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UNANNOUNCED

Watortown Arsenal laboratory .
Report Number WAL. 320/29
Problem Mfumber R-1,1 19 January 19k

BAYONET BLADES

Inveatigation of WD-1080 Steel for Use in Bayonet Blados

OBJECT

To determine the requisite metallurgical characteristics
to produce the optimum hardness and ductility in WD-1080 vteel for
bayonet use,

COrCLUSIONS

1, The metallurgical characteristice necessary to pro-
duce optimum hardness and ductility in WD-1080 steel for bayonet
use result from a substantially homogeneous microstructure consisting
of teuwpered martensite of Rockwell "C" hardness U6-52,

2. Inoreased impact strength at a Rockwell "C" hardness
of 55-57 may be obtained with an inhomogeneous microstructure re-
sulting from a low hardening temperature; however, this increase is
not considered sufficlent to offset the pratical disadvantages in-
volved in applying such a heat treatment to the production hardening
of WD-1080 bayonet blades.
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INTRODUCTION AD TEST PROCIDURE

At the request of the Office, Chief of Crdnance,” an in-
vestigantion was carried out to detérmine the reauisite metallurgical
characteristics to produce the optimum hardness and ductility in
WD-1080 steel for bayonet use, Ductility as used in thise connection
was interpreted to mean impact strength or resistance to hreekage
by shock loads., Becsuse an investigation had already been cerried
out by Springfield Armory*™ to determine the properties imparted to
WD-1080 steel bayonet by the austempering process, the present in-
vestigation was confined to determining the potentialities of the
conventional quench and draw treatment. Twn major variables were
considered important in this investigation from the standpoint of
controlling the metallurgical characterietics of WD-1080 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 stecl bayonet blades, reliance was placed on
hardness, impact, and bend 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-1080 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., Quenching was done both
in oil (Houghton Yo, 2) and in water,

RESULTS A'D DISCUSSION

A, Chemical Composition

The chemical compositions of the materiale used in this
investigation are given in Table I,

TASLY I - CHEZLICAL COMPOSITION

Steel Condition C Mn Si ] P Cr
Designation

WD~1080—A Bar form
(0.2" x 0,8" x 2") .8 .68 ,25 .029 ,008 .05

WD-1080-B  M1905
Bayonet Blades .81 .79 .26 0% ,025 10

¥0,0, 170, 1/16655 = V.4, §70,1/6316
“* Springfield Armory Report - July 1943 Sub~Item 21 (3)
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B. 3ffect of Eardening Treatment

1, Hardness Tests

The effect of hardening temperature on the surface hardness
of specimene (0,2 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 1350°F to 1600°F,

TABLE II - SURFACE HARDIZSS OF SPZCIMENS OIL QUENCHZD

350°F ~ 1K00°F.
Quenching Temperature
°F, 1350 1275 1450 1525 1600
Rockwell "C" Hardness 15 65 65.5 65.5 66,0

Table II reveals that a minimum hardening temperature of 1375°F is
necessary to produce maximum hardness (Rockweil "C" £5-66) at the
surface after oil quenching.

The effect of time of heating in a lead bath at 1HOO°F
on the surface hardness of specimens (0,2" x 0.8" x 2") quenched in
water is siown ia Table III,

TABLE III - SURFACE UARDI™SS OF SPECINENS WATER QUENCHED
TROM 1800%F

Timo of Heating in 1/ 1/2 3/l 1 2 4 8
Lead Bath, Minutes

— o W e man e A o o n W e et om e gt

Rockwvell "OY Hardnese 13-47 65,5 66 66 €6 65.5 66
These results indicate that 1/2 minute of heating in a leed bath at
1400°F 18 necessary to produce maximum hardness (Rockwell "C" £5-66)
at the surface after water quenching.

