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INTRODUCTION
‘e Authorjzation. The present continuance of the investi-ation of

5 :mf;uf'}_;age was authorized by Bureau of Construction and He air letter
S ZS9-/{RM} of 30 December 1927.
2 keferences. References pertinent to the present report are

a
wven below

(a) "Handbook on Ship Camouflage®™, Bureau of Construction
anc Kepair, February 1937, prepared by NEL.

() NEL Report No., H-1409, 15 November 1937, "lLow
Visibility Camouflage of Submarines, Tests at Sea
of June and July, 1937,

{c) BuC&R letter to Cincus, 30 December 1937, S10-7(iM),
“"Camouflage Painting of Surface Shipes."

{d) Com.Des.Squadron THREE letter to BuC&R, 20 September
1938, 519(0246), "Camouflage Painting of Surface
Ships", and endorsements thereto and enclosures
thereof.

() BuC&R letter to NRL, 16 December 1937, SS5/51G-7(RH!),
"Low Visibility Camouflage of Submarines."

{f) Com.Submarine Squadron EIX letter to CiR, 22
September 1938, FF4-7/519, Serial €363, "Spacial
Painting of Submarines."

= (g) Com.Cruiser Scofor letter, 3 February 1932,
S70(S-558-15), "Experiments with paint for
secret recognition system."

(h) NHL letter to C&R, 15 April 1936, C-519-7,
"Investigation of Ship Camoufiage."

(i) Com.Battleships, Batfor, letter of 1 July
1938, $19/528/(2533) "Special paint irsignia
on forward turrets of USS MARYLAND.®

1. litstorical. Recent investigation of various aspects of wnag
Cimouflage, initiated in 1935 by the Bureau of Construction and hepair and
ntirued since that time, led tc 8 number of conclusions summarized in
mforcncns (a) and (b). Very briefly the more important of the cor

My
(1) Horizontal gurfaces of all ships, wh«thor on .., ./
the surface or subwwrged, shoul: '« “latk o ;
wry dark gray, for (owest wio b QL Lo ey
an! nerial observers.




ABST

~ To substantiate and extend the results of camouflage experiments of
1435 to 1937 experiments were carried out in the San Liege arva iurirg Jay
d June, 1938. In each experiment the observations extended cwver orl- a
fow hours of & single day or night. The following cenclusions were reacned
W operating Fleet personnel:

1. Low visibility experiments with destroyers,
Division Five, showed that in the daytime in
sunny weather Ocean Gray was less wvisible than
present standard llavy Gray anc Craded Fainting,
the last two being about equal in visibility,
At night under searchlight illumination Ucear
Gray was less visible than standard Nawvy Gray.

2. Dazzle experiments with destroyers, Division
Five, showed that dazzle painting caused some
disturbance in course estimation and ccinc.aence
range finder observation, and had no effe-t on
stereoscopic range finder observatiomn.

-

3. All camouflage was ineffective when the ship
was viewed against the sun.

Note: The abowe conclusions refer only to painting «f vertical surfaces;
horizontal surfaces, which are of importance viewed from tho air,
should be very dark for low wvisibility.

4. Experiments with submerged submarines, Squadron
Six, showed that black was less visible than
dark blue, in conflict with the conclusion f{rom
the Pearl Harbor experiments that dark blue wa:
less visible than black. Whether the conflict
is of importance is not known.

5. Preliminary tests on USS MARYLAND indicated
some success in the use of concealed painted
insignia for daylight identification of surface
craft to aircraft.

Some further camouflage experiments are suggested with destrovers, sub-
Barines, and concealed insignia.
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lextical su rfar-z of surface ships {: went J‘
4

ottt ity in clear weather should be deranly
darker tian -_f:mdar_\fi Havy Gray, wd s (3 by

cran Uray or Gradeds ant G oo rmASi, Nacy an
Tuggy weather should be standard Navy Gray.

