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CORFTIDENTIAL ¥PG REPORT NO. 1286
ARSTRA

Before an adeauate numbar of 3"/50 and AN/70 projes-

'i eo could be obtainad with ingot-iron bands for §&n wear

== At o i T S U T LTy O
vvvv:s' & mathod of J.cuu.l.uub.l.ng Foli vaiiid viauxs an Yuorvi vy

was needed. An investigation of the properties and por-
formance of band blanks cut from welded tubinz that had
been formed from Armco iren plats stock is reported herc,
Four 3%/70 Projectiies Type Ex 2k Mod 1l and four 37550
Projectiles Type Ex 29 Mod 1 with iron bdands fabricated by

thia nethod were fired for reccvety alon~ with conparieon

Y aaed o .l—-.. Vo mem B o ARt e v e e =
Projsctiiss having from baznds meshined IgsE ber suosiE.

series of netallurgical tosts was conducted to explore the
properties of the welded iron tubing. Both the recovery
firing ana the metallurgical tests indicated that the
ingot-iron band blanka cut from welded tubing ars sssen-
tially comparable with the blanks machined {rom bar stocke.
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FOREWORD

This investigation was authoriged by reference (a)
and was condugcted under Task 2Azsignment NPG-Re3b-225-1-53
(rererence (b)je This is the final report on The Ballistic
and Metallurgical Tast of Welded Armco Tubes and is the
sighth partial rsport on Projesctile Rotating Bands and
Related Components. '

The tests on whioh this rsport 1s based were conducted
by

Re Do CROMWELL, Plate Fuzo Battery Officer
Terminal Salliatics Department
He RISCHALL, Metallurgist
Terminal Balllstics Deparimsatl

This report was reviewed by:

He Eo, ROMINE. Head, Metallurgy Division
Terminal Ballistiocs Departiment
We 2o ROB&R?SGE, Commander, USN
Tarminal Ballistica Officer
L. Co XLINGAMAN, Armament Officer
R.: H. LYDDANE, Assistant Director of Research
N. 4. M, RIFFOLT, Director of Rezsearch
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band materiel resulted in the development cf band deeigne
for both the 3"/50 and the 37/70 projectiles which performed
well in slow fire {(the detalls of the 3%/70 band dsvelopment
were reported in reference (c)). The next _step was to

chtadn o sufPlsisal numbes 22 prcjsvtilvu Baving bauds ol

the two designs for rapid fire gun life tests.

The Armco iron bands used for the tests in which thease
designs were evolved were maus by machining blapks from
solid bars of Armoo iron. This procedure was obviously not
economical for the large number of blanks required for the
rapid fire tests. Although copper and gilding metal band
bianks are normally cut from seamless tubing, there has been
no commerocial demand for seamless ingot iron tudbing, and no
company 1o properly equipped %o produce it. Furtheracrs
the hot working propsrties of ingot iron ars such that there
is consideradle douvbt in the metal industry that tudbing can
be produced dy the seamlaess procez:z. Howsver, =ven 1if this
is true, other commercial methods such as butt welding or
hot extruding cculd undoubtedly be adapted tc the productic
of an ingot iron tubeé

To obtain a eutricient nunber ot blenke for ihs
wesar tvotﬁg vvh-; WOENS \).a, :gpx Luuu.xf‘gn -n’;u_:,n —oulul o

involve coneidere*le proccss deve;opnent were sought. The

ob by
3
3
a
<r

Ioungstown weiding a&nd Engineering company sugslsted that
they eould mroduoe wel.ded Armco 1ngot iron tubing irom plete
stssk, & -La.‘a‘.'.e:'. smount of this Luving wae prenusred and was