2. Microexamination

. The microstructure of specimens annealed by heating for ons
hou§ at 1450°F and furnace cooling consiets entirely of poarlite (Pig,
1"“ e

The microstructures at the center of specimens quenched in
01l from 1375, 1450, and 1525°) are shown in Figuree 1=B-, —0-, and
«D~, These structures reveal that it 1s necessary to harden from 1524°¥
to obtain substantially complete solution of carbides, and a structure
free from primary troostite areas.
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The microstrustures at the centers of specimens heated for-
1/2, 2, and 8 minutes in a leed bath at 1UO0®F, water quenched, and
dravh at 4OO°T for 2 hours, are shown in Flgures 1 =B~, —~F~, and =G-,
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 maximum hardness is obtained at the surface. After
two minutes of heating time, all of the original pearlite was trans-
formed, although pearlite configurations (eementite concentrations in
solid solution) still exist, These configurations are less evident
after 8 minutes of heating.

On the basis of the results of microexamination, it was de-
clded to limit further tests to spacimens treated to produce two con-
ditions: (1) substantially complete carbide golution and (2) suf-
ficient carbide solution to obtain maximum herdness (Rockwell "CY
65-66), Heating for 6 minutes in lead at 1525°F and oil quenching was
used to attein the first condition, whereas heatings for 1/2 minute in
lead at 1U00°F 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. Zffect of Tempering Treatment
1. EHardnees Tests

The effect of tempering temperature on the surface hardness
is shown in Table IV,

TABLE IV ~ SURFAOE HARINESS OF QUENICHED AND TEHPEZRED SPECIMENS

Tempering Temperature 300°F _400°F 500°F 600°F 700°F 800°F 900°F
Rockwell "C" Hardness

Lead Bath 1525°F - 6 min, 64,5 60.5 56.5 52 Lg.5 42,5 37.5
0ll quenched

Lead Bath 1400°F = & min, 63.5 59 57 51 4g L4z 35,5

water quenched
Note 1 - Tempering time was 2 hours in all cases,

As shown in Teble IV, the tempering cheracteristices of WD-
1080 stesl given a hardening treatment at 1520°F to result in sub~
stantially complete carbide solution are quite similar to those of
WD-1080 steel given a hardening treatment at 14O0®F to result in
partial carbide solution, '
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2, Impact Tests

A, Specimens 0il Quenched from 1525°F

The results of Charoy impact tests at temperatures of from
+70°F to ~70°F apecimens (0.2" x 0.8" x 2,0") oil quenched from 1525°F
and tempered in the range of UO0°F to 850°F are given in Teble V., A
plot of room temmerature impact streagth vs, draw temperature and hard-
ness is shown in Figure 2., The specimens wers unnotched and were
tested by striking the 0,8" x 2.0% face in a direction perpendicular
to the 2,0" dimension.

The results show that in the hardness range of Rockwell
fC" 43 4o 61, impact strength increases with decreased hardness with
a sharp change of impact strength occurring at a hardness of about
Rockwell "C" 5U, The testing temperature has no apparent effect on
impact strength in the temperature range investigated. Likewise, the
time the specimens werc heated in the lead bath (3 o 12 minutes)
does not appear %o be significant,

B, Speocimens Water Quenched from 1M00°?

The results of Charpy impact tests of specimens weter
quenched after heating in lead for timee varying from 1/2 to & min-
utes and drawn in the range of 400 to G50°F are given in Table VI,
All testa were conducted at room temperature (70°F). Table V1 re-
veals that impact strength increases with tempering temperature and
that a heating time of at lemst 3/4 minute is necessary for full
hardening and high impact values. It is aleo shown that at & hard-
ness of Rockwell "C" 55-57, maximum impact strength (U3-Ug ft. - lbs.)
results from heating for 3/4 to 1% minutes, Ae compared with the
impact strength (20 £t, - 1bs, at TO°F) of epecimens quenched from
1525°F and drawn to the sam¢ hardnees, this represente an increase
of over 100%. In view of the fact that the same increase can be ob~
tained by lowering the hardness of specimens guenched from 1525°F by
approximetely 2 or 3 pointe Rockwell "C", it is believed that the
use of the 1U4Q0°F treatment does not possess a significant advantage.
Furthermore, from the point of view of production hardening of bay-
onet blades, the 1400°F treatment would probably be more critical
from the standpoint of temperature and time control especially if
different heats of WD-1080 steel varied in tre rate of carhide solu~-
tion. Aleo, the need for water quenching to offset the tendency for
the formation of soft spot® because of lowered hardenabilitr imparted
by the 1UQ0°F treatment would increase the danger of distortion,

