AERODYNAMICS

o)

STRUCTURAL
MECHANICS

o

APPLIED
MATHEMATICS

O

ACOUSTICS AND
VIBRATION

January 1965

e VR

THE EFFECTS OF TEMPERED NONMARTENSITIC

HAHD 09 }. 3 e
MICRr oHE $. 0. 75’
T {‘IZ f
PRODUCTS

ON THE NOTCH TOUGHNESS ANT™ MECHANICAL PROPERTIES

OF AN HY-80 SicEL
by
A. R, Willner and M. L. Salive
D DrC
MAR 3 1965

DDC-IRA E

STRUCTURAL MECHANICS LABORATORY
RESEARCH AND DEVELOPMENT RZPORT

Report 1005

W R ¢ 3 e

f[n]uﬁmws s




o s,

THE EFFFCTS OF TEMPERED NONMARTENSITIC PRODUCTS

ON THE NOTCH TOUGHNESS AND MECHANICAL PROPERTIES
OF AN HY-80 STEEL

A. R. Willner and M. L. Salive

January 1965 Report 1605

| Best Available Copy

B A



G PR T

PO T T

TABLE OF CONTENTS

msmwT ..........l....'..e.................0........I...........

ADMINISTRATIVE INFORMATION ©ies3.sescessievcessencrssaserscensee
INTRODUCTION secoccosccostesssssecssssscssscvasasscsssccccscscoccse
BACKGROUND  ccsesescsseceeccccascscatascacnoscsvecesscsscocsonsncse
MATERIALS AND PROCEDURES seocscsocecscscensececesccncssssccccccnce
MATERIAL <cevecevsccccsceacscsccosscscesscccosasacovsscsssscacs
TEST SPECIMENS +evececscssoscvscscovccosccesscvescsscoscnsacncs
MECHANICAL TEST PROCEDURES .sececcesccccccccoceccscsccscoscccss
HEAT TREATMENT «ccoccececococcacscocsccessocsrscssccssscsssnssse
METALLOGRAPHY cocecocenconrvecssncosocsocsscarcsscncacsccscscsns
TEST RESULTS cecocccccoccsocscsscssccsscscesssacssasccessassosancns
MICROSTRUCTURE seecescecvoccacocscoceccsssecsssecsssscasvscncss

EFFECTS OF FINE AUSTENITIC GRAIN SIZE AND NONMARTENSITIC
PRODUCTS ON m mmICAL PROPM'TIm 000608000 COSEOCOSOSEQRIOROIINISIOETSINDS

Effects of Temperlng Tﬂnperature 0000000000000 0000000080000
Effects of Strength Level on ToughneSS eeccesescecescrscccee

Effects of Strength Level and Fibrous Fracture Appearance on
Chmy v-NOtCh Pmperties 20 00000000 000 CROOBOINONPONOINOSOBNOIBSSPOSES

EFFECTS OF LARGE AUSTENITIC GRAIN SIZE AND NONMARTENSITIC
PRODUCTS ON THE MECHANICAL PROPERTIES .ceecovecsccscosccesacsss

Effects of Temper‘ing Temperature 0000000000000 0se000000000 00
Effects of Strength Level on Toughness R rx

Effects of Strength Level and Fibrous kFracture Appearance on
Chu'py v*otch Properties [ E RN E N N NN NN NN NN NN NN NN NN NN NNNENR NN

YIELDING CmeISTICS [(EN AR ENENEENEENENE NN ENENEEENENENENRNNYRNENMN]
ufects Of Continuous COOling I E X NN AN NN NNENNENNNNENNEENERNENNENRSENN]
MicmstNCture (A X RN A NN A NNENREEN REARENENENNNENSNEENSNEENNENENYNNN NS ]

Mechanical and Notch Toughness Properties ..cccesccevccesacee

DISGUSSION [ NN NN ENFENEERENNEEEN NANENENEEERE R ENE NN NN N NNNENENNNNENNNYNN)

CONCwSIms 000 000 000C0CP0S ROEE >0 0C0R0RCRBRICBNIIIRNPRNORBSOINNOOGEEOIOICBSTOIOOOTS

RECWDATIWS 00000 0000000000000 0000000000 00000000000000000ROCGCTS
APPMH - CHARPY V-NOTCH PROPmTY CURVFS 000000000000 00000000 0CGGES

mmcm OO O OCORO OB SR EO0CO0R00RBNCINR000CQCERSOINQCEOISTOIOINDNOIOIOQGROEORIEOSEISBSOTOLES

g

O N n e W W N

10
10

11
12
12
13
13
13
15
15
42
$3

ORI~ A N it Wi M

<

n e oy i —




Table

Table

Table

Table

Table

Table

Table

Table

1] =

2 -

3 -

LIST OF TABLES

Comparison of Chemical Composition and Inclusion Content
of Two HY-80 Steel Plates Used in the Present and in a
PreVious DTMB StUdy 0000006000008 00000000008 06060008000000

Effects of Microstructure and Tempering Temperature on the

Mechanical Properties and Notch Toughn_ss of HY-80 Steel
(DTMB Plate E103) Austenitized at 164) F  ceecssccsccscsee

Effects of Microstructure and Tempering Temperature on
the Charpy V-Notch Impact Properties of HY-80 Steel
(DTMB Plate E103) Austenitized at 1640 F  ceecesccscccces

Effects of Microstructure and Tempering Temperature on
the Mechanical Properties and Notch Toughness of HY-80
Steel (DTMB Plate E103) Austenitized at 2000 F seccesses

Effects of Microstructure and Tempering Temperature on
the Charpy V-Notch Impact Properties of HY-80 Steel
(DTMB Plate E].03) Austenitized at 2000 F .ceeecccccccece

Effects of Microstructure and Yield Strength on the
Transverse Charpy V-Notch Energy and Temperature Corre-
sponding to 100 Percent Fibrous Fracture Appearance of

HY-80 Steel (DTMB Plate E103) Austenitized at 2000 F  .es.

Effects of Microstructure on Yield Strength and Transverse
Charpy Energy Corresponding to 100 Percent Fibrous Fracture

Appearance at 32 F of HY-80 Steel (DTMB Plate E103)

Austenitized at 2000 F  ceceececoveccscsccssncessccccccsscs

Effects of Cooling Rate on the Mechanical and Notch
Toughness Properties of HY-80 Steel (DTMB Plate E103)

Austenized at 1640 F  ceeeccccoscccoccoscssssncccncscssnse

iid

Page

16

17

18

19

20

22

22




LIST OF FIGURES

Page

Pt

Figure
Figure

- Investigative Steps in the Study of HY-80 Steel .¢ec¢eeee 23

N

- Comparison of th: Transverse Charpy Energy Absorbed for
Twoselected HY.SO Steel Plates I XN NN NN NNNENNNNNXNNNN N NN BN 23

-General. outline Of Heat Treatmnts 00000002000 00CBSNSGIOPOOLLS 24

w

Figure

Figure 4 - Isothermal Transformation Data Developed at the David
Taylor Model Basin Compared to Published Time-Temperature=-
Trmsfomtion Data [ E N N ENNNENNERNENNENNNNENNINMNNNN NN RN NNEN ] 25