Lomiiamdand +n tha ﬂ--nl P-A-inn Oraound Fam siun “'-":.‘Z.iiibz.vn

covered by this repert. Subsequant to this work another
procedure for producing ingot iron bhand tlsnks was dsvelopsd.
This method, which involves forging a cup from & solid plece
of Armco bar snd silicing it into blanks, was the one adopted
tc produce the band bianke for the gun {139 tests, Teats of
the materisl produced dy thie method are to be oovered in a
aspavate report,

P
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om welded Armco ingot 4rcn tubing
cel S2, CIS uvm.buaa.-l-y )100 J»-Uo

x 3170 0.,D. for use on 3%/70 projecviles, the other

nominally 3%00 I.D. x 3340 0.D. for use on 3"/50 projec-

tiles. For uompariaon, blaiixs of both siges were machined

from the same 6" Armcc bar used for makinz the banda

tested earlier.

Tr
wara =
~

re - F T

Rotatinsg hande were :exc?ed froz sight sLandard 5%/50
A.A, Projectiles Mk 33 M and e ght 3"/70 AsA, ProJoc-
tiles Type Ex 24 Mod 2, "ng band blanks were swaged on
these projectiles, four made from welded iron tubing anad

four machined from bar stocks The swagad bhanda on the

37/50 projsctiles were machined te the “contour shown in

Figures 1 and 19. The swaged bands on the 3%/70 projec~

tileés were machined to the contour shown in Figures 10 and

20. The bands of both the 37/50 and ths 3"/70 projectiles

were coated before firing with molybdenum disulfids
suspendsd in plastic paint.

DESCRIPTION OF TEST EQUIPMENT

A 3"/50 barrel Hk 21 Mod 0, No. 12593, was used in
this test, This barrel has conventional rifling of 0903
constant depth, and a uniform twist of 1/32. At the
beginning of the test it had 2833 ESR and 2 0%11i6 origl
of bore enlargement,

=}

A 3%/70 barrel Type G Mod 3. Ko, 24493, was also ueed
in tkhisz tsst. This barrel has Convenv:onal rifliing of
01045 constant depth and a uniform twist of 1/25. At the
beginning of the test it had 4LLO-L50 ESR and a 09010 origin
of bore enlargement.
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hﬁ;duovs aurVéy was ,erzormed on the weld zone, heat-
affected gone and the unaffected base metal of the band
blanks. Rockwell (F) hardness readings were taken on the
periphery and on the ground surface of the expsrimental
bands mads from the Lubing znd from ths Lax stock.
Drillings were obtaineqd for chsmizal analysis., A bend test
in accordance with referencs (d) was performed on both the

amien ona 3%/7C welded bpand blanks.

Fer examination of the macrostructure, band blarks
sbtained fremx ths wsldsd tubing were surface ground, cleaned
and tched in amm niuam persuliate soliution, Msitallographic
specimens ¢f ths wsid and surrcunding areas were prepared in
ths normal manner and otchad with a nital solution. A
metallegraphic spscimen taken from the bar stock was prepared
in a similar manner.

Whenn 1t was destermined by the mete=llurzical teats thet
both the 3"/70 and 3"/50 band blanks were cold worked, all
olanks used for the ballistic test were normaiisged (heated

to 1700°F, h=id 2 hours, air cocled) before being swaged on
the prajectiles,

The projsciiles were ivadsed with Epszom aslt to 2 totsl
weight of 13 pounds for the 3"/50 projectiles and 15 nounda
for the 3"/70 projectilss, All pro ectiler were fitted
with flat nose plugs (see Figure 2i), and were rubber
crimped in the cases, Two rounds of each type were fired'

at mowwiss wmra-cuns 2w Lz 2zt zroalf mrsczurs &
i s TS -

e Al S rw aw arr v P =AW W ‘-u vuvu guu.
Velocitlies, copper crusher gauge prsssures, spin measure-
mentg, eass prsssures, and barrel strain msasurements were

taken, Spin was measured by thes wire impresssion msthod

(aee Appendix (E)). Projectiie flight was checked by means

of yaw cards at three positicns. All rounde were recovered

in sawdust, Measuremants werg. tsksn of the saviiy diameiers
and overall iength before and after firing to determine the

extent ¢r deformation. Photographs of each round ware

taken afitsr recovery arnd are shown ir Figures 2 through 9

mnv‘,‘. ;ig‘dl"ﬁ‘ 1’ ’hvnnah 10
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SESULTS ANP DISCUSSION

