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From: Director, Naval Air Experimental Station
To: ;biet, &:reau of Aercnautics 25 APR 1950

Subj: Kepnrt Ro. AML NAM ~E 540001; Operation CROSSROADS;
Target Alcplane, TEM-3E Serial No, 69169; test of

Encl: (1) 'I\-enty-;-three copies of subject report

1. Eaclosure (1) is submitted as the final report of tests conducted
on the subject airplane.

2. This rerort indicates that results of tests of the target airplane

fell roughly into four cutegories: (1) Materiuls, equipment and structures
that showed no change and met specification requirements; (2) components
that could not be accurately evalusted due to results of severe and un- v
controlled tropical weather exposure; (3} compoaepts thut could not de
accurately evelusted due to damage by blast; and (4) components that could
not be tested in any manner dus t0 excessive damage by blast,

3, Section A of the report is a final historical summary by the Naval Alr
kxperimental Health Physics Detail, composed of the hadiolozical Health
Officer, Aeronsuticsl Medical Squipment laboratory, and the Radiological
Safety kngineer, Aeronmutical Materials laboratory, of arrangements made ;
to house the test aircraft and conduct work safely. It contains a pictorial !
survey of the laboratory and hhmry of the teat urphm at the Naval Aflr i
Experimental 3tation. o

Ly Sectiom B, final report by tha Asropsutical Engine IAbouwry on the
engine apd engine sccessories, indicates that the fem Jefects noted during
inapection and test were defiiitely ettributable to other than .radiation
effects.

9« Section C oontasirs the roport by the Aeronautical Inatrument laboratory.
Sixt.em instruments were inspected and tested againat specifications.
AltLough a nuaber failed in one or more respeots to meet optimum oreruting
requirsments, the disgcrepancies noud xere in no wey attributadle to
eftects of stomio readiation. . 0 7

S SR

4, Beetion D is the report by the Aeromutical Materials uboutory of testa

~eonducted on thé materials contuined in the eiroraft,

(a) The Bigh Polymer Division of the Asronsutical Materials Ladborstory
repc=ted: Textiles too badly weuthered to test; rubder « no excessive
danege ani that present attributable to weathering; plustics - cranges

] Fakds SR VI .
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normal for time of exposure to weather,
{b} The Metallurgicel Division of the Aeronautical Materisls
Iaboratory reported: All metal specimens met specifications.

{é} The ¥ochanical Equipment Division reported: Many equipments
amsged by blast and weathering that operstion wes impossible; those

' operehle functioned normally.

{d} The Chemicsl kngineering Division reported: No change in paint
groperties other than that expected by excessive weathering; hydrsulic
fluid met specifications, engine lubrication oil met specifications.

7. Section E is the report by the Asronsutical Structures Iaboratory
of tests conducted on the engine mount, tail section and one wing pmnel
of the gircraft, Thege tests were,!in the main, inconclusive. The

" engine mount feilure was a3 predicted from studies of the contractor's

stress analyses {no comperable test dets available}; the rudder, after
repair, failed nomelly; the tail ssction guve indicstion of normal

failure; the wing, after extensive re;eir, faiisd a2t the repeir, making
the test inconclusive. :

g. {e) The TR~3E sirplane tested i*.aé suffered some damage by blast,
conalderable damage by weather,and &ls0 some distinct damage by unknown
msang while unguarded snd exposed to extreme tropical weatber for about
one year at Xwajalein. During this time the sirplane remsined uotally
uvnpreserved,and the non-blast darage 0 all components has been attridbuted
neinly to this weather exposure, No airplene similar in all respects
excapt exposure to atomic radiation was aveilsble for comparative test
rurposes, meking any detemmination of cause of damage addedly difficult.

{b} It is, therefors, concluded that although damage due to exposurse
to stomic radistion micht possibly bave been present, no positive

svidence of any materials belng substantially altered in either a positive
or negative fashion was found.,

- 8. Authorized work on the subject project is complete. The pioject is
ceengidered closed and will be drcppgd from future progress report listinps,

5 Otas St .
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‘ REFCRT NO. AML NAM AE 540001
SECTION A

REFELERCES

{a) BuAer Confidential ltr hAer-AE-45 CO8267 of 29 Nov 46.
(b) BuAer Confidential 1tr Aer-Ak-54 011203 of 1, Dec /8.
(e} NAES ltr XG-3 HvR:rrt F,i1-6 Serial 292.
(d) BuMed Circular ltr 48«10 of 23 Jan .8.
(e) Buaer Confidential ltr Aer-AE-54 04233 of 9 May 49.

() NAES confidentisl ltr XM-,5-FWH:rmcg (574C) of 1 aug 49.

PLATES
NOVBER
NAES Photo. No, 262385 - Crate Containing Test Airaraft, Tm-3E
BUNO_ 69169, Arriving at NAMC. 1
NAES Phote, Na. 262386 - Crate Containing Test Aircraft, TBU-3E '
BUNO 69169, Beiug Moved into Radiological laboratory, B].d,g. 518. 2
NAES Photo. No, 252443 - View of Docontamimtion Station and
Office Spaces Seen from Main Hangar Aren, Bldg. 518, Prior to
Arrival of Test Airplene. 3
RAXS Photo, No, 252445 « View of Laundry 3nd Tool Crib Seen tron
Main Hungar Area, Bldg. 518, Prior to Arrival of Test Airplane. 4
NAZS Photo. No, 262388 - View of Office of Health and Sefety
- Details on Second~Deck lavel Showing Windowed ¥Wall Overlooking
Main Henger Area. 5
NAXS Photo, No., 260346 - Clean Dregssing Room Showing Entrance to
. Contaminated Dressing Room @nd Passagaway from Shower Room, 6
‘o NAES Photo, No. 260344 - Clean Laundry Storage Room Showing -
i Stooks of Clothing Arranged by Sizes to Outtit. ¥orkers "From
the Skin Out®. 7
NAES Photo, Mo, 262388 - Contemimted Dreuing Room Showing
Conteminated Entrange to Shower foom emd Portion of Stoeks af
Individual Shoes, Reepirstors and Film Badges. -
NAE3 Photo, Mo, 260345 - Shower Room Showing Stall &mars and _
Clean Exit from Showsr Room to Clean Dressing Room. 9
NAES Photo. No., 262396 - Shower Room Showing Basins Used for
Hand and Face Washing Before Showering. .10
NAKS Photo, No. 260347 - laundry Room Showing Two Automatic
laundries and Dryer - ghows Barrels of Soup and Carboys of
 Disinfectant Uesed in Lamundry. 11
* NAES Photo. No, 262389 - Initial Phase of Unctaung of Test
Airplane, TBE-3E BUNO 69169, Showing Workmen Wearing :
. . . Protestive Clothing and Equipment. ' 12
- NAES Photo. No, 262390 - THM-3E BUNO 69169 Uncrated and in :

( " FPosition for Examimation, 13
NAES Photo, No. 262391 - Radiological Snf.cty !n.ginoer Conducting -
 Radiologioal Survey of Airplanc - Shows Gmplntc Protective

14

Clothing Outfit,
| P 1711
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SEGTION A ‘

PLATES (CONTINUED)

NUMBER

NAES Footo. No, 262392 - View of THM-3E BUNO 69169 - Shows

Fort Viug Being Opened by Vorkmen in Completec Protective

Clothing Outfit, 15
NAES Photo, No, 262393 - View of TMB-3E BUNO 69169 - Shows

Remaval of Starboard Wize Panel by Workers iu Complete :
Protective Clothing Outfit. .16
NAES Photo. No, 26239, - View of Tail Section of TBM-3E

BUNO 69169 - Shows Protectively Clothed enzineer Conducting
Inspection of Rudder. 17
NAES rhoto., No. 262395 - View of Cockpit of TBM-3E BUNC 69169 -

Shows Frotectively Clothed Mechanic Removing Instruments from - .
Penel, ' v 18
NALS Photo, No, 262415 - Enlargement of Frame from 16 mm

Motion Picture Showing Airplane as it was Prepared for .

Transport to Sea for Burial. 19
NAES Pheoto. No, 262416 - Enlargement of Frame from 16 mm
Yotion Picture Showing TBM-3E BUNO 69169 Being Sunk at Sea, 20
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ok REPOKT MO, AML HAM AE 540001
SECTION A

ABSTRACT

(2) A general history of the test airplame is outlined from the
time of ite inclusion as a target article at Operation CROSSRCADS to
its eventual nrial at sea after test at the Naval Air prerimental
Station.

(b) The Radiological Health-Fhysics Detail, Naval Air Experimental .
Station, rerorts on the arrangements made to house the airplane, conduct
tests, meintain radiological safety and conduct physiecal examinations.

It reports that no injury to personnel was sustained that could be
attributed to exposure to radicactivity and that as a result ef the
strict suvervision of mechanicel and engimnsering rersonnel by the safety
group during work om and near the airplane and associated jig work and

carrolding there was po lost-time injury to personuel during more than
a year's time.

{c) Photographs of the laboratory and decontaminastion center are
shown,along with views of vurious workmen and enginsers wearing protective
clothing and equipment. Photographs of the test sirplane chronieling its
history at the Naval Air Experimental Station from arrival to burial at
sea are also included,
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L/ S ‘ REFORT NO. AML NAX AE 540001

SECTION A

REPORT
. i
I. 1 JULY 1946 0 29 NOV 1946

{a} Test Able of Operation CROSSROADS oceurred on 1 July 1946,
During this test, on the hengar deck of the U,.S.S. Saratogs, TEM-3E
BuNo 69169 was loeated. At the completion of Able this sirplane was
relocated $o the flight deck of the U.S,5. Independence, Test Baker
occurred on 25 July 1946. The airplane srd ship were both dameged
considerably by the accompanying bdblast, in addition to being made
dangerously radiosctive dus to both induced radiocactivity and
contenination by ficsion products and fissionable meterial, An
attempt wes mads by Joint Tesk Force One to decontaminete the
Independence and, in sc doing, the alirplane was sprayed with various
materizls end solutioms including rediocsctiive gea water and foamite.

{b} Upon completion of inspection and redicective survey by ths
Ships Survey Group &t Bikini, the target fleet including the
Independence was Lowed to Kwajslein and anchored in the lagoon. There
the shir and airplens were ponitorsed and studied by Army and Navy

Rediolopgical Safaty personnel, and &lso wers <inspected and ﬁsited by
Ships Seeurity Dsteil personnel.

II. 29 NOV 1946 T0 24 OCT 1947

{a} Ref {a) assigned the test of TR¥-3E BulNo 69149 to NAES under
Project TED NAM AR 450001 {changed to 540001 by ref {b}}. Iiaison with
BuMed personnel at this time revesled that rather unique facilities
would be necessary to accomrplish such & profect with minimum hazard to
peraonnel involved, Assignment of the project to NAES was also meant
to provide a basis for & training progrem for NAES personnel in the
techniqus of bandling and working with radiocactive materisis.,

{b)} The area assigned NAES in which %o conduct this project was
Bldg. 518, NAMC, e building that could be made sscure snd which ws,
reletive to other pogsibly avallable areas, remnved f1om main traffie
and sctivities. Bidg. 518 was then beingz used 25 s paint-spraying
area and hed only rudimentary toilet and office facilities, The
building was modified by building wooden structurses scross tha twoe
closed sides of the hengsr., One structure houssd the laundry and tool
erid. The other housed, on the first deck, & tiled shower, wesh-up znd
toilet room, & contaminated dressing room, 2 clean dressing room, and .
& clean lsundry storsge room. The sgecond deck, with ventilation from
clean sutside sir, housed the zlass-walled office of the radiclosicsl
detail, This office wBs in constant communication, eithsr visual or
voice, with &1l areas of the building. The remeinder of the zecond
deck space w»as used &s & remi-clemn storage area for construction and
test materisl snd equipment,

: G 1711
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R REPOKT NO. AML NA AE 5400C1
SECTION A

{c) Marine green clothing, nuvy underwear, navy rield shces, socks
and bagseball-type caps were procured in a wide range of sizes salong with
chirpers' eye-cup cogzles, approved respiretors and other gear guch &s
Zloves, soap, towels, ete, Ligns were hung in prominent locutions
ziving warning of the luzards involved and directing the workers in
soon-memorized procedures.

| (d) Thus the deccntamination center was furnished to hundle the
personnel expected to work on the airplene. (See Plates 2 to 11,
; inclusive.) :

! {e) The Independence, during thias time, had been towed from
‘ Kwa jalein to San Francisco and was barthed at the San Francisco Naval

‘ Shipyard. The airplune was remuved, packed in & crats and placed abnard

. the Bawailan-Anerican Lines' S,S. Vietory foir tramnsportation throupgh
the ranama Canal to khiladelphia. Skip anrd plane arrived in FPhiladelphiu
on 29 sug 1947. The crete housing the airplsne w»as moved by barge to
NAMC where it was placed in Blig. 518. Film bedges placed on the box
by NRDL ware removed and returned to NRDL for vrocessing. A su. "equent
repect from NRDL revealed that much less than a tolerable dose was
roceived ot the outside surface of the box during trarsit., After
carboxide fumigation of tiue box on 16 Oet 1947, diseasembly started on
18 Oct 1647, at which time the decontaninatlou center was placed in
operation,

() As each section of the crate was removed, it was monitored,
washed of f with water from a high pressure fire hose and monitored ugain,
On 24 Ost 1947, the box was considered uncontaminated, completely removed
from the hangar, and inspection of the airplane could commence, (See :
Plates 1, 2, 12 and 13.)

III. 25 OCT 1947 10 31 KAY 1949

(a) During this time the wirious laboratories of NAES were conducting
tests on the nirplane. These tests are desoribed in Seetions B, C, D and
E of the report of which this rortion is Section A. :

4
(b) As stated in ref (e), the radiologica]. health and aarer de.(e;‘-ii
during this time maintained safe end healthful working conditions in
Bldg. 518, and also checked the health of the workers &nd othear exposed
personnel regularly. 1In thie period, 485 physical examinations, 596
complete blood counts, 595 blood sedimentation ratea, and 642 urinalyses
were conducted on a total of 172 men associated with the project and
-~ exposed to radiation from the airplans., Cuges revealing & alsqualifying
{ factor as defined in ref (d) were referred to the Dispensary for treatment
‘ or to the U, S, Naval Hospital for consultation and study. Investigation.
of all questicnable cases revealed that ne physically disqualifying ‘
effects were found that were a result of exrosure to atomic rediation.

A e yag
" | - 6-
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.{e)} It is felt that the fine industrial safety record of this ,
rest is lurgely due to the close supervision end attention to détail by
 th~ nessuhe-safety personnel simed at the decrease of primarily
~ resdiological hazards. There was not one instance of a lost-iime
. aceident in the prosecution of the various tests in Bldg. 518 during
" this or any other period of the tsst of the airplune, (See Plates o
h@ to 18, inclusive. } , , . , , : .

:?.' 1 JINE 1549 1O 31 JAN 1950

{a} Ref {®) instructed NAES to disposs of ‘the test airplane . and sll
contaminated materisl associasted therewith at ses, The airplane was

{k, nlaced on skids and then moved from Bldg. 518 to a barge for towing
to ssa. Ref {1} reported the sisking of the airpiar;e. {See Plates
19 and 20.)

{v) The decontaminztion center and hangsr ares were su’bsequent‘ly

"monitored, washed down snd re-monitored, No radioclogical esntaainatian
above normal beckground wes found upon re-menitsri:g and the bullding
was returned to NAMC aqe;

;-

"
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NP(3)-262382£

SECTION A

N 711
L)-9-47
ATE CONTAINING TEST AIRCRAFT, TBM-3E BUNO 69169
| ARRIVING AT NAMC PLATE |
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386(L)-9-47
CRATE CONTAINING TEST Al
BE ING MOVED INTO RADI0LOG

REPORT NO. AML NAM AZ 540001
SECTION A

[
| 3 VAN

0 71

RCRAFT, TBM-3E BUNO 69169
518 PLATE

ICAL LABORATORY, BLDG.




