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UTIC

Report No. WAL 739/48Problem No. R-1.5 8 August 1944

BAYONETS

Metallurgical Examination of Eight MI Bayonets Submitted by
Springfield Armory

OBJECT

To compare the subject bayonets with those previously tested
(Report No. WAL 739/37).

SUIVARY OF RESULTS

A comparison with the nine lots (A to I inclusive) of NI and
111905 bayonets previously tested (Report No. WAL 739/37) indicates the
following:

1. The subject bayonets were made of 7l0080 steel, as were six
of the nine lots previously tested, and were all hardened
from pommel to blade point. Only three of the previous lots
were so treated.

2. Five subject bayonets which vure conventionally quenched and
tempered were uniform in hardness throughout their lengths
whereas even the best bayonets of the previous lots, all
conventionally quenched and tempered, vere found to possess
zones of lowered hardness in the vicinity of the guard.

3. Zones of lowered hardness similar to those found in the
previous bayonets were also found in three of the subject
bayonets which were austempered by quenching into molten salt
at 540 - 6300F.

4. All of the bayonets previously tested and seven of the eight
subject bayonets were found to meet -the requirement for blade
hardness contained in U.S. Army Specification No. 54-4-1B
(Amend. -3). The subject bayonet which failed to meet this
requirement was quenched at an inadequate rate in a molten
salt bath at 630°F as part of the austempering treatment which
it received, and low hardness resulted throughout.

APPROVED: BERNARD S. LE2ENT Codes
Associate Metallurgist ;or

H. H. ZORNIG
Colonel, Ordnance Dept. IonPCTED __ _

Director of Laboratory 6 0
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Introduction and Test Procedure

At the request of the Office, Chief of Ordnance, (SPOTS)*,
a metallurgical examination was carried out of eight (9) M1 bayonets
submitted to thic Arsenal by Springfield Armory. These bayonets
were manufacti-red by the American Fork and Hoe Company and heat
treated by the American Steel and Wire Company. Bond tests wore
carried out on the heat treated bayonets by Springfield Armory.
The heat treatments and bend test results of the g bayonets aro given
in Table I and in Appendix B respectively. The pixpose of the present
investi ation was to compare the 9 bayonets with those previously
tested (Report No. WAL 739/37).

The procedure in this exmainaotion consisted of the following
steps:

(i) Visu?.l inspection
(2) Chcmical amalysis
(3) Rockwell "C"t hardness surveys
(h) Impact tests
(5) Microoxamxination

Results and Discussion

1. Vicual Inspection

The eight (9) bayonets in the as received condition were
found to be strmped on their tangs with the following numbers: 1, 5,
9, 12, l4, 16, 19, and 21. The blade of each bayonet was found to be
stamped just below the guard with the follo'4ng identification:
"AFH US".** Bayonet No. 19 was received in two pieces. Breakp~e
occurred in the tang immediately to the rear of the O'ster which
supports the glx~rd as shown in Figure 1. This location has been
previously referred to as the critical section (Report No. 'AIAL 733/37).

2. Chemical Composition

The chemical compositions of the eight bayonets are 4;iven
in Table II. These bayonetG were all made of IVD10o0 steel and
app-,rently from the same heat.

6.0. 474.72 -WT1T74.gf952 Ind . (See Appendix A).

** Abbreviations for: Amkrican Fork and Hoe Company, United States.
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3. •ardness Surveys

The renulto of Rockwell 11011 hardness surveys taken on
longitudinal sections of the eight bayonets are given in Appendi 0
and summrized in Table III. The sections chosen included the `
up to the pommel and three inches of the blade as measured from
the front of the guard. A typical section is shown in Figure 2.
Each section was ground pr.allel to and for a distance of 3/16" from
the flat edge or back side of the blade. Hardness readings were
taken l/4" apart starting at a reference point in line with the
front of the guard. In reporting the results of the hardness
surveys, the direction of the blade point is noted as positive while
the direction of the pommel is noted as negative.

As shown in Table III, Bayonets No. 12, 14, 16, 19, and
21 possess fairly uniform hardness th-ro.uhout their lengths, whereas
Bayonets No. 1, 5, Pnd 9 possess treasitional zones of lowered
hardness in the region of the guard, The hardness level of both
the ttng cwd blade of Bayonet No, 9, Rockwell "CI" 43-46 is below that
of the other seven bayonets, Rockwell 1C0 47-52.

4. Impact Tests

Chnrpy impct tects were carried out on unnotched specinens
(.065 x .700 x 2 .01) of the Ml bayonet blades, striking against the
,700 x 2.0" side. The results of these tests are given in Table IV.
The inpact stror.enths of all with the exception of Bayonet No. 9 were
found to be equivalcnt. The high impact strenrgth of Bayonet No. 9
appears to be due to its low vrds.ess.