For these reasons, no further investigation of the effoct of the 1LOO°F
treatment on other properties of WD-1080 steel was made.
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‘ 3. Transverse Bend Tests

The results of transverse bend tests of specimens (0.2" x
0.8" x 6") are given in Table VII. These specimens were oil quenched
after 6 minutes heating in a lead pot at 1525°F and tempered to hard-
nesses of Rockwell "C" L41-60, The results show that the proportional
limit increases with increased liardness whereas the modulus of rup-
ture reachea a maximum value at Rockwsll "O" hardness 55-56, 4lthough
a purely empirical value, the modulus of rupture is generally consi-
dered a criterion of material toughness,

D, Tests of WD-1080-B Steel Bayonets

1. Specification Bend Tests

Bend tests of the bayonets were carried out in accordance
with U.S, Army Specification 'o. 52-H=lB, These blades were heat
treated® by hoating for 6 minutes in & lead pot operating at 1525°F,
quenching in oil, and drawing to obtain various hardnesses from
Rockwell "C" 37 to 55, The specification bend test conslets of bending
a bayonet blade on both sides over a curved surface having a radius
of eighteon inches, Blades taking a set of 1/16" in either direction
are considered rejectable,

The resultes of the specification bend teste are given 1ia
Table VIII, Only those blades poesessing a hardness of Rockwell "M
and above successfully passed the bend test,

2. Microexamination.

The microstructure of a bayonet blade oll quenched from
1525°F and tempered at 650°F is shown in Figure 1 -Hv 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" LE-52, -

E. General Considerations

The resulte of this investigation indicate that WD-1080 steel
bayonet blades should be given a hurdening treatment to result in a
substantially homogeneous structure. The desirable hardness range for
these blades is considered to be Rockwell "C" UE to 52 after tempering.
The corresponding tempering snd impact strength ranges are indicated
in Figure 2, The lower limit of the desirable hardnees range is set
by the yleld strength required by WD~1080 steel in order to comply
with the bend test requirements of U.S, Army Specification Yo, H2-l-—
1B, The upper - 1limit was established from considerations of impact

* Heat treatment of the experimentel WD-1080-B bayonet blade wae
carried out by the Utica Cutlery Company, Utica, New York
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strength although from the point of view of bend strength and keenness
of cutting edge, a hardness of Rockwell *C¥ 56-57 would be me: s de-
gsirable, It is possible to improve impact strength somewhat at this
hardness level by heating for a short time at a low hardering temper-~
ature; however, the improvement obtained does not appear sufficient %o
justify the use of such a heat treatment in regular production,




. TASLE V
RISULTS OF IMPACT TZSTS °F_§§§§§H§§‘ND TEMPERED WD-1080-A STEEL
"Time In Lead Impact Energy, Ft. - Lbs,
Ol viroch A St A
» e — Hardness
3 4oo 10 9 10 8 g 60-61
3 550 21 22 15 13 21 EE-=56
3 650 60 To 62 59 68 5152
3 750 92 8 8 97 o2 47-ksg
3 g50 03 v 99 9 9% 43l b
6 400 9 9 14 8 8 6061
6 550 20 1 _13 12 56-57
6 650 58 72 15 76 66 52-53
6 750 83 71 T8 8 19 Lg-lg
6 250 101 101 102 100 86 43l
12 Uoo 8 g 8 g g 60-61
12 550 16 16 13 W 13 56-57
12 650 73 60 64+ 68 %0 5253
12 *750 g2 g+ 61 81 8l Lg-L9
12 850 9 99 w2 98 99 ha-U3 4'
Note - All specimens were tempered for 2 hours.
|