- Microstructure (1000X) and ASTM Micrograin Size of Fully
Quenched Specimens Austenitized at 1640 and 2000 F ..... 26

Figure 6 = Microstructure (1000X) of Specimens Austenitized at
1640 F and then Isothermally Treated at 875 and 1200 F .. 27

Figure 7 - Microstructure (1000X) of Specimens Austenitized at
2000 F and then Isothermally Treated at 875 and

12mF 0080000000000 000082000 0000000000600 CECRROIIRIEONTOIORO TS 28

n

Figure

Figure 8 - Effects of Tempering Temperature on the Mechanical
Properties of HY-80 Steel (DT™MB Plate E103) Austenitized
at 1640 F and Treated to Contain Various Amounts and
Types of Isothermal Product .ecececscceccccecccsscsccnss 29

Figure 9 - Effects of Room Temperature Yield Strength Level and Non-
martensitic Products on the Notch Brittleness of HY-80
Steel (DTMB Plate E103) Austenitized at 1640 F .e0ovevess 30

Figure 10 - Effect of Room Temperature Ultimate Tensile Strength Level
and Nonmartensitic Products on the Notch Brittleness of
HY-80 Steel (DTMB Plate E103) Austenitized at 1640 F ... 31

Figure 11 - Correlation between Room Temperature Strength Micro-
structu;e, and Transverse Charpy V-Notch Energy Absorbed
at Maximm Energy and at a Civen Fibrous Fracture
Appearance for HY-80 Steel Austenitized at 1640 F  ,.00.0 32

Figure 12 - Correlation between Room Temperature Strength, and
Transverse Charpy V-Notch Fibrous Fracture Transition
Temperature for HY-80 Steel Austenitized at 1640 F .,... 33

Figure 13 - Effects of Tempering Temperature on the Mechanical
Properties of HY=-80 Steel (DIMB Plate E103) Austenitized
at 2000 F and Treated to Contain Various Amounts and Types
of Isothermal Transformation Products .eccececescccceces I

Figure i4 - Effects of Room Temperature Yield Strength Level and
Nommartensitic Products on the Notch Brittleness of HY-80
Steel (m Plate m03) Austenitized at 2000 F  ceeeevcee 35

iv

B R i




3

Page
Figure 15 - Effects of Room Temperature Ultimate Tensile Strength .
Level and Nonmartensitic Products on the Notch
Brittleness of HY-80 Steel (DTMB Plate E103) i
Austenitized at 2000 F 0000000000000 00000000000000008¢ 36 3

Figure 16 - Correlation between Room Temperature Strength, Micro-
structure, and Transverse Charpy V-Notch Energy J
Absorbed at Maximm Energy and at a Given Fibrous
Fracture Appearance for HY-80 Steel Austenitized at

2000 F S 0008000000000 C00COCBRSECI0OCSIOINOOIRNOIOIIEPRPOIIONOVIOIEOEEOPTOSTETS 37

Figure 17 - Correlation between Room Temperature Strength, Micro-
structure, and Transverse Charpy V-Notch Fibrous
Fracture Transition Temperature for HY-80 Steel
Austenitized at 2000 F 9808090000000 00000000000800060008 38

Figure 18 - Effects of Various Nonmartensiiic Products on the
Tensile Yielding Characteristics of HY-80 Steel (DTMB
Plate E103) Austenitized at 1640 F and Tempered at
Various Temperatures 0000000000000 00000000300000000800 39

LR S VY TR SR e)

Figure 19 - Effects of Various Nonmartensitic Products on the
Tensile Yielding Characteristics of HY=80 Steel (DT™B
Plate E103) Austenitized at 2000 F and Tempered at

Various Temperatures 0000000000 000000000000000003500000 40
Figure 20 - Photomicrographs (1000X) of Slow=Cooled and Air-=Cooled
Specimens [ E A ERE N EY ENEENNENNENENERIEE NS I NENNENENEE SN RN NN N N 41

APPENDIX

Figure Al - Effects of Tempering Temperature on Charpy V=-Notch
Impact Properties of HY-80 Steel (DB Plate E103)
Austenitized at 1640 F and Quenched to Contain 10C Per-
cent Martensite 0000 00E 30000800 00RCNSNNEIRSEOUOISERENTLES 43

Figure A2 - Effects of Tewpering Temperature on Charpy V-Notch
Impact Properties of HY-80 Steel (DTMB Plate E103)
Austenitized at 1640 F and Isothermally Treated at
875 F to Contain 25 Percent Bainite ..ecececcesccccsse 44

Figure A3 - Effects of Tempering Temperature on Charpy V=-Notch
Impact Properties of HY-80 Stee)l (DT™MB Plate EI03)
Austenitiged at 1640 F and Isothermally Treated at
875 F to Contain S0 Percent Bainite ssssersentecetsne e 45

Figure A4 - Effects of Tempering Tempcrature on Charpy V-Notch
Impact Properties of KY-80 Steel (DTMB Plate E103)
Austenitized at 1640 F and Isothermally Treated at
1200 F to Contain 2% Percent Ferrite. ssesesesecscrone e 46




i ’ — o g B
o Mﬁ‘%wé«aaswmm WIS LB B .

Figure A 5 - Effects of Tempering Temperatur. on Charpy V-Notch
Impact Properties of HY-80 Steel (DTMB Plate E103)
Austenitized at 1640 F and Isothermally Treated at
1200 F to Contain 36 Percent Ferrite ...eeeccesceccss

Figure A 6 - Effects of Isothermal Holding Time on Charpy V-Notch
Impast Properties of HY-80 Steel {(DTMB Plate E103)
Austenitized at 1640 F and Isothermally Treated at
lzm Ffor various Times PR BB OOOODORO N OOPBOYPESOEOSEIOOSY

Figure A 7 - Effects of Tempering Temperature on Charpy V-Notch
Impact Properties of HY-80 Steel (DT™B Plate E103)
Austenitized at 2000 F and Quenched to Contain 100
P%rcent: Hartensite 0 000000000 C0N0PNRNILEOOCOIOCORECIEOOROITSOIOOIORTS

Figure A 8 - Effects of Tempering Temperature on the Charpy V-Notch
Impact Properties of HY-80 Steel (DTMF Plate Ei03)
Austenitized at 2000 F and Isothermally Treated at
875 F to Contain 3 Percent Ba.inite eessevesessssssses

Figure A 9 - Effects of Tempering Temperature on Charpy V-Notch
Impact Properties of HY-80 Steel (DTMB Plate EI03)
Austenitized at 2000 F and Isothermally Treated at
875 F to Contain 17 Percent Bainite .eceoccceccscccss

Figure Al0 ~ Effects of Tempering Temperature on Charpy V-Notch
Impact Properties of HY-80 Steel (DTMB Plate E103)
Austenitized at 2000 F and Isothermally Treated at
1200 F to Contain 9 Percent Ferrite R X X

Page

47

48

49

51

52

PR SR




ABSTRACT

This report discusses the effects of nonmartensitic
products and mechanical properties on the nil-ductility-
transition (NDT) temperature and transverse Charpy V-notch
absorption level, for a selected HY-80 steel. Pro-
eutectoid ferrite was found to have the most detrimental
effect on the transverse Charpy maximum energy level.
Large prior austenitic grain size, irrespective of micro=-
structure, increases the NDT temperature by approximately
100 F. It is recommended that the present HY-80 specifi-
cation be amended to require two chemistry ranges, one for
thin and one for thick plates.