LT A B RIS ) ot A e

REPORT NO. AML NAM AE 354000
SECTION A ‘

g o

0711

9-4

&CWTAMINATIQ«I STATION AND OFF ICE SPACES
SEEN FROM MAIN HANGAR AREA, BLDG. “?l

PRIOR TO ARRIVAL OF TEST AIRPIA
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PLATE 3
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C NP(?)-Z'&?MM(L)- -47
VIEW OF LAUNDRY AND TOOL CRIB SEEN FROM MAIN HANGAR AREA, BLDG. 5
PRIOR TO ARRIVAL OF TEST AIRPLANE oLATE
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SECTION A
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( NP(3)-26€?8&(_L)-2-’48 U7t
VIEW FICE OF HEALTH AND SAFETY DETAILS ON SECOND-DECK LEVEL
SHOWING WINDOWED WALL OVERLOOKING MAIN HANGAR AREA T
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REPORT NO. AML NAM AE 5400¢
SECTION A

0711

3)-

((Z EAN DRESSING ROW SHOWING ENTRANCE TO CONTAMINATED DRESSING ROOM
AND PASSAGEWAY FROM SHOWER ROUM PLATE

: L

( NP

260346(L)-7-49
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NP(3)-260344(L)-T7-4
E PP (P

BY SIZES TO OUTFIT WORKERS "FROM THE SKIN OUT™

SECTION A

NO. AML NAM AE 54000

ZTORAGE ROOM SHOWING STOCKS

G 1717
OF CLOTHING ARRANGED

PLATE
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O T CONTAMINATED DRESSING ROOM SHOWING CONTAMINATED ENTRANCE To SHOWER F
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SECTION A
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(  ne( g)-2603h3&)-7-’+9 |
HOWER R SHOWING STALL SHOWERS AND CLEAN EXIT FROM SHOWER ROOM

TO ‘CLEAN DRESSING ROOM() : 711
- PLATE
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. 3 . 1 1
U we(3)-262396(1)-1-48 01711
SHOWER ROOM SHOWING BASINS USED FOR HAND AND FACE
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REPORT NO. AML NAM AE 540(
SECTION A

| NR(3)-260347(L) 749 |
LAUNDRY ROOM SHOWING TWO AUTOMATIC LAUNDRIES AND DRYER
SHOWS BARRELS OF SOAP AND CARBOYS OF DISINFECTANT USED IN LAUNDRY
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¢ NP(=)-262389(L)-9-47

: INIT?AL PHASE or UNCRATING OF TEST AIRPLANE, TBM-3E BUNO 69169
SHOWING WORKMEN WEARING PROTECTIVE CLOTHING AND EQL’IPMENT

Q0 171 PLATE
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() TBM§%E(80NO 69
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69 UNCRATED AND IN POSITION FOR EXAMINATION
. PLAT
W17

s



NP(3)-262391
RADIOL
OF

REPORT NO. AML NAM AE 540001
SECTION A

(L)-11-47
OG ICAL SAFETY ENGINEER CONDUCTING RADIOLOGICAL SURVEY
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ABSTRACT

{a) Tuis is a rerort of investications ani tests conducted on thre
enzine, and engine accessories and components (hereafter called the
power plant]} of an Uperation CROSSRCADS tarzet airplans. ‘The power
rlent was originally designed to withstand normal service usage,
assuring periodiec sdjustments, cleuninys and overhauls, This usage
does not include either exposure to extreme blust damage, wealhering
or atomic radistion, The rower plant was exzosed %o all three of
thesa phenocmena iz aidition to previous service usage.

{b} Tectinz of the power rlant wes mods 4ifficult dus to the
decision of the radiclogzical safety group that sctual operstion of the
enzine would constitute a serious heslth hszsri., The rower plant s,
therefore, stripped down, 8ll parts inspected and only those perts
actually cpercted that met tac coniiticns: {1) Decontaminztion was
possible and could not ccnceivably slter the operating condition as
found upon arrival; {2} Insreection and, for instance, hand turning,
would not suffice to evalunte the operability of a given component.

{c) The rerort describes the various inspections conducted. the
actuel tests checked against normsl operation, and discloses thet 11
diserepancies and ervcessively corroded or otherwise damuged parts are
attributable to effects of thenomens other than atomic radistion.

{d} This rerort combines the findinzs reported in refs {4} =nd {e}.

Q 1711
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1. | AUTHORIZATICN

The subject investigation was authorized by ref ().

2. JBJECT

Theee tests were conducted to determine the effects, if any, of
atomic radiation on the power rlaat of an airereft which haed been
exposed to atomic rediation. )

3 DESCRIFTION

An inspection was rade of the engine, enzire comronents &nd
accessories of a Model TBM-3E uirplane, BuNo 6916G. T.e enzine wus a
Wriesht iseronsutical Corperation (“AC) R-2600-20 engine, BuNec 122086,
Conponants inspected or tested were: Hemiltor Standnrd, three tlade,
Model 23k50-489 propeller; ¥oodward Geverror, kodel 4G10-G 32 Di;

Tyre JH4LIR Cer. No. N=-5035, Motor Ser. No. 736RC, Jack ani Eeintz, Inc.,
combinetion inertia-direct ersrking electric starter; svark plugs

" aero LSLAD; FHL®A2 carburetor Ser. No, 702558, Parts List No. 3G5600:2;

kangine Driven kue) rump, Thompson kroiucts, Inz., E/N TFD 100 Tvre AN
41013 iuel Streiner, Aero Supply Kfg. Co. assembly No. 13960-4; Fuel
Selector Valve, Aero Surply kfy. Co. Assembly No. 143C0; Fuel Trunsfer
pump, resCO Froducts Co., consisting of Iype .NL101 1125C0 fuel pump and
Py Tyre 5421B electric motcr.

be , METIOD AND RESULTS

(a) As stated in pare 3 of ref (d), it was considered inadvisable to
operate the enzine, &s suzgestel in refs (u) and (b}, either in the air-
plene or in a test cell, since it wull ereate a safety hazard by
scattering radiolocicalliy-cont=mireted particles throuzhout the test area.
The engline was carefully inspectei for rossible damare due to radioectivity
before disusserbly, & summery of the.genersl conlition (see also Flates
1 to 12, inclusive) based on this inspection follcus:

(1) All ezposed metal parts (particularly forward of the fire
wall) were heuvily corroded ani rusted; Aluminum parts were ccated with
a thick layer of yray dust, prrobablr aluminum oxides formed duricg
exposure to the wezther und salt atmosrhere. 0 1 7:11

(2) £xposed rubber purts (forsard of the fire -all) such as push

, rod heusin.: and intuke manifold hsres were badly detariornted.

- -4~
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{3} The engine rotated frecly whem pulled through with the
propelier. ’

{b) As stated in pure 4 of ref {4}, information of interest
noted during end after complete disaggemdly of the engine, is as follows:

-~ {1) All intske pipe hose clamps were less than hand-tight.
{2} The rubber hoses on the push rod housings wers rotted
baily. 3ome of the rubber crumbled and the ¢orded fabrie rirped during
rermoval of the hoses from the housings,

{3) ¢nly 14 of the 2B sperk plugs {(Aero LSLAD) could be removed

~ with less than 650 in. 1lbs, torque.

{4) A moderate amount of rust was also noted on many of the
internal engine parts. Thisg is sttributed to the lensth of time the encine
was stored without preservstion or rrotection of anv kind.

{5} The piston rinzs, pistons, ¢ylinders, valves, besrings, ete.
showed no sviience of damaze or ercosion other than that which would be
caused by normal wear enl long time unrrotected storage. '

- {6} 1he engine impeller was cor'ted w.ith white flaky perticles
{see Plate 10} which were probably csused by the entrance of salt water
into the engine induction s=ystem.

{c) Ref (&), rera b, repcrted that the hamilten Standard, three-
blade, Vodel 23250-489, rropeller was in a generally satisfactory
sndition except for the corrcsion similuarly ncted on 211 other expnsed
metal parts of the airrlune snd engine. Althoush ecnsidersble difficulty
was encountered remcving tihe propeller-dcme reteininz nut, the blzdes

_were manually orerated without difficulty. Tie propeller und ¥oodward

Governor, Meodel 4310-G32D1, were completely disassembied for iamspection
and found to be in satisfactory condition.

{d) kef (4}, para 7, reported that the engine was eguipped witk a
corbination inertisv-direct crankins electric starter, Type JEAFR,
{3er. No, R-5035, Motur Ser. No. 73692} menufactured by Jack =nd netn

tz,
Inc., Clevelend, Chio. Insrectisn of the sterter revealed thst, = heéézljf ‘

covered with & filrm of enzine oil, thre nounting Tlance was slizhtly
corroded. The starter jaw could not be engaged by meanz of the monuelly
opereted engagzine lcver but wes eunily pried free w=ith & screwiriver,
Subsequent inzpection of the splines of the jrw &nd carrvinz arr asecombly
revealed these paris to be oil cozted. The clectrie anlencid, which is
slsn used for enpgagement, wmms ckecked inderendent of tie remainder of the
Jaw enguging systen and found to function sutisfuctorily. Except for the
recr errature bearing whick wes very rouzh, all betrinzs were in aond

condition. DBoth gets of brushes were n-ted Lo be in reverscd rositions,

e e e
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the positive'in the negctive brusk guides end vice versz; however, all
brustes had formed good seats, knsine cil Lad penetrzated into the
reduction genring; however, no evidence of excezsive wesr was noted,

{e) A3 rerorted in rara 5, ref (e), the ovaerall externel arrearence
of tke [d4BA2 carburetor, der. Mo, 702542, Furts List No. 3656CC-2 from
the subject airrlicre was satisfustnry with the exceptinn of thke corrcsive
action {2rpeared to be salt water eorrosi-n) which ted tuken pluce §n the
carbureter pain venturi snd nrcuni the manusl mixture control urit.
Flates 11 uni 12 nce gerer.l views of the curbturetor shovin: the extent
of this corrosicn, Disassembly o the c.rburetor fuel resulatur system
and a visual insypectisn of the wurious comronent parte eund diarhrasme
indicsted these rerts to be in gooi conditicn. 4&ltitude chamder teut.
of the sutonsztic mixture control unit chrwecd the unit tn be within tte
specified trzvel limits end less than 1.0 rercent off fron the flow
bench specifisd setting =2t 20,000 tt. ultitude, 1t is concluded thut
this cerburetor is in crereble coniition and no detrimentnl effects
were produced upon or Wwithin the curbureter other thar the eorrosive
action,

(f) As rerorted in pera 6, ref (e), the fnllorinc- fuel system
accessories were 1lsessenbled for exsvination:

(1) Ihompson kroducts, Ine., Ln:ine Driven Fuel Pump
E/N TFD-1C0, Iyie ANLICL

(2) sern Saprly Kfr. Co. Fuel Strziner
Assembly No. 13G60-4

(3) Aero surply Kfg. Co. Fuel Selector Valve
nssembly No. 14300

A Fesco Froiducts Company Fuel Tronsfer Pump, which aonsists of a Iyre

.AN4101 Fesco tuel pump and a Feseo Tyre S421B electric motor rated 7

amyeres at 24 v, d-c, was tested f2r pressure reculution at 24 and 3C
volts. ¥ollowin: these tests, the lyre ANA101 Pcsce fuel pumn was
disacssembled for examinatien. The electric motor was nct disascembled.
Tbe pressure rejulation of the fue) transfer pump aas satisfaetory.
Howmever, a maximur of 14 dinps per minvte of fuel leaked from the shaft
seul drain hole. This rste of leukr-e i5 not serious; howaver, 1t is
undesirable. It iz believed that the sealins rurface of the bronze

seal ring of the shaft sesl assemtly wms not lerrved suffictently in
production to provide a rerfect senl. It 1s nnt helieved that tte
leakaze was caused by any effect cf radicsctivity. Examinetion reveuled
that the parts of each disassembled accecsery meationszd in this prragrarh
were in good condition. Unusuzl eccnditions of the pirts were not found,

(2) ALl other en:ine accessoriec were visually insrected in their
&ssembled ¢ondition 2nd showed oanly =light evilence of corrsaion.

Q 1711
-— -6 -



o REPURL M. DL NA¥ &K 540001

SECTION B

5, " " CoNGIUSIONS

No damagze t> the tower Tlant wos evident thet could be attributed
to its exjosure to stomic radiation,

6. : RO BMr L UATIONS

{a} In rsrz §, ref {4}, it was recommended thet if similar future
teegts are to be coriucted, some form of preservation be applied to mrll
exyosed engzine and rrogeller terts sc tiat westher damnsze can be
differentizted from bomb blast damace.

{vt) It is further recommended ttat inspections be rade by
experienced pervsonnel within & reasonable time efter the blast or ss
soon as existinz selely regulations allow.

-,
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(. NP(3)-22 (L)-6-48
~o800-20 ENGINE INSTALLATION - TBM-3E TARGET AIRPLANE
FRONT THREE-QUARTER VIEW PLATE
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2-2220-20 ENGINE INSTALLATION - TBM-3E TARGET AIRPLANE
FRONT THREE -QUARTER VIEW PLATE
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2600-20 ENGINE INSTALLATION - TBM-3E TARGET AIRPLANE
SHOWING REMOVAL OF CARBURETOR PLATE
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ONDITION OF IMPELLER
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NP(3)-259206(L)
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CARBURETOR FROM TBM-
SHOWING GENERAL C

G I71!

TARGET AIRPLANE
RODED CONDITION PLAT
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(a) IIRR §652-47 of 26 Jun 47.
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iist of kngine Instruments Tested.
Description of Engine Instruments Tested.

Results of External Bxamination of Pointer and Dial l(arkings.v_

Manifold kressure Gage, Scale krror at Room Temperature.
01l Pressure Gsge, ucale Lrror at Room Temperature.
Hydraulie Fressure Gage, Scale Error at Ruom Temperature,
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Tachometer Indicator, Friction Error st hoom Temperature.
Tachometer Indicator, QOscillation krror at Room Tempersture.
#uel uantity Indicator, Scale Error at Room Temreraturs,
Fuel quantity Indicator, Friction krror at Room Temperaturs,
Fuel guantity lransmitter, 3cale Error at Room Temperature.
Engine Jaze Unit, 011 Pressure Indicator, Scale Error at
Room ‘Damperature.
kngine Gege Unit, Fuel. rressure Indicator, Scale Error at
oom 'mmnerature.
Engine Gage Unit, 011 Tempersture Thermometer Indicatar,
Scale Brror at Roo:n Temperature, ’
‘Temperature Indicators, Geule Error at Room Temperature.
Tempersture Indicators, Position krror at koom ‘mnpemture.
Temperature Bulbs, Bulb Resistance.
Cylinder Temperature Indicator, Scale Brror at Room
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Cylinder Temperature Indicator, Fosition !.rror at Room
Temperature, '

" 1lst &and Description of Flight Instruments Tested.

kclipse Altimeter, Case Leskage Test Hesults.

kelipse Altimeter, Scale Error at Room Temperature.
Belipse Altimeter, Kysterisis Test kesults.

Kollsman Altimeter, Cuse lsakage Test Results,

Xollsmen sltimeter, Scale Error at Room Temperature.
Kollsmmn Altimeter, Hysterisis Test fesults.