AT nlpght m‘:der natural 11lumination hore waz

1ie2le difference in the w:____h;{lif;_y of '_é‘ﬂ\'@f:; Sray,
wean Gray and UGrsded painting. At pignt uwnder
careqlight illuminstion the visibility increased
o tne order hlack, (cean Gray, Nawy Gray.
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m; c—mu,uﬂage Lt
terit in disturbing course J'
" aumaiin:‘ ami cumczﬁm ranau firder observa-
!iuza, &nd tshen enlyﬁxm the pointed ship was
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(4) ™at at night under searchlight illumination
Ocean Oray was less visible than Navy Gray.

example, at 5,000 yards the CASSIN, Navy Gray,
mtﬁomﬁiuutﬁnmmw.

was distinctly visible under the searchlight
but great difficulty was experienced in making
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32,
I

. Four dazzle camoufiage desi;ms to disturd course

Pitimation and range finder observation were ‘ested. Two of the designs were

yoid and Lx.trasting; they were painted on the startoard sides of the LOWNES
nd Rrh Two of the designs were of moderate beldness and contirast; they

e

on the pert sides of the UOWNES and REID. Photographs of the

_w—' are given in Plates 8 and 9, Three shades of gray were used, dark

ray (nearly

1'1.
GServers on
o2 the rep

black ), Ocean Gray and white, of respectiwve reflectivity about
percent.

Gbservations in the San Liego area were made during two days by
the CONYNGHAM, CASSIN and REIl', The following verbatim extracts
srts of the respective ships, veference (1), give the results.

LONYNGHAM  "This vessel took station at a distance of
about 9,000 yards from the wvessels under cbeervation
mnd di mcted their maneuver in tum movemenis in an
effort to determine the most effective design of the
four applied to the sides of the DOWNES and RELD."

"From the observations made at that time it is the

opinion of the Commanding Officer that the designs

painted on the starboard sides of both REIL and uUWNEX

were the most effective of the four under test in

conrealing the tum movements of these wessels. The

turm movements of the CASSIN which was painted a

rormal war color gray were almost immediately

d{scemable upon their inception whereas the move-

ments of the other two required a guite radical

tum before becoming evident in direction and "
anount." i

CASSIN "Commander Destroyer Livision Five was
rresent in the observing ship on one seccasion only,
namely, when the effect of the dazzle paint on

judping target angle as the ships made nlmlt.mem
tums was under test, He belioves that the effect
of the dazzle painting does contribute to the dif-
ficulty of judging target angle when the sun 1o
reflected from the camouflaged ships, i.e., *hen

the observer's eye ic betwsen the sun and the ships
obgerved," .|

CcIldISs 30

"The designs (of the KEID, Plate 9) were hign
effective in changing the apparent tu-g_ut-.
the ship. At any distarce mam- than 3,
it was difficult to m true
of the oh:lp - :
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apcimenty of 1G37. As depe rabed’ iy referen f‘*} Qﬂ& [v,},

BRRScoehs cNe Bust color for low vigihl ;: Agkirst air m;‘...-.. it was don-
J. 4 ShEY mry duzk Do £ rali r 1 uE Ty et o }'}1‘1\,1 b s the least
MIELEle oaloy for dhe beerped submirire. Seeting from rerevenng 08
1
fElue Ens proven alpiily aot s fatory In w11
subsaprgel Pierations and L8 cuserior go biack
i gperatiins In service.”
s : of 193 e pregert sxperimens, refosenbeCe)
M Lareed oRb & ’if ,* June and ;J-.s:_l-_-: LS Ly Submaring Squadiovs 51X N he
N e on aredy The oaperinenls wore for ihe purpose of testihg the isi-
Bty of oobmmzines padnied with variovs colors, when on She surfage and

LA from the surfree, and when submerged and viewsd frosm the slr,

5 Four sulnarings ware palnted as follows:
. PERCH Entire light sovenish pray (I8% refleciivity bk
FIRE Tntipe !-?'.-a:i-‘.o

""LJF_IC'Z-I:"E dail black; comning Cowar: 1'_1‘*&1-‘1 greenish gray
i, _ ( e flecrivity abont 1881
FERVIT | Entire Prarl hisrbor Dloe,
. “*-_ tlmlem getails of thih*teais svv lven T8 2w ference
*}‘1'?"-"11‘35 qustations give & glimpue of the data:

i i

ALl shiips harder te secs

r § s Not mich difforence batween ships
: # and PORFCIOE conning towers harger fo
b T8 _backe rousiad against clouds.
1 . = -

: J o s, hisTly conning tomes @nd X
|':I£:~L H . _ ' : w of Low menim in signty PEHOH A :\