ADMINISTRATIVE INFORMATION

This work was initiated under Bureau of Ships sponsorship (BuShips
letters Al1/NS-011.083 (343) serial 343-211 of 26 May 1959 and R-7-0101
serial 634B=430 of 26 July 1960) and completed under the Model Basin Funda-

mental Research Program as Problem 735-184, Task 0401, Fundamental Research
Project S-R001 01 01,

INTRODUCTION

#*
This is the fifth in a series of preliminary reportsl" on a pro=-

gram (see Figure 1) established to obtain metallurgical information con=~
cerning the effects of nonmartensitic products, chemical compesition and
impurities on the notch toughness and weldability of high strength
steels.s

This report discusses the effects of nonmartensitic products and
mechanical properties on the nil-ductility-transition (NDT) temperature,
and transverse Charpy V-notch (Cv) maximum er ‘rgy absorption level for a
selected HY-80 steel, These data will be used by the Model Basin o
evaluate the mechanical properties of HY=80 stcel used in model construc~

tion and to correlate the response of HY-R0 steels used in prototype con-
struction.

'Rcfercncel are listed on page S3.
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BACKGROUND

In 3elccting a quenched and tempered structural steel, the general
rule is to choose one that will quench to 100 percent martensite without
retention of austenite that can later transform to nonmartensitic products
upon tempering. However, one of the main requisites for development of
the HY-80 steel was that the steel composition selected must harden to a
minimum of 80 percent martensite after being quenched in still water.6

Previouciy reported hardenability calculations4 showed that (1) com=-
mercially produced HY=-R) steei plctes 3 in, or more thick usually contain
less than 80 percent mactensite and (2) the reported longitudinal Charpy
V-notch energies at =120 F decreased with increasing nonmartensitic pro-
ducts. A number of conflicting reports have been published, however, on
the effects of nonmartensitic products on the notch toughness of tempered
steelse7.11 In general, these investigations concerned steels with carbon
contents above 0.3 percent whereas, at the time of this investigation,
HY-80 steel had a inill "ordered" carbon range from 0.14 to 0,23 percent,

Low carbon martensitic steels have been shown to have an overall
Charpy V-notch coughness superiority over higher carbon steels with the

same alloy uuntent.lz When NDT temperatures were investigated for the same

13

steel se .es” - (43XX series), however, it was shown that the lowest NDT

temperatures Jjor the strength levels investigated (90 to 240 ksi) were
obtaired lor steels with a carbon content varying between 0.35 to 0.38
percent. Steels with a carbon content of 0.2 percent or less exhibited
higher Charpy V-notch maximum shelf energies; however, neither of the

cited investigationslz'13

studied the effects of tempered nonmartensitic
products on notch toughness.

A previously reported wurk14 on the effects of heat treatment on
the microstructure and longitudinal Charpy V-notc!i temperature-energy
relationship of rich-chemistry HY-80 steels was peiformed on 1= to 11/2-in.
thick HY-80 plate air cooled to simulate the microstructure of a water-

quenched 8-in, thick section., This rebortl4

showed neither the effects
of grain size nor the effects of given percentages of a nonmartensitic
product on the mechanical properties; the effects of directionality and

strength lcvel on Charpy Venotch maximum shelf energies or on transition

M R o TIN5+ A TR TR SRR RN SO IR T




temperatures were not taken into consideration. The effects of direction-
ality on the Charpy V-notch properties were fully discussed in References
1 and 2 and are commented upon in this report under the section dealing

'i:m(éﬁt-%a"ﬁﬂ,}‘{g il

with materials and procedures.

Test procedures and means of correlating Charpy V-notch energy
absorption values to resistance to shear tearing have been developed by
the Naval Research Laboratory (NRL).15 This work indicates that a Charpy

V-notch shelf energy value of 40 to 50 ft-1b marks a point of transition
15
that

in tearing resistance. It can be concluded from the NRL report
materials of the strength levels presently being used in ship construction
should iave at operating temperature a Charpy V-notch maximm energy shelf
of at least 40 to 50 ft-1lb in the weakest direction in order to resist
low=energy shearing. Therefore, the Charpy V-notch shelf of 40 to 50 ft-
1b wili be used in this report to evaluate the effects of nonmartensitic

3

products, grain size, and strength level on the notch shear toughness of
HY~80 steel. The brittle behavior or flat break temperature (NDT) will be
determined by the drop weight test.

MATERIALS AND PROCEDURES

MATFRIAL

z

For the present study, the Model Basin selected a 5/8-in, thick
HY-80 plate (E10:), similar in chemical composition to the 1/2~in. plate
(HC) used in the initial studies;1 see Table 1. Both of these plates were
cross rolled approximately 7 percent but, as shown in Table 1, the inclusion
count was higher for the 5/9~-in. plate. However, as shown in Figure 2,
the major difference between these two plate: is their transverse maximum
Charpy V-notch values. The upper and lower curves respectively represent
specimens taken from the 1/2-in., HC plate and the 5/8-in. E103 plate. A
similar spread in maximun Charpy values is also found in the longitudinal
direction of commercially produced HY-80 steel.lG’ 17 Therefore, the HC
and E103 plates can be considered as representing, respectively, the upper
and lower shear toughness bounds of commercially produced HY-80 steel.
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TEST SPECIMENS

AS™ drop-weight specimens, Type P3, 5/8 x 2 x § in.1® vere used |!

to study the effects of various heat treatments on the NDT temperature.
Crack starter beads were placed on these drop-weight bars prior to heat
treatment in accordance with procedures established in Reference 2.

All test specimens representing the 5/8-in. HY-80 plate E103 were
obtained from the broken drop~weight bars after testing. ;

I~

To prevent extraneous defects from masking the results of the
variables being studied, the tensile specimens were machined parallel to
the major direction of plate roll and the Charpy V-notch specimens from
the transverse direction so that, if banding or nonmetallic inclusions
were present within the test specimen, they would be distributed as
dispersed particles and not act as crack arresters. {

Threaded subsize 0,252-in.-diameter tensile specimens and standard
Charpy V-notch specimens (notched perpendicular to the rolled surface
through the thickness of the plate) were machined and tested in accordance
with Federal standards.lg’ 20

Standard cylindrical compression specimens 0.5 in. in diameter and
2 in, long were machined from the 5/8-in. E103 plate in accordance with
AS™ stmdards.n

MECHANICAL TEST PROCEDURES

In determining the drop~weight NDT temperature, the test procedures
as outlined by the ASTM St:amla.r*clsl8 were used. The drop-weight specimens
were tested over a range of temperatures with a 123-1b hammer falling from
a height of 2 ft. A 0.075-in. stop arrangement in the bottom center of
the jig limited the deflection of the specimen. A drop-weight specimen
was cor’ .Jered broken when a ctrack emanating from the crack-starter bead
propagated across the surface and down one side of the specimen. To
determine the NDT temperature, a temperature increment of 20 F was used
to bracket NDT.

