335 V
Fracture toughness. Meod
Combined properties.

Creep and Creep Rui;ture Properties

Fatigue Properties

S-N curves for bar with various surface treatments,
Figure 3.051.

§-N curves for smooth and notched bar, Figure
3.052.

Fatigue life at 80 ksl (R = 0) for forging, Figure
3.053.

Fatigue crack propagation rate of gun-tube extru-
sion, Table 3.054.

Elastic Properties

Poisson’s ratic. Dynamic bending, 0.303. Static
tension, 0.293.

Modulus of elasticity, 30,000 ksi.

Modulus of rigidity, 11,000 ksi.

FABRICATION
Similar t0 4330 V Mod.

Fomability

Severe forming of sheet and strip is performed in
the spheroidized condition, with the hardness
limited 1o 95 RB maximum.

Forging range, 2000-2200 F (20).

Machining and Grinding

Bar and forgings can be machined in the normal-
ized condition, with additional tempering at
1275 F recommended for best machinability.

Welding

Flash welding of air melted plate results in reduced
joint efficiency when heat treated to maximum
strength. Effects of flash welding and tempering
temperature on tensile properties and endurance
limit of air melted plate, Figure 4.031.

Flash welding of vacuum metted plate results in
better joint efficiency and considerably increased
endurance limit, Effect of flash welding and tem-
pering temperature on tensile properties and
endurance limit of vacuum melted plate, Figure
4.032.

Multipass welding technique is required for welding
0.220 inch thick material. A 500 F preheatand a
500 F postheat for 30 minutes results in the
optimum as-welded weld ductility (31).

Tests of welded 0.093 inch sheet, containing weld
repairs after heat treatment, show Fy reduced

20 to 30 ksi and Fyy reduced 10 to 15 ksi. Frac-
ture toughness of repair weld after heat reatment
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generally was better than a normal heat-treated
weld (32).

Heat Treatment
Surface Treatment
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FERROQUS ALLOYS
Alloy 4335 V Mod
Source | AMS Form
1 50298 | Welding wire
2 6428C | Bars, forgings, forging stock and mechanical tubing
3 6429C | Bars, forgings, mechanical tubing, flash-welded rings, and
stock for forging or flash-welded rings (vacuum melt)
4 6430C | Bars, forgings, mechanical tubing, flash-welded rings, and
stock for forging or flash-welded rings (special grade)
5 6433C | Sheet, strip and plate (special grade)
6 6434C | Sheet, strip and plate
7 6435C | Sheet, strip and plate (vacuum melt)

TABLE 1.031. AMS SPECIFICATIONS

Altoy 4335 V Mod
Source AMS (2,6) AMS (3,4,5,7)
Percent Percent
Composition Min Max Min Max
Carbon 0.32) | 0.38 | 0.33(0) | 0.38
Chromium 0.65 0.90 | 0,65 0.90
Copper - 0.35 - 0.35
Manganese 0.60 0.80 | 0.60 0.90
Molybdenum | 0.30 040 | 0.30 0.40
Nickel 1.65 200 | 165 2.00
Phosphorus - 0.025 - 0.010()
Silicon 0.15 0.35 | 0.40 0.60
Sulfur - 0.025 - 0.010(c)
Vanadium 0.17 0.23 | 0.17 0.23
Iron Balance Balance

(2) AMS 6434C gives 0.33,
{b) AMS 6430C gives 0.32,
{c) AMS 6430C and AMS 6433C give 0.015.

TABLE 1.04. COMPOSITION

Alloy 4335 VMod
Condition Austenitized 1600—1650 F, 1 hr, OQ
Fry,ksi | Fpy, ksi

Source Form of Product Temper {Min) (Min)

AMS 6429C | Bars, lorgings, tube 400500 F 340 210
(vacuum melted) 2 hr (min)

AMS 6430C Bars, forgings, tube 700 F 205 190
{special grade) 2 hr (min)

AMS 6433C Sheet, strip and plate | 700 F 205 190
{specizal grade) 2 hr (min)

AMS 6435C Sheet, strip and plate 400-500 F 240 210
(vacuum melied) 2 hr (min)

TABLE 1.057. AMS SPECIFIED TENSILE PROPERTIES

FelUH

Fe
0.35C
1.8 Ni
0.8 Cr
0.35 Mo
02 V

4335 Vv
Mod
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4335 V Mod 4335 V Mod Sheat
80 | I T Aust in Salt 1625 F, 30 min
== Limits of § Heats, 0.34 to 0.36C- ® S5Q,400F,5min | _ 495
0.25 1o 0.32Si {16,17) AirMelt {4 OQ,RT M99 n-
Aust 1575 F {19)
g 60 e B 20 min, OQ, t=0.109 in.
T 1._____ VacMelt W 40 min, OQ, t=0.090 in. } (22}
. -_ CEV Melt ¢ 40 min, OQ, t=0.080 in.
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B \ Min
:i:u 40
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+ Aust 1650 F, 0Q 1 4 {2) 52
20 L
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FIGURE 1.061. END QUENCH HARDENABILITY (2,9,16,17) g
K] 44
Temper 2 hr
40
36
0 200 400 600 800 {s]0]e]

Tempering Temperature, F

FIGURE 1.062. EFFECT OF TEMPERING TEMPERATURE,
QUENCHING MEDIA AND MELT METHGOD
ON HARDNESS OF SHEET (19,22}

Alloy 4335V Mod
Form Sheet
Condition
Austenitizing Tempering
Melting Thickness, | Temperature, { Temperature, { Hardness,
Practice in. F(a) F(b) HRC
Air Melt 0.03 1573 400 49-50
1575 725 41-43
1620 400 48-50
0.063 1575 400 52-54
1575 725 44-45
1620 400 48-52
0.125 1575 400 47-50
1575 725 42-44
1620 400 47--51
Consumable 0.063 1575 400 48-50
Electrode 1575 725 43-44
1620 400 48-50

(a) Austenitized at 1575 F in neutal salt, or in argon at 1620 F,
oil quenched.
(b) Tempered for 2 hours and air cooled.

TABLE 1.064. EFFECT OF THICKNESS, MELTING PRACTICE,

AUSTENITIZING TEMPERATURE AND TEMPERING
TEMPERATURE ON HARDNESS QF SHEET (38)
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4335 V Mad Gun-Tube Forging 4335 V Mod Fe
Austenitized 45 min, WQ + Temper 16Q0 —
1075 F, 1 he [ A3 T T __J____J-__ J |0.35¢C
45 __J‘LeL______?_r::______ 1.8 Ni
o 1200 T < ¥« (08 Cr
a . A o
40 g A+EC 0.35 Mo
1) & 800 - 02 Vv
3 g ) ("'
;‘ 35 7 E et M Bf>" 4335V
2 A Electric Furnace 400 et Mod
T 30 —  Vacuum Degassed—
T A @ Electric Furnace
P Vacuum Degassed 0
{ d Then Electro- __|
25 siog Refined 10° 10’ 102 0* 1t 10%
I | , Time, sec
20|250 1300 1350 1400 1450 1500 (550 1600 FIGURE 2.0121. TIME-TEMPERATURE-TRANSFORMATION
Austenitizing Temperature, F DIAGRAM, DETERMINED BY (12)
FIGURE 1.065. EFFECT OF BELOW-NORMAL AUS-
TENITIZING TEMPERATURE ON
HARDNESS OF FORGING (33)
4335 V Mod, Austenitized 1650 F 4335 V Mod
1600 w —_ 18]}
| _Ae3 | _d___1. _— 2 —— (12}
r o o e e e 7“'::: = £ From RT to Temp
200 |—Ae1 A+F £ ;
w i F+C © Indicated
g - m— 2 % - Coef Linear
- ean Lol near
‘E 800 (/—- AtFAC 'E Thermal Expansion
g - S F+C E 8 -
OE % //—I—-—- =
400 |—M¢ u?.: 7 . i -
£ / ki
0 £ =
6
10° 1o 0% 10® Ton 10° -200 O 200 400 €00 800 1000 1200
Time, sec Temperature, F
FIGURE 2.0122. TIME-TEMPERATURE-TRANSFORMATION FIGURE 2.014. THERMAL EXPANSION (12,18}
DIAGRAM, DETERMINED BY (26}
Alloy 4335 VMod
Form Sheet, Strip and Plate
Condition 1600 t0 1650 F, 1 hr, 0Q +
>700F, 2 hr 400 to 500 F, 2 hr
Thickness, in. >0.070to | >0.249 to »0.070 to
<0.070 0.249 0.349 >0.349 | >0.070 0.249 >0.349
F¢y (Min), ksi 205 205 205 205 240 240 240
Fty (Min), kst 190 190 190 190 210 210 210
e (2 in.) (Min}, percent 5 [ 8 10 5 "6 8
TABLE 3.0111, AMS SPECIFICATIONS FOR SHEET, STRIF AND PLATE (5,7)
CODE 1205
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FelUH FERROUS ALLOYS PRINTED: SEPTEMBER 1988

