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Watertown Arsensl Laboratory
Memorandum Report Noe WAL 739/87

» >roblem Nos R-1,6 _ 25 September 1946
. THE MET/LLURGICAL EXAMINATION OF A JAPANESE SAMURAI SWORD
OBJECT

To oonduct a metallurgiocal examination of the subject sword.

SUMMARY

This sword was forged from poor quality 1.056 percent carbon
steel, ocooled in air from the forging temperature, loocally herdened
along the outting edge and finally ground and/or polished.

Several seotions of the sword were examined microscopically and
maoroscopioally and soveral transverse as well as e longitudinal
hardness surveys were medes Tonsion tests of the "eore" metal
indicate a tensile strength of approximatoly 190,000 psis
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INTRODUCTION

The subjeot Samurai Sword was examined in ascordance with
0.0. lettor Nos. 3863/1396 and 386.3/&406, datod 25 July 1946
and 30 July 1946, respoctively. Copics of these letters are
given in the Appendix to this report

TEST PROCEDURE

Aftor photogrephing the assombled sword and soabbard,
{Fig. 1), tho hilt covering was removed and the insoriptions
found were photogrephed, (Figs 2)e A series of Rockwell "C"
hardness roasdings wore taken at epproximetely three (3) inch
intervals near the back edge of the blades. Four half inch
transverse sootions worc out from tho sword et Stations* 4, 13,
22 and 34.5 and examinod microscopically. When miero~examination
had been completed, the speoimens were ropolishod eand transverse
Vickers hardnoss survoys were made on thc polishod faces. An
additional speoimen teken from tho back odge of Station 22 was
polished on a plane parallel to tho longitudinal axis in order
to oxaminc the inolusion shape, size and distribution. Two
Longitudinel seotions of the blade taken from Station O=345 end
8-12.5 were maoro-etched and phutographed. Chemicel analysos
were made of samples of the stool taken from the handle and the
outting odge of Station 13-16. For comparative purposcs, the
cutting angle of tho blade of Stations 4, 13 and 22 were moasured.
4 simple protractor was usod for this purpose. Two longitudinal
tensile specimons woro machined from the back edge of the sword
near Station 22 and tested.

To chouk the hoat treat thres transvorse 1/2 inch seations
worc heatcd to 1600°F, One speoimon was air cooled and the
others oil and water quenched. Tho hardness of theso speoimens
wos moasured and compared with the original hardnesse

RESULTS AND DISCUSSION

The general appoarance of the sword is shown in Figure 1l
The blade wns highly polished and had a sha“p cutting odge (to
the touch)s In this connoetion, it is interesting to noto that
Japanese teohnical literature mnkes reference to swords having
n outting angle of 14 degress whoreas this particular sword had
a corresponding includsed engle of 22 to 40 dogrees as shown in
Figure 3B for Station 4. The outting power of the subject sword

* Station numbers are shown in Fig. S and refor to the numbor of
inches betwesn any transverso svetion and the tip of tho sword.
For exemple Station 4 1s f'our (4) inches from the tip.
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_Then is oconsiderably less than might be attainable with a more

.qcute cutting angle.

The steel scabbard was lined with a thin sheet of wood
presumably to protect the blade. No attempt was made to analyte
the sesondary parts of the sword assembly.

When the hilt covering was removed, insoriptions were
found stamped on both sides of the blade. Thesc insoriptions
are shown in Figure 2. No interpretation was possible.

Chemiocal and spectrographic analysis of chips removed from
the hilt gave the following steel sompositions:

¢ MW s 0§ P M O M Ya ¥

1405 50 17 053 4060 Trace L06 Nil Nil Nil

An additional specimen removed from the outting edge between
Stations 13 end 16 checked the above carbon content. The. high
sulphur and phosphorous content are indicative of a poorer
melting practiee than i3 generally used in this country where
SLE specificantfons eall for moximum of' 040 and 050 rospectivelys

The results of hardness surveys oonducted arc.shown in
Figure 3A and 3Be Rockwoell "C" vnlues meusured near tho.baek
edze of the blude are shown in Figure 34 and indicate a fairly
uniform hardness nlong the blade of 41 + 2.5 Rockwell "C" units
with no definite trende However, the hilt was definitely softer
having ¢ Rockwell "C" hardness volue of 27 and 34 at Station 28,
and 34 respectively. Results of transverse Vickurs hardness
surveys of sestions out at Stations 4, 13, 22 and 34.5 indiocate
e ronge of Vickers Hardness Numbers of 342 (Rockwell C = 35) at
Station 36 to 519 (Rockwell C = 48) at Station 13. The values of
hardness obteined nt .06 inch intervals are shown in Figure 3B.
From longitudinal tension specimens token from the bask of the
blade at Station 22, the following data* were obtained:

