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DEyrTAmenT oF _ourout PLATING _OF _GUNS
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pbstract

Curcaina n)ating of amoll axos barrels results in longer accuracy
11fo, Novever, the cout of pl Ling Lo exccscive compared to the re-
sulte obtuined, Tuae rvlatirz of 57 wua gan barrsls to date has been
uneatisloctory, Tuhe chroniun ploting of 3% A.A. gun tubes has been
succosstul incofer ax toe technicue of plating is concerned, but the
cxopocted fncresse dn cccursey lile nas not moterializea. The use of
chresten pinting soneridly for gjun btarrels is rot economieal,

Introduction g =

g
The fo]1,J1n5 instructiicns were lzsued by the Chief

of Orédnance conccrn‘ng the investigation of the develognent

of chrome »luting guns (0.0. L00.276/14L3 AP «G. L72/312-

Beot., 7, 1327):

nl, It is rcouested that & study be made of the
develoonent of pluting of hores of guns.

2. In this study it 4s desired that the Proving
Ground and other nvailible records be examined and historical
survey be preparcd showing the stens taken by the Depertmont
in the developnent cf slating of bores, both of small arms
and of luryer cualibers. .

3. It is deslired that the sources of authority for all
statemente be glven, either ns & footnote or by reference to
t bibllogvuohy uwoneaded. I techinleal reports are available
ceneernln,; investigations at other establishments, or by
other agencties, 1t Ls desleed thet they be considered and
velghed in drawing, conclusions,

This docurent has been approved for public releasge
snd sale; Mutribution is unlimited.
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Lo It in dosired that the study be oresented in renort
form aud be auvalluable, {f practicable, by October 31l.

By order of the Chief of Ordnence:

(G, F. Jenks)

G. F, Jenks,
Colonel, Ord, Dept.,
Assistant ¥

rocedure

The chromium nlzting investigations of the Ordnance De-
partment were conductied on scveral tyoves of guns coencurrently.
Also the asnlicntion of the chremiuvm »louting orocess was done
at three or more separete »oluces. In view of these facts, the
study hss beasn &ivido?! into gerticons zs follows, and the
chronologicul order of occurrence has been followed, where
pogsible: '

I 2 Technique of chromiun plating.

II - Investigetion of chrome--plating applied to
small arms barrels.

III - Investigation of chrome-plating applied to
37 mm gun barrels.

IV - Investigation of chrome-plating applied to
antiaircraft gun liners.

{ ]
VYV -~ Resumne and conclusions.
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I =~ Technique of Chromium Plating

The »rinciples underlying chromium plating are briefly
as follows: (See "The electrodeposition of chromium", F. A,
Ollard, A.R.C.S., May 17, 1935, Electrometallurgy, pp. 541-).

The solution used is chromic acid containing a small
amount of sulohute. All commercial plating baths are of this
composition, It is dense, brown, opaque, strongly acid and
oxidising.

It is nade by dlssolving commercial chromic acid in
waeter and addlng sulphcote as chromium sulphate or sulpauric
ecid. Comacrelal ciircmlce ecid is really chromic acid anhydride
or chromiun trioxide (Cr 0.). In water it forms chromic acid

(H_Cr 04). It then probaBly forms bi-chromic acid (H_ Cr, 0,)

&~
since it becomes red. Bi-chromates are red, whercas chromates
are yellow,

When this soluticn worlts between two electrodes, it rapidly
turns dark bhrown, &nd becomes opague, due to the partial re-
duction of chremsic weld end the formation of complexes, The
effect at the sncde 1s oxidising, at the cathode it is reducing.

Yhen the current i1s on the followiny reactions oceur:

2Cr 0 ——> 2Cr+30

2 HO PR ZH?-}-Oz

&

The H2 and Cr are at the cathode and the 02 at the anode.

The current efficiency is low with thls set-up, because wster
brezks up &t low voltage, and the current is mainly used in
breaking up the water, leaving little available for the de-
posit of chromium.

The current densities vary directly with the temperature
of the solution, its comnosition and the type of the object to
be pleted. Current densities vary from 20 - 100 amperes per
square foot to 900 - 1000 amperes per square foot.

Although the solution is comnlex and its reactions are
not understood completely, the solution is not difficult to
control. The usual inpurities in the solution &re destroyed
by nxidzticn due to the tempereture of the solution. Three
factors must be controlled, the chromic acid, trivalent
chromiunm and the sulphate.
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Irankford Arsennl Ixperiments,.

The Frenkford Arsenal Iinitiated the develosment of
chroniunm plathx of gun harrele in the Ordnonce Depertument
in 1927. Majors A. B. Cuatls and George A, Voody, Ord-
nance Dopartncnt, rirst concelved the idea of uslng this
process for this purpose,

In the early experiments with smell arms berrels, the
barrels were held verticelly with a long eylindrical anode
placed centrally the entire length of the bore. Difficulties
in eliatnnting gas in solutien, obtaining flow of solution,
keeping the ancde centercu, all led Lo uneven und wisatis-
factory »nlating.

The early solution consisted of L0 ounces of chronrmic
seid and .4 ounces of chronlun sulonhuate to one gallon cof
water., Current densitiec of 100 amperes per cquare foot were
used for steel, 200 smpercs ser square foet for nickel, cooner,
or brass. The tcmoezqturc of the solution was maintained at
115° to 120° F,.

The cost of chrom1uw nleting o smaell arme barrel was
aoproxinmntely “l..3. Az this was LO} of the cost of the ori-
£inal berrel, the use of the »rocess for smell arms berrels
suffered a set-hack., Instead ol entering into & production
basis in the use ol the process, the projecet ramainea one of
linited experiment.

An imoroved nmethod of nlating was developed leter in
vhich the barrecls were submerged vertically, breech end down
in the solution. A movable aznede wes centered sccurately in
the bore. As this was withdrown the thickness of plate in
strateglc places was controlled.

Plating wes pluced directly on the highly nolished metsl
of the barrel, &s the introduction of &n intermedinte nlete
to increase the anti-corrosive projertles resulted in a conm-
nosite nlate which did not stand wear. With this new device,
a .30 Cal. rifle barrel was chromiwa pleted in about 2 hours.

The practice of pleting with chromium finally develoned
two standard solutions. The so-called "Bureau of Standards
solution was used almost entirely in the Last and consisted
of 33 ounces of chromic acid and .3 ounces of sulnhuric acid
per gallon of weter.

The so-called "Commerclal" solution, used srincipolly
in the middle and far West consisted of 55 ounces of chromic
acid and .3 ounces of sulphuric acid, per gallon of water.
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The Burocu of Stundards ctutes thut the pleting renpe of the
tgttor solution 1s limited at the high temperaturcs of colu-
on,

The hijher temnerntures of solution which were ndopted
allovied hipgher current densities and formed the nlite more
ranotdly. I{ wus more dence and closely packed thun where
lower temperitures werce usced,

The rbove-rentioned procedure was used in chromium plat-
ing the smull urms berrels, the 37 mm gun barrels, and 3" AL,
gulr liners, ML, In puans Hoe 2 W Toe 3. Theae liners were
Ferging Nuzber R301-1 ond 8301-2, desceribed later in this
report.