Fe Alloy 4335 V Mod
Condition 1600 to 1650 F, 1 hr, 0Q +
0.35C >700F, 2 hr 400 to 500 F, 2 hr
1.8 Ni Form Forgings, Forgings,
08 Cr Bar Stock, Billets Bar Stock, Billets
Thickness, in. Not given
0.35 Mo Fr, (Min), ks 240 205
0.2 Vv Fiy (Min), ksi 210 190
e (4D) (Min), percent 10 (L) 7(M) 10 (L) 7(M
4335 VvV
Mod TABLE 3.0112, AMS SPECIFICATIONS FOR BARS, FORGINGS, STOCK
OR BILLETS (3.4)
Alloy 4335 V Mod
Condition 1625 F, 0Q + 400 to S00 F,
2 hr Minimum
Form Sheet, Strip,
Plate Bar Billet
Fty (Min), ksl - 210 210
L - - -
T 210 - -—
e (2 in.) (Min), percent - - -
L - 10 -
T 6 - 7

TABLE 3.012. FABRICATORS' SPECIFIED
MECHANICAL PROPERTIES (9}

4335 V Mod, Austenitized 1525 F, 1 hr, 4335 V Mod, 3/4 inch Bar
00 RT, Temper 465 F, 1 hr, AC Aust
240 1
- 320 @
/ A 23hr
| 4
RT g - 0OQ Temper 450 F, 2 hr
o
L
-'535 Ftu
Em
160 £ é 240
Rate of Loading 25
k- 10,000 lb/min BT
= .EE Fiy
g 120 57 200
= p/
’I A ¥
-]
80 Sg 40
— L 3/4 in, Bar § 2
=~=T6G in, Bar 34
Eg RA
40 c8 20
L%
52 e
Tension =N
@ W
0 £ 0
o) 0004 0008 0012 006 0018 1450 1500 15650 1600 1650 1700
Strain, in/fin, Austenitizing Temperature, F
FIGURE 3.02111., STRESS-STRAIN CURVE IN TENSION FIGURE 3.02121. EFFECT OF AUSTENITIZING TIME
FOR BAR (24) AND TEMPERATURE ON TENSILE
PROPERTIES OF BAR (24)
CODE 12056

Page 8




PRINTED: SEPTEMBER 1988 FERROUS ALLOYS FeUH
o 4335 V Mod, 0.095 inch Sheet - 4335 V Mod, 0.095 inch Sheet Fe
g Austenitized in Salt 30 min, SQ 400 F, 5 Austenitized 1625 F, 5Q 400 F, 5 min, 0.35C

3% 5 min, AC, Temper 500 F, 2 hr 3* AC, Temper 500 F, 2 hr .
< > 280 o+~ > 280 1.8 Ni
L AL
£ - £ 0.8 Cr
2% F £
£2 240 t 52 o 0.35 Mo
o P ] b Ftu '2
£3 Fry E:

E; 200 __.-ﬁF‘Hj = 200 r—i_ g P 4335 V
2 A 2 ¢ di Mod
" ~ 49 ty :g

< .
8% i0 §w
58 25 10
- =4 (<4
g2 e (2in.) gg_ o _.__"".—""".2 i)
] 0 | 2 e(2in,
1450 1500 1550 1600 1650 {700 1750 ]
Austenijtizing Temperature, F 5 10 20 50 100 200
Time, min
FIGURE 3.02122. EFFECT OF AUSTENITIZING TEM-
PERATURE ON TENSILE PROPERTIES FIGURE 3.02123. EFFECT OF AUSTENITIZING TIME
OF SHEET (19} ON TENSILE PROPERTIES OF
SHEET {19)
4335 V Mod
@ Not Normalized
A 1850 F
= :ggg : MNormalized
4335 V Mod, 0.095 inch Sheet & 2050 F
Austenitized in Salt 1625 F, 15 min, SO
- 400 F, AC, Temper 500 F, 2 hr = 280 |~ 0.093 inch Sheet —1—— 0.220 inch Plate—]
5% 280 3
3% E Fru
u el
R . 240
5 *-— -
23 240 — S S P 2% Ftu .
= § Fiu - [ i
[
53 ‘_ 82 v
E;" 200 et gy EE Normalize 15 min, Normalize 15 min,
= Fry L £” |60 |-FCt0 1500 F, AC —} FCto 1550 F, AC  —
As JL Austenitize 1 hr, SQ,
T T A 375—400 F, Temper 5y
c s S00F, 2+ 2ht
< 10 ce IO i
- g =
8% —l_g ' s 8 et e (2 i)
oc e(2in.) £g
o 2,
O w 0 s?.
5 10 20 50 100 200 500 I500 1600 I7C0 1500 600 1700 {800
Time in Salt, min Austenitizing Temperature, F
FIGURE 3.02124. EFFECT OF QUENCHING TIME AT FIGURE 3.02125, EFFECT OF NORMALIZING AND
400 F IN SALT ON TENSILE PROPER- AUSTENITIZING TEMPERATURE ON
TIES OF SHEET (19} TENSILE PROPERTIES OF SHEET
AND PLATE {21)
CODE 1205
Page 9




FeUH FERRQUS ALLOYS PRINTED: SEPTEMBER 1988
Fe| 200 | 4335 V Mod Gun-Tube Forging 4335 V Mod Sheet, 0,36C,
Austenitized 45 min + WQ + Temper 1550—-1650 F, OQ + Temper, 2 hr
0.35C 1075 F, 1 hr
1.8 Ni eso
0.8 Cr E: Feu
180 .
0.35 Mo 3 240
0.2 V ~ Aust Temp
i | §E
4335 v 160 _E_a 200 |8 1650 F 940
Mod (é:
a
5% 2 160 200
Al
oL 140
£ A
g A Electric Furnace . id
E £ Vacuum Degassed 5 10 W 160
(- ® Electric Furnace =5 .
22 120 —  Vacuum Degassed - E’g @(2in.)
E = and Then Electro- Lo
=> slag Refined w o
> 0 200 400 600 800 1000
100 Tempeting Temperature, F
. 30F T FIGURE 3.02131. EFFECT OF AUSTENITIZING AND
£ TEMPERING TEMPERATURES ON
£§ 20 TENSILE PROPERTIES OF SHEET (11)
=
S& 10
o]
1200 1300 1400 1500 1600

Austenitizing Temperature, F

FIGURE 3.02126. EFFECT OF BELOW-NORMAL AUS-
TENITIZING TEMPERATURE ON
TENSILE PROPERTIES OF FORGING (33)

CODE 1205
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4335 V Mod Sheet, 1620 F, 1/2 hr,
0Q + Temper, 2 hr