Tensile Strength 191,000 psi,
Yield Strength 121,000 psie
Elongation 7e5 = 1245%
Reduction of Area  31.4%

The stress strain ourve for one specimen was so curved that no
attempt was made to determine the yield point; the vulue given

¥ W 8peoimens were pulled 1n tonsione
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is the one obtained on the second specimen. This curvature in
the elastio region of tho stress strain diagram is character-
istio of some normaliged steels and indicates existance of
internal stresses. Good metallurgical practice would have
required a mild temper to relieve these stresses,

The mioroatruoture of the sword i{s shown in Figures 4 and S,
For each seotion examined the cutting edge oconsisted of a tempered
martensitic struoture, the typicul structure observed Leing
shown in Figure 4A. Some spheroidited cementite can be secne
The back cdges end hilt were predominantly mixtures of fine to
very fine pearlite with occcsional grains of course pearlite
as evidenoed in Figures 4B, C and D which show the unhardened
struoture at Stations 4, 22 and 34.5 respectively. 1In Figure 4C
the quantity of spheroidized cementite is clearly evidenced.

The unetohed structures nf a typical seotion indicate that
the steol ie very "dirty", containing numerous small non-metallie
inclusious. Figures S5i ond 5B o transverse and longitudinal
goction, clearly show tho sise and distributinn of these inclusionse

Fipures 6 and 7 show the meroro-etched structure of two
longitudinel seoticns teken from Stations 0=3.5 and 8-12.6. The
dark region with the wavy boundary is the cutting edge of the
blade ond is charasteristio of flume hardened edges; however
this same effeot oould huve been obtained by other methods. The
derk band at the top of these Figures is due only to the lighting
required to bring out the hardened region. The maerostructure
revealed some randonly oriented medium fine derdrites indiceting
that a slight amount of additional forging might have been
benefieial. Figure 7 is merely an enlargement of pert of Figure
6« Btohod transverse sections shown in Figure 8 at low mognifi-
oation indicate the non-unifnrmity and depth of the hardened zone,

Three one-half inch specimers of the sword were heated to
1600°F and each conled by nne of the following medii - air, oil,
water. Hardness valuyes for each wes as follows:

Air Cooled (Normelised as fram forging temps) Ro = 35 - 38

011 Quench ’ Ro = 64.5 - 6440

Tieter Quench Ro = 6440 = 63,5

These values oompered with a hardness of Ro = 41 for the
sword and in eonjunotion with the mierostructure indicate clearly

that the sword was air cooled from approximately 1600°F which is
close to the limits of forging temperature.
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It is concluded thot the steel was forged, couled in air from
the "end of forging" temporature and finally the cutting edge
was loonlly hardened end ground, end/or polished. Though it is
definitely established that the structure indicotes tempesing,
it is diffjicult to determine whethor on independent tempering
operation was used or whether the sword was only momenterily
quenched during the hardening proocedure end then withdrewn
from the quenching medium allowing the rotained heat in the
relatively heavy back edge of the blade to flow toward the
outting edge thus effecting a tempering »f the martensite. The
excessive amount of non-metellics is osonsidered unsatisfaotory.

.
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INSCRIPTIONS FOUND ON
20 AUG 1946

UNDER HANDLE

VATERTOWN ARSENAL
Of JAPENESE RAMURAL SWORD., A = LEFT SIDE,

B - RIGHT SIDE
WIN, 69376

FIGURE 2
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4
5 PHOTOMICKOGRAPHS OF JAPANLSE SAMURAI SWORD
SEWING SHAPE & DISTRIRUTION OF NON-METALLIC INCLUSIONS
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XI - Picral

Cross Section - Sta 4.

XI - Picral

Cross Section - Sta 13,

XI - Picral

Cross Section = Sta 22.

FIGURE 8
JAPANESE SAMURAI SWORD - SHOWING DEPTF OF NN HARDFNED REGION.

THE MICKEL CASE AROUND TIE SWORD WAS APPLIWD BWFORE POLISHING THE SPECIVEN.
‘ WIN,635-8507
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WAR DEPLRTMENT
Refer to: " OFFICE OF THE CHINF OF ORDNANCE
0.0« No« 38643/1406 WASHINGTON, D. C.
! Lttention o '
ORDTB FM & TL

30 July 1946

SUBJECT: Metallurgical Examination of Japanese Saber

T0 t Commanding Officer
Wotertown /rsenal
Watertown, Massachusetts

le At the suggestion of Major General G. M, Barnes,
former Chief of tho Researoch and Development Service, CCO
and with the approval nf Cnl S. B. Ritohie, Asst Chief,
Restarch and Development Service, OCO, one Jupanese saber
is being shipped to 'latertown Arsenal fnr metallurgiecal
. examinations -

2. Of particular interest is the Japanese method
of hardening ond sharpening the blade so that it holds
its outting edge.