Mechanical property load-strain curves were recorded using
averaging microformer-type compressometers and extensomsters. A 120,000~
1b capacity Baldwin-Southwark hydraulic testing machine was used for all
compression anl tension testing; the machine calibrated within : 0.5 percent,

4
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A Baldwin subpress was used to avoid any eccentric loading in compression.
Universal joint-threaded gripping devices were eamployed in tension iLesting.
A strain magnification of 500 to 1 and a strain rate of 0.0025 in/in/min
were used throughout this investigation.

Charpy V-notch impact specimens were tested in a Tinius=0lsen
pendulum~type impact tester with 268 ft-1b capacity and a striking velocity
of 16.85 ft/sec. Prior to testing, the machine was calibrated in accord-
22 Federal standard procedureslg’ 20
for testing both the tensile and the Charpy V-notch specimens.

ance with ASTM standards. were used

HEAT TREATMENT

All drop-weight specimens were heat treated in accordance with the
steps shown in Figure 3. All austenitizing, isothermal treatments, and
tempering were performed in neutral zalt bath furnaces with temperatures
controlled to within + 5 F, Figure 4 was used to develop the isothermal
holding times necessary to obtain a given percentage of no:nartemitic
product. A check as to the actual percentage of transformation obtained
was made for all treatments involving isothermal studies. Metallographic
analysis of the untempered, as-quenched microstructures indicated that
quenching was complete and that specimen sigze had no effect.

METALLOGRAPHY

Metallographic procedures for preparation of specimens have been
discussed in the previously cited repom.l’ 3 However, for examination of
microstructure and determination of percentages of isothermal products,
three consecutive etching solutions were used. After each etch, the
specimen was washed in alcohol and then dried. These solutions and their
intended purpose are as follows:

1. An etch of saturated picric acid in alcohol plus two drops of
sephiran chloride per 100 cc of solution was used for revealing ferritic
grain boundaries.

2. An etch of 1 percent nital vas used for revealing ferritic
microstructures.

3. M etch of 20 percent sodium meta-disulfite in water plus two
drops of aerosol per S00 cc of solution was used for distinguishing iso-
thermal products from martensite.

e e




TEST RESULTS

The test results for each givem heat-treating parameter investigated
are summarized in Tables 2 through 5 and depicted in Figures 5 through 20.
In addition, Charpy V-notch temperature transition curves for each of the

= s o S— e

nonmartensitic products investigated are available in the Appendix.,

Since, as shown in Figure 2, the E103 HY-80 plate has a different
Charpy curve than the HC HY-80 steel used in the previous investigation, a
portion of this previous study had to be repeated in order to obtain a base-
line for determining the relative effects of nonmartensitic products on
the notch toughness of HY-80 steel.,

MICROSTRUCTURE

The resultant microstructures for each of the heat treatments
studied dre compared in Figures 5, 6, and 7.

EFFECTS OF FiNE AUSTENITIC GRAIN SIZE AND NONMARTENSITIC PRODUCTS
ON THE MECHANICAL PROPERTIES

Effects of Tempering Temperature

Figure 8 is a plot of mechanical tensile properties and NDT temper-
ature versus tespering temperature of HY-80 (E103) heat treated to a fine
grain structure, ASTM 9, and isothermally treated to contain various per- i
centages of nonmartensitic products,

Up to the tempering temperature of 1000 F, bainite lowers the
ultimate and yield strengths and increases the NDT temperature. Above
1000 F, the mechanical and NDT properties of the partially bainitic and the
martensitic structures coincide. The mechanical tensile property results

agree with the previcus analysis made on commercial HY-80 steel production

wvhich indicated that the tempering temperature used by the producers were

independr -t of nonmartensitic products.‘ Increasing the tempering tem- .
perature above 1150 F increases the NDT temperature for the fully mar-

tansitic structure as well as for the structure containing bainite; how-

ever, the NDT temperatures were well within the acceptable range for HY-80

plate.

< e e ——_ ——— e e . —
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As shown in Figure 8, various percentages of proeutectoid ferrite
lower the mechanical properties more for a given tempering temperature
than does bainite. Surprisingly, the greater the ferrite content the lower
the NDT temperature; this is probably due to the lower strength, higher
toughness ferrite. It should be understood that commercially produced HY-
80 steel plates over 1 1/2 in. thick have an average Grossmen's DI-S(M*
hardenability factor of 6 in.,* which is representative of an "S" type of
time-temperature=transformation (TTT) curve; see Figure 4. The initiation
of the 1200 F proeutectoid ferrite nose is at 100 sec; however, as shown
in the lower corner of Figure 4, over 2500-sec holding time is required
to produce a microstructure containing 20 percent ferrite. Increasing or
decreasing the transformation temperature within the ferritic range
markedly increases the required initiation time as shown in Figure 4. It
should be understood that HY-80 steel with a DI-SOH
have a "C" type of TTT curve (see Figure 4), which will be conducive to
ferrite formation when heat treating low chemistry plates over 1 in,
thick, "C" type TTT curves can also be produced with HY-80 steels having
Dy_sop Ereater than 2.7 in. if the carbon content is high and chroatium (cr)
and molybdenum (Mo) content are on the lean side. Increasing percentages

of 2.7 in, or less will

of carbon will extend the initiation of transformation time, but only in-
creasing percentages of Cr and Mo will change the nose of TTT curve for
HY-80 steels.

Effects of Strength Level on Toughness

Figures 9 and 10 show the effects of strength level on the NDT
temperature and Charpy Venotch properties for the HY=80 steel plate E103;
for comparative purposes, the transverse maximum Charpy energy has been
included,

Figure 9 indicates that various percentages of bainite have a
slight effect on the NDT temperature for a given strength level. The
minimua NDT temperature for the HY-80 steel containing bainite is reached

“Grossman's factors for calculating Dy_qq are based on a 50 percent
martensitic structure at the center of a round bar after an ideal quench.

7
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between 90~ and 100-ksi yield strength, The highest NDT is reached around
140~ksi yield strength and then the NDT decreases with increasing strength
levels. Surprisingly, with yield s*renyg.hs below 80 ksi, there is an in-
crease in NDT teamperature.

As shown in Figure 9, the transverse Charpy V-notch energy absorp-
tion and lateral expansion of specimens broken at the NDT temperature
indicate a wiiform correlation at the various strength levels. In other
words, at the NOT temperature, the transverse Charpy energies and lateral
expansion of the HY-80 steel containing bainite appear to fall within a
predictable range, i.e., 20 to 30 ft=lb and 15 to 25 mils lateral expansion
for yield strengths 120 ksi and below; for yield strengths above 120 ksi,
the transverse Charpy values at the NDT temperature fall at about 20 ft-lb
and 8 mils lateral expansion. Surprisingly, there is no correlation be-
tween Charpy V-notch fibrous fracture appearance at the NDT temperature
md the yield strength of the material.

The transverse Charpy V-notch maximum energies decrease with in-
creasing strength levels, However, there is no dramatic separation due to
bainite in the maximm energy to yield strength correlation. The 40 ft-lb
Charpy shelf is reached between 110- to 120-ksi yield strength.