280

200

240

N
[+]
o

B SR

120

160

Yield Strength, FW- ksi

A
120 — 8 0.063 in, Air Meit, 0.35C

0.095 in. Air Melt, 0.36C

0.063 in. Consumable Electrode
Vacuum Melt, 0.35C
Ft‘/

o
[

¥y
Ak

Elongation,
parcent
o

o
200 400 600 800 1000 1200 1400

Tempering Temperature, F

FIGURE 3.02132. EFFECT OF MELTING PRACTICE

AND TEMPERING TEMPERATURE ON
TENSILE PROPERTIES OF SHEET (13}

Yield Strength, Fyy, ksi

Ultimate Strength, Fy,, ksi
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Uitimate Strength, Fy,, and

FERROUS ALLOYS
4335 V Mod
280 ; . y r
0.093 inch Shest 0.220 inch Plate
D>, Aust 1 hr
240 [~ Fy, Aust 1 hr -
@ZZZ Fru
200 _?z: =
— FtY ,
A Temper Time Aust 1550 F, +
¥ o1 SQ 400 F a1
- A 1+
2 280 N2 hr
> V¥ 242
w
£ 240 Aust 2 hr 2>, Aust 2 br
£ Fiy
o
E M Ftu
2
b 200 —WZ Fey
a Py :f
280 ‘
%Nun 3hr
240 -r,, L _Aust 3 hr
Vm Fru
200 _;E .
F
~ A g
3 Aust 1-3 hr Aust 1=3 hr
g% i0
g8 * 77T T ZX77777 772 ?
o o
w 0 —
400 500 600 700 800 500 600 70C 800 900

Tempering Temperature, F

FIGURE 3.02133. EFFECT OF TEMPERING TIME AND TEMPERATURE AND TIME
OF AUSTENITIZING ON TENSILE PROPERTIES OF SHEET
AND PLATE AUSTENITIZED AT 1550 F (21)

FeUH

Fe
0.35C
1.8 Ni
08 Cr
0.35 Mo
02 V

4335 V
Mod

CODE 1205
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Fe 4335 V Mod
0.36C 280 r T Y T
1.8 Ni 0.093 inch Sheet 0.220 inch Piate
08 Cr
0.35 Mo 240 F' t Z’ -'Q Al.llst 1 hr ]
02 Vv t

4335 V 200 m
Mod

~ Fry Temper Time Aust 1600 F
2 280 91 SQ 400 F
Ea Aw |
3% a2
= >
I.I.-u:-
gg 240 3 Aust 2 hr
£
E -]
e
28 Feu
Eg 200
% F
=> ty
=] L
280
Aust 3 hr
240
Fiu
200 -
4
gg 10 Aust 1—3 hr— | Aust 13 hr .
;3 8 VD e e W e - a2 s
o
E o
-1
w

W

o]
400 500 600 700 800 500 600 700 800 800
Tempering Temperature, F

FIGURE 3.02134. EFFECT OF TEMPERING TIME AND TEMPERATURE AND TIME
OF AUSTENITIZING ON TENSILE PROPERTIES OF SHEET
AND PLATE AUSTENITIZED AT 1600 F {21}
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Ultimate Strength, Fy,,, and
Yield Strength, Fty- ksi

FERRQUS ALLOYS
4335 V Mod
280 T T T T
0.093 inch Sheet 0.220 inch Plate
240 _me Vs Aust 1 hr Aust 1 hr
200
Fyy
a Py P
Temper Time Aust 1650 F r
280 3 _ $Q 400 F
A 1+ hr
.2
¥ 242
A h
240 = | P>, Aust 2 hr
L Fr Aust 2 br
280
240 -} Aust 3 hr
F Aust 3 hr
tu
Fry
200
Fy
A Fey fod
S, 10 Aust 1-3 hr o Aust 1—-3 br
=
58 C LT T 2275k” . zZ /) e
[=aE"}
sa
“ o -
400 500 600 700 800 500 600 700 800 900

Tempering Temperature, F

FIGURE 3.02135. EFFECT OF TEMPERING TIME AND TEMPERATURE AND TIME
OF AUSTENITIZING ON TENSILE PROPERTIES OF SHEET
AND PLATE AUSTENITIZED AT 1650 ¥ (21)

FeUH

Fe
0.35C
1.8 Ni
08 Cr
0.35 Mo
02 V

4335 V
Mod
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. Fe 4335 V Mod Sheet 4335 V Mod, 0.095 inch Sheet
0.35C Aust in Salt 1625 F, 30 min o 23“4:,%2,? F5 15 m:c
: SQ, 400 F, 5 min] ¢ = i X .5 min, AC,
1.8 Ni _ : -y 400 F, mm} t c:.109935 in. . Sorapar 800 F
0.8 Cr AirMalt § ™ aust 1575 F 53 A 0Q, RT, Temper 400 F
@0 20min, 0Q  t=0.109 in. é‘; 280
0.35 Mo Vac Melt W9 40 min, OQ t=0.090 in. (22} W E Al 4 ]
02 Vv CEV Mealt §§ 40 min,0Q  t=0.080 in. £ A ——— F
320 T T 2% o40 | T—®—T0 18 o
4335 V Temper 2 hr .‘.'3 L Lo
Mod ovoT '-g &
0 5] A
A 53 — 9"
.g —— : tJl fa
xm rr v
¥ Sz 10
w = 240 g
£5 g ———4 ¢(2in)
z = E @
L= 2 -8
s P w o
(7, =
go 200 o 20 50 100 200 500
ES Time, min
S
=]
160 FIGURE 3.02137. EFFECT OF TEMPERING TIME AND
QUENCHING MEDIA ON TENSILE
PROPERTIES OF SHEET {19)
o~ ﬁ
E‘ . 10 e {2in.}
=3 =
2 § 4339 V Mod, 3/4 inch Bar
en Austenitized 1525 F, 1 hr
w
o] . ®
0Q, 2 hr*, AC, RT
0 200 400 600 8OO 1000 4 0Q,2hr*, Cooled 1o 120 F
Tempering Temperature, F Temper 2 hr, AC, RT
B Temper 2 hr, Cool 1o -120 F
+ Temper 2 hr, AC, RT
FIGURE 3.02136. EFFECT OF TEMPERING TEMPERA.- 320
TURE AND QUENCHING MEDIA AND *500 F, 0Q, 4 hr
MELT METHOD ON TENSILE PROPER-
TIES OF SHEET (19,22)
-]
5 2BO
- o
2 3
"'-‘u:‘ Fry
TE
B8E< 240
§8
s
[7: =1
" . T T ¥
4335 V Mod, 1600 F, 25 min, 0Q + Temper ® %
280 .E;_ 200
= F
=] ty
2
u_a > 1 Fru
s | am. 2,
- X
€% 200 |- W2 J BB 2540
= o Burst Strength -3
b ;ﬂ- ~ Ar q o
£z T ¥ £¢
€=
£$ 240 £% 20
5 == ¢ ¥ PPN s = H
=~ o A
Fey x
200 0
400 500 600 700 800 900 200 300 400 500 600
Tempering Temperature, F Quench and Tempering Temperature, F
FIGURE 3.02138. EFFECT OF TEMPERING TEMPERA- FIGURE 3.02141. EFFECT OF QUENCHING AND TEM-
TURE ON UNJAXIAL AND BIAXIAL PERING TEMPERATURE ON TENSILE
TENSILE STRESS PROPERTIES OF PROPERTIES OF BAR {24)
CODE 1205 SHEET (28}
Page 14
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4335 V Mod, 3/4 inch Bar 4335 V Mod Sheet and Plate Fe
Aust 1525 F_ 1 hr, OQ As-Received Condition 035C
Temper ® O Mili Annealed 1 Ni
- 320 o2 & & Mill Spheroidized 8 Ni
£._ A 4 he Heat Treatment 08 Cr
s K] ® A& Aust 1625 F, 1 hr, SG 390 F, '
Z2a Y2 2 min, AC, Temper 475 F, 2 hr 0.35 Mo
- 280 } ! ' O & Spheroidized 1500 F, 10 hr,.FC 02 V
£ 320 b— to 400 F + 1225 F, 48 hr, AC  — -
BE Feu Aust 1625 F, 1 hr, SQ 400 F,
£25 - Temper 450 F, 2 tr 4335 Vv
@ 240 Ea
[ “ F 3= A Mod
i3 v [ Fzem0 .
5 200 £s el N
2 B —
¥ T 5P ==l ——a
k-] R
SE 4o v, A AT ] RA ws 240
3 T Fry
<2 £ 8, =
£¢e 5 Sy
£2 20 200
2%
ég g i e W 4 e ds :5
S W e{2in.}
[ 0 <
375 400 425 450 475 500 525 sz 10 _oj;_::&
Tempering Temperature, F E’ §
33
FIGURE 3.02142. EFFECT OF TEMPERING TIME AND w o
TEMPERATURE ON TENSILE PROPER- 0 ol 0.2 0.3 0.4 0.5
TIES OF BAR (24) . N
Thickness, in,
FIGURE 3.02151. EFFECT OF THICKNESS ON TENSILE
PROPERTIES OF SHEET AND PLATE (21)
Alloy 4335V Mod
Form Sheet
Orientation L
Condition
Austenitizing Tempering
Melting Thickness, | Temperature, | Temperature, Fiy, Frus Elongation,
Practice in. F(a) e(b) ksi ksi percent
Air Melt 0.015 1575 400 192 220 25
1575 725 180 193 2
1620 400 183 217 23
0.03 1575 400 208 251 5
1575 725 192 211 315
1620 400 189.5 2325 4
0.063 1575 400 207 256 7
1575 725 182 202 53
1620 400 205 254 5.5
1620} 400 204 254 7
0.125 1575 400 205 254 8
1575 725 191 209 7.5
1620 400 196 250 8
Consumable 0.015 1575 400 185 215 -
Electrode 1575 725 173.5 186.5 -
1620 400 190 229 4
0.063 1575 400 199 240 6.5
1575 725 186 205 -
1620 400 202 248 6.5
1620(2) 400 201 246 7
(2) Austenitized at 1575 F in neutral salt, or in argon at 1620 F, oit quenched.
(b) Tempered for 2 hours and air cooled,
(¢) Transverse specimen.
: DE 12
TABLE 3.02152, EFFECT OF THICKNESS OF SHEET FROM TW(O MELTING PRACTICES co 05
AND VARIOUS HEAT TREATMENTS (38) Page 15