TAZLE VI

RESULTS OF IMPACT TESTS OF QUEMN(CHID A&'D TRMPERED WD-1080-~A
S SPIC I{TNS

_ Time of Heating in Lead Bath at_1U400°F

Tempering A Rocke
Tempegﬁture 1/2 Min, 3/4 Min, 1 Min, 1} Min, 2 Min, 4 Min. 8 Min, well "C" »
. - .. _.. Hardness
Impact Energy, ¥t, — Lbe, . . b
400 17.2* 20 15 16,0 14,2 17.0 12,1 59-61

550 23,1* 49,6 43,5 7.1 3.1 304 21,1 55-57
650 30.8* 67.9 61,9 61,1 6L.T 5%3 57.8 50-52

Mote — All specimens were temnered for 2 hours,

* Fractures of these specimens were partially crystalline and in-
dicated incomplete hardening. All other fractures were completely

fivrous indicating full hardening.




TABLE VII

RESULTS OF TRANSVIRSE BEYND TESTS OF QUENCHED ATD TRMPTRED WD-10¥0~4
' STEZL SPECIMENS

Tempering Proportional Limit Modulua of Rupture Rockwell

Temperature °F PSI., PSI. "G Hardness
Yoo 358,000 358,000 59~60
550 337,000 g 0,000 55~56
650 304,000 81,000 1-52
750 238,000 412,000* 546
850 211,000 391,000*~452,000* 41-Up

* Maximum specimen did not fracture.

Yote - All specimens were oil quenched after 6 minutes at 15254 and
tempered for 2 hours.

Values of proportional limit and modulus of rupture represent
average of two tests,




T W T T w maw =y -

TABLE VILL
LSIJLTS oF SPEGIFICATION BIND TESTS OF WZAT TREIATED WD—lOSO-B
STHRL BAYONST SLADSS
Rockwell

Bayonet nen Amount of Permesnent Compliance with U,S5, Army
Desipnation Hardness Set — First Bend Specification 52—&—13

A-1 F5-~56 1/32" Satisfactory

4-2 EU-55 Tone Satiafactory

31 5152 1/32? ' Satisfactory

B-2 51452 1/32" Satisfactory

Ol Ug-r0 1/32" Batiefactory

0-2 43950 1/16" Satisfactary

D-1 Y7-Lg 1[16” Satisfactory J

D-2 U-Uy | 1/16" Batisfactory

B-1 Ll-lig 3/32" Unsatisfactory

B-2 Yl 1/g" Unsatisfactory

F-1 37-38 3/16" Uneatisfactory

-2 I7-38 3/16" Unsatisfactory
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-

‘314 L0796BEI NLM "SN3W103dS 1331S 08J1=0M D IHL ,2°0 40 SYIINID LV SHOVHDONI IWIL0-d °! 3H°C 4

°3LISN31HVW Q383dW3L

*3LISNILYVW QIYIdWIL ONV aNv .mzo.:gu_uzou 211178vY3d *IN383Hd 31174V3d

J1LISNILHVIW QIHIdW3IL * 4,059 LV $33184Y2 Q3A10SSIANN ° 4,001 $S30184VD S3IATN0SS!IANN *1,00p LV 38 SYIHV *4,00p 1V NAVNQ
NMYNQ ONV 445251 LY Qv3T Nt LV NMYHG ONV 400071 LV QV¥3T Nt NMYHQ ONV 4,00 /) LV QY3 Nt ONVY 34q00p1 LV QY31 NI 3LINNIW
SILNNIW G M3L4V GIHON3IND 710  S3ILNNIW 8 HILIVY GIHININD HILVM SILINNIW 2 ¥3IL4V GIHONIND ¥ILvm 2/t d9314Y QIHININD H3ILYM

0091x —H— avH2id Q051X -0 VYOl d 005 1% b WY I d 00SI1x -3- RLL IR

*G3yuNI00

S3Q18¥YD 30 NOILNT0S 313 WD) x_.;x: m».wzug aNy ‘svauv *X1divW 31ISNILUVIW ONV SSYINV