There is a correlation between increasing percentages of ferrite, p
the NDT temperature, and strength level as shown in Figure 9; however,
there is no simple correlation between transverse Charpy V-notch properties
at the NDT temperature as was found for the martemsitic and bainitic
structures,

Figure 10 is similar to Figure 9 except that ultimate tensile
strength rather than vield strength is the basis of correlation. The same
correlations are found in Figure 10 as were found in Figure 9 and, there- !'
fore, they will not be discussed further.

Effects of Strength Level and Fidbrous Fracture Appearance on {
Charpy V=Notch Properties
It has been showm previously that the Charpy V-notch energy absorbed
can be predicted from the yield strength for a given Charpy fibrous !
fracture transition sppearamce of a fully quenched HY-80 steel.l
Maximm energiss were obtained at 212 F, whereas the Charpy V-notch
100 percent fibrous fracture is defined as that point om a Charpy V-notch
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fracture transition curve that will just show an all-fibrous fracture
appearance. The Charpy V-notch energies and temperatures for a specific
fibrous condition were obtained from the Charpy property curves of the
Appendix and are depicted in Figures 11 and 12 as a function of the
strength level.

The maximum energy curves depicted in Figure 11 are the same as
the upper curves shown in Figures 9 and 10. The maximmm energy curves for
the material containing various percentages of bainite follow the fully
martensitic curve. However, the curves which represent those Charpy
specimens containing ferrite fall well below the curves for bainite and

martensite specimens.

The 40 ft-1b energy at 32 F is considered the lower bound for shear

tearing resistance in steels exhibiting 100 percent Charpy V-notch fibrous
fracture appearance. It can be seen from Figure 11 that the 40 ft-lb
transverse Charpy level at 100 percent fibrous fracture for specimens con-
taining various percentages of tempered bainite fall between the 110- and
120-ksi yield-strength level, whereas for specimens containing ferrite,
the 40 ft-1b energy is reached at about 90-ksi yield strength. As seem in

Figure 12, the 100 percent Charpy V-notch fibrous fracture energy for these

strength levels falls at or below 32 F, As shown in Figure 11, the energy
level transition is greatly influenced by strength level as well as by
microstructure; however, as shown in Figure 12, the 100 percent fibrous
fracture transition temperature is not significantly affected wmtil the

120=ksi yield-strength level is approached.

It can be seen from Table 3 that below 115-ksi yield stremgth,
Charpy specimens with 100 or 80 percent fibrous fracture appearance meet
the 40 ft-lb energy level at 32 F or lower. However, the Charpy energy
level at 50 and 30 percent fibrous fracture appearance did not meet the
40 ft=1b level for any given yield stremngth.

EFFECTS OF LARGE AUSTENITIC GRAIN SIZE AND uomm'msruc
PRODUCTS ON THE MECHANICAL PROPERTIES :

The effects of strength level on fully quenched and tespered
steels which were austenitised to produce a variety of grain siges have
been reported for the HC HY-80 steel plato.l The results indicated that
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the Charpy V-notch transition temperatures increased with increasing
austenitizing and decreasing tempering temperatures. It was also shown

that increasing grain size did not lower the Charpy V-notch maximum energy
shelf, 1

Effects of Tempering Temperatures

In order to study the effects of grain size and nonmartensitic

products on the notch toughness, energy absorption, and transition temper-
atures, the drop-weight specimens were austenitized at 2000 F, transferred
0 a 1640 F salt bath, and then isothermally held at the temperature of
interest. The prior austenitic grain size was found to be approximately
ASTM 3.5. Although the holding times at the isothermal temperatures were
the same as used for the fine grain studies, the percentage of transfor-
mation products was considerably less. This is attributed to the fact that
large grain size shifts the initiation of transformation to longer times.z3

The mechanical and NDT temperatures are plotted in Figure 13 as a
function of tempering temperature. Similar mechanical tensile properties
are found for coarse~ and fine-grain structures (compare Figures 13 and 8).
It should be remembered in comparing these two figures that the coarse-
grain structures contained less isothermal products than did the fine-
grain structures,

The NDT temperature shown in Figure 13 is approximately 100 F
higher for the coarse-grain structures than for the fine-grain structures.
This difference holds regardless of the type of nonmartensitic structure
investigated.

Effects of Strength Level on Toughness

Figures 14 and 15 show, respectively, the effects of strength level
on the NDT temperature and on the transverse Charpy properties at the NDT
temperatures for the coarse-grain structures, ASTM 3.5, For comparative
purposes, the maximm Charpy V-notch energy levels for various strengths
are included on these figures,

The HY=-80 steel plate E103 with an AST™M grain size of 3.5 has an
NDT tewperature ranging from =140 to =30 F for yield strengths between 80
to 100 ksi, The most detrimental effect on the NDT temperature appears to

RPN
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be produced by 17 percent bainite; 9 percent proeutectoid ferrite has an
adverse effect on the NDT, but not to the same degree as the 17 percent
bainite. However, it is doubtful that normal commercially produced HY=-80
steel will be cooled at such a slow rate as to produce any proeutectoid
ferrite during heat treating or welding.

The transverse Charpy V-notch values at the NDT temperature are
25 to 35 ft~lb and 5 to 25 mils lateral expansion. Again, the Charpy V-
notch fibrous fracture appearance does not show any relationship for pre-

dicting the NDT temperature.

Effects of Strength Level and Fibrous Fracture Appearance on
Charpy V-Notch Properties

Figures 16 and 17 show the correlation between transverse Charpy
V=notch energy absorbed and fibrous fracture transition temperatures for
these large-grained structures at given percentages of fibrous fracture
appearance at various Strength levels.

Table 6 shows the transverse Charpy V-notch energy absorption and
the temperature at which 100 percent fibrous fracture appearance occurs
for 80- and 100-ksi yield strengths, It should be remembered when reviewing
this table that the isothermal holding time required to obtain the non-
martensitic products is exceptionally long. In nroduction heat treatment,
the 2000 F austenitizing treatment would not be used. When welding, tem=
peratures of 2000 F and above will be obtained; however, the cooling rate
between 2000 F and the start of martensite transformation temperature (Ms)
are such that the temperature lag required to obtain nonmartensitic products
will not occur.

Table 6 shows that HY-80 having a large grain size (ASTM 3.5) and
nonmartensitic products will have transverse Charpy energies in excess of
40 ft-1b. The specimens containing 17 percent bainite have a 100 percent
Charpy V-notch fibrous fracture transition temperature over 100 F. The
transition temperature for the specimens containing 9 percent ferrite is
sensitive to yield-strength level; i.e., the transition temperatures are
increased ten~fold when going from 80- to 100-ksi yield strength.

Since the shear transition of HY-80 steel is evaluated at :2 F,
Table 7 was compiled from Figures 16 and 17 to showv the relationship

1
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between yield strength and transverse Charpy energy values occurring at

32 F for the 100 percent fibrous appearance. This table shows that except
for the atructure containing 17 percent bainite, the Charpy values at 32 F
for the yield strength shown (80 to 113 ksi) are well above the 40 ft-lb i

YIELDING CHARACTERISTICS

Since the stress-strain curves of HY-80 steel are of interest for

design purposes to predict buckling or instability mmge:;,4 Figures 18 and
19 depict the effects of grain size, various isothermal treatments, and
tempering temperature on tue tensile yielding characteristics of HY-80
steel.