The 3" A.A. pun Yiner, 43 - Mo, 1 (Forging 12162-6-55)
was orobsbly chrantum nloted et tne Frankflord iArsencl. There
1s ne deflaite tnformiticn cvallible ug to the history of its
pleting. ilorever, the oripinel cirective orovided for the
plating of three (2) liners., Two were tested in 1928, The
liner tested in 1924 mey heve been the third liner, nluting
of whlch may hove heen dv,crrou wmetil 1229, althouih there
i1s no record aveiladble to substinticte this assusption,

The four 2% A A, gun liners, M2, Nos. 7, %, 9 snd 10
were curoniu gxutcd by e Verthloglen Dunp Conpany, Buffalo,
New Yoric tn 1930, This vwas done by taeir personnel wund ord-
nanee insocctnra were denied rénitience to the olating olent.
It cen be assuced that the techniaue ves representative of
that seriod. It was avporent by inspecticn of the bore that
g straight anode weas uacd as relatively little chromlua wes
deposited in the grooves sund none on the chamber wells. The

greuater distance of the grooves #nd chauber walleg from the

straight ancde end the relative wezk "throw® of the plating
soluticn csuscd this cendition.

3" AJA. gan liner M3, Ho. 122 wus plated at the Nqu&
Gun Pactery, Vashington, D.C. using o tcchnlque vhich they
have fcund successful in their own work. The "Burecau of
Standerds® solution was used. The temverature of the bath
was malnteined at 170° F. and a current of 1600 amperes
was apnlied for 1 nour und 10 minutes. A plate .0005% to
.0007" thick should result. (Sce U.S.MN.G.F. chart -
ig;o?ium plating 3" A.A. gun liner, M3, No. 138 - Jenuary 8,

The nevy mcthod of plating hos been suecessfully anplied
to guns in thelr service up to f-inch caliber. The tendency
of »rojections on an object to be vlated, such‘ts the
corners of the lands of rifling; to throw out redial pro-
Jections, or stalactitic forms, known as "treec", (WVt.
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Ars, L72/240.-Incl, 1) has been a problen te be solved in
connectlon with thick plating. It is nossible tnut the
bresikdown rnd tendency of thoe olating to peel In the early
aleted Lincrs moy be due te this ohenouenon, It ig possi-
ble that tlic nuvy nethnd of plating, really & chrome Mwosht
of upproxic tely ,0005" thilckness, ouy account for the suc-
ceas of thelir methed,

IT - Tnvestivotion of Chrome-Pistine fnnlied

to Smnll arnms Bayrele
L L L e kel iy gl e G WD QDD GBSt o sl - » auinlld

The Froakferd Jroentl reverted in Minutes of Confercence
on Chromiun Pluting, July 2, 19229 2t {hsl arsensl that
chroafum olated rifle burrels pave the Jollowing results in
local tests.

No. rounds fired in cnen -15,000
Muzzle velocity ot 79 foot
chromium plated bharrel - 23212 f.s.
non- " " barrel - 2177 L.5.
Sorecd of pattern - ploted baprcel - L.050
" " ' 8t barrel - 140

Tioving and keyholing - nletea barrel - llone
nen-pleted burrel - Morked

They algo noted wn increcse in velocity af'ter several
thousend rounds, in their opinion. due to lubricating &and
snecothing properties of chromium plating.

Besed on these tests & 509 increase in accurccy life
of berrels wus indicated.,

Ag & result of this und othur tesis, the Ordnunce Office
authorized the chrenivnm oluting of several rifle wnd machine
gun barrels for Proving Greund und service tests,

Proving Ground Tests.

In October 16, 1929, the firct Proving Ground tests were
completed &nd revorted upon in "First Partial Reoort" under
the title ot "Corroclon énd Erosion in Swmall Arms with
Chromium Pluted Barrecls",



Piffle snd .30 Cal, Msehine Gun Borrels
The moteriel for this test {neludads
3 - barrels, .30 Cul, 111903 - Nog, 12964193
1296755 und 1296696,

3 - hurrels, .20 Cal. B.i.G. wWotor-cooled, M1917,
Nos. Oly 023 03,

Drocedure §'olloved with rifle hirrels

The tests of the rifle borrels lncluded storpgauging
after ezch 103D rouwvis, [live rcund velocity und 2 « 10 round
gecuracy taurvets at 9 ond ofter cech 1099 rounde., The
rounds to comnlete crell 1000 rounds vere fireé for erosion
et the rate off 1 ser 6 secconds. §Lf'les were cooleé ofter
each 50 rowie. nLter eacli 1000 roundes the rifles were set
aside for corrosion test fcr Y2 hours.

The accuracy life was concidered to be loct when the
averape neen radgius of two concccutive torgets et 600 yerd
measured 1l inches.

Rrocecure folloncd with mechine gun borrels

The tcests of the rmochine pun burrels ineluded stiar-
gauging every 1000 rounds. ive round veloelty turgets
were fired ofter ezch 2000 rounds, Tergets consisted of
50 round bursts at 1002 inches, and were teken as the laet
firings in cach 1000 rounde in order to be sure barrel wes
hot.

Rate of fire was 200 rounds pner wuinute. After each
1000 rcunds the barrel vies laid aside for 72 hours to ob-
serve corrosione.

The accuracy lifce was considered to be lost when 4 or

more Keyholes or tips occur on 2 out of 3 consccutive targets.

Fesults of tests of rifle ond machine pun barrels

In these tests the rifles lost their accuricy life &t
6000 to 7000 roundss 19-20,000 e¢nd 34-35,000 rounds resnective-
ly. It was believed that the first rifle barrel was bent.

The machine gun berrels after 20,000 rounds, 21,500
rounds and 31,500 rounds, recpectively.

Concluslong resched in test of rifle znd machine pun borrels

The conclusions reached in this test were that "chromlum
oloting very materlally incrcases the resistunce of snell

g =



bores to both erosion und corrosion®,

Pistol Bar?cis

The Third Partial Feport under the above test shows that
a number of chrosium olated nlastel burrels were tested. These
werc fired 10 rounds, then set aside for 72 hours until o
total of 1000 rcunds had becn Iired through each.

After 200 rounds, tvo of the barrels showed corrosion
and eroston 1/2 to 3//% frem the breech ends,

It was concluded s o result of this test that chromium
lauting very materislly incressed the resistence of the bar-
rels to corroston and ercsion.

50 _Col, M,C. Borrole

In the Fourtn Portial Neoort under the above test, 3 -
50 Cul, M.G. burrels, lloas, 521, 525 and 436 wvere tested.

The test of the .52 Col. buarreis consisted of erosica
firing in 25 round bursts ot the rate of 200 rounds/minute,
taking 2 - 25 round targets as the last twe bursts of 500
rounds, &l firinze at 1000 inches,

The sccuraey life vies considered el &n ené vhen L or nore
bullets ikeyholed or tipoed en 2 ouvl of 3 censecutive targets.

Tipoing occurred after 500 rounds, the blame for which was
laid to the use of light barreis instcad of 11 1lb. borrels.