5* Microexmminaticn

Typical photomicrographs of the Ml bayonets Pre showni in
Figure 3. The structure of Bayonet iYo. 1 blade away, from the
region of the f.urd, -.A-, contains some primvry troostite, which
indicates that this bayonet was hot quenched at a slow rate from
the hardening to the auster.-pering temperature. The structure of
thCe blade in the region of the guard, -B-, contains undissolved
pearlite areas and primary troostite, which indicates that A combin-
ation of insufficient heating to and a slow rate of hot q',:Leching
from the hardleninC; temperaturo was responsible for the zonir of
loýwered hardness found in this reýion. The preseice of o decarburized
layer about .001" in depth, was found at the eurface ri the tang,
-C-, indicating need fcr bettor surface protection di-ing either the
forging or annealing treatment given to this bayonet.

-2-



The structure of Bayonet No. 9 blade, away from the guard,
-D-, contains a large amount of primary troostite, which indicates
that this bayonet was hot quenched at a very slow rate from the
hardening to the austempering temperature. The structure of this
blade in the region of the guard is the same as -B-, indicating that
a combination of insufficient heating to and a slow rate of hot quench-
ing from the hardening temperature was likewise responsible for the zone
of low hardness.

The structure of the tang of Bayonet No. 16 at the critical
section rhere breakage occurred, -D-, is uniform, indicating that the
breakage is not associated with poor heat treatment or defective mate-
rial. The structures of Bayonet No. 16 as well as Bayonets No. 12, 14,
19 and 21 are substantially uniform from pommel to blade point and
similar to -E-, indicating a satisfactory heat treatment in each case.

6. General Considerations

The results of examination of the eight Ml bayonets reveal
that they were all made of WDIO80 steel and hardened from pommel to
blade point, Five bayonets which were oil quenched and tempered
attained uniform hardness throughout their lengths, whereas the three
bayonets which were austempered wore found to possess zones of lowered
hardness in the region of the guard. One austempered bayonet blade
was found to possess a hardness level lower than the range, Rockwell
"C" 46 to 52, specified in U.S. Army Specification No. 52-4-1B (Amend.
3). Evidence was found that the three cases of lowered hardness re-
sulted from insufficient heating for hardening and slow rates of
quenching from the hardening temperature. Those conditions could re-
sult from interference to heating and quenching caused by the method
of supporting the bayonets during the hardening operation. In the
case of Bayonet No. 9, it may be that the temperature of the austem-
pering bath (6300F) was high enough to lower the quenching rate suffi-
ciently to result in lowered hardness. Based on the results of the
impact tests, it appears that the austempering treatment and oil
quench and temper treatments resulted in bayonet blades of equivalent
toughness at a hardness level of Rockwell "C" 48 -52.

A comparison with the nine lots of MN and M1905 bayonets
previously tested (Lots A to I inclusive - Report No. WAL 739/37)
reveals that the subject eight M1 bayonets possess the same chemical
composition (WD1080) as Lots A, B, C, D, F and G; that the subject
bayonets were all hardened from pommel to blade point whereas only
bayonets of Lots A, C and F were so treated; that five of the eight
subject bayonets were given a conventional quench and draw treatment
whereas all of the lots previously tested were given this treatment;
that the five subject bayonets which were quenched and drawn are
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uniform in hardness throughout their lengths whereas the bayonets of
Lot A which is considered to be the best of the lots previously
tested were found to possess mones of lowered hardness in the vicinity
of the guard similar to those found in the three subject bayonets that
were austempered; that all the bayonets previously tested and seven of
the eight subject bayonets were found to meet the requirement for blade
hardness contained in U.S. Ariy Specification No. 52-4-13 (Amend. 5).
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TABLE I

HEAT TREATI,•mTS GIVMT TO EIGCUT Ml BAYO07TS BY AMERICAY STEEL A•TD
WIRE CO14PA-TY

BAYOneT ITO. * 1T TREATSMNT

1, 5 A. Feated. in Load at O5500 F. for 5 minutes
followed by quench into molten salt at 5400F. for
45 minutes.

9 A p .r Heated in lead at 1550°F. followed by
quonch into molten sF'lt at 630"F. for 30 minutes.

12, 14 Hot Oil (bý%ench anL Temp~pr. Heated. in load at 15500F.
for 5 minutes followed by quench into controlled
temporature oil at 250 0 F. for 1 minute followed by
i;ffnediate tenwering at 6D30Or. for 30 ninutoo.

16 Conventional QZuench sudc. Tenper. Heated in lead at
15500F. for 5 minutes followed >y quenching into
oil %t SO0F., then drawn in lead a-t 700"F. for 1 hour.

19, 21 Hot Oil Quench and TeilPer. Heated in load. at, 155 0°F.
for 5 rni.utos foll1Tred !)y quonc]l, into controlled
to;.n3ert.1re oil at 25r0F. for 1 ninute followed by
imed:iate te:ierina at 700 0F. for 30 ninutes.



