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Problem Ilumber R-1.1 19 January 194111

3AYONST BLADES

Investigation of WD-1O0O Steel for Use in Bayonet ladoe

03JECT

To determine the requisite metallurgical characteristics
to produce the optimum hardness and ductility in WD-IO0 k teel for
bayonet use.

COrOLUSIO Ts

1. The metallurgical characteristics necessary to pro-
duce optimum hardness and ductility in WD-1OO steel for bayonet
use result from a substantially homogeneous microstructure consisting
of tewipered martensite of Rockwell "C" hardness 4€6-52.

2. Increased impact strength at a Rockwell "Of hardness
of 55-57 may be obtained with an inhomogoneous microstructure re-
sulting from a low hardening temperature; however, this increase is
not considered sufficient to offset the pratical disadvantages in-
volved in applying such a heat treatment to the production hardening
of WD-1O00 bayonet blades.
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lINRODJCTIOIT AIM TZsT PROC='.ME

At the reauest of the Office, Chief of Crdnance,* an in-
vestigation was carried out to detbrmine the reouisite metallurGical
characteristics to produce the optimum hardness and ductility in
VD-1OO steel for bayonet use. Ductility as used in this connection
was interpreted to mean impact strength or resistance to breokage
by shock loads. Because an investigation had already been carried
out by Springfield Armory" to determine the properties imparted to
WD-1OO steel bayonet by the austempering process, the present in-
vestigation was confined to determining the potentialities of the
conventional quench and draw treatmenb. Two major variables wetr
considered important in this investigation from the standpoint of
controlling the metallurgical characteristics of 'WD-10O0 steel;
(1) extent of carbide solution on heating for hardening, and (2)
degree of tempering of the hardened structure. As criteria for
the evaluation of the effect of these variables on the probable per-
formance of WD-1080 steel bayonet blades, reliance was placed on
hardness, impact, and bond tests. These tests were supplemented
by microexamination to determine the effect of variations in heat
treatment on the metallographic structure of WD-1080 steel.

The commercial hardening of WD-10S0 steel bayonet blades
is at present carried out by heating in either a salt or lead bath
followed by quenching in oil. 'In this investigation, heating for
hardening was accomplished in a lead bath. Quienching was done both
in oil (Houghton YTo. 2) and in water.

RESULTS ALD DISCUSSIOIT

A. Chemical Comnposition

The chemical compositions of the materials used. in this
investigation are given in Table 1.

TABL1f I - CH1:ICAL COMPOSITI01,

Steel Condition C Mn Si S P Or
Desination ,_,

WD-108O-A Bar torm
(0.2" x 0." x 2") .•0 .69 .25 .029 .008 .05

WD-lOO-B M1905
Bayonet Blades .81 .79 .26 .0o40 .025 .10

-0,0.77o.1/66t2-4 - W.A. •7•71/6319 .
Springfield Armory Report - July 1943 Sub-Itbm 21 (3)
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3. Sffect of Fardening Treatment

1. Hardness Tests

The effect of hardening temperature on the surface hardness
of specimens (0.28 x 0.8 x 2") quenched in oil is shown in Table II.
These specimens were quenched after-heating in a lead bath for 6
minutes at temperatures in the range 135007 to 16006P.

TABLI 11 - StM1AOZ 0HAP.$S 01 SP IMTS O oL QUtJOýH
MM 1350o1 -i6eo00.

Quenching Temperature
01. 1350 ý. 1If0 _1525 -1600

Rockwell "00 Hardness 15 65 65.5 65.5 66.o

Table II reveals that a minimum hardening temperature of 137501 is
necessary to produce maximum hardness (Rockwell "O" 65-66) at the
surface after oil quenching.

The effect of time of heating in a lead bath at 140ooF
on the surface hardness of specimens (0,2t x 0.S x 2") quenched 4n
water is shown in Table IlI.

TA3LE III - SUFACE ,•A•RD•S OP SPS0IMZ•S WATIMR OMJTC1,D

Timq of Heating in 1/4f 1/2 3/4 1 2 4f

1jead Bath, Minutes

Rockwell "ON Hardness 13A7 65.5 66 66 66 65.5 66

These results indicate that 1/2 minute of heating in a lead bath at
34f0003 is necessary to produce maximum hardness (Rockwell "C" 65-66)
at the surface after water ouenching.

2. Microexamination

The microstructure of specimens annealed by heating for one
hour at 145001 and furnace cooling consists entirely of poarlite (hig.I-A).

