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THE MF .. 2Gi1 'L EXA INATION OF A JAPANESE SAMURAI SWORD

oBIECT

n ou duct a metallurgical examination of the subject sword.

SUMMARY

This sword was forged from poor quality 1.06 peressnt carbon
steel, ocooled in air from the forging temperature sloo. 1 herdened
along the cutting edge and finally ground and/or polisi.

Soveral seotions of the sword were examined microsec ‘cal = and
meoroscopioally and sovoral transverse as well as e 1 gitc }inal
hardness surveys were medes Tonsion tosts of the Meor. ' mev .
indicate a tensile strength of approximats, 130,000 psi
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ING 2DUC TON

The subjes’ .. nrai Swor. was examined in accordance with
0.0. lottor N¢ .o 386. 1396sand 386.3/1406, dated 26 July 1946
and 30 Julv 1¢ 6, res rotively. Copios of these letters are
gdven (. T WAy andi> to this report

TEST PROCEDURE

fto1 vhotographing the assomblsd sword and socabbard,
{ )z« 1), tno hilt covering was removed and the insoriptions
‘ound wero photographed, (Figs 2)e A serics of Rockwell "C"
hardness roadings were taken at approximately three (3) inch
intervels near the back edgo of tho blads. Four haif inch
transverse sootions werc out from the sword et Stat. .nn* 4, 13,
22 and 34.5 and examined microscopicallye When wier examination
had been completed, the speeimens were ropolishod’and  ransverse

Vickers hardneoss survoys wcre mads on the polishea “ace An
additionel speocimen taken from tho back odge of Sta ‘on . «as
polished on a plane parallel to thc lor iinal axii in order

to oxamino the inolusion shape, size [ id di: ributione Two
Longitudinal seotions of the blade ta m fron Station O=3+¢5 and
8-12.6 wore masro-etohcd and p’'uuc_op 2de ¢ .emical analysos
were made of samplea ot ‘the? ‘oel ti en . the handle and the
outting odge of Station | *~16 . For | mparetivae purposcs, the
outting angle of tho hlade of | watic 8 4, 13 and 22 were moasured.
& simple protracte’ wu \usc \ for .uis purpose. Two longitudinal
tonsile sp¢ imont wors . chi »d £ 'm the back edge of the sword
near Statior .2 and.est

To chouk %\ s hu ' treat three transvorse 1/2 inoh seations
worc heated to 1 7 °F, One speoimon was air cooled and the
others o0il and water quenchod. Tho hardness of theso speoimcns
was moasured and compared with the original hardnesse

RESULTS AND DISCUSSION

The general appeoarance of the sword is shown in Flgure 1
The blade wns highly polished and haed a shap cutting odge (!
the toush)e In this oconnoetion, it is interesting to 4" hth =
Japaneose technicel literature mnkes reference ' \ swi's .8 hav g
a outting angle of 14 degreess whoreas this part. ula. sword| ad
a corresponding included angle of 22 to 40 degrec .as hown/ n
Figure 3B for Station 4, The outting pows’ . the rub) T sword

#* Jtation numbers are shown in Flg. _ enu r-.or O the nw. .er of
inches betwesn any transverso suot. m an the/ cip of the sword.
For oxomple Station 4 is four (4) 41 hes  Wii the tips
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_Then is considerably less than m 'ht uc attainable with a more

.qcute cutting ang’ J.

The 8t~-1 sc sbard w 8 lined with a thin sheet of wood
prisumebl’ to | ol t th{ blade. No attempt was made to analyze
thy ses. lary pi ts o_ cho sword assemblys

.en e k.t covering wes removed, inscriptions were
f. nd . amp.  on both sides of the blade. These insoriptions
« ¢ shov in dgure 2. No interpretation was possibles

Chemiocal and spectrographic snalysis of chips removed from
_ae hilt gave the following steel vompositions:
¢ W s 8 B M Cr M Ve W

1405 o50 o417 <053 4060 Trace 06 Nil  Nil il

in additional specimen removed from the dutting edge be ween
Stations 13 and 16 checked the above carbon eontent. The high
sulphur and phosphorous content are indice’ .ve a poore:
melting practiee than 43 generally used i’ this ¢ unti \where
SAE specifications eall for moximum n® 04\ and 05 rospectivelys