3¢ It is understood that the saber will be expended
in the test.

BY ORDER OF THE CHIEF OF ORDN/NCE:

/s/ Re A. Ellison

H. £. Ellison
. Major, Ord Dept
Assistunt

¥ 4

VITN 886.3/523
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Refer to: OFFICE OF THE CHIEF OF ORDNANCE
0.0, No. 386.3/1396 WASHINGTON, D. C.
Ettention of »
ORDTB 25 July 1946

SUBJECT: Analysis of Japanese Sword
TO: CO, Yotertown Arsennl, Wiutertown 72, Massochusetts

ls There is being shipped ysur stetion from Aberdeen Ordnance
Depot on Shipping Order Noe 7-2-23, dated 23 July 1946, a Japanese
Samural Sword.

2¢ It 48 requested that a study ond enalysis of the sword dlade
be accomplished with o view tn determining the probable method of
fabrication and the somposition of tho steel OEBFEEEIE'??BET;ETEK the
‘sword 1s made and that o report incorporcting these rindings be sube
mitted to this nffices

3¢ This study is requested in nocordance with a suggestion mede
by General Barnes to Colonel Ritehie of this office in his letter of
3 July 1946, & copy of which is attached heretoe

4, Joapeaness awords manufaotured by different oraftsman at
different times during the past 600 yeers vwery in quelity and method
of rabrication. Those of more recent monufacture may show no partie
oularly interesting features. Those which ore some hundreds of years
old mey reveal interesting techniques utilised to seoure an extremely
hard outting edge supported by a strong back. Unfortunately, this
office has not seen the sword which has been shipped to you. If
there are any markings stamped into the tang of the blade, under the
handle, please inolude a carbon transfer nf these mnrkings for our
use in dotermining the oge of Tho sword,

BY ORDER OF THE CHIEF OF ORDNLNCE:

/8/ Ge Fo Powell

G. F. POVELL

Colonel, Ordnance

hAssistent

1 Incl :
Copy of Ltr,.

WIN 386,3/5621



THE BUDD COMPANY

Railway Equipment Division

Philadelphie 32, Pa.

July 3, 1946

Colonel S. B. Ritochie, Chief,
Resvarch and Development Service
Wieshington, De C.

My dear Sams

I received the notes on the German gas turbine
development and wish to thank you very much for having this
information gotten together for me.

You will remamber Mr. Joe ¥Winlock who was at
Watertown Arsenal in the early days. As you probobly know,
Mr. Winlook is Meteallurgist here at the Budd plant. He hes
beon studying one of the Jupanese officers swords. There seems
to bé some sort of o special hardening process for plating
nlong the cutting edge. The sword which he has belongs to a
friend and he eannot very well make the necessary tests to
determine what the Jspanesc were doing,

I wonder whether this subject hes beon looked
into by the Wetertown Arsenal and whether the Japanese have
used anything unusual in the manufacture of the sword. If not,
I believe it would be worth while to have one of the swords
sent up to Wetertown Arsenal for a careful snalysis. This might
lead to something which we have previously overlonked.

If you think it worth while, I would appreciate
very much knowing what you have found out.

With best personal regards,
Sineerely yours,
/8/ Gs M. Barnes

G. M. Barnes, )
Mejor Genoral, U.S.4.

TN 386,3/521 ‘




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) 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. ‘Qﬁgﬁfwﬁiﬁf 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;wﬁlﬂﬁiﬁﬁfﬁ?fﬁf(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. ADvBQ&!W?ﬁO#fwatertown Arsenal Laboratory Report No. WAL
739/47, “Bayonets, Metallurgical Examination of Six Lots of T2
Bayonets”, 2 August 1944.

d. AD*BQSE‘%B@r/Watertown Arsenal Laboratory Report No. WAL
739/48, “Bayonets, Metallurgical Examinaton of Eight M1l Bayonets
Submitted by Springfield Armory”, 8 August 1944.

,e,‘:ﬂB‘BSﬁ?”GB?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 referencs 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

. /"ﬂ‘ 4

W.[) Lvin ABh0ume

P. ANN BROWN

Chief, Security/CI Branch

ARL, APG

g
% ARL - A NATIONAL REINVENTION LABORATORY