I0 Cul., M G, Baerrels

The Fifth Partial Feport under the above test revorts
the test on 2 - .30 Cal. M.G. barrels, Nos. 166 and 169.

These harrels vere fired for veiocity at 1000 inches ond
were then used on current work. The records are rother mesger
but at 1295 and 12720 rounds resacctively, the barrels were
revorted to be still within their cccuracy life insofer as
mizzle velecity is concerned., fThey hed each lost 240 f.s. in
velocity and 132 yurds in range at 1000 yards and 90 inches
in elevation.

]
Resume.

The tests performed at Franiford Arsenal showed a 50%
increuse In accuracy life of pluted bharrels.
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Severel astandoirds of ncourncv 1ife¢ were eastablished.
Theeec were bosed on the following feetors, eingly or in
combination,

(a) Loss in muzzle velocity.
(b) Sorend of pattorn,
(e) Tipping and keyholing.
(d) Loss in range.
(¢) Starguuge mensurements
The conclusicns in cach test were to the cf'fect thet
erosion «nd cerroston were muterially reduced in small arwms
berrels when they were nlutod,
The | %x cost ol chrouniva pleting widoubledly caused the

moject tn suscended.

III = Investigation of Chromiun Plating avolied _to 297 wm Gun

Burrels
The Ordnance Coomittec in 0.CJA. Itea 6912, April
1928, stated as follows:

"Recent exoderiments with chromium sloting of nea-
chine gun dbarrels iniicotes a rarked incresse in ac-
curacy lifen,

It furthor recornended that tiro of the four 37 mm ALA. gunw
(barro] ) 11 be chromium vluated for use during the 1928 A.A.
exercises. The "recent experimontst rafcrrcd to werc prob-
&bly those conducted at tae Frankford rfrsenul,

Preving Ground Tests.

In the questlonnaire sent to the Aherdeen Proving Ground
in connection with the 192% A.A. excrclses, jape 6, par. 29,
the stautement is made:

"The bores of two (27 mm £.2.) guns have been
chromtiun pleted In an effort to Increase the acecuracy
life. Compare the erosicn and copnpering with and
vithout the »lating'.

The sturgauge records =t the Preving Ground indicete

that 37 am Br"nnln; Automatic 3000 f.s. guns, M1, Nos. 3
(C455%) and L-(CL557) were chromium plated., 7The thickness

-



of pluting or other inforantion 15 not avallable., The f'iring
recordas taken during tine tests muke no mention of the chromiun
plating or its behavior,

The atur guuyge records are as follows:

37 ma Gun, Buhe, 3000 £.8.-M), o, 3 (C1563)

After & rounds.

Distunce Lends Grooves
from origin change in din,. chenee in die,

LR 000 000
10.5 0005 000
10 .0010 «000

Aftoer 2283 younds,

Distonece Lands Grooves
‘.ﬂ-\"! “.\"l ‘,’"}‘l l“ i 2 +n (”" . r""" ] ir] di“l

Lin -.002 -.002
12 000 000
10.5 011 .003
10 o\'.)] () . O‘:)-,'

At the muzzle the chreaiun nlating was worn of'f of the lande,
The »lating in the grooves epncured to be satisfuctorv, The
first third of the bore forvard of the oripgin vas entiroely
devold of »nlating. The bere was moderiately coapnered beltveen
1." and 22" from origin.

37 mm Gun, Boh., 2000 £.8.-11, Yo, 4 (CL55T)

pfter 12 rounds,

Distonce Lands Grooves
rcm breech  chunge in dia.  chanie in dia,

-

12 .000 .000
10.5 .0005 .000
10 .0010 .000

- 10 -



AMter 2220 roundsg,

Distunce Lunds Grooves
from hrecch chinge dn 6ia., chonge in dla.
16 -.003 -,005
1. 000 -.001
12 001 +001
10.5 010 +005

10 015 +004 5

At the muzzle the chrentun nloting was mostly worn off
of the lunds ond partly out of the grooves. The first third
of the bore forvaord of tne oripln showed no evidence of plate
remaining.,  Copooring in noderate amount wes observed.

After L1133 rounds.

In 1937 this gun was apgain sioergauped.

Digtence Lands Grooves
from hreoch chanene in dia., chanee in die.
16 -.001 ~-.002
1% 002 .00
L) 005 006
12 011 013
10.5 022 .033
10 028 .03/

9.75 033 .036

The report of the 1227 AJA. IUxercises, page 102, por,
129, states:

"The bores of two of the 37 mm guns (Full futo-
matic, M1 - Brownin:) were caromium ploted. These
barreis secnm to he subjecet to eresion to the sune ex-
tent es the two none-chromium birrels. 48 in the cuse
of the 3-inch gun, this nleting ceme off in flukes
af'ter firing a few rounds, The average rate of fire is
75 rounde ver gun ver alnute, wnile the muaximun rute is
105 rounds »ner gun ver minuten,

and page 1lL4, nuar. 234:
"That chreomium plating for the bores of 327 mm guns
is unsatisfactory iIn the present state of deveclopmentt,

P




Comonrutive I'rosion.

Hot_D1uted

Plated

No.
Rounds
Gun No. 1 Gun Mo, 2 bun Mo, 3
Eroilcn Lxtent Errsion sulent fhrosion
Or?é'n ,uQLEE'“ f?if;flm
8 001N
13
222 010 L
1276 .006 Al
1866 016 6
2280
2223 016
4133

]
BQ S1NMC,

‘.'1.:'. Lot

A

to

Oriptn

0LV

014

033

Con Mo, L
niExvent

an

(84

6 1/L"

The stundard of comparison in these teste 1s bused entirely
on the starguuge records.

The peeling of the chromfun »lating

nique of plating in &ll orcbability.

Bascd on comparative croaion nf two

barrels, therc is littlc diff¢rence in ihe crosion rete.

s due to fuulty tcch-

plated with two wnoleted

The conclusiona of the Anticireraft Bosrd, 1929, sre sound,
based on the limited tests,
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IV - Ipveetipgntion of Chrome Ploting hpnlied to /ntiaireroft
Lincrs

1921

In 0.C.M, Iten 6545, arch 15, 1927%, the Ordnunce De-
portaent took the firet officiz) action with regord to chrome
oluting the bores or sntiaircraft guns. The possibilitics
of thts orocees ¢s a neens of orolonging the scenracy 1life of
gun barrels had been informally considered prior to this tine,
and nunerous axnerimonts hod heen condneted at the Yrankford
Ayrscnol witn ehrome olated saoll arms barrels, Besed on these
exnerinents end the goneral edopilon of carome plating by in-
dustry in wrolenglng the 11fe of dles, osunches, ete., the re-
conmmeniut lon wes muuv y the Urdnence Comnmittee, that the
bores of ihrece untizireraft liners N1 be chromivm plated.
These were Lo be plated te a thlcekness of 0005,

The bore dlunmeters were not to be inereased to take cuare
£ this wddee thlckness of »loting, the liners to hbe machined
o Lhe swnc ul.unrl ne ¢s the .gkxv‘rﬁ liners so that the
chromiun ninving eoula be resoved elecirically in the event
that 1t wes not setisfectorysy racorés ut the Proving Ground
ehoy thet tus of thege linere were conaleted and tescted dur-
v the antlicireraft erercices ot tha Lbardeen Proving Ground
and Jort Huuohreys (now Fort =elvolr), Va., Sepntember to
Novenber, 1929, Ho record of ihe third liner csn be found &t
the Proving Cr:und., It is orobable that this thivd liner was
tested in 1929, a3 no record con be found as to its origin.