The microstructures at the center of specimens quenched in
oil from 1375, i14%, and 152507 are shown in 7igures 1-B-, -0-, an4
--)-, These structures reveal that it is necessary to harden frum 15250Y
to obtain substantially complete solution of carbides, and a structure
free from primary troostite areas.
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The microstructures at the centers of specimens heated for
* 1/2, 2, and 8 minutes in a lead bath at 14006, water quenched, and

drawti at 140001 for 2 hours, are shown in Figures 1 -3-, -?-, and -4-.
These structures reveal that 1/2 minute of heating time is insufficient
to complete the transformation of all the original pearlite to austen-
ite even though maxim- hardness is obtained at the surface. After
two minutes of heating time, all of the original pearlite was trans-
formed, although pearlite configurations (cementite concentrations in
solid solution) still exist. These configurations are less evident
after 8 minutes of heating.

On the basis of the results of microecamination, it was de-
cided to limit further tests to specimens treated to produce two con-
ditions: (i) substantially complete carbide solution and (2) suf-
ficient carbide solution to obtain maximum hardness (Rockwell "00
65-66). Heating for 6 minutes in lead at 15250P and oil quenching was
used to attain the first condition, whereas heatinr for 1/2 minute in
lead at 10001Y and water quenching was used to obtain the second con-
dition. It was also believed that the condition resulting from the
latter treatment might have the effect of increasing impact strength
at high hardness levels.

C. Effect of Tempering Treatment

1. Xardneps Tests

The effect of tempering temperature on the surface hardness

is shown in Table IV.

TABLE IV - StWUACM EAPRlZS3 OF QUMT3C1M ATTI Ma'V SPEIIMTS

Tempering Temperature 300ey 14000 50007 60007 7000F 800@F .900Y
Rockwell "O" Hardness

Lead Bath 15250- r 6 mii. 64-5 60.5 56.5 52 49.5 42.5 37.5
oil quenched

Lead Bath 1400o• - min. 63.5 59 57 51 4g 13 35.5
water quenched

Note 1 - Tempering time was 2 hours in all cases.

As shown in Table IV, the tempering characteristics of WD-
1080 steel given a hardening treatment at 152001 to result in sub-
stantially complete carbide solution are quite timilar to those of
WD-1090 steel given a hardening treatment at 10O0e7 to result in
partial carbide solution,
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2, Impact Tests

A. .Secimens Oil qaenched from 120F

The results of Charpy impact tests at temperatures of from
+7007 to -70*r specimens (0.21 x 0.9I1 x 2.0'") oil quenched frcir l15C!5
and tempered in the range of •4O00F to $50o are given in Tab1c V. A
plot of room temnerature impact strength vs. draw temperature and hard-
ness is shown in ]igure 2. The specimens were ,unnotched and were
tested by striking the 0.9" x 2.0" face in a direction perpendicular
to the 2.0" dimension.

The results show that in the hardness range of Rockwell
"nC" 43 to 61, impact strength increases with decreased hartness with
a sharp change of impact strength occurring at a hardness of about
Rockwell "C" 54. The testing temperature has no appxrent effect on
impact strength in the temperature range investigated. Likewise, the
time the specimens were heated in the lead bath (3 to 12 minutes)
does not appear to be significant.

3. ,peoimenes Water nched from 114000

The results of Charpy impact tests of specimens water
quenched after heating in lead for times varying from 1/2 to g min-
utes and drawn in the range of 400 to 65007 are given in Table 71.
All tests were conducted at room temperature (700?). Table Vi re-
veals that impact strength increases with tempering temperature and
that % heating time of at least 3/4 minute is necessary for full
hardening and high impact values. It is also shown that at a hard-
ness of Rockwell 40" 55-57, maximum impact strength (43-49 ft. - lbs.)
results from heating for 3/4 to lI minutes. As compared with the
impact strength (20 ft. - lbs. at 7003) of specimens quenched from
152507 and drawn to the eamd hardness, this represents an increase
of over 100%. In view of the fact that the same increase can be ob-
tained by lowering the hardness of specimens quenched from 152507 by
approximately 2 or 3 points Rockwell "C", it is believed that the
use of the 1 1O0 e7 treatment does not possess a significant advantage.
Furthermore, from the point of view of production hardening of bay-
onet blades, the 140O0'0 treatment would probably be more critical
from the standpoint of temperature and time control especially if
different heats of WD-1080 steel varied in tr'e rate of carbide sola-
tfon. Also, the need for water auenching to offset the tendency for
the formation of soft spots because of lowered hardenability imparted
by the 114000P treatment would increase tVe dangfr of distortion.
For these reasons, no further investigation of the effoct of the 1,•.4OV'
treatment on other properties of WD-108O steel was made.
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3. Transverse Bend Tests