1t oL to aee, PERCH slightly Tess visible
W IEE atout ﬂq..raliu vigihkes Visindlity

( gf a exeellent, alr clear, bright san, slips
- bagainst clewds. tHo pyeat difference

a ﬂiﬂ four sh -'f‘: EXCeq .1£;,§1_t, cot vopd

npt 54 ahami_y :

PRSFINTCS wars carvien Coan 1507 woth sulSeines in the Arl Haybetr dres



green (- £RCH).
(pmm

(4) Blaek (PIXi). Most difficult to spot.”
i

Two conclusions were drawn from tho teste

rerce beitwoon

it is sesn that
of 1937 are in
f»a;‘mt, hl&c& or dark blw
Pmarine than a 1ight colored s
howsver, in that the Pearl Marbor i

v ar than black, whereas the San Diega
t%-sr than dark blue. Assuming that the
| the two tosts wery the same, it is post

hur %0 t.hc di!‘femco in the nolor or ¢




240 Based ori the results of Chapters 2, 3 and ( the following sug-
#stions for further camouflage experimentation are assembled below. Furtrer
wﬁ‘@shms of experiments with the concealed painted insignia of Chapter t
are relegated to that chapter, for although concerned with paint they are in
@ totally «ifferent category from paint camouflage.

24 It can not be emlmsized too strongly that the experiments should
te carried out not for a few hours, but for mny days or weeks, and that the
dbserving ships make reports of their observations and conclusions,

25, Attention is invited to the recommendation in reference (d)
that a special commissioned officer, familiar with camouflage and the require~
mrte of the Bureau, be designated to act as liaison officer in coordinating
tests and keeping records.

26, er Camouflag nts, Regarding low visibility
aouflage of destroyers, thme intm--mlsted questions oceur:

(1) Is Ocean Gray the best compromice
color for low visibility in all circum-
stances of weather, illumination and
sea area?

(2) What is the comparative visibility of
Ocean Gray and Black at night under
searchlight illumination?

: (3) To what extent is the dark dazzle pattern
' of Plate 10 effective in disturbing
course estimation and coincident range-
finder observation; what is its visibility
compared with that of Ocean Gray?

<70 mcfcllm%erim:mmshddthﬁwvinof
lvading to the answers of the above guestions:

' : Paint the vertical surfaces of four
deat.myers as follows: one destroyer entire Standard
Navy Gray, one destroyer entire Ocean Cray, one
destroyer entire black, and one destroyer the dark
dazzle patiermn of Plate W- 'rhem er
together ard be

m
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28, Aptreduction, It is poesible to prepare two paints, spparently
alike in ceolor, which when viewed through a proper color filter do not sppesr
alike, one being light and the other dark. This is the basis of a2 methed
of secret identification insignia for use on surface vessels in daplight,
Experiments with the insignia in the form of circles snd crosses painted
on the sides of ships were carried out in 1933 by the Fleet, reference (g).
Special red filters were used. ‘nuimipuwnduw&:
moderate ranges, and this only when the side of the ship was im full sun-
shine; in shadow the range was only a few hundred yards. It was concluded
that the method was of no utility between surface craft because of its
lack of positiveness, and because better methods existed, but might be useful

for identifying surface craft to aircraft.

29. In Plate 11 are shomn photographs of insignis painted on the
side of a Navy Cray destroyer near the bow. The photographs were taken with
and without the special filter; with the filter the number 372 can be seen;
without the filter the number can not be seen. The filter was a deep red,
Wratten No. 70 of the Eastman Kodak Campany.

30. Bxperiments of June 1938. In June 1938 preliminary tests,
reference (i), were made to determine the effectiveness of the painted
insignia in identifying surface craft to aircraft. The tops of Turrets One
and Two of the USS MARYLAND were painted as follows:

Turret Ope was painted with apparently Navy Gray
color which to the naked eye appeared to be
the same color as the rest of the ship. When

’ viewed through a purple filter two red circles
about three feet in diameter appeared, one on
each side of the top of the turret, one & blue
background, When viewed through a red filter
these circles stood out very distinctly as white
on a dark gray background.