Results of Test of Chrome Platnd Liners during 1922 Antinirereft
Exercises

The t+o liners which were tected were asserbled to 23 ALA.
gun M1, Seriul lios., 2 und ihc,e liners were designated as
Forgings Nos. 8201-1 &nd # 01 2 resocetively. The forglings
were yrocured and cold wnryvd at the Vetertown frscenal, They
wvere fintah rachined ot the Watcrvlint irsenul, Yhe chromium
platin; wos done ut the lrankiord Arscnal, es described in
Cection I.

3" Ak, Gun ML - No._2 (Liner Yorging No.8%01-1)

The record of firings insofaur us Proving Ground tests sre
concerned are contained in the iollowlng.

.



Rounda Yiring Fecord lo, Dates

l-11 3753 Aug. 20-22-192%
12 -139 27,2 Sent, h=1/-1928
140- 591 3776 fente 17-0ct, 15-1928
5§92 -839 3795 Oct. 16--31-192%
29-1073 Fired by 62nd C.A. April 1929
1074 - Moy £, 1629
1075 - 1933 4004, June 1-3-1929
1034 - 1630 Yired by 62nd C.A,
165l - 1649 L4438 April 24, 1330

The behavior during firlng wes no different then was ex-
gerlenced with & standuard liner,

The liner wvas starpganged periodlenlly and extracts from
these Proviag Ground records are s follows:

Storgeuge record after 1L Founds,

p

No changae W grooves or chamber dlemeter. Lands show
<0005 gnd ,0010% increase in dianmeter af 322.5 and 32,.232% fronm
the brecci end resovetively., o chinee in Lhe alating was
noted us to Lals tiune.

Sturpruce record siter 45746 rounds,
Inches frem Luands Grooves
Breech Chenge Chunge

L2 OOOO" -00’)3"
40 039 ~. 002
39 a(’Ol - 0002
33 «002 -.,002
37 .003 -, 001
36 006 090
35 0l 001
34 012 +003
33 017 094
3245 .02 012

Yo chonge vies noted n chanher Cimenstions. The chromiun
dlatling was no lonjger visible to the eve in the bore of the gun,
on lunds or in grooves., The non-forregs denostt of metel {ron
the rotating bunds obscurcd thne suriuvce sonernct and it vas inm-
possible to stotc whether or not the »lating hed {laked off,
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Aftor 289 pounds,

Inches from Lands Grooves
hreech Chenge Change -
L 000" -,003n
22 001 -.003
.0 .002 -.004
39 .005 -.,003
24 .008 -.002
2 ,010 .000
36 016 001
25 023 .003
34 .029 006
33 .035% 013
32.5 .039 .018

No evidence of wleting remzins visible in bore.

After 1649 rounds.

Inches fron Lends Groeves

wproech Change Chenge
6n - 001 -.003M
55 . .002 -,001
50 00/, .001
YA 006 003
L6 .010 .00/,
Le .01 .00L
L2 017 005
20 022 006
39 025 007
22 .031 .008
37 037 .009
36 JOL7 011
35 055 015
3L .065 .018
33 073 027
32.5 072 .030

Thigs concludes the stsrgeuge records on this liner at
the Proving Cround,



3n Ahe Gun, ML - No, 3 (Liner Yorging £301-2)

The record of firtngs insofur as the Proving Ground tasts
are concerned are contatned in the following:

Rounds Firing Ree »d lo, Pate
1 - 10 3754 hag,e 231920

11 - 183 3743 Eept, 65-1/-1928
184 - 741 311/, feot 17-Cet, 14-152¢
7,2 -1078% 3796 Oct., 16-%1-1928%
1079 <1090 299/ Mey 21=22-1929
1091 -1132 399¢ Moy 23-1929
1133 -11.2 1047 Jine 17<24-1929
1123 =115 4957 July 2, 1929
11,6 -1161 2122 g, 1-6-1929
1162 -1173 LLLG fuge 9=19229
117/,  -1190 LLLT lug. 15=16-1929
1191 -1202 LL5a Cept. 3-1929
1203 -1212 L159 fept. 31629

The line;: hos been in the 9oesesstion of the 62nd Coast
Artillery subseauent to thse reunds chorm ond ne record of
its condition is avelleble after these {iringse.

Prior to i'iring, inspection of the lincr bore indlceted
an asnarent absence of chrveonmiluwn oleting neer the dbreeen mia-
way of the borc, &nd &lsoe neur the nuzzle,

During tne first firing test, a nateh of chromiun »nlat-~
ing was removea {rom the bore by heuwad No, ©.

The liner wveas stargouged periodically with the following
results:
Eterpenpe Records

After 10 Pounds.

Ho change in bore or chamber excent .CO1" increfse in
land diometer 32.2" fram breech ¢nd. The chremium nlating
wes veeling of1 noticeably in soots throughout the bore.
Midway ~f the bore at 9 to 12 o'cJocl, it bhad pceled for &
distence of 14",

D
t
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Lfter 729 Rounds,

Distnnce from Land Crooves
~breceh Change Chunpe

40N -,003" -,003"
32 -,001 -,003
28 000 -,002
2 001 -,001
3() o()O!) 00'.):.,.
S0 010 .00/,
3/, 015 008
o .022 012
2.5 027 016

The ehreatun pleting wee no longer visidble in the bhore,
but, :ay hove bren obecured sorevaat by the non=ferrous metel
depoetit Srom the rotoling bunds,

hter 1077 Youds,

-vtme e Quaees o

Distunce {rom Lana Crooves
bresceh Luange Chinre

Ll -.001n -,003"
102 -001 "0003
A0 006 ~.002
39 Relely -.001
35 010 +000
k¥ 014 « 201
36 .019 002
35 «026 005
34 03/, 010
) 043 016
32'5 0052 0023

Tne vleting had upnerently disenocered,
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After 1322 Eounds.

(NOTE: This number of rounds furnished by 62nd C.4.C.)
Distance from Land Grooves
breech Chenge Chenge
60 L0000 -. 003"
55 000 -,002
50 .002 ~-,001
A ,003 .000
4/, 004 .003
L2 JOll <00%
L0 01/ 006
39 LOLH .007
3”‘ .07.’": Ov S
21 028 010
36 s 8 .012
35 « O3 015
3L «052 .018
22 L0601 026
325 075 Q31
The chremium plating wopeorred fﬁ be inteet throughout
the iast third of tie bore al Toe muzzle only.

2 (7201-1) und

" TV),“rw '3-!] $H

- . - & sl ‘...—.

