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SUMMARY

The original investigation began as a study of the high tempera-~
ture properties of four.low=-alloy steels: 4340, "17-22A"S, H-40 and C-422,
in the form of forged J-33 jet engine disks. A concurrent investigation
of the high temperature properties of the products of isothermal transfor-
mation of each steel was carried out utilizing bar stock, The investigation
was then extended to include a more complete investigation of the products
of isothermal transformation, as well as the normalized and oil quenched
structures. The original investigation of the jet engine disks and the con-
current study of the products of isothermal transformation have been com«~
pleted and reports are now being prepared,

This progress report covers.the period between April 1, 1953
and June 30, 1953«; Survey type testing has been started and data obtained
at 700°, 900°, 1100° and 1200°F for the "17-22A"S steel. Data has been
accumulated at. 700°, 900°, 1000° and 1100°F for the 4340 steel. Tests
are now in progress at 700°, 900°, 1100° and 1200°F for the H-40 steel,
but no additional data have been obtained during this peried. The data
have been organized to include data previously obtained, as well as those
from current tests at the new temperature and on the new structures,

The tests conducted to date are not conclusive, The trends

being obtained, however, are interesting and are as follows:

4340 Steel
At 7T00°F and a stress of 90,000 psi the normalized structure
had the best strength, whereas at 900°F and a stress of 55,000 psi, the

lower bainitic structure had the best properties, At 1000°F and 13,000



psi, the upper bainitic structure is the strongest, but at 1100°F and 4,500
psi there was little difference between the upper and middle bainitic struc=-
tures, both being somewhat stronger than the next strongest, the norms=

alized structure,

"17-22A"S Steel

At 700°F and 115,000 psi the oil=quenched structure was strong-
est, However, the stress was too high for a goed evaluation, At 900°F
and 70,000 psi, the normalized structure appears to be slightly stronger,
but the bainitic structures had good ductility. At 1100°F and 19,000 psi
the lower bainitic structure had the best strength, but at 1200°F and 7,500

psi the middle pearlitic structure appears to be strongest.

H-40 Steel

No additional data have been accumulated for the H«40 steel

during this period,



INTRODUCTION

The Materials Laboratory, Wright Air Development Center,
is sponsoring an investigation of the high temperature properties of low
alloy steels for use as forged wheels for the gas turbines of jet engines.
This progress report covers the périod between April 1, 1953 and June
30, 1953, The work is being carried out under Contract Number: AF
33(038)~13496 (Expenditure Order Number 605-227 SR-7) and Supplement-
al Agreement Number: S4 (53-534) (Expenditure Order Number: R615-13
SR -3a).

A final report presenting the properties of forged wheels of
4340, "17~22A"S, H«40 and C=422 alloys is in the process of reproduc~
tion, It will be submitted early in the next period. For purposes of sim--
plicity and usefulness, it has been decided to submit two final reports,

A second report is being prepared to present the original results from
studies of the products of isothermal transformation, as related to the
properties at high temperatures, In addition, this report will present
an analysis of the microstructures of the wheels and attempt a correla~
tion, as far as possible, of the structure studies of the bar structures.,
This present progress report also presents the results of

considerable progress on the survey tests of the current program.



RESULTS

During the period covered by this report, the work was nearly
completed on a final report presenting the properties obtained in the in-
vestigation of forged turbine wheels. The correlation work in structures
of the wheels and bar stock studies is continuing and is nearly ready for

reporting,

Structures to Be Investigated

The structures and treatments to be investigated are outlined
in Tables I through III, Certain idealized structures were selected to
cover the range of structures possible from the transformation diagrams.
These idealized structures have been given simple names in order to pro-
vide a convenient means of referring to the treatments and structures in
‘the text, It is important to realize, as is outlined in the tables, that the
actual structures deviated from the idealized structures in some cases,

It should also be realized, for example, that the '"upper pearlite" of the
4340 steel is a different structure from the ""upper pearlite" of the '"17~
22A"S steel, and in turn these two structures are different from the '"pearl«
ite" formed in the H-40 steel. A more complete discussion of the nomen-

clature used will be found in Progress Report Number 9,

Heat Treatment Studies

The data obtained.from the survey tests for the isothermally
transformed structures and the oil quenched and normalized structures

are given in Tables IV and V., These tables have been organized to in-



clude data previously obtained, as well as those from current tests so as
to.completely present available data. The following general trends re~
garding relations between structures and properties at high temperatures

appear to be shown by the data obtained to date:

4340 Steel

1. The test data are still considered too limited for definite
conclusions regarding the relationships between structure and strength.