Alrspeed Indicator, Case leakage Test Results,

Airspeed Indicator, Diaphrasm Capsule leakage Test Results.
Airspeed Indicator, Scale krror at Room Temperature
Alrspeed Indicator, Friction Test Hesults.
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Rate of Climb Indicator, Seale krror et Hoom Temperature,
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{a} This is a reyert of invsstigstisns an& tesis cezé&eteé on -

-+ .sixteen aircraft instruments of various types, manufacturers and ages.
" removed from an Operation CROSSROADS target sirplane. The fpstrumsuts
- wers originally designed to withataud normal service usaze,  Thie usage
- doee not include either exposure to extreme blast pressurs, weathering,
- or atomic radiation. The instruments tested were exposed to all three
. of theas phenomena, in addition to previous service usege, - - %o unigque

tests were devised;’ stsx&ara perramnee tssts ag&inst sgeeifieatians B
were empieyed. , . , -

{b} The :-apert deseribes the ?&rﬁ&ﬁs ervors faun§ ia ths ;erfarmnes

of the instruments and discloses that the errors found are attribatahle to
effeets of phenamens other thean atonie r&diatien. S .
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RSV L ' AUTHORIZATION

This investigation was authorized by ref (a).

2. S, - oBIECT

These tests wers conducted to dstermine the effects, if any, cf
. atomic rediation on inatruments removed from am aircraft which had been
exposed to atamic radiation during Opsration CRO3SROADS. -

( o 3 L - ESCRIPTION

" The instruments were removed from the THM-3E BuRo 6916G at MAMC.
They were then subjected to a process of decontamination following which
they were brought to the Aeronautical Instruments laboratory for testing.
. The tests were conducted during the period from 7 Mar 49 to 18 May A49.
Each instrument wag given operational and functional tests which included
-all or most of the individual tests of the applicadble specifications. .
The testa were performed in accordance with the applicable specifications
'and ths tolerances listed are taken fiom theae specifications.

P CATEGORY I - ENGINE INGTROMENTS -
N T MEDIOD AMD RESULTS

-(. R (a) A 1ist of engine inatruments tested, giving Ranufacturer’s data,
» is shown in Table I. The instruments® range, type neehanian, aad
appllcablo Mi specification are shown in Table II.

(b) Examination - Each instrument was examined externally and nothiz:
of any significance was observed. Tie dial markings of esch indicator ani
the marking of each pointer were observed ia the daylight, under ultra- )

" wiolet light and for ten minutes after extingulshing the light {n s dark-
¢’ . room. There fa not sufficient informatior available to warrant emy
precise interpretation of the resultas. The exact composition of the paint
or the date of application is not known, There are no changes in
appearsnce that are marked encugh or consiatent encugh to definitely
indicate any effects that might not bave occurred in mormal service,
The results of the examination of the markings are shomm in Table III..

(c) Tests - Manifold Pressure GCage

C .__{1) sqale Error at Room Temperaturs - Asceptadle. (See nots in
- Table IV.)
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s ﬁ.. Ths gags was cenneete& tc 8 neres:ry aanemeter, tha
; presaure aéjasteé and the iséicatar reséing neteé* The errors
cbtaised are ahomm ia Takle 1V, : o

e

{2) !’rictien - ﬁnastistsctsry.

S s‘ This tast was run in eeajuzctien wi?,h the scale error
S tsst. The indicator readinz at several of the test points was noted
before end after tapping, The difference in the two readings or
. friction error was between G‘S ss& 0.7 ineh of mercury., The tolerance
~is 0.5 inch of aercurr. S '

(&} Cil Pressure Qage

{1} Scale Errcr at Room m;:gratnre - Satisfaetar&

" A. The gage :as ce&eeué tc a dead xeigt tegter sn&
- weights sdded to give the desired pressure and the inéiea‘ber readin.g
. noted, The errors ebt&neé are shm in 'hbla ¥.

{2) Friction - Satistsctery. - ' e o
. A. This test was r™un in esnﬁunetisn tith the seals srTOT

 test, There was no change in indiestion cbserved after tapping at each
of the test paists. The tolerance is 5.0 pounds per square inch.

(o) Hydraulic Pressure {hg_e_

{1} Scale Error at Room Temperature - Accept.ab}.e.

{ S ° A. The gage was connected to a dead weight tester and
Lo ;nighta added until the desired pressure wag obtained, Additionsal
. weights were added and then weight was slowly removed until the pressure
Izd decreassed to the desired {est polint. Readings were tzken st the test
" points under conditions of increasing and éseressing pressnre. The errors
ebt&ines sre ghown in Table VI,

- {2) Frietion ~ Sstisfactery*
o - A. This test weg run in eea}uaastien with the scale error
B test. There was no change in indication obaerved after tapping at each
-of the test poicts. The tal&r&ss.s is 50 pounis per squerfs inch.

{f} Tsehcnater In&ic&t&r

{1} Seale Error at m Tempe rature -~ &sisfactcry‘

A. The tachometer inéieatcr was connected to 8 test
gsneratsr snd the generztar operated at shaft sgee&s a&jmsss& 8o tﬁat ]

o ) ) L _5_' . . ; ,: .
L e A e:mm,
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the speed was increased %o each of the desired test points and then
4in turn decreased to each of the points. The errors obtained are shown
in Table VII. :

(2) hiction - Satistactory.

A. The indicator readinga were noted bdefore and after

‘ ,t.appin'g. Errors obtained are shown in Table VIII. . : -

'B. At each of the test points of the scale error at room
temperstures test, the indicator pointer was odbserved tor oaeillntion.
Results obtelned are aho-n 1n Table IX.

{g) Tachometer Generstor _
(1) Continuity - Satisfactory.

7 A. The stator windings were checked for continuity betweem
the A, B and C elsctrical connector pins and * tween each of the pins and
the gensrator frame. There were no signs of discontinuity. The resistance
in each of the three windings was measured and agreed -1thin 0.1 ohm, The
allowable tolerance 13 1.0 ohm.

(2) Phage Rotation - Satisfactory. ‘ -,

A. The generator wes connected to a test inaicator. The

- test indicator gave a positive reading when the genorator shaft was

rotated in a counterclockwise direction,

(3) Voltage - Satisfactory. ’

- A. The generator was operated ut a drive shaft speod of
1250 revolutions per minute with a load across the cutput terminals of
three L0 ohm resistances connected in a Y. The voltage measured across
the generator terminals was 18 volts in all three casss., The tolermmce’
is not to exceed 21 volts, With a drive shaft spsed of 300 REFM the
voltage measured was between 3,5 and 3,7 volts, The tolerances at

| 300 RFM 1s not lesa than 3.5 volts.

(R) Fuel Quantity Indicator v

(1) Scale Error at Roon Teapsrature .- Unsatiaractory.

"A. The fuel quantity indicator was oconnected to the ,
uquidomoter master test unit EA310; a transparent neter dial wag placed
over the indicator cover glaes,and each of the four units tested in turnm.
The errors cobtained ars listed ic Table X.

{2) Friction -~ Unsatisfactory.

Q0 1711
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L A. The in&icstor readings wers m:teé bercrs and after
tap;:isg 'Ihe errors obtained are 1§stad in Teble XI.

{3) Nots - Difficulty was encountered in remeviag the fuel-
qsantity indicator from the airrplane, The AN commector plug was frozen
%o the receptacls and later had to be cut off. The indicator case was
broken open above sud bdelow the AN connector receptacle during removal

- from the airpiane, It will be noted from the room temperature scale
“esrrors that the center tank unit, which was ipdicating correctly at the
full indicstion was within tolerance at all of the other test points,

!urthsraere, if alliowance were made for a full peint adjustment for each

of the other three elements, only sne point might be in excess ot
tclersnes. :

"(1} Ruel guentitg Tra.naaittars

(1) Scale Error at Room Temperature - Unsatisfactory.

o "A. BEach of the three fuel quantity transmitters was censeetsé
- to tae indicator from the smirplane and testsd for operation, {There wers

" only three,gince there was no droppeble tank on the airplsne. They were
tosted with the indicator from the airplane because the masster indicator

- of test unit EA310 was no® operating properly.} All three geve an

~ indication which varied uniformly from empty to full as the float arm

- was moved through its approximate nomsl range. A scale error calibratioa
was aade with only ope unit because the float was migsing from cne of the
othsr two units,and the float arm sheared off of the third unit, The two
units were spparently damaged during removal from the airplans. The float
‘positions corresponding to empty end full were obtained from the Hendbook
‘of Overbaul Instructions for Liguidometer Fuel Gage Systems AN-05-65A-G.
The iptemadiate points wers obtained as a fraction of this total travel.
The trensparent master dial was placed over the indicator cover glass for

ths t&st‘ The errors obtained are listed in Table XII.
¥ g Gage Unit :

{1} Seale Error at Romm 'I’emperaturs - Satisfactory.

" Ae. 01l Fressurs - The oil pressure gage uas connected to a
éaeé wslght tester snd weights added to give the desired pressure and ths
indicator ree&ing noted, The errors s§tsimé are shaun in Table XI1II.

: B. Puel Pressure - The fuel pressure slement was also
teat«eé with a éesé weight tester. The errors obtained sre shown in
mle iv.

-

C. 01l Temperature Thermomster - A decade resisisnce box
xss conpected across the resistance buld terminals of the indicator, and
with 28,5 volta appliaa %o the terminals the resistance was. adjnsteé to

-7 Q1711
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the desired value for the correaspoanding test indication and the
indicator reading noted. The test was then i19psated with 14.25
volts applied to the terminals. The errors obtained are shown in
Table XV.

(2) Friction - Satisfactory.

A. In conjunction with the acale error at room temperature
tests, the indicator readings were noted before and after tapping. The
maximum change in indication was 1.0 psi for the oil pressure gage,

0.2 psi for the fuel pressure gege, and 3,0°C. for the thermometer. The
allowable tolerances are 3.0 psi, 0.4 psi and 4.0°C., respectively.

{3) Fosition Krror - Satisfactory.

A, V¥ith an indication of aprroximately mid-scale on each of
the three units in turn, the change in indication was noted as the
indicator was rotated §0°® to the right and then 90° to the left. The
maximum change in indication was 1.0 psi for the 01l pressure gage,

‘0.3 psi for the fuel pressure, and 1,0°C. for the thermometer. The
allowable tolerances are 3,0 psi, 0.3 psi and 4.0°C., respectively. On
a further check of the thermometer withk the wltage off, the indicator
. pointer was off scale in the vertical position and remained off scale
with no change in pointer position when rotated 90‘ to the left emnd
90* to the right.

{k) Tempersture Indicators

(1) Scale hrror at Hoam Temperature - Satisfactory.

A. The two temperature indicators were tested in the game
manner as the thermometer of the Engine Gege Unit. Results obtained are
shown in Table XVI.

{2) Friection - Satisfactory.

A. In conjunction with the ascele error test, the indicator
reading was noted at each test point before and after tapping. The
maximum change in indication was 2° at each of the four tests. The
allowadble tolerance is L°.

(3) Fosition Errer - Satisractory.'

v

A. With no voltage aprlied esch of the indicators was

. rotatad first 90® to the left and thes 90° to the right from ite normml

vertical position. In each caae the yointer remaired slightly off scale
at the low temperature end.

B. The test was repeated with 28.5 volts applied and en
indication setting corresponding to the 30° test point. Results

g . -8 - . Q ]71]
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. obtained are shown in Table XVII,

{1} Temperaturs Bulba - Both of the %eston bulbs werse heavily
corroded and one of thess bulbs was bent st the connector shoulder snd
found to have an open cirecuit. I could not be tested, The test results

- for the operative Wsston bulb and for the Edisaa Splitdorf bulb ers as

-follows:

(1) Bulb Resistance - Satisfactory.

A+ The resistuncs of esch bulb was measured with a2 ¥heatstone
Bridge with 1,5 v2lts mcross the bulb at temperstures of -50°C., 0°%C.,
+120°C, and +170°C. The bulbs were immersed to the itop . of the attaching
‘thresd in an agitated liquid bath. A bath of dry ice and alechol was used
at ~50°C., ice and water at 0°C,, and an oil bath at 120°C. and I?G‘C.
desults obtained are shown in Teble XVIII.

{m} Cylinder Tempersture Indicator .

{1) Scale krror st Room Temperature - Acceptabls.

: A. Wheeler Tecter, AN Modsl 88-T-880-100 was connected across
the indicator. The tester is essentially 8 potentiometer with a sourcs of
voltage. When tle tester is set to & desired test point it establishes an
kMF across the indicetor equivalent to the i¥F that would be obtained from

a thermocouple at a tempersture correspondinz to that of the test point.
Results obtained are shown in Table XIX.

{2) Friction - Satisfsctory..
) A. In conjunction with the scele error ot room tempernturs,
the indicator readings were noted at each fest roint before and after

tapping. The mexisum changze in indicastion was 6°C, The sllowable
tclerance is 15%C,

{3) Fosition brror - Unsatisractory.

A, ¥%ith the indicatsr on open cirecuit, it was turned frem
the vertical GO® to the left and 90* to the right end the chanze in
indication noted. Hesults obtained are shown in Table XX.

Note: The engine cylinder the;mcceupié was not svailable fér testing,

5. ‘ CONC IUSIONS

The examination ard test results do not indicate any damege or effccis
of any particulur significance, £f the eleven types of instruments tested,
six were operating aatisf&ctsriiy, two were satisfactory with allowance

vl -G~ G 1711
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for end point asdjustments, one gave small errors in excess of the allowable
tolerance, and two gave excegsive errors. The latter two were the fuel

' quantity gage indicetor and tranaomitter.

6. : CATEGORY II - FLIGHT INSTRUMENTS .
- METEOD .

(a) A 11st and description of flight instruments tested is shown in
- Table XXI. )

[1) Tests”

A. The instruments were tested in accordance with the
following srecifications:

Altimeters: AN-A-30 Amend -2 - dated 4 Jan 46.
Airspeed Indicator = 3; - BO with specification
Notice $3 duted 18 Xar L3,

Rate-of-Climb Indicator: - AN~I-33 dated 23 Feb 45,

B. In each case the individual tests, generally comprising
the following testa, were performed:

I. Examination of Instrument
1X. leakage

111, Room Tempersture Scnle Error Test
IV, Friction Test (whers applicabdle)

7. RESU LTS
{a) Examination

- {1) The exteinsl arpearznce of the four flight instrumente was in
no way different from that of any which might heve been in use for a long
period of time. A discoloratior of the paint end the diml-fsce markings
bhad no visible effect on the preperties of the luminescent paint when
compared, in & darkroom and under ultraviolet light, with an instrument of
the same stock number &nd manufacturer,

(2) The Eclipse altimeter had a renge of O - 35,000 feet. The
Kollsmen altimeter had a range of O - 50,000 fect. The Kollsman altimeter
bed a plastic plug which had been broken off in its static opening. This
had to be drilled cut before tests could be conducted on this instrument.,

(3) The range of the airspeed indicttor was 30 - 430 knots and
thet of the rate~of-climb indicator, 0 - 6,000 feet per minute.

{b) Tests

(1) Eclivse Altimeter - AN Part No, 5761-1

- cad - 10- 0 1711
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A, Cmse lsskasge Test - Satisfuctory.

I. Deta obtained is shown in Table XXII.

B, 3enale Error Test, hoom Temperature - Unsatisfactory.

I. Dats obtelned is stown in Table XXIII.

Hysterigis Test - Satisfactory.

X’.F Data obtained is shown in Table }Z{I’J.

Kollsman Altimeter - AN Part No. 5760-2

A. Case leskape Test - Vnsatisfactnry.

i. Iets ebtsineé is shown in Teble AXV.

Scuals Error ‘I‘eks*t‘A A00m 'i‘esgerathre - Unsatisfactory.