Cenmparison of Trosion Buhrv!o* of

¥o, 3 {(#8201-2) w

Liners No.

Liner 1io.l Unnlited Liner No.2 Pleted Liner No.2 Plited
Rournd Yrosion Lxtent of rosion Txtent of lirozion lntent of
No. ut ¢rosion at ¢erosion &t erosion
orisin forvard origin forward origin forvward
of rif- of ori- of rifl- of ori- of rif- of ori-
ling. £in. ing. i;in. ling. gatt s
Inches  _Tnenes Incles Tnches Incheg Inches
9 «000 020
10 001 .000
11 023 + 3005 009
576 024 11 1/2n
526 020 6 1/2
729 027 L1/2
802 .035 13 1/2
!4 .029 9 /2
1072 062 9 1/2
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In eviluating these data it is noted that the chromium
plating on Liner No, 3 was not sutisfactory when recelved as
noted on the original stergauge record. The onlating had
raised, aveccvring llke snell rust epote throughout the bhore.

It aopecrs from thls comourison that chromium nlating
offered little adventige in deercasineg erosion at the oricin
of rifling, but 1t indicutes that the extent of the erosion
through the bore wes meterielly reduced vhen the liner was
chromiun »nluted.

Extroct from llenort of A.A. Fxercises st Aherdeen Proving

Groundg ond Tt, Humohries, Ve. = Sept. to llov. 1928

)
fo

ge 75 - Par, 1L6.

vox o % Pywo of the removable linerse were chroriuvm
plated on che interior of the bore and exterior sur-
face. It was found thet the chromium pluting in the
bore flikes off very rapidly snd alter severcl weel
of firingz had entirely disaopeered. ‘The chromium
plating fer the incside of the gun annérently hsas no
beneficial effect. Yhe chromiunm Dlitlng on the out-
side of the iined® gives t iner g swmeoth finish and
prevenls rusting. The other two liners not chromium
plated funetioned esuslly well and 1t 1e decubted
vhether the chromiua plaiving on the cutslde of the gun
is necessaryn.

Poge 139 - Pur, 2182,

"Chromiwa pluted liners: That further study be
instituted with o view to imoroving tho performance
of chreonium »nlating and that chromiun plated liners

be then rctested®,

'
Reswune

This renort was rendered cfter the 1928 tests ond was
orepared by oifficers who hud carefully observed the behavior
of the chremium nlated liners. TU is avnarent that the boord
did not concicer the noticeable inerecscd resistance to erosion
due to chronium plating shown by the sturgauge records in
draving up their conclu LOHS.

1929 :
In 0.C.M. Item Ho. 7510, knrch 14, 1929, the rmonufectur-
ing service, O0fiice, Chief oI Orducnce, reouested authority
to chromium plate one (1) 3" A.A. gun liner, K3, bore to a
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depth of .001", which wus approved by the Ordnunce Committece.

The Removable Liner, M3, No. 1 (Forging No. 12962-6-55)
was chromiunm sluted in zccordance with 0.C.it. Item 7510.
This liner was assembled to 3" i.A. Cun, M3 No. 1. It was
orocured and cold worked a«t the “iutertown Arsenal, tinish
machined at the VWatervliiet Arsenal and prebably chromium
plated at the Frankford fLrscnal.

This liner wes tested at thc Proving Ground during the
Antisircraft !»zercises, 1929.

The firing records of this liner are contained in Prov-
ing Ground reoorts as follows:

Rounds Firing Decord Ho. Dates
l - 9 L2170 fent. 9-11, 1929
10 - 556 Fired by 62nd C.A. Oct. 9-29, 1929

The firing records do not show any changes in the chromium
slating during these firings.

Stargaupe dcusureaciats werc mode at the Proving Crouné os
follows:

Stan Coren Bopands

L r— - -~

Lfter 6 Rounds,

No changes occurrcd in diemeters across lands, grooves
or in chomber. There was no evidence of the chromiua plating
having been afi'ected by these rouaus,

After 656 Rounds.,

Inches Lands Grooves
from diameter dlianeter
Brecech chenge chmege
L0 -. 002" -.002
38 -0001 "0002
277 -,0J1 -,001
36 -.001 -.001
35 -.001 -.001
3/, .003 .000
33 .02/, .003
32.5 .033 .008

There was no evidence of the chrome plating leaving the
bore.
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Comparitive Erngion Mensurenents hotweor Liner No, 1 (Plated)
and Linors 3 ana 2 waot Plated)

Liner No.4

Liner lio.3
(12268-6-5%)

Distance Liner lNe.l
(12#63-2-56)

from (12702-(~55)

Breech aCter 393 rds. after 305 rds., efter 2060 rds.
Inches Plated - Unniated -
50 -.002 -,002 -,002
LR -,00. -,001 -,001
L6 -,002 001 000
Ll -,003 002 .000
L2 =003 .003 .001
.0 -.002 .005 .001
3 =002 .008 .003
37 -, 002 <009 004
36 -, 001 o011 005
35 -. 001 012 006
32 +.001 o 007
33 016 L0LE .002
32.5 025 016 .009
Distance Liner No.l Lincr 7o.3 Liner Yo./
fron after 556 rds. after 775 rds. efter 771 rds.
Breech Pluted Unplated Unplated
Inches
50 -.002 -.002 -.003
Ls -0002 -.001 -0002
L6 "0002 0002 0000
LL = 0002 oOO-’o 0003
1'2 "'0002 .Ol() 0007
.0 -.002 .015 012
38 - 0001 0021 001.9
37 -.001 025 .C23
36 -.001 .022 027
35 "0001 003~£ 0030
34 .003 037 .032
33 02/, 039 .03/,
32.5 .033 .040 027

These compurative measurements show that chromiun pluating .
has not reduced the eroston &t the oripin of rifling, but hus
materlially increused the resistance of the bore of the liner
to spread of croston fervard of the origin, In the nlated
liner the erosion extends forward 1 1/2 inches, whereus in
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unplated Liners with less rounds, it has extended 13 1/2 end
9 l/° tnches respectively,

Lfter 656 rounds the extent of erosion in the pluted
liner 18 1 1/2 inches, whereas ofter 775 und 771 rounds in
unoliated Liners Lt is 13 1/2 and 11 1/2 tnches respectively.

The Kevort of the Anticirceraft Frerclses, 1929 - Aberdecn
Proving Ground reports o follows:

Page # - " ¢ - chrentun ploting -

Tha bore surfuce of one of the liners (No. 1)
hag been chromium plated. ® % % % & %

There was no evidence of the c¢hromium plating dis-
aypearing from the liner, as wss noted in the chiromlum
plated liner furnishoed for test lust vear. Ime to the
rapldity of firing and other causes, it was net pose-
sible to stargauge the liner as often as every 100
rounds., Continuing records were made &nd based on
&n equal nunber ol rowics from e¢nch liner, the follow-
ing facts vere disclogsed:

(1) Fer the first ineh from the origin of rifling
the erosion of the Lwo tyoes of liners is the szne.