FeUH FERROUS ALLOYS PRINTED: SEPTEMBER 1988

Fe Alloy 4335 V Mod
0.35C Form Hollow Extrusions With Two External Diameters
! . (Approx. 9.5 in. and 7 in.) for 105 mm Gun Tube
1.8 Ni Condition Austenitized at 1550 F, OD and ID Quenched With
08 Cr Agitated Water, Tempered 1060 F for 4 hr
Specimen Qrentation T
8’35 “\fo Condition Fey Range(@), | RA Range,
: Tube No, | Location ksi percent
Original Heat 1 Breech 165.4-168.1 29-36
4335V Treatment (Above) Muzzle | 162.1-163.4 34-39
Mod 4 Breech 168.7-170.8 35-43
Muzzle 169.8-171.0 4148
8 Breech 167.1-170.1 2634
Muzzle 162.3—-164.1 26-37
Reheat Treatment(b) 1 Breech 162.6—162.6 42.8—43.6
Muizzle 158.1-159.6 36.340.7
4 Breech 165.6—165.6 43.6-46.2
Muzzle 164.1-165.6 44.9-48.6
8 Breech 172.7-172.7 35.4-38.5
Muzzle 169.7-169.7 34.0-37.7

{a) Range of values from four specimens.

(b) Austenitized at 15601580 F for 3 hours; ID and QD water spray quenched;
Tubes 1 and 4 tempered 1100 F for § hours, Tube 8 tempered 1080 F for
5 hours.

TABLE 3.0216. TENSILE PROPERTIES OF GUN-TUBE EXTRUSION (36)

Alloy 4335 V Mod
Form B-58 Wing, A. O. Smith Pylon Box Forging
Condition Austenitized at 1550 F, 30 min, Quenched Into Agitated

Molten Salt at 420—-435 F for 10 min, Cooled to RT,
Tempered 2 hrat 975 F

Elongation, Reduction in Area,
Direction F ty, ksi Fru, kst percent percent
L 183.0 188.4 11.4 474
T 1828 189.1 9.3 ' 33.3

TABLE 3.0217. TENSILE PROPERTIES OF FORGING (34)

CODE 1205
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280

13 T 1 i .
4335 V Mod, 1-1/4 inch Bar 4335 V Mod, 3/4 inch Bar Fe
Austenitized 1525 F, 1 hr, 0Q, RT, Aust 1525 F, 1 hr 0.35C
Temper 465 F, 2 hr, AC ® 0Q2h*, AC, RT -
& 0Q2hr*, Caolto-120F 1.8 Ni
240 7 Temper 2 hr, AC, RT
8 Temper 2 br, Cool to -120 F 0.8 Cr
+ Temper, 2 hr, AC, RT 0.35 Mo
20 *S00F, 0Q 4 hr
200 2 02 V
B 4335 V
@
c I6 Mod
B8 160 o ¢ IE lz0d
x Q
] -4
g £
& 4 =12
120 200 300 400 500 600
Quench and Tempering Temperature, F
80 FIGURE 3.0231. EFFECT OF QUENCHING AND TEM-
PERING TEMPERATURE ON IMPACT
Compression STRENGTH QOF BAR (24}
40
0
0 0.004 0008 0.012 0.016 008
Strain, in./in,
FIGURE 3.02211. STRESS-STRAIN CURVE IN COM-
PRESSION FOR BAR (24)
4335 V Mod Gun-Tube Forging
Austenitized 45 min, WQ + Temper 1075 F, 1 hr
60
Charpy V 4
-40 F ‘ ‘/
r/
50
4335 V Mod, 3/4 inch Bar 2 40
Aust 1525 F, 1 hr, 0Q o !
Temper <4 !
® 2 £ [
A 4 hr v
B B © A Electric Furnace
v 24 8 30 — Vacuum Degassed 1
20 E @ Electric Furnace
o Vacuum Degassed
= and Then Electro-
; IE tz0d siag Refined
s 20
2 16
w
f
o
£
= {2 - {o}
400 425 450 475 500 1200 1300 1400 1500 1600
Tempering Temperature, ¥ Austenitizing Temperature, F
FIGURE 3.0232. EFFECT OF TEMPERING TIME AND FIGURE 3.0233. EFFECT OF BELOW-NORMAL AUS-
TEMPERATURE ON IMPACT STRENGTH TENITIZING TEMPERATURE ON
OF BAR (24) IMPACT PROPERTIES OF FORGING (33}
CODE 1205
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FeUH FERROUS ALLOYS PRINTED: SEPTEMBER 1988

Fe Alloy 4335 V Mod
0.35C Form Hollow Extrusions With Two External Diameters
. {Approx. 9.5 in. and 7 in.) for 105 mm Gun Tube
1.8 Ni Condition Austenitized at 1550 F, OD and ID Quenched With
0.8 Cr Agitated Water, Tempered 1060 F for 4 hr
0.35 Mo Specimen Orientation T
0.2 V Condition _ Charpy V-Notch Rangela) |
: Tube No. Location at 40 F, ft-Ib
Original Heat 1 Breech 15-16
4335 V Treatment (Above) Muzzle 17-18
Mod 4 Breech 17-20
Muzzle 19-20
8 Breech 16-17
Muzzle 15.5-16
Reheat Treatment(b) 1 Breech 18.3-20.0
Muzzle 17.5-17.5
4 Breech 21.-22
Muzzle 23-23
8 Breech 14.5-14.5
Muzzle 15.5-15.5

(a) Range of values from four specimens,

(b) Austenitized at 1560—1580 F for 3 hours; ID and OD water spray quenched;
Tubes 1 and 4 tempered 1100 F for 5 hours, Tube 8 tempered 1080 F for
5 hours.