These figures show that the stress-strain curves between 80~ and
100-ksi yield strength have a discontinuous type of yielding character~
istic. That is, the stress-strain curves have either upper and lower
yield points, a plateau, or a semi-plateau yielding characteristic. [t is
interesting to note in Figure 18 that for the fine grain HY-80 steel iso-
thermally treated to contain 25 percent ferrite and tempered at 1250 F,

there are two types of stress-strain curves, the curvilinear and the dis-
continuous,

Effects of Continuous Cooling

Since variations in cooling rates can produce a multiplicity of
microstructures, a limited study was made to evaluate the effects of non-
martensitic products formed by three different cooling rates.

All specimens were austenitized (1640 F) at the same time. One
series of specimens vas removed from the furnace and water quenched, the
second series was air cooled, and the third series was left in the fumace
and allowed to cool with the door open. All specimens were tespered at
115 F for 1 hr. The following cooling rates were obtained between 1350
and 800 F:

L et AT A B s s 4

Water quenched S x 107 F/min
Air cooled 35.4 F/min
Slowv cooled 9.5 F/uin

12
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Microstructure

The resultant microstructure for each of these cooling rates may
be compared in Figures 5 and 20. Figure 5b shows the tempered martensitic
appearance of the water-quenched steel, and Figures 20a and 20b show the
microstructure for the tempered air-cooled and slow=-cocoled specimens which

consisted of upper and lower bainites,

Mechanical and Notch Toughness Properties

The mechanical and notch toughness properties obtained from the
iY-80 specimens which were water quenched, air cooled, and slow cooled are
given in Table 8, The water—quenched specimens have the highest yield
strength but the others also meet the 80-ksi yield strength minimum require~
ments. All have acceptable NDT temperatures and acceptable Charpy maximum
energy shelves.

DISCUSSION

It was shown in a previous report:4 that HY-80 steel produced in
accordance with MIL-S<=16216E and F was to a lower hardenability than that
made under MIL-S-16216D. If this historical trend continues, the producers
may start to make HY-80 steel under MIL-S5~-16216C to still lower harden=-
abilities. Since the longitudinal Charpy values are only representative
of the NDT temperature and not the maximum shear energy, difficulties could
arise because the nonmartensitic product may become predominately ferrite
wvith the associated reduction in skear tearing resistance.

Figure 11 indicates the detrimental effect that ferrite can have
on the maxisam and 100 percent fibrous fracture shear energy level.
Additional difficulty can occur in the heat-affected zone of a thick plate
made to a lowv hardenability where a small percentage of ferrite and large
grain size could affect the shear tearing resistance of the gone having an
incremental yield strength over 100 ksi. This is borme out by previous
experimental work?® on the effects of lowering the hardenability of heavy
gage plates,

The 80 percent martensitic requirement specified in MIL-S~16216G
should be adhsred to. In fact, to ensure that HY-8C steel has a pearlitic
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hardenability greater than its bainitic hardenability, the two chemistry
ranges, one for thin and one for thick plates, previously specified in
MIL-S=-16216D should be made a requirement of the current specification.

The HY-80 E103 plate heat .reated to a {ine grain structure and
containing isothermal bainites in the ranges studied will meet the minimum
mechanical property and notch toughness requirements of MIL-S-16216GC.

If temperatures are used in fabrication which will coarsen the
grain size to ASTM 4 or less and the yield strength is raised above 120
ksi, shear tearing may occur, especially in the presence of nonmartensitic
products. Plates 3 in, or more in thickness will probably contain bainite
in excess of 20 percent.4 It is doubtful that they would contain any
proeutectoid ferrite. However, the present study has shown that bainite
should not significantly affect the notch toughness. The heat-affected
zone produced by welding thick plates made to a rich chemical analysis

2

with the specified heat inputs of 55,000 j/in. or less 5 should not produce

any significant amounts of bainite.23

This does not preclude cracking in
the heat-affected zone due to chemical composition; for example, having
high sulphur content in the presence of high nickel content or having a
high percentage of nonmetallic inclusions.

An analysis of the effect of nonmartensitic products on commer=-
cially produced plates has been completed and will be published. The
present report will be used as a baseline for comparing the effects of

normartensitic products on commercially produced heats.




B a0 O O T

CONCLUSIONS

The following conclusions can be derived from this study:

1. Up to 50 percent bainite (with the remainder martensite) in HY-
80 steel has very little effect on the NDT temperature and the Charpy V-
notch maximum energy properties.

2. Proeutectoid ferrite has a detrimental effect on the Charpy
V-notch maximum energy level of HY-80 steel, especially with increasing
strength level. At yield-strength levels of approximately 90 ksi, the
maximun Charpy energy level met the 40 ft-1lb requirement established herein
as a criterion.

3. Large prior austenitic grain size has no effect on the maximum
Charpy V-notch level for a given yield strength; however, the transverse
Charpy V=notch fibrou$ fracture transition temperature is quite sensitive
tc yield-strength level and microstructure.

4. The NDT temperature for structures having large prior austenitic

grain size are approximately 100 F higher than the NDT temperatures of fine-

grained structures regardless of microstructure.

RECOMMENDATIONS

1. The 80 percent martensitic microstructure requirement of MIL-S~

162160 should be kept in the specification.
2. The two chenistry ranges, one for thin and one for thick plates,

previously specified in MIL-S-16216D should be made a part of the current
HY-80 specification.
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TABLE 1
Comparison of Chemical Composition and Inclusion Content of Two HY=8( Steel

Plates Used in the Present and in a Previous DTMB Study

TABLE 1A
Chemical Composition, Percent
DT™B Plate
) Designation
ﬁ“:in”t‘g E103 HC
c 0.16 0.15
Mn 0.30 0.24
P 0.009 0.011
S 0.017 0.014
Si 0.25 0.14
Ni 2,78 2.85
Cr 1,52 1.44
Mo 0.36 0.45
Cu 0.058 0.03
Total Al 0.042 0.037
Acid Sol. Al] 0.038 0.034
Ti 0.001 0.001
v 0.001 0.001
Pb 0.001 0.002
Sn 0.004 0.005
Mg 0.001 0.001
02 0.008 0.009
Nz 0.009 0.008
"2 <.0001 ] <.0001

TABLE 1B
Inclusion Contentl

DTMB Plot

Designation
Nirection -

E103 ¥C
Transverse | 0.5"9-0-A | 0.5"9-0-B
Longitudinal | 1.179-0-¢ | 2.0%9-1.2%-8

1. ASTM, E45-51, Method B
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TABLE 3

Effects of Microstructure and Tempering Temperature on the
Charpy V-Notch Impact Properties of HY-80 Steel (DTMB Plate
E103) Austenitized at 1640 F
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TABLE 3

Effects of Microstructure and Tempering Temperature on the
Charpy V=Notch Impact Properties of HY-80 Steel (DIMB Plate
E103) Austenitized at 1640 F
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TABLE 5