Turret Two was painted with an insignia which to

the naked eye appeared as a reddish purple circle
about eight feet in diameter with an inner, concentric,
circle about three feet in diameter of light green,
When viewed with the purple filter, a red cross
appeared, each stripe of which was thirty-two

inches wide and eight feet long. When viewed with

the red filter the cross appeared white on a dark

background.

When viewed from the air with the naked eye faint
traces of the concealed design could be seen up to
about 500 feet and became unnoticeable at greater
distances. With the filters the concealed markings
were spparent to about 5,000 feet; above this
altitude they became blurred. It was thought that

ECLASSIFIED o
0 ﬁrtluu' * , ‘%‘



l i h

~ Wie use af binc 2IRArs 'l‘tl'l" the filisrs would
probably extend e range. The i filter brought
out the insipnia aith somewhat more dist notness
\Ereater contrast) than oid the irple Filrer.
The red fd purple filters wem, r\rv'-f*""v--l,,
n?ra‘.tan Filters No. 70 and No. 5, &f the Eastnan i
Kodak “ompany.

——

Since the exreriment was of a prelimirary neture
ne further observat 10nS were -rn ta, ;rsl;. 1a of
2 larger size tran those used wou 1" have been
necessary 4o securs ETRateYT ringes.

PRS- - I i

b 131; b was r‘f"-drh‘*d e feare T ‘:}, koot s use Of ‘e ceapet

2inted in Sig""“}d for ldﬂrﬂ;fu‘“_ﬁr 3 8 surface rraft by aireraft =icht he

_.&ll able in war-time i€ the insigiza wmere sufficient iy Sonitive, 'I";’.--. e

. .5 *ion was made that the most definite coRbination of paint anh filter be

Fiod out and experiments performed te determine the useful rangses under
ous light condis*ions.

; I - ‘= . i - =
i o mperimental Toohnique. The paint for the special insignia
S Pixed from the ft“llnwlr! paletia,

Palette for Invisivle Upectral Uifference

* Palette, _ - bPalette,
bright through filter dark through filter

3 o [ fumt sienna
A" Cobalt blue 2~ /) Pmerald green
‘ Prussian blue

[ White, any kind “#Wnite, any kind 4
Alizarin crimson Alizarin crimson '
51 English vermillion B < English wvermillion
Chrome, 1ight ) \Chmme, 1ight
med i um medium
orange = orange

no black. + Talette is mixed from A* and ®; - Palette is mixed from

ard By The essential difference between + Palette and - Palette is that A*
B red and A has no red, the ingredients P being the same and merely added
9 five tge desired apparent color. The paints are mixed until by test

S the filter they give QQ desired effect.

433, This palette is s useful only with a red filter, such as Wratten
0; it is, f.iu pﬂitﬂ\ gsed in the USS MARYLIND insignia desoribed above.
e with the purple filter Wratten No. 35. This
_" ters No. 35 and No. 70 have similar trans-
mt.m to its red band, No, 35 filter has a
» it is a purple filter); but the blue band
e e 1. m,.rnam ‘!;ho abnit.y of




J

4 U
tilter, which has only a red band. Therefore one can see & general scene,
such as a ship at sea, better through No. 35 than through No. 70. And it
might happen that an observer conclude that No., 35 is better tham No. 70 on
that account, whereas it may really be worse than No. 70 in respect to its
rrime function which is to reveal the concealed insignia.

35. It may be pointed out that the concealed painted insignia posses:
‘tly moderate secrecy., If prepared for use with No, 70 red filter, the
irsignia can be ceen with almost any deep red filter, as for example the red
filters on some sextants. PFurther, it might be supposed that concealed
insignia might be painted based on some color other than red, such as yellow,
sresn, or blue, But not so, for due to the color curves of existing pigments
ard filters, it turne out that red is the only color which offers practical
“romise; for example, insignia based on concealed green and a green filter
Lave but slight contrast and hence a short range, likewise for ysliow and

o
vl

352 The Wratten filters of the Eastman Kodak Company are made of __
relatin colored with dye and mounted between two plates of glass with Canada
Halsam, Filters of this type may deteriorate and are troublesome to cut into
desired sizes. Colored glass is much more convenient than the Wratten filters
ad is more permanent. It happens that glass of the Coming Glass Company
called "Dark ked", No. 241 or 242, about 5 millimeters thick, is about the
same color as the No. 70 Wratten filter. This glass is satisfactory for use
with the concealed insignia.