2, At 700°F, the normalized structure (65% bainites + 35%
martensite) had the best strength of the structures tested on the basis
6f the time to reach one«per cent deformation or minimum creep rate under
‘a stress of 90,000 psi, The "lower bainitic'" structure (100% lower bain-
ite) was next strongest. There are two major Hmitations to the available
data. None of the "pearlitic'" structures have yet been tested, Secondly,
only one stress has been used to date. The stress of 90,000 psi is some-
what above the proportipnal limit of the specimens thus far tested.

3. At 900°F a stress of 55,000 psi was used. It resulted in
fracture of all the specimens tested in time periods ranging from 4,5
hours to 1417 hours. ''Middle'" bainite (100% medium acicular bainite)
had the longest time for fracture and the lowest minimum cregp rate.
There was a considerable decrease in strength to the next two strongest
structures, "lowez' bainite and normalized material. "Upper" and "low-
er' pearlite were both very weak.comparatively, The stress level was such
that the time to reach one-per cent deformation was rather short and
largely controlled by the initial deformation. "Upper" bainite ought to
be tested before too definite conclusions are drawn, Also at 900°F a
lower stress throwing the comparison mainly on total deformation and

creep rates ought to be used for evaluation.



It will be noted that the '"middle" bainite had rather low elonga-
tion and reduction of area, Even though the time for fracture was consid-
erably longer than for the other tests (such values generally tend to decrease
with time for fracture), it appears quite certain that the medium acicular
bainitic structure is associated with low ductility in the rupture test at
900°F for this alloy.

4, At 1000°F, "upper" bainite (70% upper bainite + 30% mar-
tensite) is the strorgest on the basis of total deformation and minimum creep
rates, The normalized and '"'middle" bainite ranks next, It is interesting
to note that "lower" pearlite was stronger than the oil quenched structure,
Rupture tests ought to be carried out on these structures before definite

conclusions are reached regarding relative strengths of structures.

"17-22A'"S Steel

1. The stress used at 700°F (115,000 psi) resulted in frac~
ture of all the structures in rather short time periods., At this high stress
the oil quenched material was strongest, These was very little differ~
ence in ductility for the different structures, all being quite high.

It is considered that the stress used was too high for a good
evaluation and tests should be made under a stress causing about one-per
cent total deformation in 1000 hours for the stronger structures.

2, The stress used at 900°F (70, 000 psi) also caused frac-
ture of all but the normalized structure, which appears to be the strong-
est structure at 900°F, The oil quenched structure appears to be slightly
stronger than "upper bainite," but not as strong as '"lower bainite." The
hainitic structures had good ductility.

3. At 1100°F, all except the '"lower bainite'" specimen frac-

tured in less than 1000 hours, This specimen, however, was not as creep



resistant as the normalized specimen, even though it apparently had higher
rupture strength, The spread in rupture times for the other structures
was surprisingly small, Also, all of the structures had rather low elong-
ation, except for ""lower pearlite,’ The spread in times for one-per cent
total deformation and minimum creep rates was also rather small for all
the structures,

4, At 1200°F '"middle'" pearlite has the best strength on the
basis of rupture time, total deformation or minimum creep rate, As at
1100°F, however, there was a surprisingly small range in relative strengths.

Ductility to fracture was considerably higher at 1200°F than at 1100°F,

H-40 Steel

No additional data have been accumulated, The specimens have

been heat treated and tests are now in progress.

DISCUSSION

The tests comlucted to date are not conclusive. The trends
being obtained are, however, interesting and should prove useful, One
finding which seems to be contrary to generally accepted concepts of the
past is the comparatively low creep resistance of tempered martensite
(0il quenched specimens) at temperatures as low as 700°F.

The data obtained during the next period, together with more
opportunity to analyze the data should lead to more definite conclusions
regarding the realtions between structures and properties at high temp~

eratures.
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