TABLE 3.0234. IMPACT PROPERTIES OF GUN-TUBE EXTRUSION (36)

160 T ; T T
| 4335 V Mod, 1-inch-Thick Plate
140 1 re 17 Electron-Beam
- Weld
R YR 4 4335 V Mod, 1-1/4 OD Haollow Cylinder
120 + o’ Austenitized 1525 F, 1 hr, 0Q, RT,
2 - T v /] Temper 465 F. 2 hr, AC
- 4.75"" L /
e - 16" —+ 4 180
= 100 t 7
E DT Specimen L
5 A VvV
3 80 7 / =
el /' Vg = 160 |
2 / £
= 60 ~ &
[ / ,< s
£ = Double Shear
5 / /' Scatterband for 29 High-_| T
40 74 - Strength Steels 2 140
1 /" | (tinch-Thick Plate) 2 .
yd @ su \Q\.
20 —.0—,/
//
o} 120
o] 1 2 3 4 5 6 7 o] 4 8 2 16
Dynamic Tear Shelf Energy, ft-lb Diameter-to-Thickness Ratio
FIGURE 3.0235. CORRELATION OF CHARPY-V SHELF FIGURE 3.0251. EFFECT OF DIAMETER-TQ-THICKNESS
ENERGY WITH DYNAMIC TEAR SHELF RATIO ON ULTIMATE SHEAR STRENGTH
ENERGY IN COMPARISON TO A RANGE OF HOLLOW CYLINDERS {24)

OF VARIOUS HIGH-STRENGTH STEELS (37)

CODE 1205
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320 T ™ T r—
4335 V Mod, 0.500 inch Plate 4335 V Mod Sheet Fe
0.38C, Aust. 1575 F, 0Q + Temper, 2 hr 1620 £, 30 min, OQ + Temper, 2 hr 0.35 C
I .
Notch Strength oL .
280 \"'K =5 [0.300 DI oT } Notch Strength 1.8 Ni
—— 0.8 Cr
] —— e 60° 5 M
;‘ -~ - W 0.3 [s]
& 240 - 02 V
£ ~ 280 0.700" 1.000"
& “% R ' - 4335 V
—— 0~ Fru < 0.001" Mod
200 c{)— P e 240 R K~1i7  —
O Smooth © Fry A
& Notched \\
160 200 S
300 400 500 600 700 800 /./)'N
Tempering Temperature, F \
160 k.-——. —=O0—TUr y
FIGURE 3.02711. EFFECT OF TEMPERING TEMPERA- _0//0/0.095 in,
TURE ON TENSILE PROPERTIES AND 0.036C
NOTCH STRENGTH OF PLATE (8) 120 Air Melt
a2 2
240 N
i) 0.063 in,, 0.035 C
‘& \\ Air Melht
::" 200 ;RQ_ a B ~
?: “ﬁ
@ 160 g\
120 ~0
b =]
0.063in.,0.035C
240 < Consumable Electrode
0\; Vacuum Melt
200
160
4335 V Mod, 0.063 inch Sheet
0.33C, 1600 F, 30 min, OQ + 500 F, 2 hr
320 T T 120
N 4 &0° 200 400 600 800 1000 (200 1400
3 Tempering Temperature, F
£ 280 0700~ 1.000""
£ ’ FIGURE 3,02712. EFFECT OF TEMPERING TEMPERA-
2 _‘/.-’\ ; TURE, MELTING PRACTICE AND SHEET
g 240 \\ THICKNESS ON NOTCH STRENGTH
] \.\\\ OF SHEET {13)
s L
2 200
160
0045 Q014 0007 Q004 0.0027 00012
r,in,
I | | | | |
| 3 5 7 9 t 13

Stress Concentration, K¢

FIGURE 3.02713. EFFECT OF STRESS CONCENTRATION
ON NOTCH STRENGTH OF SHEET {14)
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360 T y———— -r . 360 T r v Y T T
Fe 4335 V Mod, 0.093 inch Sheet 4335 V Mod, 0.220 inch Plate
Austenitized 1650 F, 1-1/3 hr, 5Q 400 F, Austenitized 1650 F, 1-1/3 hr, SQ 400 F,
0.35C
. 320 Temper2+2hr < 500F,2hr >500F 320 Temper 2+ 2 hr <500 F, 2 hr >> 500 F
1.8 Ni ““ A — 0 —
. s 50 Nt/ B0
0.8 Cr
0.35 Mo 280 0.700" 1.000" — 280 0700 1.000"" —
) Fry
02 V - Fiu r=0.001" Max - \____\ r=0.001"" Max
u 240 } ” = 240 LeT f
4335V £ L&T Ke~ 1 -,:,, S Ky~ 17
Mod ? £ Fty st .
g 200 — Fry = ~—] £ 200
& S @
160 160 _\1\\ v "
120 Notch Strength __| 120 T n.f e Q Notch Strength —|
N\ oL oL
cT oT
80 80 '
300 400 500 €00 700 800 300 000 300 400 500 600 700 800 900 1000
Tempering Temperature, F Tempering Temperature, F
FIGURE 3.02714. EFFECT OF TEMPERING TEMPERA- FIGURE 3.02715. EFFECT OF TEMPERING TEMPERA-
TURE ON NOTCH STRENGTH OF SHEET TURE ON NOTCH STRENGTH OF PLATE
AUSTENITIZED AT 1850 F (21) AUSTENITIZED AT 1650 F (21}
4335 V Mod, 3/4 inch Bar
Aust 1525 F, 1 hr
® 0Q,2 hr*, AC,RT
A 00, 2hr*, Coolto-120 F
Temper, 2 hr, AC, RT
B Temper, 2 hr, Cool to 120 F
+ Temper, 2 hr, AC, RT
*500 F,0Q 4 hr
60°
A .
4335 V Meod, 3/4 inch Bar 0_5051 0.357"
Aust 1525 F, 320
1 hr, 0Q, r < 0.001
Temper
2 Z%\
A 4
hr
[ J: /
v 24 280
350 T T Notch
(-]
60 s<-7 E Strength
A - E
320 0.505" E 0.357" —— £ 240 LS
5 I ) g N
= r < 0.001 =
£ v @
g 280 Feu Foy
= 200
W
240 t
Notch Strength
200 | | 160
375 400 425 450 475 500 525 200 300 400 500 600
Tempering Ternperature, F Quench and Tempering Temperature, F
FIGURE 3.02716. EFFECT OF TEMPERING TIME AND FIGURE 3.02717. EFFECT OF QUENCHING AND TEM-
TEMPERATURE ON NOTCH STRENGTH PERING TEMPERATURE ON NOTCH
OF BAR {24} STRENGTH OF BAR {24)
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Alloy 4335 V Mod Fe
Form B-58 Wing, 0. A. Smith Pylon Box Forging 0.35C
Condition Austenitized 1550 F, 30 min, Quench Into ' .
Agitated 420435 F Motten Salt, 10 min, 1.8 Ni
Cooled to RT, Tempered 2 hr at 975 F 0.8 Cr
Specimen 0.35 Mo
0.505" N ,
Kt =53
L 1 =0.005" 4::'4305(:'\/
Notch Strength, Notch Strength-
Direction ksi Ultimate Strength Ratio
Long. 268.4 1.42
L Trans 262.2 1.39
TABLE 3.02718, NOTCH TENSILE PROPERTIES OF
FORGING (34)
320 360 " 4335 V Mod, 0.10 inch Sh
. y g od, 0.10 incl eet
4335 V Mod Sheet, Temper 600 F, 1 hr Austenitized 1650 F, 30 min, 0Q
ot 3" 320 y !T I ! !
re - re [ty
280 L DI—J_ O Smooth 3 ——
o HETTE a8 W5 | rtEslt
; 0.06" E 280 $ : - T
T 240 =
- s
£ 2 240
g ¢ &
g Notch Strength
= o
o 200 ®
@ 200
60 160 -
1400 1500 1600 1700 1800 1900 300 400 500 600 700 8OO 900
Austenitized Temperature, F Tempering Temperature, F
FIGURE 3.02721. EFFECT OF AUSTENITIZING TEM- FIGURE 3.02722, EFFECT OF TEMPERING TEMPERA-
PERATURE ON NOTCH STRENGTH TURE ON NOTCH STRENGTH OF
OF SHEET (29) SHEET {30}
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Fe 4335 V Mod, 0.093 inch Sheet " 4335 V Mod, 0.220 inch Plate
5C Austenitized 1625 F, 1 hr, SQ 400 F, Austenitized 1625 F, 1 hr, SQ 400 F,
0.3 320 —— Temper 2 hr —] 320 — Temper 2 hr —
1.8 Ni " ..
" 3.00 3.00
AL oAL
08 Cr OAT _ OAT I“_"t
0.35 Mo 280 0.757 1 ||} 006" — 280 0.75" 4+ |4 008" —_
02 V Feu 0.73..__*‘_4 * . Fiu 0.78" 4 {=[ 0
4335 v = | N . .
£ 240 A = 240
Mod o — X
: . N s
2
200 Notch Strength Z 200
Fiy
Notch Strength
160 160 |
400 500 600 700 800 200
Tempering Temperature, F
FIGURE 3.02723. EFFECT OF TEMPERING TEMPERA.- 120
TURE ON NOTCH STRENGTH OF 400 500 600 700 800 900
SHEET AUSTENITIZED AT 1625 F (21} Tempering Temperature, F
FIGURE 3.02724. EFFECT OF TEMPERING TEMPERA-
TURE ON NOTCH STRENGTH OF
PLATE AUSTENITIZED AT 1625 F (21)
L 1 T T 13
4335 V Mod, 0.220 inch Plate
Austenitized 1650 F, 1-1/3 hr, SQ 400 F,
Temper2+2hr <500 F, 2 hr >500F
3.00”
fe—n{
ors A ft
320 0.78" "I""'{.: 7 X
fa¥
280 L L 1 A k
N E o
T T T T T X 240 t.“ F
4335 V Mod, 0.093 inch Sheet £ F
Austenitized 1650 F, 1-1/3 hr, 5Q 400 F, )
Temper 2+ 2hr <S00F,2 hr > 500 F ® 200
l L
3.00" AL “
QAT
160
0.75" 4+~ It Notch Strenath
0.78" i 0.06°"
280 " l I |2° In A
ot
= Notch Strength T )
= 240 § 80
- o) 5 Percent
(=]
5 ] F = g}*zo%r Shfar
& 200 tu 2 40 .
F 3 oaAL
i" \_\ a oa T
160
400 500 600 70O 800 900 1000 400 500 600 700 BOO 900 1000
Tempering Temperature, F Tempering Temperature, F
FIGURE 3.02725. EFFECT OF TEMPERING TEMPERA- FIGURE 3.02726. EFFECT OF TEMPERING TEMPERA-
TURE ON NOTCH STRENGTH OF TURE ON NOTCH STRENGTH OF
SHEET AUSTENITIZED AT 1650 F {21) PLATE AUSTENITIZED AT 1650 F {21}
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280