The results of transverse bend tests of specimens (O.2" x
0.8" x 6") are given in Table VII. These specimens were oil quenched
after 6 minutes heating in a lead pot at 152501 and tempered to hard-
nesses of Rockwell "C" 41-60. The results show that the proportional
limit increases with increased 1-irdnose whereas the modulus of rup-
ture reaches a maximum value at Rockwell 110" hardness 55-56. Although
a purely empirical value, the modulus of rupture is generally consi-
dered a criterion of material toughness.

D. Tests of WD-100-3 Steel Bayonets

1. Specification Bend Tests

Bend tests of the bayonets were carried out in accordance
with U.S. Airmy Specification 170. 524-.1o These blades were heat
treated* by heating for 6 minutes in a lead pot operating at 15250F1
quenching in oil, and drawing to obtain various hardnesses from
Rockwell "C" 37 to 55. The specification bend test consists of bending
a bayonet blade on both sides over a curved surface having a radius
of eighteen inches. Blades taking a set of 1/16" in either direction
are considered rejectable.

The results of the specification bend tests are givet it
Table VIII. Only those blades poseessing a hardness of Rockwell "C"
46 and above successfully passed the bend test.

2. Microexamination

The microstructure of a bayonet blade oil quenched from
15256P and tempered at 65001 is shoin in ?igure 1 -H-? and consists
of tempered martensite with little evidence of excess carbides. This
microstructure corresponds to that of blades tempered to hardnesses in
the range of Rockwell "C# 46-52.

3. General Considerations

The results of this investigation indicate that WD-1OO steel
bayonet blades should be given a hardening treatment to result in a
substantially homogeneous structu~re. The desirable hardness range for
these blades is considered to be Rockwell "Co" 6 to 52 after tempering.
The corresponding tempering and impact strength range: are indicated
in Figure,2. The 3over limit of the desirable hardness range is set
by the yield strength required by WD.-1090 steel in order to comply
with the bend test requirements of U.S. Army Specification ITo. 52-4-"
Do The upper limit was established from considerations of impact

:- Heat treatment of the exieriiiiiitaJ V-lO•-b ¥onet .b-ade was
carried out by the Utica Cutlery Company, Utica, INTew Yorkr
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strength although from the point of view of bend strength aai& keenness
of cutting edge, a hardness of Rockwell #CG 56-57 would be m':. a de-
sirable. It is possible to improve impact strength somewhat at this
hardness level by heating for a short time at a low hardening temper-
ature; however, the improvement obtained does not appear sufficient to
justify the use of such a heat treatment in regular production*

-6-



TAMLS V

RMMLTS OF IMPACT TrSTS O' QLMWCo AXY T3MPMD WVD-1O9O-A STrM

Time In Lead Impact Energy, Ft. - Lbo.
3ath At 152507 Tempering At Various Testing Temperat-ares Rockwell
Minutes Temperature, 0 7 70?F 3 5 0-T 0OF -3567 - 7OO "'C"

_____________ ____________ ______Har'dne ss

3 4oo 10 9 10 8 8 6o-61

3 550 21 22 15 13 21 55-56

3 650 60 70 62 59 68 51-52

3 750 92 95 81 97 102 147-4•-

3 850 103 ý6 99 90 92 43-44

6 400 9 9 14 8 8 6o-61

6 550 20 14 11 13 12 56-57

6 650 58 72 75 76 66 52-53

6 750 83 77 79 83 79 48-49

6 950 101 101 102 100 6 463-4

12 1400 9 8 S 8 8 60-61

12 550 16 16 13 14 13 56-57

12 650 73 60 614 68 50 52-53

12 "'75o 82 84 61 l s1 4S-49

12 850 98 99 102 98 99 42-43

Note - All specimens were tempered for 2 hours.
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SVI

RESUJLTS OF' fI'A0T TESTS OF' QUNT031 AIT T3LF IID-10 80-A
8SWI SPSCOIN~

Time of Ieating in Lead Bath at 140007

Tempering Rock-
Tempe~gture 1/2 Min. 3/4 Min. 1 Min., 1j min. 2 Min. 4 Min. S Min. well "C"

_ _ _Im p a c t T h .e r g y . F t ; - L 'b s. .. . . .. . .. . .