The results of hardnes .sur ys ocon iotou urc. shown in
Figure 3A and 3Be Rockwoell « " v. wes m isured near tho.baek
edge of the blude are £ m ir FTigt ». 2% end indicate a fairly
uniform hardness nloyf, the »lac \of ) + 2.5 Rockwell "C" units
with no defini » &re 1. .0 \wver, ‘the 'Ilt was definitely softer
having & Rockw(.  "C" ¥ (rdn¢ . »vaolue ox 27 and 34 at Station 28,
and 34 roespeotive V. 8u) .8 of transverse Vickurs hardness
surveys of seetion rout .. Statioms 4, 13, 22 and 34.5 indicate
o range of Vickers .  dness Numbers of 342 (Rockwell C = 35) at
Station 38 to 519 (Rockwell C = 48) at Station 13. The values of
hardness obtained nt .05 inch intervals are shown in Figure 3B.
From longitudinal tension specimens taken from the back of the
blade at Station 22, the following data* were obtained:

Tensile Strength 191,000 psi.
Yield Strength 121,000 psie
Elongation 75 = 12.5%
Reduction of Ares  31.4%

The streas strain ourve for one specim'n was/ o eu 9d | at 1
attempt was made to determine the ylelc -7in'; £, v ‘ue _iven

% w0 speocimens were pulled in tensione
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is the one obtnined on the s¢ nd specimen. lhis curvature in
the elastio rer on ° the str s strain diagram is character-
istic of some/ ormali yd e’ els and indiontes existance of
internal ~tret es. & d metallurgical proctice would have
requir d a  ‘'lu “empe to relieve these stresses,

i & mior atruocture of the aword is shown in Figures 4 and S,
Fo  eat mes ion examined the cutting edge oconsisted of o tempered
mar nsi o struoture, the typicul struoture observed Leing
howm in . qure 4A. Some spheroidired cementite can be seene
) baock ocges end hilt were predominantly mixtures of fine to
tery fine pearlite with occcsional grains of sourse pearlite
as evidenoed in Figures 4B, C and D whioch show the unhardened
strucdture at Stations 4, 22 and 34.5 respectively. In Figure 4C
the quantity of spheroidized oementite is clearly ev! ‘enced.

The unetohed structures ~f a typical section 3indic ‘e that
the stecl ie very "dirty", containing numerous smai \non iotallie
inclusious. Fipures 5i ond 5B o transverse and long wudi °
gsoction, clearly show tho size and distrir++inn of thu s inclusionse.

Pipures 6 and 7 show the mroro-et 1ed sty ctul » of two
longitudinal sooticns taken frorm T atil '8 O=3. and 8-12,6. The
dark region with the wel v bovnary . \ti out’.ng edge of the
blede and is charasteris 'e¢ o flume ardeucd edges; however
this same effest oould ha  be  » obtal 1ed by other methods. The
derk band at the tor ™ the » F. =~ is due only to the lighting
required to bring/ ut ¥ ) ha iene region. The muorostructure
revealed so . can mal: o ‘ent. ! me. ‘um fine devdrites indicating
that a slig amoun’ of ¢ . ‘tional rorging might have been
benefieial. i zure ? i< merely an enlargement of part »f Figure
8+ Btohod tran vers. sestions shown in Figure 8 at low mognifi-
cation indieate . _ non-unifnormity and depth of the hardened zones