Effects of Microstructure and Tempering Tempsrature on the
Charpy V=-Notch Impact Properties of HY-80 Steel (DTMB Plate
E103) Austenitized at 2000 F

A Longitudinsl
Isothermal Treatmint Microstructure Tensile Properties Maximm Energy
R Tepering’ Percent Tield | Tensile | Ratio Lateral
Tesperaturse Time Tesperature Strength | Strangth’ | 22 x 100 | ft 1b | Expansion, Temp
degrees F | Seccnds degrees ¥ ksi kai TS mils degrees F
40 100 ¥ 152 187 81 4 12 +128
500 100 M 154 183 84 28 13 +144
1000 100 M 138 183 90 36 23 + 04
1% 100 M 9 113 83 60 46 +32
12% 100 M 75 96 78 8s n -12
1270 100 M 74 98 76 77 65 - 16
1300 200 M 82 102 80 68 61 +212
1330 100 M 8l 103 79 €9 59 + 22
878 152 400 JBHI7TM 159 190 84 23 11 + 44
878 152 600 IBUWITM 158 188 8S 23 1 + 72
87% 152 1000 JBHITHM 139 181 92 39 26 + 88
875 152 1150 IBHITM 109 122 89 54 44 + 32
878 152 12%0 IREITH %0 109 83 64 56 0
878 1600 400 17B 683 M 128 173 % 30 12 +212
878 1600 600 17B ¥ B3I M 129 166 78 30 16 +244
87s 1600 1000 17B %83 M 112 1% &6 st 36 +152 ‘
8178 1600 us 17B&83 M 108 123 88 L1 47 +140 |
878 1600 12% 178 ¥ 83 88 106 83 67 60 +100 4
1300 3350 400 SFy M 118 165 72 13 6 +112
1200 3350 600 9Py M 118 159 74 16 ? +136
1200 3380 1000 Iry¥9M 119 141 84 29 16 + 52
1200 3350 1150 SFHI91M 98 115 8s 48 40 + 86
1200 33% 1250 SFHO1M 4] 102 /] 60 56 - 20
Notes?
A. Austenitised at 2000 F fer 1 hour, transferred to 1625 F for $ minutes,then isothermally treated as shown.
B. Time in Bath then water quenched.
C. Teapered at temperatures az shown for 1 hour and then water quenched.
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Charpy V-Notch Impact Proverties (Transverse)

Percent Fibrous Fracture Appearance

i"‘lr‘lh—‘ix{b r-:'l.’J

Lo S P
l__.L..‘:i::i::!._lzlr:i:ﬂrl-lvzlwlwlwl i

100 Percant 80 Percent ) Perceait 30 Percent
Lateral Lateral Lateral Latoral
Energy | Expansion, Tesp Energy | Spmnsion Texp Energy | Rxpansion Tesp Mergy |Expmsion
ft 1b ails degrees F ft b mils degrees F | ft 1b uils degrees F | ft 1b mils
37 12 ~ 32 32 12 = 16 28 11 - 36 26 10
28 13 +102 26 1 +64 25 9 +42 2 8
37 23 +74 37 22 +44 33 19 +16 27 13
€0 4“ - 16 54 40 - 78 43 29 =132 a o
75 71 - 44 68 ss - 96 2 41 <132 4 30
72 58 - 36 70 7 - 66 60 45 =100 “ 33
68 61 - 44 60 49 - 98 33 32 =130 27 a
o4 56 - 18 63 43 =100 50 a ~158 0 19
22 9 - 20 22 9 - 52 22 7 - 64 a 6
22 10 -12 21 6 - 54 18 s - 64 17 S
34 23 + 46 32 20 - 14 28 16 - 40 25 13
) 37 114 41 24 ~146 29 19 ~150 26 19
64 52 «106 47 38 -138 3 2?7 =172 K\ 21
K\ 12 +108 27 12 -6 U 9 - 40 22 7
3 19 4159 ) 12 +114 22 11 +68 22 10
47 35 +107 44 M - 53 k" ) 8 +20 27 18
83 43 + 9% 51 40 + 23 40 28 -2 K 20
61 $2 + 44 58 48 - 25 48 k3 - 78 38 28
15 6 - 17 15 5 - 40 1S ] - 60 18 ]
16 6 + 83 13 6 + 64 12 6 + 44 12 6
23 16 + 2 22 18 - 26 2 12 - 54 19 11
46 38 - 4 43 M -4 27 i g
| ¢ 48 - 55 50 38 - 80 3% % =154 29 29
Al S Se  —A
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ng Temperature on the
{Y=80 Steel (DTMB Plate

2000 F
Charpy V-Notch Impact Properties (Transverse)
Porcent Fibrous Fracture Appe
Longitudinal
nsile Properties Maxisum Enerzy 100 Percent 80 Percent 1
isld | Tensile | Ratio Lateral Lateral Lateral
2ngth | Strength Sx100 ) re1d Bxpansion, Texp EFnergy | Expansion, Temp Energy | Expameion Temp
ksi kai o] mils degrees F | ft 1b mils degrees F ft 1b mils degrees ¥
s 187 81 4l 12 +128 37 12 - 32 32 12 - 16
154 183 84 28 13 +144 28 13 +102 26 i1 +64
138 153 90 36 23 + 96 37 23 +74 37 22 +44
99 113 88 60 46 +32 60 44 - 16 54 40 - 78
78 % 78 8s n -12 75 n - 44 68 [ - 96
7 9 7 7 65 - 16 72 8 - 36 70 54 - 66
82 102 80 68 61 +212 68 61 -4 60 49 - 98
8 103 79 69 59 + 22 64 56 - 18 63 43 =100
159 190 84 23 1 + 44 22 g - 20 22 9 - 82
158 188 8s 23 11 + 72 22 10 - 12 a 6 - 54
139 18 92 39 26 + 88 kY 23 + 46 32 20 -14
109 122 89 54 44 + 32 S0 37 -114 41 24 =146
%0 109 83 64 56 0 64 52 =106 47 38 «138
128 173 % 30 12 +212 % 12 +108 27 12 -6
129 166 78 30 16 +244 30 19 +159 26 12 +114
112 130 86 [1] 36 +182 47 3s +107 44 kY] - 83
108 123 88 ss ) +140 3 43 + 94 51 40 + 23
88 106 83 67 60 +100 61 52 + 44 58 48 < 28
118 168 72 13 6 4112 13 6 - 17 18 - 40
118 18%% () 16 7 +136 16 6 + 83 13 6 + 64
119 141 84 29 16 + 52 23 16 + 2 22 18 - 26
98 118 85 48 40 + 86 46 38 - 4 43 kY| - %
79 102 7 60 56 - 20 60 48 - 88 0 38 - 80