TABL3 II

CHEMICAL COMPOSITION

BAYONET NO. 0 SI. S P Ni. Or Cu. mo

1 .85 .60 .25 .034 .012 Traqe ,04 .08 Trace

5 .86 .57 .21 .025 0oi6 " ,05 .0"

9 .82 .59 .23 .028 101 3  " .04 .08

12 .95 .57 .22 .028 ,Oa ,03 ,07

14 *.• .-5 .23 .029 9020 " .0 o .07

16 .92 .57 .23 *032 .012 " .03 ,08

19 .82 .57 .22 ,030 .013 7 .03 .08

21 .83 .57 .22 .030 .012 1' .o4 .07
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TABLE IV

RESULTS OF IMPACT TESTS OF Y-1 BAYONMT BLADES

(1) (2)
BAYONET NO. HEAT TRF.,AT'MENT ROCKWELL l1011 HARMNESS IMPACT STRETGTH, FT.-*.BS.

I Austempered at
5l4oys 48 - 49

5 Austerpered at
514oaF. 4g - 49 15

9 Auntempered at
63007. 43 - 44 23

12 Oil Quenched to
2500F. and
tempered at 630':. 51 - 52 14

14 Oil Quenched to
250*F. and
tempered at 6300F, 51 - 52 15

16 Ol Quenched to
800?. ,%nd
tenpered rt 700*F. 49 - 50 14

21 Oil Quenched to
2500r. and
tempered at 700*F. 49 -. 50 15

Set, Table I. The hnrdening temperature was 155091. in all cases.

(2)
Average of 2 tests.
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APPENDIX A

0.o. 1474.7/2o32
Attn: SPOTS Planagan/es
S.A. 1474.7/402 2nd Indortiement 73174,

Army Service 7orces, Ordnmice Department, Washington 25, D. C., 11 May
19144

To: Commanding Officer, Watertown Arsenal, Watertown 72, Mass.

1. Reference is made to Watertown Arsenal Laboratory
Experimental Repnrt No. 739/37.

2. It is requested that subject bayonets be given micro
examination, similar to those tested under report listed above, in
order that a comparison may be made between these bayonets and ones
previously tested.

By order of the Chief of Ordnpnce:

REVE' R. STUDLER
Colonel, Ord. Dept.
Assistant



APPEINIX B

RESULTS OF BEND TESTS PMFORIMD ON EIGHT M1 BAYONETS BY SPRINGFIELD
APMORY

6" BMD TEST

To Rizht Set To Left LOCATION
BAY- _/1§49 Be_ _ " SetO 1/16F Set 110 Set OF BEND OR
ONT DIST. %- FORCE - MS, OR DIST. Y'OflE DIST. FORCE, BREAK.
NO. I!CHES LBS. ITCHES LBS. INCHES LBS. INCHES LBS. (DIST. FROM

GUARD.

12 1-7/16 10 4-'3/4 36 2 15 )4-5/9 351 In Blade

5,,16 3--13/16 20 5 43 2-5/S 19 )4-1/2 33½ In Blade
1-3/11'

21 3-1/16 26 4-5/S 34 2-3/)4 2o 1ý-1/4 31ý In Blade

4" B3ND TEST

1 1-9/16 19 3-1/S 36 1-7/9 24 3-1/8 37 In Blade
1-3/14"

9 1-1/2 22 2-5/9 291- 1-3/S 19 2-1/2 29 In Blade
2-1/2"

14 1-15/16 27 3-1/4 45 2-1/8 32 3-1/4 35 In Blade
1"

I" BMD TEST

5 11/16 45 1-3/,4I 72 5/s 4o 1-1/2 70 In Blade

19 7/9 65 Broke 69 7/8 6o --... In Handle
1/2"

(1) Distance = Circular displacement in inches of arc at pommel.

(2) Force = Pounds registered on 100 lb. spring scale fastened at breech
end (threads) of M1 Rifle barrel and pulled in direction
continuously at right rxmgles to the barrel.
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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. Watertown Arsenal Laboratory Report No. WAL
320/29, "Bayonet Blades, Investigation of WD 10-80 Steel for Use
in Bayonet Blades", 19 January 1944.

h. *, * '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. -89 71- ',/ Watertown Arsenal Laboratory Report No. WAL
739/47, "Bayonets, Metallurgical Examination of Six Lots of T2
Bayonets", 2 August 1944.

d. AD-8962 481Watertown Arsenal Laboratory Report No. WAL
739/48, "Bayonets, Metallurgical Examinaton of Eight Ml Bayonets
Submitted by Springfield Armory", 8 August 1944.

e.0 -'69,•Watertown Arsenal Laboratory Report No. WAL
739/37, "Bayonets, Metallurgical Examination of Bayonets of
Commercial and Springfield Armory Manufacture", 5 April 1944.

9 Our LaboraTtory has rev-",ed the reference reports and 'as
approved them for public release; distribution is unlimited.
Request thalt 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

ARL - A NATIONAL REINVENTION LABORATORY