I. Dats obtained is shown in Tedl: sxyx.

C. Hycterisis Test - satisfactory.

I, Deta obtained is si*:csn in Table XXVII,

Airsyeed Indicsator

A. Onase Iezkaze Test - Satisfactory.

I. Deta obiained is shown in Teble LVIII.

B. Dicphra:m Capsule Leaksse Test - Satisfactory.

1.

Dats obtuinsd i3 shown in Teble XXIX.

C. Secale Brror Test, Room Temperature - Unsatisfactory.

i. Data obtained is shown in Table XX.

D. Friction Test - Satisfactory.

I. Data obtained is shown in Table Q..KI

Batrs-0f-Climb Indiestor .

A. Case lsakage Test - Satisfasctory.

I‘

Data obtainad is shown in Tabte XXXIE
B. Seaie Error Test, Room Temperature - Satisfactory.
I’

Data obtained is shown in Table XHXIII.
-1l -
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8. , CONCID3IONS

(a) Generally, all four instruments operated satisfuctorily. .

{b) The excessive scale errors in the two altimeters and the airspeed
indicator mizht be enccuntered in similsr instruments whick had been in
service use for gome time and had not been exposed to atomic radiation and
other phenomena coincidental with Operation CROSSROADS.

{c) Although the discoloration of the paint on the dlsl faces was

- readily visible in daylight, it had no visible affect on the properties of

tho paint when viewed in darknasss or under ultraviolet light, Similar dis-

" eoloration has been noted in 0ld instruments which had been kept in the

laboratory.

(a) It is econcluded that exposure t> atomic radiation hed nn effect on
tkis group of instruments. '

9. CATEGOHY I1I - MASNESYN Ri3iOTh INDICATING CiMEASS
EAAK INATION

This instrument consists of two c¢components: a transmitter, AN Part No.
5730~3, Serial No. 214277 und an indicator, AN Fert No, 5730-2, serial No.
221614+ Doth components were manufactured by the kelipse-Piloneer Division,
Bendix Aviation Coryporation, Teterbcro, New Jersey., When removed from the
aircraft, the instrument hud the arpearance of one which had been in service
use for a long period cf time, but, excert for s cracked caver glass on the
indicator, there was no visible evidence of damage., Both oymponents were
fully cperative.

10. YETHOD
(a) The compass was tested in accordance with Specification AN-C~138,

Only the most imprortant performance tests wero conducted, since thece tests
revealed Lhe compess to be in ;pod condition, and notklinz more wes to be

. learned by further tests, The tollowing tests were performed:

(1) 3cale krror

A. Transmitter
B. Indicator

{2) Time of Swinz - Room Temrerature

{3) Compass krror with Compensater Removed
{4) Corpensator Range

{5) Compensator krrecr _ E :
(6) Tilt Error ‘
{7) Damping
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(8) Swirl o : o :
{3} Vidration Error

All tests were conducted exactly as described in Specification AN-C-138.
1l. , . © EESULTS

{a} Transmitter Seale Lrrors - The traunsmitter scale srrors were
determined st intervals of 3C® usipg & master test indicator. The average

error without regard to aign was 0.4* with a spread of 1.9*, and the
maximum arror of +1.3* occurred at a heading of 050. The maximum

permizaibls error {s 3* with & sprsad of 3°.

{b) Indicator Scale Errcors - The indicator scsle errors were
deterpined &t intervals of 30* using & mester test transmitter. The
average error without regard to sign was 0.4* with a spread of 1.8%,
and the maximum error of +1.25% occurred at a heading of C30, The
maxizum permissible error is 3* with 8 spread of L°.

(¢) Time of 3wing - Room Temperasture - The compess was set to north
.&f4 the magnetic element thendisplaced 30* first in one direction and then
in the other direction by means of an sxtemsal magnet. The time required
for the indication to return to within 5* of north after the magnst was
-suddenly removed was noted. The average time for.six tries, three in each

~ ,direction was 2,9 seconds. The maximum permissible time is 5 geconds.

{4} Compass Error with Compensator Removed

{1} The transmitter and indicsator were connected and scale srrors
deterdined at intervasls of 30* for both clockwise and counterclockwise
' rotation of the tranamitter. The average error without rsgerd to sign
was O,7* with a spread of 2,25%, and the maximum error of 1.8* occurred
- on & hesding of 180, The maximup permissible error is 3° w»ith & spread

Coof 4.

(2) This test was repeated with a second indicator cornected in
parallel, Readings were tsken only of tne indicator under test. The
gverage error was 1.3" with a apread of 5*, The meximum error was 2,25
aud oeccurred on four headings. The mpaximum permissible error is 3* with
& spread of &%, ‘

~ {e) Compensator Range and Compensator Error - The maximum range of
compeusation for the K-5 compensator wmas 15.75° on each side of north,and
for the E-W compensator the maximum range was 16.5° on each side of west.
These fall within the allowed values of 15 to 20°. The error introducsd
_ky the B-3 compensator wes 1,25% ani the error introducéd by ths L-¥

Q1711
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compensator was 2,25°, The last value is slightly greater than the
tolerance of 2°.

(f) Tilt hrror - The errors caused by tilting the transmitter 10° in
any direction on a number of headinzs was noted on & master test indicator,
The maximum tilt error was 4.25° exceeding slightly the tolerance of 4°.

{g) .Damping and Swirl - The maximum overswing of the pointer of the
master test indicator was 11.5° which is less than the 13® allowed. The
swirl was found to be too small to meesure.

(k) Vibration Error - Both the transmitter and indicator were mounted
on a vibration stand. The double amplitude of the wibration was .009 inch
and the freguency was varied from 500 CAY to 3000 CPM. The maxirum pointer
oscillation was 1°*, occurring at a frejuency of 1800 CPM. The maximum change
of heading was 2® and occurred at a frejuency of 2800 CPM,

12, CCNCIUSIONS

No damage to the conmrass system was evident that could be attributed
to its exposure to atomic radiation.

13. ' * RECOMMENDATIONS

No recommendations are necessary.

G 1711
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b REFORT NO. AL NiM AE 540001
SECTION C |

MANIFOLD ERESCURE GAZE,
SCALE KRROR AT ROOM TEMPERATURE

PRESSURE ERROR * | | TOLEHANCE

INCHES Hg. ’ INCHLS Eg. .- INCHES Hg.
30 -lig 0.3
25 -1,8 0.4
20 -;'é OOL
15 -1,8 0.5
10 =242 0.6
20 =1,8 0.4
30 -1.8 0.3
35 '1‘2 003
1.0 "1-2 003
45 -2y2 0.3
50 -lni 0014
55 -:.E OQL
60 -2,0 0.5
65 ~2,0 0.5
70 -2.0 - 0.6
75 -2.2 0.6
70 ~2.2 0.6
60 -1.8 0.5
50 “1.6 o.:‘
L0 ~1.8 0.3
30 -1.8 0.3

NOTE: There would appear to be a ghift in calibration, and if zero

adjustxent were mede ull points should be within tolerance.

* krrors underlined are in excess of tolerance.

. TABLE IV

L1
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RIS

o T
x .

PRESSUKE
¥SI

10
20
70
60
g0
100
120
140
160
180
200

TEST FRESSURE
¥31

0
‘200
400
500
a0
1000
1200
1400
1600
1800
2000

REFORT NO. AML NaM AE 540001

~ SECTION C

Qi1 FRRSILGE GASE,

3CALE RBRHOKR AT ROOM TikPERATURE

'ERROR

PSI

EYDRAULIC PRESSURE GACE,

SCAlE ERKOR AT ROQM TEMFIAAIURE

INCREASING ERROR *
B3I

+100
+100
+100
+100
+100
+100

*
[«4]
]

*El;\i*
\h o
o [w] L]

Y N
TOLERANCE

PsI

3

.3

3

3

3

3

5

5

5

)

5

5

TABLE ¥
DECREASING ERROR * TOLERANCE

PS1 sl
+100 30
+10 30
+120 50
+120 50
+120 50
+110 50
+1G0 50
+ 90 50
+ 70 50
+ 55 50
+ 80 50-

NOTE: If & zerc adjustment ware made all points should be within

folerance.

* Errors underlined are in excess of tolerance,

o 1711
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SEFEAET
-

TEST POINT
RAL

0
600

- 1000
1400
1800
2000
2200
2400
2600 -
2800
3000
3200
3600 -
4000

4400

TEST POINT

1000
2600
. 3600

TuST POINTS

0 to 800
800 to 4500

REFORT NU, AL NAM AR 54CCO1

SECTION C

TACHOML Tnic INDICATOR,
SCALE ERROR AT ROOM TEMrikaTURE

INCREASING BErRROR DECREASING ERROR TOLERANCE

PSI 51 pPsl
-5 -10 15
-20 -20 25
-10 : -10 25
-10 ~10 ' 25
-15 =10 25
-15 ~10 25
=20 -15 25
=15 -15 25
-20 =15 S
=20 -15 25
-15 -10 25
=20 =20 30
~20 . -15 30
-15 -10 40
=25 +20 , 40
. TABLE VII

TACHOMRTER INDICATOR, .
FRICTION ER-OR AT ROOM TEIMPExATURE

BRROR TOLERANCE
REM Rirdd
0 25
0 15
0 15
-5 15

TACHOMETRR INDICATOR,
OSCILLATION AT ROGM TEMPERATURE

MAXIMQR OSCILLATION TOLRRANCE
RANGEL RPM REM
10 20
5 10

n 171

TABLE VIII

TABLE IX
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g ) - ' .~ REFORT NO. AML NAM AE 54C001
; SECTION G

¥

'FUEL JUANTITY INDICATOR,
SCALE EARROR AT ROOM TEMPERAIURE

TEST " _ERROR IN PERCENT OF FULL SCALm * , TOLERANCE
FOINT LL¥T RIGHT CENTER DROFPABLE PERCENT OF FULL SCALR
Epty . 0 0 0 0 0
1/8 Full +1.3 +0,7 0 +0.7 1-1/2
1/4 Full 2,0 ¢ . @ 0 1-1/2
1/2 Full 0 -2.0 +0.7 -0.7 : 1-1/2
3/4 Full 2,0 =427 -1.3 -2.7 1-1/2
Full -0.7 =2.7 0 -2.0 0
i: * Errors underlined are in excess of tolerance.
- TABIE X

FUEL QUANTITY INDICATOR,
FRICTION ERROR AT ROUM TEMFBRAIURE

TBST ; ERKOR IN PERCENT OF FULL SCALE * " TOLERANCE
POINT TZFT  KIGET  CENTER  DLOFPABLE PERCENT CF FULL SCAIE
Empty 1.3 1.3 b 1.3 T 1,0
1/8 Full 1.3 3.3 1. 0.7 ‘ 1.0
1/4 Full 1,3 2 2 1,3 1.0
£ 1/2 ¥all 1.3 2 1.3 1.3 1.0
L 3/4 Full 2 2.7 1.3 1.3 1.0
Full : e-? 1:2 1'2 Qc? }-QQ
*# Sticks off scale.
* Errors underlined are in excess of tolerance.
TABLE XI




b REi ORT §0. AWL NaM Ab 540001

SECTION C
FULL GUANTITY TRANSITTLR,
SCALA BRHOR AT ROOM ThalrrsiURk
TEST ' LRROK IN EFERCLNT TOLERANCE IN FPRRCENT
FOINT CF FULL SCALE * OF FULL SCALE
Empty ‘ + 6.7 -0
1/8 Full +10.7 1-1/2
1/4 Full + 3.3 1-1/2
1/2 Full : + 5.0 1-1/2
3/4 Full . + 2.0 1-1/2
Full - 1.7 0
(f; WOThk: No adjustnents were made for the empty and full indleutors.

* Errors underlined sre in excess of tolerance.

TABLE XII
ENSINE GAGE UNIT, OIL FRESSUxE INDICATOR,
SCALE BRROR AT RUOM TEMELRATURE
FRESSU Rk ERROR TOLLRANCE
‘P31 ksl ESI
0 -2 3
50 -3 3
100 -1 5
150 , -1 5
200 -1 5
TABLE XI1I
ENGINE GnuUGh UNIT FUZL :RESSUHE INDICAICR,
SUALE ERRUK AT ROOM TEMFERATUKM
PRESSURE ERROR TOLERANCE

PSI FS1 ) ESL
/D ' +0,1 0.2
5 +0,3 0.3
10 +0.4 0.4
15 : +0,3 0.5
20 +0.3 ' 0.5
25 +0.1 0.5



st s 2 13

-y . (b OKT KO, AML Nad Al 540COL
SECTION ©

INGINE GAGE UNIT 0IL TEMFERATURE 1HERVOMETER INDICATOR,
onlk BRHOR AT RHoUW TEFLRaTURE

o KRRUR IN DEGREES C.
ST POINT < 22,3 14.25 TOLERANCE

DROREES Ce WIT3 VOLIS BGREES G,
=70 =1 -1 g i
~50 -3 ~1 ' 4
~30 -1 0 A
~10 -1 Q 4
0 -1 4] A
19 -2 o ; i,
- 30 *} *2 4
(- 50 -1 -1 4
. 80 -1 ¢ i
100 - +1 +2 A
120 ] +1 L
150 ' ‘ - 0 N § ¢ 5
TABIE XV
TMPERAIURE INDICATORS,
SCALE EHROR AT RCOM TEMFERATURE
; ERRCR UKGRELS C. ERROR DEGREES C.
TRST FOINT AT 28 WOLIS AT 34.25 VLIS TOIERANCE
{5 DEGHERS C. IND. #1 WD, F2 IND. 1 IND. g2 DEGRELS C.
- . =70 -1 o o -3 3.0
- -50 o -1 ¢ -2 3,0
-30 0 -2 ] -1 3.0
~10 0 -2 0 0 3,0
0 ) -2 +1 0 3.0
10 G -2 4 0 2.0
- 30 0 -2 0 -1 3.0
- 53 -1 -2 -1 -2 . 3:3
. B0 ~1 ~3 0 -2 3.0
300 *1 -2 +1 -2 3.0
120 *1 -3 +1 -2 ; 3,0
150 +2 -2 +2 -1 3.0
TABLE XV1

-G 1711
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O

&

Indicator #1
Indicator #2

ThMELRATURE
DRGRELS C.

-50

(]
+120
+170

-

TeST rOINT

IEGHAeS C.

25
50
.100
150
200
250
- 300
350 -

REFORT NC. AL NAS AR 540001
SECTIUN €

TediPERATURE INDICAIORS,
FOoITICN bRAuk AT RCCY Thub ERATURB

ERROR Dh3KEES C. TC L RalCh
°0°L, OC°.x. . «  DEGHERS C.

*2 0 4.0
TABLE XVII

TIMFERATURE BULBS, BULB RESISTANCE

LRKOR DEGREES C. TULERANCE
wWhSICN  BDIooN DhGRERS C.o
YA +C.14 0.4
+0.27 036 0.4
-0,05 0.2 0.6
.‘).36 -001‘5 008
TABLE XViIl

CYLINDER TEMPRR#TUrE INUICATOR,
SCALE ERROR AT RUUK Tiddirt HALURM

EHHOR * TOLERANCE

DEGREES C. DEGRLES C.
0 8
0 8
0 g
- 3 8
-6 8
-8 8
=10 8
-12 8

NOTL: *srrors underlined are in excess of tolerecce.