After-recovery 7iring data ars givem in T i and 2
(Appendix {A)). AlL rounds fired shawed good t &2 the
recovery bin with only slight yew, good aspin, ho fringing,
and uniform pressure and velocity. On the recovered projec-
tiles (Figures 2 through 18), the engraving of ths two band
paterials, fired in either gun at either service or proof
Pressuic, was vassnliaily identical, The cavity deformation
under’ the band for th: two materials was about the same,
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Case presszuraes and bdarral strain measurements were
recorded on both the 3"/50 and 3"/70 test. The ressults ars
reported in Tables 3 and 4 (Appondix (C)). Photograpns of
the oscillograph records are included as Flgures 22 through
2%, Thc case pressurss and barrel sirain measuremenis
taken on the 3"/50 and 3'/70 gun barrels rsvsaled no great
difference between the projectiles with bands machined from
welded tubing and those machined fror bar stock material,

Uhemical analyses of the welded tubing and the bar
stock gave the rollowing resulto:

Material o] 3
3"/50 Welded Tubing «C30 +033 .023
3%/70 Welded Tubing .028 <020 ;020
Bar Stock « 025 o «029

These analyses are typical of commercial low carbon
steel (ingot ircn) made by the open-hearth process.

Rxaminction ¢f ths metallographic specimens (Figures 27
and 28) of the walded tubing showed the weld fuszicn 45 bs
complete, In the weld sone, large stringers of iroan cxide
had been formed during the welding processj; these might have
caused a definlite plane of weakness in the weld metai but
ths bend teats did not appear to Lave been markedly affected.
Pholographnis of ths samples vefore and after testing {(Fig-
ure 3L) indicated that slight coracking took place in the
weld metal, but there was no evidence of faiiure. In the
heat-affected sone, coarse ferrite grains were present 22 a

CONF1DENTIAL 4




result of the welding heat. A normal polyhedral ferritie
grain strv~ture existed approximately one inch from the weld
gone, The extent ¢f these zones is illusirated by the
macro-stched specimens {Pigure 2J)J. A4 hardness survey
rerformed oo the ground macro-atohed sapecimens 15 shown in
Figure 30, It wae noted that the 3%/70 welded tubing had a
lower average hardness than the 3"/50 welded tubing., The
3"/50 tubing apparently had been produced from the same
plate stock as the 3"/70 tubing by ccld rolling or fergin
and was thorelfore colid-worked to a greater degree, as is
shown by the microstructures in Figure 31,

After the normaligation of the two types of band blank,
as described ahave, the hardnsss survey (Figure 33) and the
microstructure (Figurs 31) indicated that favorablie results
had been obtainsd,

The following table shows the average hardaesses
obsarved for the band blanks, and for the swagedé and machined
bands made from each type of blank:

Rockwell F Hardness

Band tlank Band blank
&3 _received nporpaiiged Band
3"/70 Tubing 87 83 100
3*/50 Tubing og 81 192
Bar Stock 76 - a3

The low hardness of the bar stcok, and iis large grain
sise (Figure 32), indicate that the bar had been thoroughly
annesled.,

The difference in ths harGness of the bpianks befors
banding and the difference in the responee of the material
to ¢0id work during the swaging operation resulted in the
12-15 Rp hardness difference in the vands. I¢ is considered
that a hardness differencs of this magnitude would not
affsct performance in the rocovery firing appreciablye.
However, since & few polnts of hardness might have an effect
on gun arosion, annealing would be advisable if numdbers of
welded band blanks are t¢ bs produced for a gun wear test,