Three one-half 4inch specimers of the sword were heated to
1800°F and each conled by nne of the following medii - air, oil,
water. Hardness valyes for each wos as follows:

hir Cooled (Normelised as fram forging temp.) Ro ‘= 35 - 38

011 Quensh Ro = 64.5 - 40

Tieter Quench Rear 64,0 60 S

These values oompared with a hardness of Ro = '1 £ - the
sword and in oonjunotion with the mierostrus _  in. sat. iurly

that the sword was air cooled from /wproxi atel: Y60L ¥ wh sh is
elose to tho limits of forging tempe ~‘urc.
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It is concluded that the s del v forged, couled in air from
the "end of forgin«nwmporature nd finelly the cutting edge
was loonlly hardd ed en \grourd, snd/or polisheds Though it is
definitely estab .shed t 1t ti.e structure indicectes tempesing,
it is Aif7Lc. % L deter .ne whethor on independent tempering
o} rati’’ was \ 924 7 .ether thes sword was only momentarily
que shec iuring he hardening prooedure end then withdrewn
from “he ' wench’ g medium sllowing the rotained heat in the
. lat. wly [l.y back edge of the blede to flow toward the
¢ %ing odge thus effecting a tempering »f the martensite. The
ax¢ 8ivoe amo 1t of non-metellios is sonsidered unsatisfootory.
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VATERTOWN ARSENAL
¢ JAPENESE BAMURAL SWORD .

INSCRIPTIONS FOUND ON UNDER HANDLE ©
20 AUG 1946

A ~ LEFT BIDE,

B - RIGHT SIDE
WIN693-76

FIGURE 2
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X100 ~ A -
Longitudinal Section - Sta 22.

: . ‘
X100 « B - t
Transverse Section = Sta 22.
;
%. FIGURE b
z
5 EI_I.OTOMICROGRAPHS OF JAPANESE RAI SWORD

SHWING SHAPE & DISTRIRUTION OF NON-METALLIC INCLUSIONS
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THE MICKEL CASE AROUND TIE SWO

XI - Picral

Cross Section - Sta 4.

XI - Pici 1

Cross Sectio = & 13,

XI - Picral

Cross Section = Sta 22.

wIiGyUl 8

JAPANESE SAMURAI SWORD - SHOV NG D °TF (7 S HARDFENED REGION.
D WAS MPPLIED BEFORE POLISHING THE SPECINMEN.

WTN,639-8507
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WAR DE. !RTMENT
Refer to: DFFICE F T3 CHINF OF ORDNANCE
0.0. Noe 386¢3/2206 NASHINGTON, D. C.
: Atte %ion o :
ORDTB * & 1

30 July 1946

SUBJECT: Metallurgical Examination of Japanese Saber

TO t+ Commanding Officer
Wotertown /rsenal
Watertown, Massachusetts

le At the suggestion of Major General G. . \ Ba. @9s,
former Chief of tho Researoh and Development Serv. s, L
and with the approvel nf Cnl S. Bs Ri*7'~, Asst Ch »f,
Restaroh and Development Service, Of ,, ont lapeanese saber
is being shipped ‘to .Jatertown Arsen . for a tall .rgiecal
. examinationas -

2. Of particult  in\ rest i the Japanese method
of hardening ond sharpe ‘ng  hYe bl le sn that it holds
its outting edge

3¢ 7. iu urlers hod chat ' he saber will be expended
in the tes

BY  ?°TR OF THE CHIEF OF ORDN:NCE:

/s/ He Ao Ellison

“Q ko Ell ison
R Major, Ord Dept
Assistunt

' 4

VITN $86.3/523



c
o
P
Y
WLR L PARTMENT
Refer o3 OFF. 'E OF.THE CHIEP OF ORDNANCE
0.0, No. 38643/139 WALHINGTON, D. C.
ention o . :
oL B ¢ _ 25 July 1946

SUb "CTy \Analysis of Japanese Sword
a0y CO, “otertown Arsennl, Wiutertown 72, Massachusetts

le There is being shipped ysur stetion from Aberdeen Ordnance
Depot on Shipping Order Noe 7-2-23, dated 23 July 116, a Japanese
Samural Sword.