R S S

‘

TABLE XIX

n 1711
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Y FEEORT NO. AKL NAM AE 540001

SECTION €

~

CYLINDER THMPERATURE INDICATOR,
FOSITION ERROR AT RUOM TINEERATURE

INDICATOR READING ERROR DESRELS C. * TCLERANCE
VERTICAL C0°L. GO°R. DEGREES C.
26°C. ' -4 +13 10

NOTE: *Zrror underlined is in excess of tolsrance,

{a)

(b)

{c)

(d)

TABIRE XX

LIST AND DESCRIFTION CF ¥LIGHT INSTHUMBNTS TRSTED

Instrument: Altimetsr

Mapufacturer: zclipse-Ploneer Division of Berndix Aviation Corp.
Contraeet: §3150

Manufacturer's Part No.: 1583-2¢-A
Munufacturer’s Serial No.: 4601
AN Fart No.: 5761-1

Instrument: Aitimeter

Manufacturer: Kollaman Instrument Division of Syuare D Co.
Contract: 93189

Federal Standards Stock Catalogue No,: BRB-A-350
AN Part No,: 5760-2 ‘

Instrument: airspeed Indicator

Manufactursr: U, 5. Geugs Co.

Contract: NosS-94174

Manufucturer's Purt No.: A¥-2-3/4-20-B

Federal Standards Stock Catalosue No,: A38-1-350

Instrument: Rate of Climb Indicator

Manufacturer: Kollaman Instrument Division of Square D Co.
Contract: Nosi{s) 553

Manufacturer’s Fart Ne.: 731-KN-08 ‘
Federal Standards sStock Catalocus No,: 83-1-751

TABLE X1

’l

Q 1711
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REECHRT NC. AVL NAF Ak 540001
SECTIQK C ’

ECLIPSE ALTIMETLR, CASE LiAsgAaSk TaST RiSULTS

ALTIMRTER READING
FELT

18,000

-

- SIANDARD ALTITUDE
FLuT

0
500

1,000

1,500

. 2,000

3,0C0

4,000

6,000

8,000

10,000

12,000

. 14,000
16,000

18,000
20,000
22,000
25,000
30,000
35,000

CHAlNGE IN READING

TCLLRANCE

15 ft, in 10 sec.

100 rt. in 10 sec.

TABIE XXIT

RCLIPSE ALTIMBTER,

SCALE EnnUnr AT rUCK TEMEFRRATURE

5CAli Edrn *
*_ FreT

|
o~
o

FE&T

50
50
75
75

100
100
100
100
150
150
200
200
200
200
200
3C0

-300

300
300

NOTE: *Errors underlined are in excess of tolerance.

TABLE XXIII

G 1711
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A | REFORT MO. AWL Naki Ak 540001
SECTION C

ZCLIPSE ALTIMETER, HYSTERISIS TeST ReSULTS

TEST FOINT : ) -
STANDARD ALTITUDE EYSTERESIS ERAOR TOLLRANCE
FLET FLeT FEET
18,000 , 30 70
16,000 : L0 70
0 35 50

KOLLSMAN ALTIMETER, Cach LidAKaSe TesT RESULTS

ALTINATER HBaADING CHaNGE IN READING :
FERT Uk T lEAx * TOLFKANCE
18,000 300 £t. in 13 see, 100 ft., in 10 sec.

NOTE: *krrors underlined are in excess of tolerance,

TABLE XXV

oY Q 1711
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‘ al»y HEFCHT NC. AL NAY Ab 540001
SECTION C

KOLLMAN ALTIMeTrH,
SCALE bRkORX AL RUUM iRkl bidAiURE

STANDARD ALTITUDE SCALE ERKOR * TC LERANCE
FoLT FEET FE&T
0 -115 50
500 =120 50 '

1,000 -1C0 . 5
11500 __l.L_" e 75
2,C00 -130 100
3,C00 -120 100
4,000 =130 150
6,000 -155 150
8,000 =I30 175
10,000 -160 . 175
12,000 =200 200
14,000 ‘ -250 225
16,000 ) - =250 240
18,000 =320 : 275
20,000 -3C0 360
22,000 . -300 340
25,000 -265 375
30,00C -1£0 1450
35,400 + 40 525
40,000 - 40 - 600
45,000 + 70, 675
50,000 : ~150 750

MUTE: *brrors underlined are in excess of tolerance.

TABLE AXV1
KOLLMAN ALTIMETi:, HYSTERISIS TEST KEsSULIS
TeST FOINT
STANDAKD ALTITUDE HYSTEHESIS ERROR TCLERANCE
FELT FELT FEET
25,000 70 150
20,006 _ 40 150
0 45 66
TABL: XAVII

Mg Q@ 1711



> : REEORT {0, AGL Nl nii 549CC1
-  SECTIUN © -

AIRSPELRD INDICATUR,
CASE 1EaxnlE TEST ALSULTS

APFLILD IEAKACK . TOLEAANCE
FriosUnE INChaS OF MESCURY IN 10 3:C. INCHiS OF MERCUHY IN 10 330,
15" Hz.
¥acuum -1 0.2
10" Hgz.
kressure .05 T2

TABIE XXVIII

‘ - AIRSFEED INDICATUR,
: DIAFHRAGM CAF3ULk LEAKAGE TEST RESULTS
&EL&J) CHANGE IN FOSITION OF POINTER TOILERANCE
PLEGSUZRE ‘DUE 30 LLAX IN ONE ¥INUTE CHANGE IN ONL uInuTs
To cause fuﬁ . No chanre 1 knot
seale {430
ktSc }
deflegtion of .
pointer
TARLE XIX
AlE5PhaD INDICATUR, )
AIR SFEED SCALE ERAOR*- KNOTS TOLERAKNCE
KNOTS w DON KNOTS
40 ?‘G Q‘Q IQS
66 !‘:5 gco . N }-Qs
80 7.0 .5 1.5
100 7.5 5 1.5
120 3.C 4.0 1.5
140 3.0 L0 ‘ 1.5
160 3.0 3.5 1.5
180 .0 3.3 1.5
200 3.0 3.0 1.5
220 7T 5.0 2,0
260 7.0 4.0 2,0
300 7.0 2.0 2.0
340 1.7 3.0 2.0
380 Z.0 2.5 2.0
400 . 1.0 3.0 2.0
4% 1o o - Q 1711

NUTE: The zero reading was arproximately 15 knots, which is an extremely
large zf o shift,

. serlined are g58 ¢f tolerance, carT vy
nz.,rrurs uneosrlined are in sxcess ¢ BLoe THLALE XXX

- e e ot ,A-Mi
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- " EFORT NO. AKL #AM Ak 540001

SECTION C

ALRSE=RD INDICAICK,
FRICilch ThSI (e LLTS

13T POINT FRICTIUN TG LEXANCE
KNOTS KNOTS KNOTS
40 1.0 2.0
60 1.0 2.0
80 0.5 2.0
100 0.5 2,0
120 0.5 2,0
140 0.5 2.0
160 0.5 2,0
180 0.5 2.0
200 0.5 2.0
220 C.5 2,0
260 0.5 2.0
306G C.5 2.0
340 C.5 2.0
380 .0 2,0
4CO [v] 2.0

PABLE KXXI

HATE OF CLIMB INDICATOR,
CASE LkAkKiie 1elT Hedills

»

AFFLILD ILAKAGE TOLERAICE
FPRESSU R . INCHES OF MLRCURY IN 10 SeC. INCHES OF MRRCURY IN 10 SEC.
15" Kercury
Vacuum ' 0 ’ 0.1
10" Mercury .
Fressure 0 ' 0.1
TABLE XX1I

- _Cxm *ﬁfl,-d-h——‘_-_“‘.--—h—‘—“_‘-‘_-‘u
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g : HEECRT NG, AML Nax Ak 540001
S SECTION €

" RATE OF CLIMB INDICATCR,
Lalk BRAROR AT ROUM TEMPEHATURE

STANDARD ALTITUIE SCALE ERROR *

SCALE EHROR
INTERVAL TEST R4ATE FT, Fhix ¥IN. TOLERAKCE
FEET R FT. Prh EIN. CLI¥H DIVE FT. PER #IN.
2,000 to 4,00C 500 -.8 + 3 100
, 1,000 +12 -1§ 200
2,000 +26 =31 300
) 3,00¢ -225 =141 300
4,000 -350 =161 L0G
5,000 -405 =170 500
15,000 to 17,000 2,000 +17 - 41 360
4,000 -379  -240 400
28,000 to 30,000 2,000 * L2 - 41 300
4,000 -412  -138 L00
AUTh: *srror underlined is in excess of itolerance,
-~ k ]
Q 1711
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REFURT ON
"h'.bTS OF MATERIALS

FROK CEERATIUN CROSSRUADS, TARGET AIRFLANE,
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BY
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AL T WUTICAL WaTeRIALS -LaBORATURY
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- IeFCRT NO. AML NA¥ AL 540001

SECTILN D

MeFERENCES

(a) Buier Confidential ltr Aer-AE-45 C02267 of 29 Kov 19.5.

TABLES

Flastic Samples from Test and Control Alrereft, Including

3ample No., Description end Original Locatim,
keadings Teken on Hydraulic 0il Samples.

Results of Test of Hydrsulic 0il - Three Samples Tested
Against Specification Al-0-366,

Readingzs Taken on lubricating Oil Samples.

Hesults of Test of Lutricating 011 -~ Two Samples Tested
Against Specification AN-VV-0-/46.

Summary of Hesults from Tensile {(a), Corrcsion {a), and
Endurance (4) Tests.

Flexure ratigue Testcs.,

Flexure Faticsue Tests.

Comperison of averc-ze Values Qbtained fror Tests of
Muterials A and B.

Plastic Test Results - Ultimnte Tensile Strenzgth (FsI).
rlestic Test Results - klonsution (%).

klastic Test Results - Index ¢f Refrection.

Plustic Test Results - Angular Deviation

Plastic Test Results - Percentzge Light Transmission.
Plastic Test Results - Fercentsnge Haze.

Plastic Test Hesults - Rate of Burning.

Plastie Test Results - Flexural Defcrmation.

Plastic Test kesults - Stress Craze,

Plastic Test Results - Percentage Water Absorptionm.
Flastic Test Results - Specifie Gravity.

Fort Tire Test Results,

Inner Tube Test Hesults,

Self-Sealing Fuel Cell Test Results.

ELATES

Graph of Endurance Streagth (50,000,000 Cyclee) of Metal
Samples from Group 2.

Graph of kndurance 3trengzth (50,000,000 Cycles) of Metal
Samples from groun 4. .
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PLATES (CONYINGED)

NOMBER

NAES Photo. No, 262269 - Photomicrographs Showing Results of
Intergranular Corrosion Studies on Metals - Sampls No. 1, 3

RAES Fhoto, No, 262270 - Photomicrographs Showing Results of
Intergranular Corrosion Studies on Metsls - Sample No. 2, 4
NAES Photo. Mo, 262271 - Photomicrographs Showing Results of '
Intergranular Corrosion Studlies on Metals - 3ample Neo. 3. 5

NAKS Photo, No, 262272 - Photomicrographs Showing Results of
Intergranular Corrosion Studies on Metals - Semple No. 4. 6
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 ABGTRACT

(a) This is a rerort of tests conducted on the basic materisls
contained in an Uperction CRULSHCADS target nirplane. These materiuls,
fabrication of which formed the structure and component purts of the
test airplane and acccssories, were originelly formulated and ranu-
factured to withstand service usa.e. This usege does not include
either exrosure to extreme blest pressure, unshielded trorviesl
weatherings or atomic rudiation. The test uirplane was exposed to all
three of these phenomena, in addition to rrevious service usage. In
tbe rain, standard srecification tests were employed. Tests specific
to certein materials were forzone in some instonces, however, being
surplanted by visual exarinvtion and on-the-spot qualitative tests
conduc ted by exrericvnced enzireers, results beinz eorpured to similar
tecsts previously run on non-redionctive meteriuls.

{b) The report describes the damu;ze suffered by certain muterials,
und the points of fuilure and the non-specification qualities of others.
1t discloses that, in so far as could be determined, the results are
attributable to elfects of rhenomena sther than etomic radietion.

oy | G 1711
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1. AUTHORIZATION

These investigations were authorized by rsf {2},

2, UBJECT

These tests were conducted to determine the effects, if any, of
atomic radistion on the materials contained in the structure and
comrcrent parts of sn alreraft which had been exposed to atomic
radiation during Operation CKOSSHOADS.

3. DESCRIFTION

{a) Trese tests were conducted on the hydraulic and lubrication
oil, hydraulic and mechsnicel eomponents, metels, puint, plastie,
rubber and textile products of Kodel TRu-3k sirplane BuNo 69169,

{b} semples of hyiraulic oil snd lubrication oil were removed
from various points of the hydrsulic system ani engine of the test
sirrlene. Since decontsminetion wus imrossible, resdings were tesken
of each samrle's radioactivity ani the samples were shipped to the
¢hemistry luboratory for tests aceinst specificztions, No data was
gveilable (rom the airplene’s log regerdinz the exsct specification
of the hydreulic oil found in the airrplzane, so tests were run scainst
hydraulie specifications found in the Erectisn and Maintensnce menusl
for this model zirersft.

{c) The hydraulic and mechenical components of the aireraft were,
in most cases, so badly damsgzed that rem=vel from the sireraft would

serve no useful puriose. They were, therefore, insrectad and tected
in place,

(d) Metul samples were tsken exclusively from the outside skin of
the fuselagze. Duplicute sarples were taken from the port and starboard
gides. Jince the rort side of the airplene was exiosed to the meximum
amount of initisl radistion flux und the starboard side wag shielded
by the rest of the plase, 1t was concluded that these samples would
yield the best compurative informatidn as to radiztion effects on

metalliec ¢omporents, or at least would be the best indic=ztors for either

the continuation or discontinuation of further investizations on these
components. Comparative duts was jathered both from similar tests ruz
on similer virgin metel and from data zathered from previous
metallurzical rerorts on similar non-radicective netal,

hs» -5 - a 1711
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(e) The reint on the airplane was examined at various points on
tke surface of the ship, xs often es possible peints thut had been
facing zerc point st Baker were compared with their orrosites that bed
not been exposed to the direet flush., Also those which showed more
resijual radiation from fission product conteminetior were compared
with areas showing less or no fission product contamination. Although
some decontamination hed been effected by Kwajalein weathering, these
methods were congidered tkte most wvalid to corrare areas of maximum and
rininum radietion expogure,

(f) Verious articles of cleur acrylic plastic were removed from
the windows 2pd cockpit enclosure., In this case, too, as nearly
orposites as possible were obtuined in order to gather comparative
data., Further ccmparative data was gathered by cbteininz dupliceste
samrles from a stricken TRY~-3E, BuNo 23602, and subjecting these to
duplicste tests sgzainst specifications.

{2) Rubber samples were obtuined from tires, inrer tubes and self-
sealing fuel cells of the airplane, Tests were run azainst etandard
specifications on these samrles. Gasketing, tubing end shnck meountinss
were insrected visually.

(k) 411 textile rroduets in the sirplane were so extensively

damaged that their rermoval would gerve no useful purpose. They were,
therefore, examined in pluce.

be METHUD

(a) Hydraulic and lubricstion 01l

(1) The hydraulic oil eample:z were tested against AN
Specification AN-0-366.

"(2) The lubriczticn o0ll was tested against AN Specification
AN'VV-O'[J‘é .

{3) In both cuses, the oil was checked for radioactivity
before teats were begun. Then the o0il was centrifuged, the residue
washed and checked for radicactivity alorg #ith the supernatant oil.

(b) Hydraulic and Mechanical Corrorents - Inaamuch as no latoratory
tests were conducted on these comronents, the method is includad under
desults, Section (b}.

(c) Metullurgical Specimens

{1) Tensile and indurance Tests
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A. Specimens obtsined fmm nesrly identical locations
on tre pori and starboerd sidie were subjected 10 beth tensile and i
endurance testis. : ' ;

B, Virgin specifens af'zgsf aluminup slloy were subjscted
only to tensile tests for dompirative data.