R
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Since all the firing results appeared to be normal

and there wes no evidence of incipient vald failure in the
recovared bende, ths Labrication of band blankes from welded
ingoct=4rcn tubing abpé&rﬁ entirely satisfectery-

SONCLUSIONS

Becin vhe recovery firing and the metallurgical tests
indicated that the Armco iron band blanks cut from welded
ubing are essentiaslly comparable with trose machinad from
ingot iron bar stocke If thiaz method 45 ever used for the

nroducti on of ingot-ivron hand Bl lenks, 1t would be adviaalle
tO 8‘.‘.‘.‘.’.‘3'-“; then tc a 33!‘;‘.3}'}1?" rsavEent béforé Ahgy are pu‘

on the nro Londid

S w W
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NPG.£10472 <2 January 1553 SONFLIDENTIAL
Photograph of 3"/50 AA Mk 33 Mod O Projectilez. with iron
band machined from bar stock {(left) and iron band machined

from welded tubing (right), befecre firing.
Figure L
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C° apurt) of recovered 37/50 AA Mk 33 Mod O
h iron band machined from bar stock. Projactile

TYE I T

.

s}

atay



g

[T ey

P A e TR e, e |, . A TTEIR AN g v . TS W TS ® s e T TR PR ND 4 | 4 ¢ 7 R ST T W e g

NF9-51965 22 Jeanuary 1953 CONFIDENTIAL

Three views (120° apurt) of recovered 3"/50 AA Mk 33
Mod O Projectile; with iron banid nrachined from bar stock.
Projectile No. 1819.

Filgure 3
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NPG-51GhaE <22 January 1953 CONFIDENTIAL
Three views (120° apart) of recovered 3"/50 AA Mk 33 Mod O
ProjJectile, with iron band machined from wecldsd tubing, 5
Projectile No. 1822.

Figure i
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NPQ-51967

Three views (120° apar
Projectile, with iren
Projectile No. 1823.
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22 January 1953 CONFINENTIAL

f recovered 3"/50 AA Mk 33 Mod O
sochined from welded tubling.
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NP9-51968 22 January 1953 CCNFINENTIAL
Three views {120° apart} of recovered 37/50 AA Mk 33 Nod O )
) Projectile, with iron band machined from bar stock. i
Projectile uo. 1816,
Figure 6
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NP9-51969 22 January 1953 CONFIDENTIA]

Three views (120° apart) of recovered 3"/50 AA Mk 33 M

£ fod O
Projectile, with iron band machined from bar stock.
Projectiie No. 1817.
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Three views (120° apurt) of recovare
Projectile, with iron band machined
Projectile No. 1820,
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NP9-51971 22 January 1953 CONPIDENTTAL
Thres visws {120° aparij of reccvered 37,/50 AA Mk 33
Mod O Projectile, with iron band machined from welded
tubing. Projectile No. 1821.
Figure 9
7

- & J1



Pade &

-

S TS W, (e

B i
THED N A Sl
PR a1 SRR VPSR o addie S A ot et

WP9-51972 22 Jaenuer

53 GONFIDENTIAL

Pnotograph of 3"/70 EX 24 Mod 2 Projectiles, with ircn band
machined from bur stock (left) and iron band machined from
welded tubing (right), before firing.
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< January 1953 CONYINDENTIAL

Three views (120° apart) of recovered >"/70 EX 24 lod 2
Prejectile, with iron band machined from bar stock
Frujectile No. 1829,
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NP5~5197k 22 January 1953 CONFIDENTIAL

Three views (120° apart) of recovered 3%/70 EX Z4 Mod 2
Projectile, with iron band machined from bar stock.
Projectile No. 1330,

Figure 12
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NPS-51975 <2 January 1953 CONFIDENTTAL

Three views (120° apart) of recovered 3"/70
Projectile, with iron band machined firom we
Projectile No., 1833,

EX 24 Mod 2
4

lded tudbing.