3. To get the necessary best lighting the insignia must be painted
on some horizontal surface of the ship free from shadows of superstructure,

For identification of the ship to aircraft the insignia must be as large as

ressible, and hence as simple as possible, in order to secure a dacirable
range, The range probably depends more on the size of the insignia than on
any other factor. If a space 20 feet square is available the insignia may be
a solid eircular spot 10 feet in diameter, or a cross with amms 7 feet wide,
°r two stripes 7 feet wide separated by 6 feet. Such insignia may be visible
vith the filter and unaided eye at 2 miles if the lighting is good and the
range not too slant; with the filter and binoculars the range may be greator,

Yie The background or base color of the portions of the ship im-

‘mediately around the inzignia is important, If the base color is Fresent
tandard Nowvy Gray, it happens that the color seen through & red filter is of

Sitermediate brightness, being neither very bright nor very dark. To get the
¢ .ontrast in the concealed insignia it is necessary to prepare two

““irts each apparently Navy Gray, one of which, A, is fairly dark and the

other, B, fairly light when viewed through the red filter. The insipgnia

{5 then painted with B and the area surrounding it with A, If the basc color

is dark it probably appears dark through the red filter. In ihis case dark

is as 1ight as possible when viewed through the filter; this paint is

uged for the insignia.

38, Illustrations of ¢ ihsignia painted on a mder:‘tf gray
background and on a dark backg - -

spectively. In order to see the ot gL,
& ncar a window or better (-

¥

the red or purple mmﬂ

Fisie 130
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SEignia is the number 372 in Flate 13 there are stripes dcross he G
i the top of turrpet No. 2 is different from the surrounding tece, .o
e red filter of Plate 14 is not quite as good as the Wratten No, 70 ¢
ewever, it is provaided meryely for illustration and is sufficiently say

attory for what purpose,

39, Sugprasted ‘-:xpo:.-rir.'-.ﬂ-;"-.t.ﬂ Frocedure. The following vrocegurs

_—

Selegt a ship and &8 sultable Borizontal arva

& the snip Tree from shadows of superstructure
on which %o paint the concealed insignia, Deter—
mitnie the base color already on thie ares, or the
base enlor desired on the arva. Let the insagnia
saint be precared i cooperation with the Naval
Reseaur h Labaratory, or at the Naval Rescarch
Laboratory. Let the irsignia be painted on e
ares in cooperation with the Naval Research lat-
cratory, 4s ubder the direction of a repressnta-
tive from the Laboratorv.

Prepare suitable filters either in rubber eye
cups or in aviators' gogples. 1f desired equip

& pair of aviaters' btinoculars with the filters --
all this in cooperation with the Naval Research
Laboratery.

Carry out 2 program of test to detemmine the rangce
at which the insigria can be seen from the air
under various light conditions.
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oo CONYNGHAM . OCE AN GRAY

- - -

US.S DOWNES. GRADED PAINTING .
PLATE 6.
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(Le copv of this plntg is available.
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US S DOWNES. DAZZLE CAMOUFLAGE aom PATTERN

U.6.5. REID. DAZIZILE CAMOUF LAGE,BOLD PATTERN.

PLATE 8

CLASSIPAE

UN
PECLASSIFIED

a8 ?. I



USS DOWNES. DAZZLE CAMOUFLAGE , PATTERN OF
MUODERATE BOLDNESS.

LSS REID. DAZZLE CAMOUFLAGE, PATTERN OF
MODERATE BOLDNESS.

PLATE 9
DECLASSW"%Q
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WITHOUT
FILTER

WITHOUT
FILTER

WITH
FILTER

U.5.5. CASSIN. CONCEALED INSIGNIA PAINTED ON
BOW, PHOTOGRAPHED WITH AND WITHOUT RED FILTER.

PLATE 11.

mnssﬁ”sa INGUAssiFgp



(No copy of this plate is available.

unly one copy was wade and it was

seut along with original revort to
) Bu ;“é ..-.H‘I‘.. o







(e copy of this plate is aveilabie,

wnl; one copy was mace ahd it was

sent slons with original report to
Bu C&R) .