2¢ It i8 requested that n study ond analys.  of he sword blade
be accomplished with o view tn determining the prot Hle .« »thod of
fabrication and the somposition of tho steel or stee 1 fr... which the
sword 1s made and that o report incorp .... = these I. \dings be sube
mitted to this offices

3« This study j= requel.ea  « ~orde’ ;e with a suggestion mede
by Genernl Barnes to C. one. titehii of " _4 office in his letter of
3 July 1946, & copy of v toh g atta hred heretoe

4, Joapanes sw. ds . uvf. wvured by different oraftsman at
differaent! imes wurir; %We } st . 9 years vary in quality and method
of rabrice: n. T 8e ¢ more recsnt manufacture may show no partie
oularly inte »stir fer ures. Those whioch are some hundreds »f years
0ld may reven. inte. _cing techniques utilised to seoure an extremely
hard outting ec " aupported by & strong back. Unfortunstely, 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, plense include o ocarbon transfer of these markings for our
use in determining the age of Cthe sword,

BY ORDER OF THE CHIEF OF ORDN/NCEg

/8/ G. Fo Powe)?

G, . PO. LWL
Colox 1, L dnane¢

sy 2t
1 Incl :
Copy of Ltr.

WIN 386.3/521



THE . DD \ MPANY

Railway Equipment Divis‘ ..

Philadelphie 32, Pa.

July 3, 1946

‘olo. 21 S/ B. Ritchie, Chief,
} sea, u and Development Service
_Wa \ing on, De Co

My dear Samg

I received the notes on the German gas turbine
development end wish to thank you very much for k ving this
information pgotten together for me.

You will remembesy Mr. Joe Winlock wi  war st
Watertown frsenal in the early days. As you prot hly iy,
Mr. Winlook is Metellurgist heore at th-yRudd plant | He hes
beon studying one of the Jupanese o/ .icexr swords. rhere seems
to bé some sort of a special harder ng pro . ss © 'r plating
along the cutting edge. The *d | ich h¢ has belongs to a
friend and he ecannot rery«v 11 mi 3 \ » = _.essary tests to

determine what the Jo, mes. were a ing. h
I wo' . whe rer i subject hes beon looked

into by /he We! srtoy Ars. sl | 'd whether the Japanese have

used anyt ‘g waur al| 1 tieo may facture of the sword. If not,

I believe . - wou i be/ . rth while to have one of the swords
sent up to \ teri = arsenal for a careful analysis, This might
lend to somev '~ which we have previously overlonked.

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

With best persnnal regards,
Sincerely yours,
/&/ Gs M. Barnes

G. M. Barnes, ‘
Mejor General, « 8.4

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-IO-SC (380) 6 June 1997

MEMORANDUM FOR Defense Technic |1 Information Center, 8725 John J.
K(agme », Road Suaite 0944, Ft. Belvoir, VA
7°2060-¢ 218

SUBJEC \: &/ncel at. »»_f Distribution Restrictions for Watertown
Arsenal Lakl rator Reports

1 R( . hrel zes

a. 'kﬁﬁﬁgﬁ§¥§3§f Watertown Arsenal Laboratory Report No. WAL
320,°., “Bayonet Blades, Investigation of WD 10-80 Steel for Use
. Bayonet Blades”, 19 January 1944.

b;w%ﬂﬂﬁﬁﬁ?@fﬁyfﬁf(Watertown Arsenal Laboracory emorandum
Report No. WAL, 739/87, “The Metallurgical Exar’‘nat on of a
Japanese Samurail Sword”, by J. I. Blum, 25 Septe iber ) 1946,

c. AD«B&GQﬂ?tOf{Watertown Arsenald .. nratory  eport No. WAL
739/47, “Bayonets, Metallurgical Exa inati n o Six Lots of T2
Bayonets”, 2 August 1944.

d. hD@BﬂE@lﬁﬁqY/Watel owl. Arsen 1 Loooratory Report No. WAL
739/48, “Bayonets, Metallur \ica . Exal inaton of Eight M1l Bayonets
Submitted by Springfiel@ "Arm ry” »S<iugust 1944.

,e,’:ﬁBMBSGTS"JY Na*:r »wn Ars. nral Laboratory Report No. WAL
739/37, “Bayonets \Met/ llu; ¢ical Examination of Bayonets of
Commercial and Spr agf. »'. 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, telephor
410-278-6960

R /’ﬂ‘ ;

W Lo Kheo e

P. ANN BRA™N

Chief, f:cu. ‘ty. °I . -anch

AR . AAE

g
?ﬁ% ARL - A NATIONAL REINVENTION LABORATORY