Figure 13
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NPY-51976 22 January 1953 CONFIDENTIAL

Three views (120° apart) of recovered 3"/70 EBX 24 Wod 2
Projectile, with iron band machined from welded tubino.
Projectile No, 1834. '

Figure 14
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NP9-51977 22 January 1953
Three views (120° apart) of recovered 3%/70 EX 24
Projectile, with iron band machined from bar stook
Projectilis No. 1827.
Figure 15
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Three views (120° apart) of recovered 3"/70 EX 24 Mod 2
Projectile, with iron band machlned from bar stock.
Projectile No. 1328,

Figure 16
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NP9-51979 22 January 1953 CONFIDENTIAL
Three views (120° apart) of recovered 3%/70 EX 24 Mod 2
Projectile, with iron band machined from welded tuhing.
Projectile No. 1831,
flgure 17
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» NP9-51980 22 January 1953 CONFIDENTIAL
Three views (120° apart) of recovered 3"/70 EX 24 Mod 2
Projectile, with Iron band mechined from walded tubing.
Projectile No. 1332,
Figure 18 _
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CONFIDENTIAL NPG REPORT NO. 1286

8 October 1952
Mk 33-0 Projectiles w/Armco Iron Bands

Barrel Strains ingins,./in.
Strain gauges located at the

Copper Case following positions from
Proj., Rd. Press, Pressure mnuzzle:

No.  Nc: T/in.?2 (p.s.i.) 72% 36" 2L
1818 1 17.3 48,550 348 344 e
1819 z 17.8 50,000 366 366 =
1822 3 175 49,300 208 i b
1823 4 S 46,700 358 364 -
igls b 13.3 37.875 333 285 ==
1817 6 13.8 34,175 340 319 -
1820 7 13.9 36,500 339 297 -
1821 8 13.6 37,900 328 320 --
Note: (1) 5" trace on record was not readable, owing to

T O T T,
LIS TrLCI'VIICE,
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CONFIDENTIAL NPG REPCRT NC., 12846

- oare e e e e am  w e W s um e TR M e W en W S s e s Sv ar en an e ee e

CASE PRESSURE AND BARREL_STRAIN MEASUREMENTS

3" /70 vype G Mod 3 Gun No. 24493
30 October 1952

Ex 24-2 Projectiles w/Armco Iron Bands

Barrsl Siroins in wine.fin.
Strain gauges located at the
Copper Case following positions from
Proj. Rd. Press, Pressure muzzle: .

No. No. I/in.< (pes.i.) 112%0 6440 1040
1829 i 2L .3 64,200 451 4,68 756
1830 2 21.6 64,950 L63 L72 762
18323 3 22.2 £L,600 466 L63 758
1834 4 22.8 61,300 L57 462 730
1827 5 20,5 54,900 LL7 460 729
1828 6 19.2 54,500 i35 459 728 - £86
1831 7 19,4 54,800 Lil 453 735
1832 8 19.9 54,100 L34 INR:] 720
Note: (1) For Round 6, at 10%O0 position two readings are

given.
CONFIDENTIAL
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CONFIDENTIAL NPG REFORT NO, 1286

-~ note the stringers Coarse ferrite grains in the
of ircn oxide inclusions, heat-affected zone,
in Size No. 4 Nital Eteh ASTM Grain Cize No., 3 Nital Etch
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(C) NP9-45155 100X
Normal ferrite polyhedral grains
in the non-heat-affected base metal.
ASTM Grain Size No, 5 Nitel Eich
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Microstructures in the 3"/5C Velded Tube Rotating Band.

CONFIDENTIAL Figure 27



(A) NP9-49150 100%
Weld metal - note the stringers
of iron oxide inclusions.

ASTM Grain Size No. 1 Nital Etch

W _L___' A TR o 2 ; ; e v
(B) MP9-49151 10Ccx
Coarse ferrite grains in the
heat-affected zone.