240

Strength, ksi

200

160

120

80

FERROUS ALLOYS

Temper
@450 F
Q750 F

l

4335 V Mod Sheet
——— Austenitized 1575 F, 1 hr, 0Q
1

l I
3.00" 4= -
! 1"__1"H

! LS
1.03" H=+—+] To.os"

\

o

MNotch Strength

0 0.1

0.2 0.3 04 0.5
Thickness, in.

FIGURE 3.02727, EFFECT OF THICKNESS ON NOTCH
STRENGTH OF SHEET {30}

Alloy

. 4335V Mod

Form

Hollow Extrusions With Two
External Diameters (Approx. 9.5 in,
and 7 in.) for 105 mm Gun Tube

Condition

Austenitized at 1550 F, OD and ID
Quenched With Agitated Water,
Tempered 1060 F for 4 hr

Specimen and Orientation C Shape, T-S

Kl(h ksi \/HT'
Location Average(a) Range
Breech End of Extrusion 109.3 106.4-112.1
Muzzle End of Extrusion 974 94.1-102.3
Mid-Length of Breech 113.3 109.1-116.4
Mid-Length of Muzzle 95.6 92.4- 97.7

(a) Average of six specimens, two from each of three extrusions.

TABLE 3.02728. FRACTURE-TOUGHNESS PROPERTIES OF GUN-
TUBE EXTRUSION (36)

FelUH

Fe
0.35C
1.8 Ni
08 Cr
0.35 Mo
02 Vv

4336 V
Mod

CODE 1205
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320

Fe 4335 V Mod, 0.064 inch Sheet
Austenitized 1620 F, 30 min, Argon, 0Q,
0.35C Temper 400 F, 2 hr
18 Ni Strain Rate 0.0001 in./in./sec
- .g ZBO L 1
08 Cr| =%
0.35 Mo| F2
RS
02 Vv £ 240 L
§¥
4335V 22 4
Mod £2 ~o-2_g"%e Fru
=3 200
=
=]
L F
ty
{60
- ¢
gz 10
88 (%A ey Bl ggete—0ci2in)
53 b
1]
Q
2z 4 0 6 v T
200 0 300 . 00 600 600 4335 V Mod, 1/2 inch Plate
emperature, F
Temper /.
FIGURE 3.0312. EFFECT OF TEST TEMPERATURE ON 12 — ®400F L
TENSILE PROPERTIES OF SHEET (23) AS00F & -
W600F 4 0.32¢C
V725 F
@ -
o 8
4335 V Mod, 0.064 inch Sheet < e
Austenitized 1620 F, 30 min, Argon, 0Q, 3 /
Temper 400 F, 2 hr & 4 A
Cross-Head Travel Rate 0.01 in./min &
280 — g
Fu ™o 2N E T ~"]1038¢C
\1." ~ b - A = 8
— ,
240 A
Fry \\ /'//‘
200 m‘-’—‘. ) e
@ Net A
> Fracture ~ IE Cherpy V
g Stress o Py
& 160 0
-400 -200 o 200 400 600
Temperature, F
20
FIGURE 3.0331. EFFECT OF TEST TEMPERATURE ON
{MPACT STRENGTH OF PLATE (27}
80
4 e
Shear |
5 80 T
&
- 0.58" -—I--——l
§ 40 S
a 15" -
1

o
-400 -200 0 200 400 600 800

Temperature, F

FIGURE 3.03711. EFFECT OF TEST TEMPERATURE ON
NET FRACTURE STRESS AND FRAC-
TURE APPEARANCE OF SHEAR

CODE 1205 CRACKED SHEET (23)
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Stress, ksi

300

250

200

150

100 F——aamdr

5Q

o]
-400

-200 o]

FERROUS ALLOYS FeUH
01:3:35 V Mod, 0,015 inch Sheet Fe
1620 F, 30 min, Argon, OQ + 400 F, 2 hr
035C
g 1.8 Ni
e 0.8 Cr
0.35 Mo
- 02 V
~0.2"
|- Fatigue
Crack 4335 V
Mod
L
i
Fiy
/ ¢ /.Ne-t Section
. Fracture Stress
\’3 Fry
4335 V Mod, 0.015 inch Sheet
1525 F, 30 min, Neutral Salt, OQ + 400 F.2hr
T R Al 300 | T
Fracture Appearance For Specimen
- F See Figure 3.03712
o tu
2
“ 250
=
$
1= 0.015" K L
w = 0.500"
0 200 \.
200 400 600
. FTY
Temperature, F Net Section
= Fracture Stress
-
FIGURE 3.03712. EFFECT OF TEST TEMPERATURE ON @ 150
TENSILE PROPERTIES, FRACTURE 4
APPEARANCE, AND NET SECTION o
FRACTURE STRESS OF AIR MELTED,
QUENCHED AND TEMPERED
0.015 INCH SHEET (38)
100 = 100
Fracture Appearance
5
=
7}
S0 50
i
4
1=0.015" a
w = 0.500"
o o
-400 -200 0 200 400 600
Temperature, F
FIGURE 2.03713. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION
FRACTURE STRESS OF AIR MELTED,
QUENCHED AND TEMPERED
0.015 INCH SHEET (38)
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Fe 4335 V Mod, 0.015 inch Sheet
0.35C 1525 F, 30 min, Neutral Salt, 0O+ 725 F, 2 hr
18 Ni| 30 | |
08 Cr For Specimen
0.35 Mo See Figure 3,03712
02 v 250