25 F for $ minutes,then isothermally treated as shown,

en water quanched.
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At MDY
50 Percent 30 Perceant
Lateral Lateral Lateral
Energy | Expmnaion Temp Energy | Expansion Tap hergy | Percent | Exoansion
Flfeld mils degrees F | ft 1b mnils degrees F | ft 1b Fiber uils
28 1n - 36 26 10 - 30 U 19 8
25 9 +42 4 8 +18 4 1 7
33 19 +16 27 18 +10 26 26 14
43 29 =132 k11 U ~-118 3 3 26
52 41 =132 41 k =148 37 u 27
60 45 «100 4“ 33 «158 a 14 32
35 32 =130 27 a =170 u 16 14
%0 21 =158 k 19 =160 3 ) 19
22 7 - 64 21 6 - 80 a 1 6
18 s - 64 17 ] -3 2 T2 6
28 16 - 40 25 13 - 10 28 1] 16
29 19 -~150 26 19 =110 42 8 25
32 27 =172 k a 1% k) | 4 M
b ) 9 - 40 22 7 - 50 a2 a2 ?
23 1 +68 22 10 + 9 22 37 u
M 28 +20 27 18 +10 26 2s 16
40 28 -2 k | 0 - 10 n LH 3
48 39 - 18 38 a8 - 80 3% 26 a3
18 S - 60 15 L] - 70 13 13 3
12 6 + 44 13 6 + 40 12 » 6
2 12 -5 19 11 - 80 19 R u
27 a - 5 » 62 )
36 » -154 » 29 =130 » 38 9
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TABLE 6

Effects of Microstructure and Yield Strength on the Transverse
Charpy V-Notch Energy and Temperature Corresponding to 100 Percent
Fibrous fracture Appearance of HY-80 Steel (DT™B Plate E103)
Austenitized at 2000 F

100 Percent Fibrous
Isothermal Treatment Fracture Appearance
Transverse Charpy
1 Yiel d2 V=Notch Properties
Temperature Time Microstructure Strength | ZInergy | Temperature
degrees F Seconds ksi ft-1b degrees F
100 M 80 70 + 20
100 57 + 30
875 152 3B-97 M 80 0 ~ =10
100 57 + 20
875 1600 17 B-83 M 80 ~10 ~ +100
100 60 +115
1200 3350 9 F~91 M 8 60 = 3
100 45 +100

1. Microstructure:
M = Martensite
B = Bainite
F = Ferrite
2. Room temperature yield strength
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TABLE 7

Effects of Microstructure on Yield Strength and Transverse
Charpy Energy Corresponding to 100 Percent Fibrous Fracture
Appearance at 32 F of HY~80 Steel (DT™B Plate E103)
Austenitized at 2000 F

Propertiss at 100 Percent
Fibrous Appearance at 32 F

1 Yield2 | Transverse
Microstructure Strength Cy (32 F)
ksi ft=1b
100 M 92 60
3B-97 M 113 48
17 =83 M <80 ~70
9 F91 M 85 62

1. Microstructure
M = Martensite
B = Rainite
F = Ferrite
2. Room tempeiature yield strength

TABLE 8

Bffects of Cooling Rate on the Mechanical and Notch Toughness
Properties of HY-80 Steel (DTB Plate E103)
Austenitized at 1640 F

Cooling Treamnt‘(
Propertyl Q::rt\:.;ed Air-Cooled | Slow-Cooled
U.T.S., ksi 116 104 104
0.2 Percent Y.S., kai 103 84 83
Percent El. in one in. 24 25 A
Percent Red. in area 76 7 72
NDT, degrees r =210 =130 -490
C, at NDTZ ft-1b 29 25 30
C, ux,:' fe-1d $6 55 3

1. Room temperature tensile properties,
2. Transverse Charpy V-Notch at NDT tesperature.
3. Transverse Charpy V-Notch at 212 F,

4. Austenitised 1640 F for 1/2 hour, cooied as
indicated to room temperature, held at-i10 F
for 1 hour, and tempered at 1150 F for 1 hour
then wvater quenched.
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HY-80 LOW AND WIGH
CHEMISTRY

T £ E =5 i
T | |
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MECHANICAL PROPERTIES NOTCH BRITTLENESS
YIELDING CHARACTERISTICS FLOW FRACTURE
PLASTIC FATIGUE L WETALLOGRAPHIC

Figure 1 - Investigative Steps in the Study of HY-80 Steel

o
o
T

©
[=]

[
o

70

€-103

»
o

(74
o

n
o

ULTIMATE TENSILE STRENGTH =104 KSi

0.2 PERCENT OFFSET YIELD STRENGTH 83 k3!
I T A F o 1 A n A
-240 200 -160 -120 -80 -40 O 40 80 20 (80

o
1

TRANSVERSE CHARPY V-NOTCH ENERGY ABSORSBED.FT-L8
>
©

o

TEST TEMPERATURE , Deencts F

Figure 2 - Comparison of the Transverse Charpy
Energy Absorbed for Two Selected
HY-80 Steel Plates
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PHASE |
ISOTHERMAL GRAIN
PRODUCTS SIZE

NORMALIZED
1650°F - 1/2 HOUR
AR COOLED

AUSTENITIZED
1350°F — 2000°F

| WATER QUENCHED|

LOW TEMPERATURE
TREATMENT -10°F
{HOUR

AUSTENITIZED
1640 °F — 2000°F

AUSTEMPERED
600°F — 1200°F

CONSTANT m?e_]

VARIOUS TIMES

TEMPERED TEMPERED WATER QUENCKED WATER QUENCHED
800°F— 1200°F 400°F - 1330°F
16 MIN. —16 HOURS | HOUR
LOW TEMPERATURE LOW TEMPERATURE
TREATMENT -~IO°F TREATMENT -HO°F
1 HOUR I HOUR
[ Temeeren TEMPERSD
400°F — i290°F 1H30°F
| HOUR | HOUR
WATER QUENCHED
ME TALLURGICAL
EVALUATION
MECHANICAL CHARPY ME TALL OORAPHIC DRUH
PROPERTEES v-NoTeH WEHT

Figure 3 - General Outline of Heat Treatments
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Figure S - 100 Percent Martensite - ASTM 3.5

Figure S - Mictrostructure (1000X) and ASTM Micrograin Size
of Pully Guenched Specimens Au:tenitiged at 1640 and 2000 F
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25% Bainite « 75% Martensite 25% PFerrite = 75% Martensite
875 F = 152 Sec 1200 F = 3350 Sec

$0% Bainite -~ 50% Martemnsite 36X Forrite = 64% Martensite
875 F - 1600 Sec 1200 F - 8300 Sec :

Figure 6 ~ Microstructure (1000X) of Specimens Austenitized at 1640 F and
then Isothermally Treated at 875 F and 1200 ¥
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3% Bainite - 97% Martensite 9% Ferrite - S1% Martensite
8§78 F = 152 Sec 1200 ¥ « 3350 Sec

£ R ,
17% B:inite - 83% Martensite 38% Ferrite ~ 62% Martensite
875 F = 1600 Sec 1200 F'- 8500 Sec

Figure 7 - Microstructure (1000X) of Specumens Austenitized at 2000 F and
then Isothermally Treated at 875 and 1200 F
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Figure 8 - Effects of Tempering Temperature on the Mechanical Properties of
HY-80 Steel (DTMB Plate E103) Austenitized at 1640 F and Treated to
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Figure 20 - Photomicrographs (1000X) of Slow-Cooled and
Air=Cooled Specimens
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