ASTM Grain Size No. 2 Nital Etch
Y el :./%;7 A 7_'1‘;_‘ ok
e R )
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(C) NP9-49152 100X
Nermel f£arrite polyhedral grains
in the non-heat-affccted base metal.
ASTM Grain Size No. 4 Nitel Etch

Microstructures in the 3%/70 Welded Tube ERotating Dand.

CONFIDENTIAL Figure 28
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CONFIDENTIAL NPG REPORT HC, 1286
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NP9-51983 (D) NP9-51984
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receivud condition, Nital Etch, treatment. Nital Etch,

(c)

Microstructures of the Welded Tubing in the Asereceived and Heat-treated
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CONFIDENTIAL NPG REPORT NO., 1286
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WIRE IMPRESSION METHOD OF DETERMINING SPIN

Two screens are set up 41%5 apart, each screen con-
sisting of a mstal frame witlh wood insstis Sy holding an array
of parallel equidistant vertical copper wires, The spacing
of the wires is 1/2" for the first screen and 3/4" for the
seconds The projectiie is fitted with a flat-nosed dummy
nose plug or the squivalent, sc that after passing through
the screens it bears two sets of impreesia“" of the wires.
The angle hetween the twe sets of impressions 1s measured
and from this measurement ths rifling of the gun, the muzzle
veiccity, and the velocity at the spin screens, is computed
the percentage of nominal spin, It is assumed that over
the short distances 1nvolved the spin rstardaticn is
negligidble,
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CONFIDENTIAL NPG REPORT NO. 1286

Subject: Balliistic and Metallurgical Tests of Welded Ingot
Iron Tubes by He Lo Deltocher and W, T, Highberger,
Terminal Ballistic Department, U. S. Naval Proving
Ground, Dahlgren, Virginia 30 July 1954

tilss coudd be obtained with imgot-ircn bands for gun wear
tests, a method of fabricating iron band bianks in quantity
was needed., An investigation of the propertles and per-
formaace of band bianks cut irom welded tubing that had
been formed from Armco iron plate stock is reported heree.
Four 3"/70 Projectiles Type Ex 24 Mod 11 and four 3"/50
Projectiles Type Ex 29 Mod 1 with iron bands fabricated by

- e B = e

this method were fired for recovery along with comparison
projectiles having ircn bands machined from bar stock. A
series of metallurgical tests was conducted to explore the
properties of the welded iron tubing. Both the recovery
firing and the metaliurgical tests indicated that the
ingot-iron band blanks cut frou welded tubing are essen-~
tially comparable with the tlanks machined from bar stock.
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Subject: Ballistic and Metallurgical Tests of Welde: i::
Iron Tubes by He L. DeRocher and W, T, Higl'b:i -
Terminal Ballistic Department, U. S. Naval Fv:o-
Ground, Dahlgren, Virginia 30 July 1o

ABSTRACT

Before an adequate number of 2%/50 =ni 2"/70 projec-
tiles could be obtained with ingoct-iron bends for gun : e
tests, a method of fabricating iron band blanks in quant. -
wac nsedsds An Snveastigatlion of the properties and p=¢-
formance of band blanks cut from welded tubing that lLad
been formed from Armco iron plate stocl ia reported he::.
Four 3"/70 Projectilss Type Ex 24 Mod 11 and four 3%,/5C
rrojectiles Type Ex 29 Mod 1 with iron bands fatricaiesd
this method were fired for recovery along with compar:so:-
projectiles having iron bands machined from bar stock.
seriss of metallurgical tests was conducted to explore L:i
properties of the welded iron tubing. Both the recove:ry
Liring ond the metalliurgieasl tests indicated that the
ingot-iron band blanks cut from welded tubing are eseo:-~
tislily comparable with the blanks machined from bar st. ¢i..
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