*

{2} Corrosisn Tests

A, Dboth unstressei srecimens and specimens stressed to 75%
aof yield strength from both sides cf the test airplane were subjected to
& standerd RaCl - Bz0; solution for a teriod of 7 days. "

B. 3Similsr tests were run on virgin 2457 «luminum alloy.
{3} Intergranuler Corrosion Study - Samples of Alcom and

Reynolds Company Z45T sheet from both sides of the plane were subjacted
to tests to determine susceptibility to intergranulcr eocrrosion.

{d) Organic Frctective Contings

: {1} The zircraft exterior surfece w=. e¢nated in aceordance with
specificetion requirements: i.2., Sp2cification AN-P-456 rrimer and
Specification aN-1-29 cellulose nitrate lacguer, The fabric surfaces
were covted with cellulose acetate butyrate dope, 3-ecifications AN-D-1
and AN-D-2.

{2} sStundard visusl examinationz and tests were conducted along
with chemical and spectrographic enalyses to deterripe the composition
of the dust or chalk found to be comting 8 ;ortion of the Tinish.

{e} Plastics

{1) Vuricus tests were verformed in accordunce with ANA
Specifications AN-F-4ia and aN-L-F-406a on virious acrylic parts taken
from both tke test aircreft and a control aircreft, TBM-3E BuNo 23602,
with, #g penrly us could be determined, similer gervice history excert
exposure to ztenmie radiation.

{2} Iz this rerert, serylic mnterizsl teken from the test
sireraft will be designsted as Mstericl & and =erylic material taken
from the control sircraft, BuNe 23602, will be desisnated as Materinl B.

(3} Table I includes the samrle number and describes the loecation
in the aircraft from which euch sample wus nbimined.

were conijucted on
11 of ANa Spgcificstiaa

G 1711

{4} Ultimste Tensile Strenc-th - Test
Kateriauls A #ni B in zeenrdance —ith iethod !
L-P=i0%e,
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(5) Fercert Elonmtion - Tests were coniucted on Materials A
snd B in eceordunce with Kethoi 1011 of aNA oreciticsation L-k=/0fa.

{6) Index af Refrecticn - Decta were ennducted on katervinls A
and B In accordance with Methsi F-50 of ANA Specificatice aN-r-Liz.

(7) Anguler Devictinp - Pesty were contusted on Muterizls A
uni B in uwccordunce wit] kethod 3041 of specification L-P-400u.

(E) tercentoze lieht irtnsrission - Tests wers conijucted on
Materials A and B in accordance with Method 3021 of S;ecificoting
L-¢-14062.

{(G) rercentive haze - Teste were ceornducted on ketericls A and 8
in aceordance with Method 3021 of JSrec.fication i-k-(4Cha.

{10) kite of purning - Tests were coniucted on Materials A and B
in accordunce with alethod 2021 of Specificsation L-k-40hs. Due, houever,
to the ressibility »f air rollution and subsequent human ingesti~cn of
possible resijusl radiolozicel contuminstion {(the test sumples huod been
decontaminated, mcnitcred ani declured "SAFE") durinc burning, wateri-l 4
was burned in a ventilated hcod.

(11) Flexursl Defcrm2tion - Tests were conducted on Muterieils A
and b ip accordence with Metihod 2011 of Srecifiention L-F-400z.

(12) Stress Cruze - lests were conducted on Luterisle A and B in
accordance with kethioi 3C53 of orecification L-rF-LCba,with the excertinn
thet no snlvent was used. During; jart of this test the air conditioninz
system in the luborutor; w@us shut iown, thereby making the results of thic
test less valid than othersise,

{13) rercentne "ater Absorption - tests were conducted on M:terisls
n und B in wecardznce aith dethod 7031 of Specificutinn [-r=40nu.

I
o

(14) Sjpesific Sravity - Tests were conducted on Materizls /. and B
in zecordance aitih Method F-5b of Srecification Jn-i-4la. ‘

{f) Rubber

(1) Tire - Destructive tests to determine tensile strencth ané
ultinate rercent elons:tion was conducted on the port tire of the test
gircraft. Tests were conducted in zceecrdance with Federrl Specificwtinng
lua=HA=C L,

{2) Inner Tube - Destructive tests to determize tensile stren-th
an? ultimule percent clonrition vere condueted cn the rort tire inner tute
of the test uwircreft. Tezts were conducted in ecenrdence itk Federal
Specificution L-RH-001a,

& -8. ' 0 1_7]]
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. {3} self-sealins Fuel Tell - Testz to determine the self-
‘sealinz properties of the main fusl cell were conducted as deccribed
in Report No., AL Nad »E 424714, Fart I, Aromatic Fuel Resistant
Rubber, Shrinkege in Grade 115/145 Fuel.

{4) cusketing, ‘Tubins :nd Shock Hounts - These eomyponents, in
zeneral, were so ssverely attacked by westher that detailed teats would
have been inccnclusive. They werc inspected in rlzes visuzally.

{z} Textiles

{1} Inspecticn of the sireraft sssembly revealed varicus tsxtile
materials to be rresent showing vorying amounts of deterioration.

{2} A cznvas hetch cover, an instrunent esrrying case and twe
safety belts and shoulder heruesses were present in the rzdioman's
compartment buit all showed vviience of repested water soekinag., 4&lso
grosent were & safety belt and shouller harness in the pilot'’s ecckrit
and the bomberdier's compartment. These also showed evidence of
extreme wsathering, all fittings beinz severely corroded. 4 gsize 7
ensign of unknown history wus found in the 1ife raft comrzrtment. It
snowed evidencs of severe westherinz, viz.: the fly was missgirs dnd the
remaining fubric was tattered, frayed snd discolored. .

{3) Control surfeces of the tail assermbly were fabric ezvered.
however, since these surfaces hed teen exposed to severe uncontrslied
and unknown trorical conditions for at leasst 15 months followinz Test
Baker of CrOSSROADS, it was decided that detericrstion Aue to thic
weathering would mesk any effects due to atomnic radiation,

{4} Beczuse of the well-known deterioraticn of textile Froducts
due to weathering and since no control sumples with eguivilent weather
exposure ware svailable, no tests were rerformed on eny textiles
contuined in the asireraflt.

{5} Froject No, AL K AR 525036, rernrted on 3 Jun 47,
revealed that no effect either in structurzl rroperties or ocperating
characteristics could be noted in 2 knrk 2 life reft that had been
sub jected to atomic radistion during Test Able, ¥When it is realized
that accurate controls were avsilable for thic srocimen whose history
wes known ut least tartislly and no indicetion »f redirtion Tomnre
could be found, it is readily seen tlat tests on srecimens sueh us those
found in this test aireraft sculd live been meanincless.

5, RaSULLS
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{a) Hydrsulic and iubrication il

{1} Results of :adisaeti?fty determipitinsns on hydrsulic ril
samples are shown o0 Tsble II. ;
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(2) fesults cf tests of hydreulic ¢il azainst Speeificntion
iN-Q-366 are shown on Table 11i,

{3) Kesults of redicactivity determminations cn lubricating ofl
samples are cshown on Tuble IV.

(4) Mesults of tests of lubric-tion o1l aseinst Specification
AN-VV-0-366 sre shown on Table V.

{b) Hydrsulic and Kechkonical Components

(1) Due to the westhered £nd structurallv-demaced condition
of the airplece, in generul, it wos possible to &ctuite only & few of
the hydraulie comyonents. )

(2) Tie starbourd wins hyiraulie svatem wus found in feir
condition, but the rort wir- was in b=d chafpe and its hyircullic system
was not ogperuble. (Tte 7art winz hed to be shoreld ur to rrevendt its
fullins off when opened.] oeveral lesking joints weve observed which
aypeured to be-'a result ~f distartion of structurnl remders due tO blust,
riston rods were rclerstely ¢nrroded on thelr exposed surfaces,

{3) The bermb-bay deors were sctusted with the hand purp, end
were observed to furction normelly.

{4) The sturbeard winy flap wes sctusted fert way by the rond
pump, but comrlete actuation wz2s not obtained due to the bent eondition
of the flap and wing stub ani carrosion on the expnsed surfuce »f the
riston red. The yort wing flar was teld shut ty brecin:, =and rluid wes
leaking fronm joints when prescure was aprlicd,

(5) landin; cenr retr.cting cylinder rodis were corroded on their
exposed surfuces so that thoir mctuatisn was not feasitle.

(¢) The selector valve, hund pump, and, in generwl, all rarts
not gubjected to corrosien snd thysicsl dam-ce inside the cubin were in
orrrauble conditicn.

{7) Ac 1t was observed (1) that the poor cordition of the
hydraulic system, in ~ezernl, ws due to zorrccion &nd pbvsieel damape
(probably from the blest, & rnted), and (2) 1t co5uléd not be seen hLow
effectr of tnesible raliation darase could be separated fror these
other cross ~ffectes, further tests were discentinued.

(¢) Metcllurzicul specimens

(1) iensile nn?! ppluronce Tests Q 1.7].]

A, A sumrcTy tebulation of resulte ~f tensile and endurance
testa is shown in Te™le vi.

- - 10 -
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B. Detsiled tabulation of results of endurance tests is

"shown on Tables ¥I1 and VIII1. ) ‘

C. Plots of endurence atrensth ars shown on Platas 1 and 2,

{2) Corrosion Tests ‘ . *

A, A summary tabulstion of results of corresion tests is
shown on Teble VI,

{3) Interzranuler Corrosion Studr

A. Fhotomicrozraphs of specimens subjected to fstergranulur
corrosion testa are shown on Flates 3, 4, 5 and 6, The photomicrographs
showed the material to be mnderately susceptible to intercrsnulsr corroaion.

{d} Orpunic Protective Costiazs

{1} The finish aystem on the aireraft was in good condition.
Adhesion of the puint was very good; there was no svidence of checking;
no blistering of the surface was roted on close inspection; no eracking or
sllfigutoring of the finish could be found., Thre paint showed asipgn of
considerable chalking, but detsrmination »f degree and resson fnr chelkine
was complicnted by the presence, dver a large part of the furfece, of a rust-
¢olnred dust. This dust was presumably the residue of fosmite which is
known to heve been spruyed on the Indespendence mnd slac the 2irplsne.
Chemical and spectrographic sanslvsis of this reddish dust revesmled the
strong presence of Aluminum Sulfate, ope of the components of foamite,

{e} Plustics

{1} A compariscn of the aver:ge values of results of teats on
Materisl A snd, similarly, on Material B, together with the requirerents of
the pertinent specification and whethsr or not the apecificotion rajuire-
ments are met Or not met by the test matariales is shown on Table IX. Alse
indicated is that material considered superior in sach given test,

{2} Ultimete Tensils Strencth - Results are shown on Teble X,

(3) Percentagas Llongation - Results are shwe on Tadle XI.

{4) Index of Refraction - Results sre ghown on Table XII.

{S) Angulsr Deviation - Results are shown on Table XIII.

(6) Fercentage Light Tronsmiszsion - Results are shown on Table XIV.

{7} Percentage Haze - iLesults are shown on Table XV,

{8} Rate of Burmninz - Results are shown on Tuble XVI,

. L Q 1711
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* (9) Flexural Deformation - Results are atowm on Tsble XVII,

(10) Ltress Cruze - Rerults are shysn on Tuble XVIII.

(11) kercentace water Absorrtion - aesulte =re shisn oo
‘Tuble XIX.

{12) ureeific Sravity - reeilts are shown on Tnble X,

(f) Rubber
(1) Tire

( ‘ a. The fabwrd side »oll rubdber showed ¢ hizher teneile

? utmmrfh ani ultimnte elonmation thun thke outbtosrd ctde wall (bot! frorm
port tire), Thig, however, could not be attributed rolely tn - tomic
rediation, Both side wulls bad, no doubt, decreaszedi conctlerctly in
| tensile atrencth und ultimite e¢lonzition from their vnluern st the time
of manufncture, They were then [robebly chous 2500 psi anl 5604,
reapectively, The outbsard side vall Lud boen nred mere rapiily benuvce
of more exposure to zunlizht thun the tobamrd site wall, THie wis
" n-parent on wxarinition of the surfuce of toth tirms, The cutbrard
aide walls of bott tires chowed more extenstve sunlipsht eracking thun
the inbourd side ~allc., Thie foct wus reflected in the tencile stren-ur
vilues ottained. ‘

: B. rHesults ¢f tests oon ueted on the nart tire are slicun
(~ on Tuble Q1.

(2) Inner Tudbe

A, The inuep tude tented dercnstrnted normal tensile
prnjerties conaliering ite ave vnd service conditions encountered.

B, hesults cf tents coahietef an the infer tube are chown
On I’d'blc XXII. *

(3) 3elf-Sealing Fuel Cell

A. The self-sealins pm;ertfen of the fuel cell tested,
when in contuct with fuol At «20°F, wus syual ta the eellis in current
use in acv.l uirereft.

B. Ttesult: of teety eoiacted on the gelfesealinz flel
(", . cell cre showa en Table JXILI,

{4) eoreting, Tubine :nt Lroek Kounts Q 171]

A. Vieusl inspectiaon af geiketing abcved ve letorforatiar
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thet could be considered ubnirmal after the time cf weather exrosure of
tre cirtlanse,

B. ‘fublinz not exrosed to direct sunlisht was in normel
condition., Leathered tubing was beily deterioruted, but this was
considered normal,

. S. BShock mounta, in moast cuses, meintained rood tenciie
proverties, Thore eqgosed to westler chowed eonuidersbhls aseine btot
tiis, alsc, ws consi-ered prorrel ufter s prelonsed perinl of trorieal
wentter exjolure.

{j tg) Textiles

{1} inpssruchk =: no teais wore eonductied on these components, the
reculls ure included unior Method, Section (7},

G CONC SIS

{2} hydruulie and lutrieatiecn Uil

{1; Teats eondunted or ike hydrsulie o1l camples indiemtsd thut:

- A. Very smell snounts of contaminstion hed antered the
hyiruulfe synter, Ho messurshle ulrhs cont-aminstion wns rresent.

d, After centrifu-ins, the zomylec tented 20ntiined 1ittle
or no residusl rudjoretivity, It iz beliwved that further, or jerhigs
gltra,centrifurin, wull hove renoved this remainier,

Ce JSiocification rejuirerents =ers not met, nsepmin: st
the hyiroelis oll in the airplone wus Ali-u=360. Wi, h-wever, ceannt e
sttrivuted to rudintion effects. Hydrsulie oil, uren lonz stardine andi,
throuch lowk  nd brenks in the gystem, sriiztion sad esantuminsticrn {net
necesasrily radieledenl) will, vy even, Lot meet stecifienting
re uirer ente, L i pelieved thut tlene fuctors pluyed o muler perd in
the nen-specificntion Qualities of the oil,

{2} Tasir conducted on tho lubrizetine ~i1 zhewad thot:
Ae Congllerzble rrifolozin L enntupinnti~n »ns rrevent,
after gentrifusing, o negligible wrount remnined, its presence oxtluinedle
in the sare munner ss that remeinin- in the brirsulic »il. (Scction Sia){2):
B. Ire lubrisntin: oil iid not neet mjecific Linn reguire.

merta,anonnins that 1 won adl=¥¥eo=300,  Trir $2 presumnbhly atirtbtutat e
13 the =ame [ ctors that gaured the Lyirulic oil sumrles o P

- -13- Q 1711
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specification tests, und not due to effects of etomic radistion.

(b) Hydrculic and Meckanical Components - Cccaidernble damage was
suffered by the hyirzulic and mechanical compopeats of tke test airrlane.
It is consilered thet this dunage woas cuused by effectsother than atomie
radiation end no effects attributable tc demuge dy atomic radiation
were found.