Fiy
4335 V L
Mod
200

Fy

{50 |— Net Section
Fracture Stress

Stress, ksi

{00 100
Fracture Appearance

5
£
50 50 b
i
t=0.015" 5
w =0,500" &

4335 V Mod, 0.030 inch Sheet
1620 F, 30 min, Argon, OQ + 400 F, 2 hr

o ¢}
-400 -200 c 200 400 600
Temparature, F 300 I T

F
tu For Specimen
See Figure 3.03712

FIGURE 3.03714. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE ®
APPEARANCE, AND NET SECTION 250
FRACTURE STRESS OF AIR MELTED,
QUENCHED AND TEMPERED
0.015 INCH SHEET {38) L
200
D Fyy
3
& Net Section
[ 150 Fracture Stress
&%
100 A—vh 100
Fracture Appearance
t=0.030" 5
w = 0.500" £
4 7}
50 S0 £
Ik |
Different Shear on Two Surfaces e
O

0
-400 -200 0 200 400 600

Temperature, F

FIGURE 3.03715. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION
FRACTURE STRESS OF AIR MELTED,

CODE 12056 QUENCHED AND TEMPERED
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4335 V Mod, 0.030 inch Sheet Fe
1575 F, 30 min, Neutral Salt, 0Q + 400 F, 2 hr 035C
300 T T ’ .
For Specimen 1.8 Ni
Fry See Figure 3.03712 0.8 Cr
L 0.35 Mo
250 =1 02 Vv
L 4335V
Mod
L.
200 s)
Fey
¥
g 150
“ jl\let Section
Fracture Stress
100 f 100
Fracture Appearance
g
-
N
- 50 50 € .
o g 4335 V Mod, 0.030 inch Sheet
+=0.030" § 1575 F, 30 min, Neutral Salt, 00+ 725 F, 2 hr
w = 0,500 300 T —
For Specimen
0 0 See Figure 3.03712
-400 -200 ¢ 200 400 600
Temperature, F
250
FIGURE 3.03716. EFFECT OF TEST TEMPERATURE CON Fru
TENSILE PROPERTIES, FRACTURE L
APPEARANCE, AND NET SECTION
FRACTURE STRESS OF AIR MELTED,
QUENCHED AND TEMPERED 200
0.030 INCH SHEET (38])
- Fry
-
2 150 -
e Net Section
@ Fracture Stress
100 100
ure Appearance
5
.
(7]
50 50 £
i
-
t = 0.030" o
w = 0.500”
o l o]
-400 -200 0 200 400 600
Temperature, F
FIGURE 3.03717. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION
FRACTURE STRESS OF AIR MELTED,
QUENCHED AND TEMPERED
0.030 INCH SHEET {38}
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Fe 4335 V Med, 0.063 inch Sheet, 1620 F, 30 min, Argon, 0Q + 400 F, 2 hr
300 T T T
0.35C For Specimen
1.8 Ni Fu See Figure 3.03712
08 Cr 250 “.*.—"' ...h'b. Fiu
0.35 Mo
0.2 v ¢ L T
)
200
4335 V i \) -
Mod t = 0.063" ty
. w = 0.500"
= -
4 50 Net Section Net Section
4 Fracture Stress Fracture Stress
&
100 100
Fracture Appearance Fracture Appearance
5
— Different Shear &
50 on Two Surfaces 50 ¢
8
-
a
0 0
-400 -200 o 200 400 €00 -200 0 200 400 600
Temperature, F
FIGURE 3.03718. EFFECT QF TEST TEMPERATURE ON TENSILE PROPERTIES,
FRACTURE APPEARANCE, AND NET SECTION FRACTURE
STRESS OF AIR MELTED, QUENCHED AND TEMPERED
0.063 INCH SHEET (38)
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Stress, ksi

4335 V Maod, 0.063 inch Sheet
1575 F, 30 min, Neutral Salt, OQ + 400 F, 2 hr
300 T T
[ For Specimen
tu See Figure 3.03712
\#\,_n,,o
250
Fey L
4
200
150
Net Section
Fracture Stress
100 100
Fracture Appearance
50 50
1t =0.063""
w = 0.500"
ol 47 0
-400 -200 o) 200 400 600

FIGURE 3.03719.

Temperature, F

EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION
FRACTURE STRESS OF AIR MELTED,
QUENCHED AND TEMPERED

0.063 INCH SHEET {38)

Percent Shear

FERROUS ALLOYS

FeUH
Fe
0.35C
1.8 Ni
08 Cr
0.35 Mo
0.2 Vv
4335V
Mod
4335 V Mod, 0.063 inch Sheet
1575 F, 30 min, Neutral Salt, OQ + 725 F, 2 hr
300 I T
For Specimen
See Figure 3.03712
250
L
Ftu
200 B
.
3 MO Fyy
g 150 7
& Net Section
Fracture Stress
100 -h— 100
Fracture Appearance
~~— Ditferent Shear g
on Two Surfaces s
50 ' 50 ¢
| g
t= 0.063" 2
w = 0,500
o L1,
-400 =200 0 200 400 600
Temperature, F
FIGURE 3.03720. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION
FRACTURE STRESS OF AIR MELTED,
QUENCHED AND TEMPERED
0.063 INCH SHEET (38}
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Fe 4335 V Mod, 0.125 inch Sheet
035C 1575 F, 30 min, Neutral Salt, OQ + 400 F, 2 hr
1.8 Ni 300 T T
For Specimen
0.8 Cr See Figure 3,03712
0.35 Mo ‘:.E’L.
Fru
0.2 V| e
4335 V .
Mod
F
Ty
=
-
g 150
= Net Section
L Fracture Stress
¢ >
100 = 100
Erﬁev:zntsﬁr'}:acres Fracture Appearance
' H]
-
£
7]
50 , 50 %
t=0.125" H
F 3 w = 1.500" &
4335 V Mod, 0.125 inch Sheet
0 0 1575 F, 30 min, Neutral Salt, 0Q + 725 F 2 hr
-400 -200 0 200 400 600 300
| I
Temperature, F For Specimen
See Figure 3.03712
FIGURE 3.03721, EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION 250
FRACTURE STRESS OF AIR MELTED,
QUENCHED AND TEMPFERED Fru L
0.125 INCH SHEET (38) .~.~
200 Cory
o Fry
2
% 150
= Net Section
“ Fracture Stress
100 100
Fracture Appearance
5
%
50 50 ¢
wm
g
t=0.125" 2
w = 1.500" =
0 L 0
-400 -200 0 200 400 600

Temperature, F

FIGURE 3.03722. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION
FRACTURE STRESS OF AIR MELTED,
QUENCHED AND TEMPERED