4oo 17.2* 20 15 16.o ia.2 17.0 12.1 59-61

55o 23.1* 9.96 4,3-5 47.1 35.1 30.4 21.1 55-57

650 30.8" 67.9 61.9 61.1 61.7 59.3 57A.S 50-52

YTote - All specimens were temtered for 2 hours.

* Eractures of these specimens were partially crystalline and in-

dicated incomplete hardening. All other fractures were completely

fibroue indicating full hardening.
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TABLE VII

ISULTS 0•' •ATSVMS3 BEYD TESTS OP -QTUMTCOXD LT TRIP.M WM-I090-A
STL -SPFCIMETS

Tempering Proportional Limit Modulus of Rupture Rockwell
Temperature OF PSI.. PSI. "C" Hardness

4oo 35, ,0o0 3,000 59-60
550 337,000 40,000 55-56650 304,ooo 10:0oo 51-52
750 238,000 412,000* 5-46
850 211,000 391,000*-452,000* 41-42

* Maximum specimen did not fracture.

ITote - ll Specimens were oil quenched after 6 minutes at 1525'-P and
tempered for 2 hours.

Values of proportional limit and modulus of rupture represent
average of two tests.
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TUALID Vill

IMSfLTS OP' SPECIFICATIOIT BW TZSTS OP %:TAT TR3ALT IM-1090-B
STEL wornl~ 3LAMS

Rockwell
Mayonet If Amount of Permanent Compliance with. U.S, Army
Designation Hardness Set - First Mend. Spcifitcation 52-)4-1lB

Ar155-56 1/3;2* Satisfactory

A-2 5~4-55 I'Tone Satisfactory

3151-52 1/3211 Satisfactory

-B251-52 1/32"f Satisfactory

0-1 ~ 49-50 1/3211 Satisfacotry

0-2 49-50 1/161, Sati sfac tary

D14-g1/16" Satisfactory

D24-T1116" Satisfactory

P-14-53132"9 Unsatisfactory

-24-51/8" Unsatisfactory

F1339 3/16't 'Unsatisfactory

F231-39 3 /16ff Unsatisfactory

-10
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DEPARTMENT OF THE ARMY
UNITED STATES ARMY RESEARCH LABORATORY

ABERDEEN PROVING GROUND, MARYLAND 21005-5066

REPLY TO
THE ATTENTION OF

AMSRL-CS-IO-SC (380) 6 June 1997

MEMORANDUM FOR Defense Technical Information Center, 8725 John J.
Kingman Road Suite 0944, Ft. Belvoir, VA
22060-6218

SUBJECT: Cancellation of Distribution Restrictions for Watertown
Arsenal Laboratory Reports

1. References:

a. WI`/Watertown Arsenal Laboratory Report No. WAL
320/29, "Bayonet Blades, Investigation of WD 10-80 Steel for Use
in Bayonet Blades", 19 January 1944.

b,. e: •••'Watertown Arsenal Laboratory Memorandum
Report No. WAL, 739/87, "The Metallurgical Examination of a
Japanese Samurai Sword", by J. I. Blum, 25 September 1946.

C. AD-R*W4t1-0O/Watertown Arsenal Laboratory Report No. WAL
739/47, "Bayonets, Metallurgical Examination of Six Lots of T2
Bayonets", 2 August 1944.

d. AD-Bfl2 '8 Watertown Arsenal Laboratory Report No. WAL
739/48, "Bayonets, Metallurgical Examinaton of Eight Ml Bayonets
Submitted by Springfield Armory", 8 August 1944.

e, Wpi,74JU-9,yWatertown Arsenal Laboratory Report No. WAL
739/37, "Bayonets, Metallurgical Examination of Bayonets of
Commercial and Springfield Armory Manufacture", 5 April 1944.

2. O..r Lahcratory ha- reviewed the reference reports and has
approved them for public release; distribution is unlimited.
Request that you annotate your records and mark the documents with
distribution statement A in accordance with DOD Directive 5230.24.

3. Our action officer is Mr. Douglas J. Kingsley, telephone
410-278-6960

P. ANN BROWN
Chief, Security/CI Branch
ARL, APG
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