(c) Metzllurzies) Srecirens - An enalysis of test results obtailned
indiented thot there was o difference that oould be considerel conclusive
between the results obtuined from tosts on samples from the starbeerd skin
of the test sireruft ac compcred with results of sumples from the rort skin;
nor wag there any cocclusive difference between tie recults obtelned from
teats on muterizl from the test eircoraft as comrured with virsgin material
tlint might be attributed to effects of atomic refution,

(d) Orpenic Erotective Costines - It 15 constdered that degraintion
of tre film had not occurred due to its extnsure to atamie rudicticn,

(e) Flrstics - There is no conclusive evidesce to shkow that non-
sreci fleetion crovertias of the jlestic sampley testei were caused by
exposure tc atomic mdinticn,

(£) Rubber - itere {3 no ennolusive evideace to o'ow that none-
specification properties nf the rubber samrles testel were caused by
exposure to atomic rediation.

(g) Textiles - No conclusinn con be mude regurding the textiles

cbtained from the sireraft, All textile materinla »ere 2¢ zeverely damnzed
by weather that tests were not conducted. (uee Kethni, Section (g).)

7. v RBCOMMENDATIONS

(s) It is recormonded that if BiAer intends ts continue inveati~ttions
of this tyre, s much strinter control ¢f casjlinsret u.e, exposure method
apd ccatr:l earrles be obuervel, As 1s recdily sesn irn tlris rerort,
possible effects ¢f ntomic radietion were nasked completely by many
indetermin: tes.

(b) It is, however, believed that definite coastructive infomintion
might be cbtuined if this liborator: were sciven the croject of determining

‘the effects of atomic radintion on rnteriols pre2sently used {n neval

airersft. In ccoperction with, for instunce, Cax Kidse fucilities,
definite cortrol stuniurds emld bte rzintained, theresby renderins test
recults velid end c¢onclusive.,

(¢) leadiny from thic, it 15 conceivuble thet mcterinls of Lizter
quality mizht tec developed, thereby renmlerinz nsvel ~ireraft less
vulnerable to the eflectr of utomic radiztisn,

- e norm
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{d} It is, thsrefore, recommended that a rrojsct be established at
KaES so thet precisely controlled somples may be prepered and exroced
in the pile at Oak Ridge, or, better still, Brookhaven Netional
laboratories {because of its proximity to Fhiladelphia)}. These samrles
then might be evaluuted at KAES and compared with unexrosed matarials,
Since the Aercnautical Muterials Laboratory at NARS is the only
laboratory of its kind in the service of Buder with complets facilities

to prosecute such an investigation, this project cnuld be hLandled
¢apably and expeditiously.
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a=3
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A=l

A5

g-1 -
B2
B-3
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SCTION D

PLASTIC SAMELES FROM TEST AR LANE

DESCRIPTION

Single curve, 1/8" écrylic
Flut, 3/16" acrylie
Flat, 1/8" acrylie
3inzle curve, 1/2" gervlic

Flut, ,100" acrylle

IOCATION IN AIRPLANE

el el

PR S S

Cabin enclosure, top cover,

starbecard side, Station
81-107.

Gun turret, top half, pert "

side, gunner facirnz aft,
station 134-146.

Gun turret, dbottom half,
rort side, cun-er fecing
aft, Stetion 134-146.
Borbardier's comrartaent
window, vort siae,
Stetion 17C-146.

Bombardier's comportrent
window, gtarboarid side,
Steticn 216-232.

FLASTIC SAMPLES FiQM CORTRUL AIRELANE

See A=l
see A-2
vee a-]3
See A=l

Sae A-S
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I | SECTION D

. READINGS TAKEN ON HYDRAULIC OIL SAMPLES

) \ ;
y SAMPIE 1 SAMPLIE 2 SAMPIR 3
L "GN, (NET]  _CAN. (Y] _CMMIN. (RET]
BETA PLUS BETA PLUB BETA PLUS
GAMMA ALPHA GAMMA - ALFHA GAMMA ALFHA
. 011 befors ‘
1. Centrifuging 23 Neg, 18 Keg. 33 Neg.
Residue after
Centrifuging 37 Neg. 30 Neg. 50 Neg,
i Centrifuged 01l 10 Reg. Heg. '!ieg, 17 Reg.
Equipment Used: 2.7 mg./ca? end-window type argon-ether filled
self-guenching. )
General Electric Proporticnpal Counter with rubber
hydrochloride window, air-filled chamber probs.
TABIX II
) RESULTS OF TEST OF HYIRAULIC OIL -
‘ : THR¥X SAMPLES TESTED AGAINST SFECIFICATION AN-0-366
1 ; ‘ MEETS DOES NOT MEET
( ' SAMPIE 1 SAMPLE 2 SAMPIE 3 SPECIFICATION SPECIFICATION
Four Point -75.0°F, <75.0°F, <=75.0°F. x '
FPlash Point GO0.0°F, 92.0°F, 90,0°F, X
Turbidity at Pagsed Passed Faaged X
-65.0°F, to 72 hr. 72 br. 72 hr.
“?s tﬁ‘! * test test test
E Viscosity —
l . ‘ Centistokxes : ‘
130°F. 10,99 10,86 11.37 X
~40°7.{a}  530.,3  552.1 585.7 X
~40°F.(b) 525.0  547.0 580.4 ' X .
{1 &r.
* (‘ ‘ later .
than (a)) G 1711
” . . TABIE IIX

———— .
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SECTION DI

READINGS T/KEN ON LUBRICATING OIL SAMPLES j

SAMPLE 1 - C/MIN. (NET) SAMPIE 2 - C/MIN. (NET)
BETA PLUS GAMMA AIPHA BETA PIUS GAMMA ALFHA

011 defore Centrifuging 18 Neg. 125 ’ Keg. .

Residue after Centrifuging 36 Neg. 108 2 :

Centrifuged 0il 12.0 Neg. 9.6 Neg.
TABLE IV

RESULTS OF TEST OF LUBRICATING OIL
TWO SAKFLES TRSTED AGAINST SFECIFICATION AN-VV-0-446

SPEC IF ICATION
SAMPLE 1 SAMPLE 2 REQUIREMENTS

Pour Point -10°C, -10°C. Max. +20°F.
01"!. 011.‘!'.

Ylash Point Adove 255°C., Above 255°C.  Mim. 490°F.

491°F, 491°F.
Viscosity at 99°C. (210°F,) 119 o 17.5 115 - 125
(Saybolt Universal) : :
' TABLE V

@ 1711
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380 PION D

S St o

- FLeiUnE Falidls TLOUS

MATERIAL - 24ST, .033" TENPERATURL - Hoom

DEsCRIFTION - Lort Side, Stetion 90.5 to Station 122,
Stringer 3 to 3tringer & ‘

SERECHMEN ¢ SIRESS ' ‘ REMATKS

NO. j33§ TCTaL CYCLES (FAIiURE LOCATION)
| KITH KCLL
1 18,000 50,000,000 No Feilure
= 2 22,000 7,894,000 B/C
4;- 3 25,000 1,073,6C0 - ¢/D
A 30,000 ' 284,000 B/C
© 5 i 23,000 1,050,000 ¢
6 | 20,000 15,137,000 c
7 116,000 " §0,0C0,000 No Failure

avalds ROLL

2 [ 18,000 T2L,531,000 ¢
9 22,000 2,300,600 G
. 10 . 25,000 454,000 B
o 11 I 30,000 211,000 B
- 12 © 23,000 765,000 c/D
: ~ 13 ' 20,000 1,050,000 . .¢/D
E - « 14 . 17,000 50,000,000 No Feilure

TUTAL CYiLio REJUIED - 50,000,000

FAIIURE AREA \__

o TubLE VII

a 1711




“ ‘ ‘ REFCRT NU. AML NAV Al DLUUIL S
JECTION D i

4

FLELURL FuTIGE TISTS

Maipainl - Z4o8, L0237 TidbtralURE - Room
" DsCrlbiicl - oho.icurd Side, Stution 9C.3 to Stetilon 122,
iwriazer 5 to 3trineer 6
SPCINe CiREso HF¥ ARKS
1 ‘ Ne. (1 TuTAL CYCILS (FalilKE 10CaT.dl
» - ’ilTn ROV.._I:
{ { 15 30,000 525, C0G c
e 15 :’:,COO 43555,0'\-‘0 c/'D
17 2,000 16,467,000 C
12 ~0,00C 50,000,000 No Fallure
10 13,000 5¢, 207, CG0 No Failure
ey 25,000 626,000 C
©l 21,000 22,682,000 ¢
ACRUSS ROLL
22 2C,C00 533,C00 c
%3 23,000 3,040,0CC Cc/0
‘ oL S, SO0 2,451,00¢ B
: 5 3,000 16,5%2,9C0 c
: ‘, 26 12,060 50,000,900 No Failure
| : 2 25,000 14,151,000 S
N a8 21,006 4,608 ,CCO e
TUTAL CTULhe XogliseD - §G,C0C,000
(0]
Q
| —

FAIIDRE AREA

TABLE VII1

01711
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SCTION D

CONPARISON CF AVIRASE VAIUES OBTAINED FROR TRETS

TEST

Ultimute Tensile Strength, psi

Elonzetion, %
Indsx of Refraction

Angulsr Deviastion, minutes
Light Transmission (Furullel}, %

haze, %

Rate of Burning, in./min.
Flexursl peformation, °F.

Stress-Craze, inches
Water Absorption, %
Spe:ific Jruvity

TEST

Ultimato Tensile Strength, psot

Elongution, %
Index of hefraction

angular Devistion, minutes
Light Tracsnission {Fasrallel}, %

Baze, %

Rate of Burning, in./minm.
Fleszurul Deformetion, *F.

sStress-Craze, inches
%ater Absorption, %
Spssirie Oravity

CF MATERIAL A* AND ¥ATLRIAL B**

* uorylic meterinl froz test sireraft.
** serylic meterisl from contrel airceraft,

SPECIFICATION
MATERIAL A HATERIAL B EEQUIKEMENTS
7285 4950 6800 (min.)
2,29 1.28 2.0 {min.}
1.48%7 1.489 1.49 £ 0.01
2*3 - 2’9 ?!g
81.9 84,0 90.0
A 5.8 3.0
1.8 . 0.87 2.4 f{msx.)
160 T 161 137 - 176
2-3/8 2-3/8 V¥isual Insp.
0.31 0.39 0,80
1.18 1.18 1.18 £ .01
SPECIFICATION
REQUIREMENTS
M:T BY T MaT BY  SUPERIOR
EATERIAL RATERIAL ¥ATERIAL
A B A
A B A
Aani B Neither
Aznd B Keither
A and B B
Aend B B
Aand B 3
Asnd B Neither
Aand B Neither
Aaond B A
Aand B Neither
TaBle IX
W 1711




| Y REPORT NO. AML NAM AE 5.00C1

: SECTION D )
| >
i‘ .
PLASTIC TEST RESULTS
ULTIMATRE TENSILh STRENGTH (PSI)
SAMPIE KO. U.T.S. (PSI
MATERIAL A
A-1(1) 8590
A-1(2) 2800
A-1(3) 8430
A-2(1) 5620
A-2(2) 5580
A-3(1) 7080
A-3(2) 8220
{ A-3(3) 5970
' AVERAGE 7285
MATRhIAL B
B-1(1) 5420
B-1(2) 4760
B-1(3) 4470
AVRRAGE 4950
TABLE X
PIASTIC TEST RESUITS
(. ELONG-TION (B)
) SAMFLE RO, £
MATRRIAL A
A-1(1) 3.11
A=1(2) 2.96
A-1(3) 2.92
A'z(l) 1.9
A-2(2) 1.15
A-3(2) 3.02
A=3(3) 1.65
AVERAGE 2,29
MATERIAL B
8-1(1) 1.49
(, : B-1(2) 1.16
B-1(3) 1.19 g 1711
AVERAGE 1,28

L TABLR XI

s e e . e — - Y
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REPORT NO. AML NAM AE 540001

SECTION D

PLASTIC TEST RESULIS
INDEX OF REFRACTION

SAMPIE NO. INDEX
MATERIAL A

A-2(4) 1.499

A-2{%} 1.489

A-2{6) 1.488

AVERAGE 1.489

MATERIAL B
B-2{1) 1.487
B-2{2} 1.492
B-2(3) 1.486

AVERADE 1.489

PIASTIC TEST RESULTS
ANGULAR DEVIATION

SAMFIE NO, HORIZONTAL VERTICAL
MATERIAL A
A=4(1) 25" .188"
A-2(7) .25" 125"

B-4(1)

AVERAGE ,203" x 11.45 = 2.32 minutes

MATRRIAL B
o257 25"

AVERAGE 25" x 11.45 = 2,86 minutes

TABIE XI1

TABLE XIII

Q1711
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{ SECTICM D
PLASTIC TEST RESUITS
W
SAMPLE NO. A {TOTAL
MATERIAL A
A=4(2) 91.9 76.9
A4(3) 92.1 80.3
A=3(4) 91.9 85.2
A=3(5) 91.8 85.0
!:. AVERAGE 91.9 81.9
WATERIAL B
B-4(1) 89 84
B-4(2) 90 84
B-3(1) 90 84
AVERAGE 89.7 84.0
PLASTIC TEST RESULTS
~FERCENTAGE BAZK
(
SAMPLE O, ]
MATEIRIAL A
A-4(5) 16.3
A"(b, 12.8
A-3(6) 7.3
A=3(7) 7.4
~ AVEBAOE 10.9
MATERIAL B
B-4(2) 5.5
B-4(3) 6.0
B-4(4) 6.0
(._ AVERAGE 5.8
L
el S pa— .