CODE 1205 0.125 INCH SHEET {38)
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PRINTED: SEPTEMBER 1988 FERROUS ALLOYS FelUH
4335 V Mod, 0.125 inch Sheet Fe
1620 F, 30 min, Argon, OQ +400F, 2 hr 0 35C
300 T T T i
4 & 1(0.500” w Specimens) 1.8 Ni
B ¥ (1.500" w Specimens) 08 Cr
0.35 Mo
250 = 0.2 V
4335 V
Net Section Mod
Fracture Stress
200 ractu L4
Fty
150
100 100
Fracture Appearance
5
& 4335 V Mod, 0.015 inch Sheet
50 50 g 1575 F, 30 min, Neutral Salt, OQ + 400 F, 2 hr
(1]
For Specimen 5 300 [ ]
See Figure 3.03712 For Specimen
l See Figure 3.03712
0 0
-400 -200 Q 200 400 600 Fru
250
Temperature, F .\
L
FIGURE 3.03723. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION 200
FRACTURE STRESS OF AIR MELTED,
QUENCHED AND TEMPERED Fy
0.125 INCH SHEET (38) Y
= Net Section
x Fracture Stress
g 150
@
100 100
Fracture Appearance
g
=
7]
50 50 =
]
t=0.015" H
w = 0.500" o
o] 0
-400 -200 0 200 400 600
Temperature, F
FIGURE 3.03724. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION
FRACTURE STRESS OF CONSUTRODE
VACUUM MELTED, QUENCHED AND
TEMPERED 0.015 INCH SHEET (38])
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Fe 4335 V Mod, 0.015 inch Sheet
0.35C 1575 F, 30 min, Neutral Salt, 0Q + 725 F, 2 hr
1.8 Ni| 300 I T

For Specirmen
0.8 Cr See Figure 3.03712
0.35 Mo
02 V | 250
4336 V L
Mod
200
Ftu
F v
g‘ 150
= Net Section
w Fracture Stress

100 100
Fracture Appearance

5
£
50 50 =
4 ;
1= 0.015" o
w = 0,500" &
4335 V Mod, 0.015 inch Shest
Q (o] 1620 F, 30 min, Argon, OQ + 400 F, 2 hr
-400 -200 (o) 200 400 600 300
Temperature, F
L
FIGURE 3.03725. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION 250
FRACTURE STRESS OF CONSUTRODE ®
VACUUM MELTED, QUENCHED AND .\
TEMPERED 0.015 INCH SHEET (38) Ftu
¢
200
0 L ]
W~ Net Section
_Q. Fracture Stress No.\:) Fry
v
§ 150
o
100 —M—JN—*—#——‘ 100
Fracture Appearance
5
=
7]
50 50 ¢
s
For Specimen t=0.015"" é
See Figure 3.03712 w = 0.500""
0 Q
-400 -200 o 200 400 600

Temperature, F

FIGURE 3.03726. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION
FRACTURE STRESS OF CONSUTRODE

CODE 1205 VACUUM MELTED, QUENCHED AND

TEMPERED 0.015 INCH SHEET (38)
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PRINTED: SEPTEMBER 1988 FERROUS ALLOYS FeUH
4335 V Mod, 0.063 inch Sheet Fe
1575 F, 30 min, Neutral Salt, 0Q + 400 F, 2 hr 0.35C
300 I I 1.8 Ni
For Specimen 08 Cr
See Figure 3.03712
Frg “’ 0.35 Mo
250 0.2 V
L 4335 V
Q Mod
200
Fy
150 /
Net Section
W Fracture Stress
100 100
Fracture Appearance
§
£
v 4335 V Mod, 0.063 inch Sheet
"50 50 g 1620 F, 30 min, Argon, OQ + 400 F, 2 hr
Q
/ 1= 0.083" 5 300 T y
w = 0.500"" For Specimen
See Figure 3.03712
0 0 Fry
-400 -200 0 200 400 600 250
Temperature, F
L
FIGURE 3.03727. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION 200
FRACTURE STRESS OF CONSUTRODE N
VACUUM MELTED, QUENCHED AND Fry
TEMPERED 0.063 INCH SHEET (38) ¢ .
Net Section
K] Fracture Stress
g 150
4
o
100 100
Fracture Appearance
]
£
[72]
50 50 E
e
1=0.063"" &
w = 0.500""
o O
-400 -200 0 200 400 600
Temperature, F
FIGURE 3.03728. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION
FRACTURE STRESS OF CONSUTRODE
VACUUM MELTED, QUENCHED AND
TEMPERED 0.063 INCH SHEET (38)
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Fe 4335 V Mod, 0.063 inch Sheet
0.35C 1575 F, 30 min, Neutral Salt, 0Q + 725 F, 2 hr
1.8 Nij| 300 T I
For Specimen
08 Cr See Figure 3.03712
0.35 Mo
4335 V Fru t
Med ;ﬁ%\
200
O Fay
3
4 150
e Net Section
b /Fracture Stress
100 100
Fracture Appearance
g
"~ Different Shear @
4 '
50 on Two Surfaces 50 £
w
t=0.063" 5
w = 0.500" &
4335 V Mod, 0.063 inch Sheet
0 Q 1620 F, 30 min, Argon, 0Q + 400 F, 2 hr
-400 -200 0 200 400 600
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Temperature, F | I
For Specimen
See Figure 3.03712
FIGURE 3.03729. EFFECT OF TEST TEMPERATURE ON Fiy
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION 250
FRACTURE STRESS OF CONSUTRODE
VACUUM MELTED, QUENCHED AND L
TEMPERED 0.063 INCH SHEET {38)
Fy
200 00—
/
B / Net Section
= Fracture Stress
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Fracture Appearance
H
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50 50 ¢
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Temperature, F

« FIGURE 3.03730. EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES, FRACTURE
APPEARANCE, AND NET SECTION
FRACTURE STRESS OF CONSUTRODE

CODE 12056 VACUUM MELTED, QUENCHED AND
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4335 V Mod, 3/4 inch Bar 4335 V Mod, 3/4 inch and 1 inch Bar Fe
Austenitized 1525 F, 1 hr, OQ, RT, Austenitized 1525 F, 1 hr, OQ, RT,
Temper 465 F, 2 hr, AC Temper 465 F, 2 hr, AC 0.35C
1.8 Ni
Cadmium Plated r Ky
——— Shot Peened, Chromium Plated 280 — 0207 1.2 08 Cr
and Ground 0.058 16 Yeo® ! 0.35 Mo
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FIGURE 3.051. S-N CURVES FOR BAR WITH VARIOUS
SURFACE TREATMENTS {24}
L]
4335 V Mod Pylon Box Forging
Austenitized 1550 F, 30 min, Quenched in
Agitated 420—435 F Molten Salt 10 min,
Cooled to RT, Tempered 2 hr, 975 F
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FeUH FERROUS ALLOYS PRINTED: SEPTEMBER 1988
Fe Alloy 4335V Mod
0.35 C Form Holtow Extrusions With Two External
: ) Diameters (Approx. 9.5 in. and 7 in.) for
1.8 Ni 105 mm Gun Tube
0.8 Cr Condition Austenitized at 1550 F (Time Unspecified),
0D and ID Quenched With Agitated Water,
0.35 Mo Tempered 1060 F for 4 hr
0.2 Vv Specimen and Orientation C Shape, T-S
da/dN{(3),
4335 V Location Applied &K, ksi /L in./eycle
Mod Breech End of Extrusion 27.3 5.05x 100
Mid-Length of Breech 27.3 5.75x 106
Muzzle End of Extrusion 35.1 10.8 x 106
(a) Average of two specimens, one from each of two extrusions.
TABLE 3.054, FATIGUE CRACK PROPAGATION RATE OF GUN-TUBE
EXTRUSION (36)
320 v T T T 320 T T T T
4335 V Mod, 3/8 inch Plate 4335 V Mod, 3/8 inch Plate
- 0.34C. Air Melted, 1650 F, 1 hr, - 0.31C, Vacuum Melted, 1650 F,
x 0Q + Temper, 4=18 hr i = 1 hr, 0Q + Temper, 4-18B hr l
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FIGURE 4.031. EFFECT OF FLASH WELDING AND FIGURE 4.032, EFFECT OF FLASH WELDING AND
TEMPERING TEMPERATURE ON TEMPERING TEMPERATUTE ON
TENSILE PROPERTIES AND TENSILE PROPERTIES AND
ENDURANCE LIMIT OF AIR MELTED ENDURANCE LIMIT OF VACUUM
PLATE (15) MELTED PLATE {(15)
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