ATWIINVISENS *3NALINLES L ANV iNd *s30184Y2 JLILSO0UL ANWNiNd “S301I8HYD
JLISNILYVYH 45251 LV GVIAY NI ” Q3IAN0SSIGNN *45GLE1 LY QY3 NI *3¥NIONYLS 31178vY3d
SILINNIW O ¥ILIV- GBHONIND N0 SILANIW O HILIV gIKININD 10 *4o0Spi LV @3V3INNY

0051 - Wedid oam.dw - WNoId 005 1% ~5- WEdid  00SIX - IEI 1 d




Y
—rm g

e Sl &

Sstares
LTINS

reeed i
Rt sues

SRPRS ot

P ROMbe SvEY
ERPRIE Suppei

— b et
hohgs

B Sedne st
ESals Bedua s on

s

SUREUGE U S
H

<43

O A

b b e

S,

vadhie s i ¥ .

. .
RO - G S Sl .u
! 1 : IS S e N N 1
SURERSEINE A S 1 -5 1 IO B
i Rettes B
i : L : oot o H
t - - * [ LR e eaaa .
., 3 - .- . u‘ - < - n - An . B .w- .-
B - : : ; - [ : ST PR AR SAE SRR
‘ . . - e e - ey B et —_—e etk w o~ b —
R R : RNkt s - ST 3 SONEE SRR T
R TR MO : T : [EEEE AR : (RS B s [EPRESSEERY IR FEEPE SRR -
 — —— et - A - ! . : N B $ooen .
i L P po 4 : i N
SR S S, S : ceey B e B R et
: 3 i ’ : : o : s ' : " R L
H 1 : . H . ‘ . 14 b fc .
T - B H R k= 3 —Adaor ] -E ‘ i : L RN
: R i : o P e s T R A SR ] IR R
- S (Rt S ] S S S S S S S S TS A N N SR e
- N } . L. i - § - -1 L < kS « A
; i H P . 1o : i . . | R . - REEN i i T .
.--.i«.w;&:.fl}w‘{lz-'.,?l.ll.,xr-linlﬂtl....ldl S R O RSN B LT SRR SR I
' 3 T : o | SR i + H : 3- N CRERIS R SRS
} i Ll .ll B . S S ISR SUDUN - SRS ARSI S EAE SR
. I UG - SR S - - 4 1 r 1 v 4 - N ) ‘ " . - N e N " i Ly T ~
. 1 : t : R ' : | S ” . .w ' A . ! RS S [ARERSSIRES SRARNSIS F
* 3 H : i e .. PR N PO A . PO « H - pr [ M
: .— . R m K . Y- - i ; i . : i : . i - H - P SRR NP




DEPARTMENT OF THE ARMY

UNITED STATES ARMY RESEARCH LABORATORY
ABERDEEN PROVING GROUND, MARYLAND 21005-5066

REPLY TO
THE ATTENTION OF

AMSRL-CS-I0O-SC (380) & 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. ‘AOWEEPWETY 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;fﬁlﬂﬁiﬁﬂﬁﬁﬁfﬁf(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*BQG%W?@Of{Watertown Arsenal Laboratory Report No. WAL
739/47, “Bayonets, Metallurgical Examination of Six Lots of T2
Bayonets”, 2 August 1944,

d. AD?BS&Qﬁ%GVY/Watertown Arsenal Laboratory Report No. WAL
739/48, “Bayonets, Metallurgical Examinaton of Eight Ml Bayonets
Submitted by Springfield Armory”, 8 August 1944.

e,‘“iﬁ“!ﬂ%?”fﬂ?Y/Watertown Arsenal Laboratory Report No. WAL
739/37, “Bayonets, Metallurgical Examination of Bayonets of
Commercial and Springfield Armory Manufacture”, 5 April 1944.
2. Our Labcratory has reviewed the reference reports and has
approved them for public release; distribution is unlimited.
Request thay¥ 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

\é)ﬁQL&4A.AélﬁdaJwﬂ,

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