EEPORT NO. AML NAM AE 540001

i
i

B (PARALIEL %)

TABLE XIV

TABLE XV

n 71
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SAMELE NO,

A5(1)
A-5(2)
A=2(8)
A-2(9)
A-2(10)

B=5(1
B-5(2)
B-5(3)
B-2(4)
B-2(5)
B-2(6)
B-2(7)

. HEPORT NO. AML NAM AE 540001
. SECTION D

PLASTIC 'ThST RESULTS

RATE OF BURNING

SAMELE NO, INCHES/MINUTE
~ MATERIAL A
A‘l(‘) 109
A¢1(5) 1.8
A-1(6) 1.7

AVERAGE 1.8

MATEXIAL B
B-1(4) 1.4
B-1(5) 0.9
B-1{6) 1.3
AVERAGE 1.2

WIDTH

0.503"
0.495"
0.486"
0.497"
0.500"

0.4%9"
0.499"
0.4986"
0.490"
0.496"
0.495"
0.495"

PLASTIC TEST RESULTS

.- FIKXUKAL DEFORMATION

THICKNESS
MATERIAL A
0.112"
0e112"
0,178"
0.178"
0.178"

MATERIAL B
0.125%
0.123"
0.133"
0.133"
0.119"
0.132"
0,123"

TABIE XVI

STARTING TEF LXCTION

TEMP}:RATURE TEMF ERATURE
g2°r, 160°F,
82°F, 158°r,
goer. 160°F.
82°F, 162°r,
80°¥. 162°F,
AVERAGE 160°F.
gaer, ~ 158°p,
78, 1620r,
80°F, 162°F.
75°F, 162°F,
T7°F. 161°F,
78°r, 165°r,
T7°F, 156°F,

AVERAGE 161°F,

Chushel ks
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SECTION D

PLASTIC TEST RESULTS
STra5S CHauk

LATENT OF CRALE
SAMPLL NC, LENGTH WIDTM  THICKNESS PSI  AFTER 24 HiS. AFTER 17 DAYS

MATkIAL A
A=2(1) 4" 0.979" 0.181 L000 1-3/4" slight 2-3/8" severe
a=2(12) 4" 0.996" 0.178 4000 1-3/4" slight 2-3/8" severe
MATE:IAL B
B-2(8) L" 0.980 0.179 L000 1-5/8" slight 2-1/2" severe
B-2(9) 4" 0.597 0.178 4000 1-5/16" slight 2-1/2" severe
B-2(10) L 0.994 0.180 L4000 2-1/16" slizht 2-7/16" severe
B-2(11) A - 0.979 0.178 4000 1-9/16" glizht 2-1/16" severe
| AVEKAGE 2-~3/8"
TABLE XVIII
PLASTIC TEST RESULT3
PLRCENTAGE WATER ABSORPTION
WEIGHT
‘ WEIGHT AFTER
SAMPLX NO. % ABSORBED LENGTH WIDTH THICKNESS AFTER CONDITIONING DMYERSION
MATERIAL A .
h=1(7) 0.31 3,001 ~ 0.991  0.117% 6.7124 6.7336
A-1(8) 0.30 3,008  0.993 0.1215 7.0234 7.0448
A-1(9) 0.32 3.012 0,982  0.1170 6.6272 6.6486
A-1(10) Ce31 3,018 0,999 0.1215 7.0808 7.1031
A-1(11) n.32 3,005 0,997 0.1175 6.7887 ¢.8107
AVERAGE 0.31 | '
| MATLKIAL B ,
B-1(7) 0.42 3,081~ 0.972  0.123 7.1512 7.1815
B-1(8) 0.4b 3.067 0.997 0,123 7.2752  7.3069
B-1(9) 0.29 3,062 0.967 G.139 7.9338 7.9570
B-1(10) 0.29 3,004 0.961 0.144 8.0206 8.0437
B-1(11) 0.44 3.001 0,995 0.123 7.0591 . 7.0902
AVERAGE 0.39
TABLE XIX
31711



SAMPLE KO,

A-2(13)
A-2(14)
A-2(15)
A-2(16)
A-2{17)
A-2(18)
A-2(19)

B-2(13)
B-2(14)
B-2(15)
B-2(16)
B-2(17)
B-2(18)
B-2(19)
B-2(20)

i

SECTION D

PL~STIC TEST RESULIS

SFLCIFIC GRAVITY

WEIGHT IN AIR WEIGKT IN H O
MATERIAL A
1.06 0091
1.03 0.88
1.03 0.87
1.06 0.90
1,02 0.87
1.09 0.91
1,08 0.97
MATEHIAL B
1.93 1.64
1.93 1.64
1.91 1.61
2.15 1.83
2.05 1.7%
1.91 1.61
1.72 1.44
2,08 1.7%

 REFORT NO. AML NAM AE 54000)

SPECIFIC GRAVITY

1.16
1.17
1.18
1.18
1.17
1.20
1.18

AVERAGE 1,18

o b b b b b
*

bt e et pt et P et

OOV B~I~FI R

AVERAGE 1,18

TABIE XX

W 1711
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- REFORT NO. AML NAM AE 540001

SECTION D

FORT TIRE TEST RLSULTS

Manufacturer: Goodyear Tire and Rubber Company

Size: 34, x 9

Serial: 133943-510

Fadbric Flies: 10 (rayon)

Ruboer Grade: 35-6

Appearance: MNo excessive surface deterioration. Slight sidewall
cracking due to weathering. Cracking more pronounced -
on outboard sidewall.

TENSILE STRENGTH TEST RESULTS

TENSILE STRENGTH,PSI

SAMPLE NO., INBOARD SIDEWALL ULTIMATE ELONG/TION,%
1 1570 300
2 1540 | 280
3 15,0 » 290
4 1500 | 280
AVERAGE 1540 290
OUTBOARD SIDEWALL
1 1450 260
2 1080 240
3 1190 4 230
4 1230 | 2,40
AVERAGE 1240 240
TABLE XXI
U171}
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o FEEORT NO. AML N AE 540001

SECTION D

INNER TUBE JEST RESULTS

Manufacturer: Gcodyear Tire and Rudbber Cempany
Slze: 34 x 9
Composttion: Natural rubber

SAMFLE NO. TENS ILE STRENGTH
1 2060
2 2240
3 2230
A 2190
5 2310
AVERAGE 2210

SELF-SLALING FUEL CELL TEST RESULTS

Manufacturer: B. F. Goodrich Company
Date of Manufacture: Nov 4l
Manufacturer's Orawing: L1-225
Serial No.: L=292-3

Construction: 892 THM-3E

Type: Main Cell, 155 gal.

TEMPERATURE . FUEL
-70°F, 115/14% containing 1.3% arozatics

ULTIMATE FLRCENTAGE
ELONGATION

610
620
630
610
620

620

TABLE XXII

RESULTS

Sealed in less
than three (3)
minutes

TABLE XXIII

G 1711
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REFGAT G0, AML Nedd ak 547C01

SECTICN 3

Khilbi'S BTCHANT
2004

FHOTOM LCr0UrArHS GHOWINJ RESULT3 OF INTERCRANUIAR COARCSION STUDIEL ON MLTALS
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{a} This is a report of tests conducted on various components of
the siructure of an Cperation CROCSSROADS terget sirplane, This structure
was originslly designed to withstand service usage. This usage does nnt
include either exposure i¢ extreme blast presaure, unzhielded tropical
weathsring, or atomic redistion. This airplene wes exposed to 2ll three
¢f these phenpomena in sdd_iion to previcus service usmge., No unigue
teats wers cavised, although test methods in some csses were necessarily
modified dur to such factors as damage to the airplane*s structure by
blast and ti ¢ necessity of personnel protection sgainst radistion hazards.
¥hers applicadle, standard tests against specifications were employed.

{t} The rsport descrides the various points of failure and deformation
of the structural components, dedudea the probabls failing points of those
components not carried to destruction, discusses the reasons for non-
fatlure of various components ani discloses that the results are
atiributabls to effects of phenomensa other than atomic rediation.

g 1711
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SECTION 2

i, .7 AUTHORIATION

The subject tests were authorized by refs {a} and {b).
2. T+ camer oo

These tests ,xere*eendncteé tc determine the efféets, if any, on the
structural components of &n esireraft which had been exposed to satomic
radiation during Operution CHOLGROALS.

-

3. ' . DasCRIPTIUN

These tests wmere conducted on s wing, stadbilizer, rudder, and encine
mount of Hodel THM-3E asirplane, BuNo 69169. The above componentas were
essentially the same structurally as those tested under Buder Project
TeD Ko. NAk 2479 and reportad in ref {4},

*

s H

he B UETHOD

{a} Engine HMount Test

{1) The engine mount m&s removed from the sirplane snd mcunted
on a rizid jig. The engine mount wes tested by spplying the loads shown
in Fizure 6-1 of ref {¢j. The test set-up is shown in Plates 1 and 2.

{2) Insamuch a8 no comparable test data was available, the

engzine mount was tested to feilure with no deflectlon, strsln or set
data taken. . , )

{b) Horizontul 3tadbilizer Test - For this test, the fuselapge was
surported in the region of the stabilizer carry-through atructure,
Begsuse of excecsive blast dekmsge to “he port stabilizer, s replucement
‘stabilizer was obtained from TEM-3E airplane, BuRo 68074, and was used
in the test. The lozds shown in Fipure 2-1 of i1ef {c) were arplisd to

- the stabilizer by use of formers instesd of tension pads as were used in
. T=D Ro. SA¥ 2479. tooden blocks were placed on the ribs of the slsvitor
. Aust aft of the beem and the load was spplied to them slong the hinge

centerline just aft of ike beaxr in the sume direction as the stabilizer
loads, The test aset-up is shown in Plates 4, 5 and 6,

(¢} Budder Blow-Up Test - The rudder was held in a vertical jig and
pressure was applied to the interior of the specimen by zeans of comiressed

oy PP - o
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air. The pressure was incressed slowly uctil the fsbric burst. Both

gides of the surfuce were cbserved during the test. The fabric

" geflection at the points shown in Plate 11 were recorded at each 1/4 psi.

The test set-up is shown in Plate 12, . )

{4} ?Qigg Test - The starboard outer panel only was tested for this
condition for the following reasons as outlined in para 2 of ref {e):

(1) Tre port outer penel was more severely demuged than the
starboard cuter panel and would require repairs to such an extent that

‘the results of tests of the port cuter ramel would be invalid.

" {2} since the repairs which were requivred in the wing center
section were so extexsive, and since the wing fold joint loads ere
staticnlly detemminate, it is believed that the effect of the center
section on the outer panel wouldi be arprroximately the same as if the

~ outer panel were mounted on a jig.

{3} Similar tests performed under projects TED Nos. Na¥ 2419
and 2479 showed the cuter penel to be critical,

{4} Mounting the outer panel on & jig would expose the worimen
to radiation effects for & shorter period of time,since the jig could be
built in sn uncontsmineted area and assembled in the test area. Durmy
beams were attached to the wing hinpge rittings and to the wing lock
fitting and were mounted in 2 jig sc thet tre wing and beems were {ree
to rotate around an axis parallel to the chord lins. The dummy bearz
.are shown in Flate 16. The loads were applied to the wing by use of

~ formers as shown in Plates 17 and 18.

5. - RESULTS

{a) Engine Mount Test ' d

{1} In the first test, 2008 of limit loed, as given in

_ Figure 6=l of ref {¢), wus applied to the enzine mount &s shown in

Fiates 1 snd 2, After reaching 200% limit loed, all lond was removed
and the tubes were checked. No rermanent bending of the tubes was
apperent at this time. The mount was then reloaded to 200% limit losd
xhen the lower starboard tube {Tube D} fuilsd in compression as shown
iz Plate 3. It is to be noted that Tubes B snd D are criticel in

" tension and compression,respectively, instead of Tubes B and C as

stated on Page 21 of ref {c}. For tiis condition, the contrector's
stress analysis {Grumman Retort No. 2012, Fasge 30) shows Tube D to be
tke critical member with a calculated rmargin of safety of 6.5%. (] 17

{2) In view of the bich failing load obtained in this test, it
is believed that there wus no appreciable reduction in strensth even

! . “é:‘
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ihcugh no comparable tests were performed on an unexposed engine mount.

 _The test of the exposed enzine mount hac shown an adequate mergin of
: sarety {apprsxﬁastely'BGr} over the required design strength

(b) Horizontal Tail Surface Test

) (1) At 60% limit load, buckles appeared on the leadirz edge and
under surfaces of both stabilizers at arproximstely Station 60. Plates 7
and 8 show these buckles at 155% limit load. At 100% limit lood, shallow
buckles appeared on the underside of the leadins edge of both stabilizers
at approximetely Statiom 30. At 212% limit losd, the port stabilizer,
which had not been exposed to radistion, failed in bendins. This failure
extended from the leading edge at aprpreximetely Station 33 aft end
slightly outboard to the mein beam at approximately Station 36. At
Station 136, the main beam lower capstrip failed ss a eslumn ss shown in
Plate 9, As reported in ref {d}, the stabilizer of a Model TBF-1 airrlans
with 17 months service life {1165 flisht hcurs} failed in the szame manner
at 22/% limit lomd. 4 plot of semi-span versus deflesction at 1504 limit

',Iaaé is shown in klste 10, and 1s compared therein to the deflection

obtained during the test reperteé in ref {4d}.

{2) At approximately 210% limit load, the arpesrance of bcth
pert and starboard stabilizers wes identiesl, This indicetes that failure
of the sterboard siabilizer, which was exposed to radistion, was imminent.
It is.copncluded, therefore, that failurs of the starboard stabilizer would
have cccurred sithin the range of feiling losd sxperienced by stabilizers
not exposed to radiation.

{c} Rudder Blow-Up Test

(1) Numerous Foles in the fabric of the rudder were petehad prior
to tte test. The fatlure occurred under rressure of 2.00 psi when the
fabric tore ut Stalion 51 on the psrt side. The rib stitching at
Station 3C also feiled at the same rressure. Plate 13 is a photograrh

of the fsbric tesr at Swntion 51, The fabrie deflections are tabulsted
in Flates 14 and 15,

*
*

{2} 4 comparizon of the results of thic test with tests conducted
on the elevators of a Model TEF-1 airplune and reported in ref {z) is as
follows! «

R MAX. DEFLaCTIC
 SURRACE BISTURY

FAILING FRESSURE {PSI) {APEROX. 1.75 1
Elsvator - yﬁew 2.46 : .76 in.
Elevator 17 mos. service 2.70 .65 in.
{1165 flizht hours)
Rudder Unknown service life . 2,00 : 1.09 in.

+ exposurs to radistion

e @ - @
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(3) Tke results of this test ere rot direatly comparable to
the results of the rrevinu: tecsts of the elev.tor [zbric since the
gurfuces tre different ani since tre rudder fatric required extensive
patching (see Flotes 12 end 13) prier to conducting this test, As ncted
in the table above, there iz a considerable srread between the results
obteined on a new und an oli elevator with the new elevator exhibiting
a lower oursting pres:zure thun the old one. The rudier bursting
pressure is lower tran tle pressure obtained fcr the new elevutor.
Lowever, due to the rany variables which may affect thLe bursting
pressure (i.e. reletive initial fubric tersion, amount cf dope arplied
and exposure to severe weathering for at least six monthzs prior to this
test), it is belisved that tre rudder burstir: pressure fclls within
the ranze of strensth that 13 to be expected for this airplane,

(d) Wing Test

(1) Uron i:spection of the starboard wi:r, it was found that
tle tein besm had been twisted by blast damuze. Frior to startins this
jroject, it wns believed that the wing repuirs micht fail during the test,
tlus invalidating the results. However, since a win- test was gpecificall
reyuested, it wus decided to repuir the wing and perform one wine test for
which comperable datea exieted. oy erplying pressure to the lower tinge
Zitting, the beam wms brought into its orizinal position and riveted into
plece. An additisonel stiffencr was added to the lower surfaze of tke skin
plcking up the rivets throuzk anrles atteched to the ruin beam., The
stifferer and anles ure shown in Plates 1G and 20. Additionul plate &nd
angle stiffenery +ere riveted to the razin beem web as ghown in Flate 21.
Repairs were also mude on thLe inboard bulkhead as shoan in Plutes 21 and «

{z) At 1204 limit load, the repairs, mede in an ettemrt to Lold
the msin beem in pluce, frlled. Thre angle added to the capstrip falled
in ternsion; the attachrent 92 the inboard bulkhead to the cpar failled as
stown in kl=tes 21 and 22. .

{3) Since the failure occurred in the repuired recion of the
*ins, the re.ults »f this test are not considered velid for determining
the effects of radiution on the wing structure, No attemrnt wss made to
reiair the vin: snl retest efler this fullure, since it is believed thut
the amount of reinforcerent aand repeirs rejuired woull invalidate any
further test results duc to the ztiffeninz effect of the adiiticnal
memmbers required.
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CONCIUSIONS

ﬁsia result of thess tests,‘it is coneluded that tiere wes no
appreciasble change in the structural strenzth of this airplane due to
the-erfgcts of radistion. o ‘ i

-3

. o o RECUMMG DATIONS

No recommendations are required as a result cf these tests.

1

1
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TBM-3E TARGET AIRPLANE - STABILIZER TEST SET-UP
AFT VIEW PLATE 5
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TBM-3E TARGET AIRPLANE - STARBOARD STABILIZER - STATION 60
LEADING EDGE BUCKLE AND UNDERSURFACE WRINKLES AT 1158 LIMIT LOAD
PLATE 7
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TBM-3E TARGET AIRPLANE - PORT STABILIZER - STATION 60
LEADING EDGE BUCKLE AND UNDERSURFACE WRINKLES AT 155% LIMIT LOAD

PLATE 8
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TEM-3E TARGET AIRPLANE - WING TEST SET-UP
OUMMY BEAM SIDE PLATE 16
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BM-3E TARGET AIRPLANE - STARBOARD WING _ -

LOWER HINGE FITTING - ADDITION OF ANGLE BRACES  PLATE 20
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