(2) Yrom 1 to 1 1/2 inches from the oricin of
rifling the nlated liner shovws a gradunl decercase in
the amount of erosion, as compared to the un»loted
liner. Beyond 1 1/2 inches the olated liner shows
nracticully no erosion whatever, wheress the ercsion
of the vanluated lirners extends to froaa 12 to 16" fronm
the origin of rifling.

(3) There wns slightly less copner deposit on
the plated than on the umplated liners.®

Pepe 7). " 38-e¢ - chroviunm »nluted liners -

Thit the investigation of chromiwnm plated liners
be continued."

1930
The nunufucturlwb service in o nmenorandun contained in

0.C. M., Item £LOZ, chxutrv 20, 1930, recoumended thet 4
liners be chromiun plited Lor test during the Antiuireraflt
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Fxercises in 1930. The recommended thicknesses of pluting
vere:

1l liner L0015 thick

2 liners - L0020n n
1l liner - .No20" "

These recommendations viere approved.

The f{ollowing liners wvere chromnium plated by the VWorth-
ington Punm)y Comoony, Puffalo, NHew VYork, snd firing records
at the sfberdeen 2roving Ground for the some &are:

3 AL A. Gun, M2 - Ko, 7 with Pemovable Liner

Lincer chremium plated in bore .00L5" thick.

Rouncs Flring Record No, Dote
1 - 7 L614 Aug. 9, 1939
8 - 167 2652 hup. 19-26, 1930
168 - 908 T fug. 27 - Nov. 7, 1930

M3 = No, 8 with Penovable Liner

1)
———

3“ js . .,\1 . (“J)‘l ;)

Liner chromiuvm odlated in bore .0020" thick.

Rounds Yiring Record o, Date

l - 7 619 Aug. 9, 1330

g8 - 53 4653 hug. 9-76, 1930

5L, - 977 L795 Aug. 27 - Nov., 7, 1930

M n,pe Gun, M2 - Fo, 2 with Reroveable Liner

Liner chromium nl=ted in bore .0020" thick.

Rounds Firing Fecord No. Date
i = L61.5 Lug. 8, 1930

w98 =



3" ALA._Gun, M3 = o, 10 with Femovable Liney

Liner chromiua plated in bore .0030" thicik.

Roung llo, Firing Decord lo. Do to

l - 7 5,620 dug. 9, 1950
g8 =126 LO54 Age 19.26, 1930
127 =1032 417 Mg, 27-Nov, 5, 1930

Stergnuge records were teken periodically ond are ex-
tracted us follows:

3" Ak, Gun, 312 - Yo, 7 L015" thick oltating

Star Gnuie Pecords

s o srmms . m—.

P e

Lfiev Y nounds

¥o chenpe in dismeter in hove or chamber. No evidonce
of chromium olating Louving the bhore.

Aftep 179 roundg

:
o e -

Jo change in bore or chonber dlameters. 8light copper-
ing evident. No evidence of chromiva dlating lesving the
bore.

After LD9 rounds

Distance Lunds Grooves
from Change in Chznige in
Breech _ Dinreter Dinmeter

34 .000 000
i) .00/, .001
32.5 .01/ .006
No evidence of chromiuvm plating lecving the bore.

After 67, rounds

Distance Lande Grooves
from Change In Chunge in
Breech Dinnetor Diameter

37 .070 -.001
36 .005 -.001
35 .009 .000
34 .010 .00/
33 .019 . 008
32.5 .033 .011
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No evidence of the chronme nleting lewving the bore
excent neay the origin vnere the erosion hag removed it,

[dler 201 younds

Distunce Lunds Grooves
Iron Chunge in Chenge in

Breech Dicmoter Diometer
39n -.001 -,002
;;; QUL)U -.002
37 o()O?. "0002
36 .007 -,001
35 013 002
34, 018 .006
33 027 010
32.5 036 013

No furihicr evidence of rerovel of chroemiun pluting.

After 908 rounds

Distience Lends Grooves
Fyom Chunge in Cirnee in
breech apnete I Llincser
39n -.00% -.003
32 L0001 ~-,002
a7 + 005 -,001
36 009 000
35 OL5 002
BL ° 20 .006
33 031 011
32.5 +041 .01

Three lends on the right hend scide showed very slight
flaking of chroemiun »l:ting between 6 and 12 inches {rom
muzzle.

3" [‘-op.. (3\1!’!, .'\.13 = I"_po g 000:‘2“ thiCk

Storpsupre Nevonds

Alter 7 rounds

Mo change in bore or chumber diameters. No evidence
of nlating leaving the bore.
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ALter 169 rownds

PO ST I O

Distunce Lundas Grooves
froem Chonge in Chenge In
Breech Dhimeter Divneter

23 090 002
32.5 «00/ 000

The chromfun »lating begen to flike frea the oripin of
rifling for a distence of 5§ 1/2 tnchee, Omal) coots on Lo
of lunds betveen 0 ina 10 o'elock fronm nidviy ol bore to
vithin 12 iuchies of Lne nuszle {luked off,

AfLer 125 veunds

L

Pletunce Lend; GCrooves
from Change in Chinge in
Brecen Diimeter, Blenerern

380 L0006 -.002
37 QO‘)L “0002

35 008 <020
3] L0V L1100
33 L0215 W02
32,5 022 003

The chromium »loting flzlied off the lands midway of the
bore. Andarently the pleting is entirely reroved for a dis-
tence of 5 inches forveré from the origin of rifling.

Jfter 702 rounds

Distence Lands Grooves
{ron Chenge in Chanre in
Brecch Digmeter Dicmeter

L0 +000 -.002
39 002 -.002
28 00/ -,002
37 .00‘) "0002
36 012 -.0N2
35 0017 -0001
34, 022 .000
33 o027 .OO/,
32.5 .036 +008

The flzking of the chrombwa pliting extended to within
3" of the muzzle foce snd over nore thun half the lends.
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Therao vas no fleking in tue grooves., The flaking at the
origin extends forvard 14" completely around the bore.

Ater 977 rounis

Diastunce Landg Grooves
fron Cheape in Chunge in
dyouch Rigacker PRlumeter

,o/o = 0002 "'004
.2 »001. -.00/,
-’.') 00:‘6 "000/.
,?9 0010 "0003
28 013 ~.002
3" oO].q -.001
36 Q25 .000

35 030 002
34 o037 .00/,
23 042 .010
22.5 049 012

Ho incereacse in loiting of chrenium nlating since last star-
peuging.

2N A.he Ouny M3 - Mo, 9 200790 _thick

gtar Gauze Rocords

B e T T Y o

-t

!
’ "

Jler 1T vrovads

RIACH S AR W OR P H S

i |

o change In bore cor choanmber dluneters. The chromfunm
dlating shoved slipnt evidunee of leaving the bore annrox-
fmetely 4/ 1/2" frem the breeen fuce; alco aldway of the
bore at 5 otcloci.

After 171 rounds

No ehiunge in bore or chumber dicmeters. The evidence of
plating leaving the bove ot o position L4 Y/2v from the
brecch fuce dié¢ not develon further, The flaiing midvny of
the bore incereascd, affccting sceven loands at £ o'cloek, for
a distance of 2 inches.



After /202 younds

Distunce liends Groovee
from Churie in Change in
Breeeh Dirouter Rizseter

-, 001 -,001

0,)‘:)1 -.001

002 -.00L

003 090

007 LNOL

o 017 003

Lt LI LI 0 Lo
DN L o=\ O

The chremlun plating started fleking off the lands «t
ahout 35 {nches {rom breceh foce,

Aftey 618 vimamnd
Distunce Longs Grooves
frea Chinve in Change in
Hreech % tar Pianeter
37 = 400) -, 002
36 001, - 302
26 olsl - S

34 oL « 00K
33 017 s lel})
32.5 027 010

Chromium plating shoved fleking niduny of the bore snd
for a shace 6% {rom tie forcing conc.

After 73, rcunds

Distunce Loends Grooves
fron Chrnge in Chuiige in
Bruech Ditnmcter Disvmetor

38 OOOO "0003
37 003 =002,
36 .00/, -.003
35 006 -, 001
34 009 .001
33 021 .010
32.5 .032 012

3" A.A. _Lun, M3 - lio, 10 003" thick

Sturpeure Receords

After 7 rounds

Mo change In bore or chumber dirmeters. The chromium
nleting leosened un A3% {rom the breech fece. It wes preantect
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on the luands und extended arcund the bore. Photoprenh
AoV, 267590, shows un imoression of thie conditicn
end LU appcars thut the oluting vus not bonded to the
bise metul.

After 176 rovndsg

Digtonce Lindg Crooves
fron Chenge in Chunge in
preceh Diwneter Diaccter
55 0090 «000
50 001, «0J00
L85 W01 009
A 00L «030
L7.5 001 «000
.6 « D00 .000
Ll .000 000
L0 «001 <000
29 «001 000
a8 030 « 000
37 000 . 000
26 000 000
55 o Naltl)
34 000 .000

The fleking at ¢ »ozition 297 frenm the breech face
dié¢ not lnerecse. Floliing sturted st the muszle on lands
and pgrooves bLetween one wund 7 otelock, wind extended reur-

ward for cnc inch.

After /06 rounds

Distance Lends Grooves
fronm Chunge in Change in
Breeceh Dizveter Dismeter
55 .0090 .000
50 001 .000
L9.5 001 .000
A .00/, .000
LT7.5 .00]. .000
L6 .000 .000
L, «000 -.001
/2 .001 -.001
.0 .001 .000
39 001 .000
38 .0N0 .000
37 000 .000
36 .000 .000
25 .000 +000
34 .000 .000
3 3 . n':)p . 00 ,,
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The f1cliing of the chrom'tun Hlrting extended hoth around
tho bopre nnd reurvard rrom the muasile,

Miter 620 younds

Diastunce Landa Grooves
fron Change $n Crhense 4n
Breoeeh Diepeton Lleseter
55 0090 “00")1
50 .O')] -.0()]
FAY 00/ +O00
L6 009 « Q00
Ll 000 000

L2
.90

+00L
001

. 000
N0

39 001 000
33 009 000
37 Melsle) 000
26 00D 000
35 .00/, .CO0
3/ JOLA L002
33 023 017
32.5 «J32 0L

Yloking ¢t the

Distunce
{ron
breceh

mzzle inc

ALty

Lands
Chunge in

N . A oa
Dlemictoer
Lol

TR

TLS younds

e D @ > DO oo o A ®

sitgatly in depth,

Crooves
Change in
Diemetor

—— e oo -

55 -0003 0000
50 -, 002 000
L8 «00/, ~-,001

L6
LL
L2
.0
39
38
37
36
35
3.
33
32.5

Slight inere:

s8¢

002
-.001
000
00D
bl ) 001
) 002
'0002
-.001
.00%
022
033
0,2

-.001
“0001
-, 001
-0001
'0001
'0031
"'0001
.001
003
.00/,
011
01/

in flsiiing was noted,
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Dietonce
{rona

Breceh

55
er

5

.'

Jfter 922 pounds

Lunds

Chenge 1n
NDdpmeter

ey - v

hadi' 002
NS
004
090

-, 00)
o0
000
Rilsie]
000
00‘.)2
009
020
20131
042

.

o)

Grocves
Chonge in
Plometon

'0002
"0002
-9 002
"'0002
'0002
='e (J\)z
=.002
-.002
"0001
001
.00/,
.09()
.008
017
.019

No change in carcatum 2iting was noted.

Pistince Lands Lreoves
fron Chuvge In Chinge in
Breoch Riegezor Lluneter
55 -.001 -.001
50 . 001 o 0001
178 3 OO/f “ 001
106 .0')3 --0{)?
L/, .000 - 002
L2 JO21 -, 002
PA¢) 001 -. 001
39 000 -.001
3 -.001 -,001
37 002 001
36 010 00/,
35 022 007
32 033 029
33 QL5 01
32.5 NLYA 020

flo change noted in chromium plating.
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In cucn of these liners, floking of the chlomlum plat-
ing started eurly., This floking was not of the sune depree
in each, but thore s no neans of eveluating thl fallure,

Asasuning thet the liners were oquilly recistunt to eroe-
sion incolur aus chromiun ol""wg was concerned, an annlysis
of the comoarative duta shows

(a) Thut chromiua pliting tends to rcduce the
erosion ot the origin,

(b} Thut the erozion progresses fester and fear-
ther {n non-onlated linere,

(e) That the trend of erosion 18 to increase in
giaount and in aree n direct orosortlion to the thickness of
the ol‘te. Thet 1g, u thin sluting of chromiwa is better
then a heavier one.

Ixtract from Hevort of sntisircratt Pxercises 1930

. ees en O™ @ oy e oo ® . e

The resort of the intintrereft Fxercises held at the
Aberdeen Proving Ground duar 1232 comments as follows,
regarding the chromiuve plated liners:

Pepe 6 - M"2-d_- chromiug vlatin

COﬂ) risoen of the star ¢ reenrds of the gons used
during ths exerclses last vesr and this yeur tends to show
that tn~ chromium plating of this gun is practical &nd that
the chromium plated liner ls superlor to other Uyjes. From

xoerience in tne pagt two rs it apnears that nlating to
& thicikness from Q0L to 00157 1is the most satlsfactory
Thle op1ut~u, however, is bssed on exverience with onc L“
in cach case Further comperative test should bhe made with
two grouns ox three or more guns pdlated to & tiickv*es of
«O01Y gnd ,O0215" and sturgaug ings wade at regular iatervals
throughout the life of these guns,

-

One of the liners furnished thig ycar was chromium
plutecd on the exterior to a depth of .0005" while three
nthers were untrecied on the outside. Vhen thﬂ liners
were remcved ot the eone of the exercises all Yiner exteriors
end tube interiors were in excellent condition excent the
one which was chromniun slated on tune cxterlor.s This liner
had large bLurns ano scores near the forward shoulder, and
ancther barn and score on the uncerside nbout 2 feet frou
the mussle. Corresnronding scores were noted ir the tube.
It 1s cencluded thot chrontun oluting the exterior of the
liners is unnecessary and uwacesirable
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Peyo 6L - N/1-7,

That chrostun olatine be continued for these pgung and
thut further exoeriments be carrted out with J001v ond .00L60
plating.

A0 = 1955
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during tne porlod L)BJ 193

0.C.M., Itenr 12462, deted October 21, 1934, revieved the
previous expgericnce with carcmiun nlated liners, end corried
anproval to have one 3" A.A. linmer, M3, chromium plated at
thie Mgval Gun Factory, Waghington Nevy Yard, and then shivped
te the FProving Cround Jn test. Thia was uone and 3" 4.4,

Jun tiner, M3 - No. 138, wasg centrifuzally cast nd colc-
worxed 4t the Woatertom | rnal, Mualsh machined at the Water-
vllet Arsenal to standard dimensions, ezxcent for bo1o ond
muzzle end. Theje lettar dimensions were made a&s prascribed
by the ligvy Dapartmeat. TV javel cun factory chromiuvnm nlated
thie Liner in dccordance with their stondard plating nrocedure
to an approx:imate Lhick 3 o apEE

The liner woes received at the Proving Cround and tests
were started in December, 1935. The test of the liner was
made In conjuncticn with tae tesi of pressure gauges.

Inapection of the bore of the liner vrior to firing in-
Gleated that & coonper colored urc: snowaed througnh the chromiun
Tfrem 5 te 7 ctelock from the origin of rifling to & point
1.5%2 fcet from the muzzle. The descristion of the Naval Gun
Factory »srocess nakes ne mention of copper plating in con-
Juncetion with chrvomlum olating.

Sturgauge records were made at the conclusion of 7 rounds,
then after euch 4 rounds thercolfter mtil 57 rounds hod been
firad. There was no cnahge in bere or chamber dimensions, no
evidence of eroslon, ana oo evidencs of pecling ol the chromiun
plate.

(Sce Flrst Pertial Renort nn Test of 3" A.A. Cun Liner,
M3 - Ho. 138, Chrnnlum Plate, A.P.G., Yebruary 12, 1936),

The Geeond Partial Hesort on the above subject, dnted
st 27, 1936, conitalins complate data on the following:



After 112 rounds there was no evidence of erosion in
the bore, Coopering was present as vus to be expected.

After 122 rownds, no erosicn occurred, although copper-

lag 1increased.

After 2.7 rounds, erosicn of .0202" occurred on the
’
lands at thz origin of rifling and extended forward for .5

'

inch. The plating remained intuct and coppering deposit

Incrcecuased.

Lfter 332 reunds, the stargauge record shows:
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plating remdined 1lptact.

After L01 rounds -

Diztance
from
Breech

20

°h
2445

Land s
Chunge in

DA
Jzaain

LET

-.001
+ .01
Suer

Greooves
Change In
Dizneter

“0002

Grooves
Chznge in
Diﬂ:elgﬁm

"0001

001
002

Ho evidence of chremlun plating leaving the bore
that removed by erosion at origin.

Lfter 495 rounds -

Distance
Irom
Broceh

27
26
25

e

Lands
Chunge in

Diamnecter

-.001
006
.022
.032

Grooves
Chrnge in
Diayinter

~.002
.000
.00/
.007

except



After 6.0 rounds -

Distance Lands Grooves
frou Chunge in Change in
Breech Dismeter Disrctor

30 -,001 ~-.002
29 .OOl -.O()Q
28 006 -,002
27 012 -.70).
26 028 002
R2H UL «Ol/
2/,.05 00()0 .Ol()

The chromium »nlating is Intact execeot for that removed
by the erosion at the origin of riflling,

Comvaring the e¢rosion and cxtent oif erosion in linecr
138 with that observed in liners Hes, 1, 7, &, 9 and 10,

it was neted thet the erosion ls of greater magniiude in
liner 138, but of no greater cxtent in ureu.

In these tests on linar 132 vderiodic firings wi
standard rounds were nade in vhich velocitles und dress
were talken. The resclis wilh the 12.7 1b. projectile ere
extracted as lollows:

Round 'o. e V. Progsevre
136 2231, 221.00
1234, 282/, 34,200
29/, 2824 5200
642 R'751, 21400
662 27L7 31200
677 2743 31600

In view of the increased erosion noted on the ster-
gauge records and the loss in M.V, and pressure, it wos
decided th:zt the cost of clroxntum pleting liners was not
warranted inasmuch as increaced accuraucy life was not
obtained.

0.C.M. Ttem 12705, Merch 12, 1936, 2pnroved the
chromium plating of & additionzl liners for scrvice test.
In view of the results obtrined In testing liner No. 132,
this projecet was abendened by 0.C.HMe Itlem 12205, This
latter dircective states:
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M3-c_~ Reconmendations.,

Thut the develonment of chronmtiun »nloting technicue he
closely followed by the Ordnance Department, with o view to
1ts oogsible consléerction ffor gun bore treatment when the
orogress of the ort appears to werrent such eccnsideration.”

Chromiuwn ovlated liners 1, 7, &, 9 ¢nd 10 ere In the
hands of troons., Liner Ho. 129 13 at the Proving Ground
where 14 Le used as & oroof facility. It 1s being observed

and reports on its behavior will be made when necessery.

1 5
V - Remvrig ang Conelusions

a - Technigue of chrogium plating

-, ®
et ae e B o s e § o sy o - b Id

The Ordnance Desartment hes nol entered into an originel
field of devéleooment in its work with chromium olating., The
privete inaustiries have covered the field of development,
The Bureou of Stzndarde 5 investiptted these wetivities

andé rejdorted upon them. The licvy Department has epplied
the mrorage guronmefs Yty 4o o heprelia,

From the tests 1t is noliceable that thin layvers of
pronerly anplicd plating are suporlor to heavy or thick lay-
ers., The apolication of & thia luyer, such as 1s practiced
by the Wavel Gun ractory, msy cecount ror their success with
chrocivg ploting.

b - Aopllication to smell erms,

The results obtainced were soticfictory.

The eccst of plating is excecessive vhen ceomnercéd {o the

coet of replaccuent barrels enad the value of cdded 2ccurecy
life.

S

¢ - sonlicotlon teo 27 mm Gun Barrele.

The limited tests with this ealiber berrel are not con-
clusive,

It is probeble thut the apnlication of the improved
technligue to burrels of this caliber, would prove successiul,
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The deeclsion na to further investipation of plating
gun barrels of thle coliber deoende vpon costs of plating
and vulue returnea in scceurccy iife.

d - fupllestion o 3v Az, Gun Lincrs.
The carly tests were nede on liners oxperimentally
plated using foulty teclnlouc,

The suneriority of thin vloting over thlck nlating vwies
femongtretod In tho teate of soonle Jinors, one ey of
whicn wus plated witn variovs thlcinesses of plote,

The first tecst In whleh loss In‘muzsle veloclty wes
recorded cccurred In the tests on the liner ehromium
pleted at the Heval Gun fgetory. While the loss in miz-

gle veloclty is not gerious, this feet together with the
erosion of the bore indleates thet e Jdun olating 1s
not econonlenlly desirable for these puns.
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