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CODIFICATION OF MATERIAW R&D

Class of Material Nature of R&D Primary Obj.ective of R&D

1. Iron and Steel 1. Extraction, Synthesis 1. Structural and
and Purification Mechanical

2. Light Metals and 2. Alloying, Compounding 2. Electrical and
Alloys & Effects of Varia- Magnetic

tions

3. Heavy Non-Ferrous 3. Methods of Processing 3. Optical & Acoustical
Metals & Alloys (incl. Transducer)

4. Inorganic Non- 4. Surface Treatment 4. Chemical
Metallic Solids and Coating

5. Elastomers 5. Methods of Analysis 5. Protection. against
Test & Inspection Ballistic & Other

Hazards

Plastics (including o. Joining (Adhesive 6. High Temperature
Reinforced Plastics) Bonding, Brazing,

Soldering, Welding)

7. Liquid & Semi-Solid 7. Mechanical & Physical 7. Low Temperature
High Polymers Properties

8. Fibrous and Fila- 8. Effects of Chemical 8. Radiological and
mentary Materials & Physical Environ- Nuclear

ments

9. Composite M.aterials 9. Research and Theory 9. Deterioration Pre-
Development vention (Including

* Packeging)

0. Miscellaneous and 0. Miscellaneous 0. Miscellaneous
General

es/ :v\\abe 00o'J



TA.•r OF CO"UIT

1. Iron and Steel

1-0-0 A14 350 Stainless Steel

1-8-1 Influence of Chemical Etching on Stress Corrosion
Properties of Semi-Austenitic PH Steels

2. Light MVetals and Alloys

2-7-1 Titanium Fasteners (6AL-4V)

2-7-9 Vacuum -Plated Aluminum

C-8-4 Corrosion Resistance of Various Aluminums

3. Heavy Non-Ferrous Metals and Alloys

3-7-9 Vacuum Plated Cadmium

3-9-9 Electroplated Manganese

6. Plastics

6-o-l Various Heat Cured Metal Bonding Materials

0-6-I Various Room Temperature Cured Adhesives

6-7-1 Capabilities and Qualities cf Paraplast #33

6-8-1 Epoxy Tubing

.- 8-4 -14-471 Plastic Tape

--'- Epoxy Mat Mold Die

. Liquid bland ce-3.lid High Fo!imxers

7- .- i Adhesive, Epoxy-Po'ymide

'i6I Adhesives Silicones Q-3-0121

7-6-!. Adhesive, Shell Epon 928

7.sm-l Adfl@@tvs, ~Otrucrll, 19-424

7-,L-1 Adhesive, Structural, A?-30

7-7-9 High Temperature Lubrtaists IC
I Best AvaCOable
ell
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ANRVW AA "AW VB@W#A~rAERONAUTICAL SYSTEMS DIVISION
* - 4 LE. ~ h,'Contract No. AF33 (616)-8i3&i

- Project No.1(8-7381):Taak NO.738122

I, CATEG(IY: OX

II. NATOUAL NMAE: ArI 30stair-ssSte

Th~e objective of this program was to detc1-!iine the long~t'-!irial and trans-
verse toen!Ale properties of three different. gagses of XK 350 at roam
t-rereature, 6000?, 8000? and 10000?., after prior el~osure at these
tenperatures under zero stress conditions.

in cconjunction with. advanced design studies on supersonic aircraft, a
literratu-re s-urvey v-as m~de to dete.-.ne th-e opt ~marterla1- for vi!ng
shins operating; betxeezi A, FOF a.'-' 80( F. Rri;ncirle requireients ire:
oxidation zAd corro-sicn resistance, streenf~th ax-d stabdifity at tempe2raturle,
and Lrabricability. AVE 350 seemed to be t46he =-s'.' likel~y candidte, an thi
st~udy wcas ccndaicted to provide reliablee desig-n data on hids alloy'.

AUTH W: G. 1--adsk-Deth ~ -- PAGE :.

MATERIALS 8 PROCESS UNIT



~ a~tAAW caupaAEROitNAUT~ICAL SYSTEMJS DIVISION
9KNIS AWSWARWContract ND. AF33 (616) -83i43

Project No.1(8-7381) :TA6K ND.73812

I.CA~GNYeitals COIN: 10

3:10 X&TERIAL NANE: hA 350 Stainlassafteel

A. lcba-dcal

1. Ten~sile -Given in TatlesI - f nd Figum I - . Allvabaes
are for condition SC?.

2. Thermal Stability - civen in Tables i - nI ad Figures 1- a.

AUvnO: G. Wadsftumflt± 9-12-61 PACE 2.

'MATERIALS a PROCESS IUNIT



-~ AERONAWLICAL SYSTEMS DIVISION
- u~w ANAA Contract No. AP33(6i6)48M&

Project lNo.l(8-7381) :Task 50.73812

_._______ Meal COME: 2.,,)

3M. MATERIAL NANE: AVE 350 Stainless Steel

- ~ ~ ~ ~ A Meh-ia (.?conPAP3P tiE: cotime

mom- -1mI - sew

K-.T f --- hi1

v-2 2r127 1r.t I" ".I
2= "I 3L 17.5 A"L

- - Lz. - ~173. 3. 4.

AIM 7. 237.2 131.9 ni. A"

521&A 12".91T Aue
X31.23 IM£ = 43A

us?3DA W5 A"1

ML~9. M0236." L

T. L 3"9.Z 22TL U12

* - 9M 347 U7. 114 C0.
- MI3.2 3530.

7: ~3GL.4 217.;-,5a.
- 34.2 1.5 ILI

30L AT 3393 21i1. 353 A7.3

13L 9 LS a6 4rc.0 3
- -. ~.135.7 9.30.

- 26 0.0 -C

- ~ AUMMCI: D. ~ ATE: 9-J12-61 PG

MATERIALS 49 PROCESS UNIT



.. .~ .~.,AERONAUTICAL SYST EMS DIVISION
MsA :VOSAN Contract No. P33, s616) -81i41

Project Xo.1(8-TA1) :Task No.73812

1. ________ HesCOME: 1-

IM. FIATEIA NAME: *i: 350 Stainless Steel

V. FRET M;L PBD?Ž:-M!TS: (Continued)

-A. I-echmica (cmatni~ued)

TA :L TaI A 25 G= am m

6F 23 U& 4"j. 2600%mum3lt~
Ktum. semen mu*es %L* Ift asue a OTO

Tomu mE exaf ias*~ ams
Test SMuWtk C= am"s mW". m M%

x K L 2& 32= A2A 43.2
- l32eg.0 239. 32.5 a? 46

254 12rA 2%_ I".3.

fir - 153.2 2.0 2.

~7. 3&-S 323.2 X-.5 O..2 43.

263.2 IU I"J A3.2- L3.
Ar 2Li.= 225.A 32.2 A"~0.

IS! VMT. 267.7 2lui 2: 2.7 £3.2
IM5J 233.9 U3.0 O3A 43.1
M"&S 212.2 316 A"O G.

in- . 3M.1 233. 233.C 43.L 4

zr_ £ý 4 3.2 43.1

;Xt- i5.7 . 3 ?

AUTH: G~ad~zta DATE: 9-:2-61- PAW 4.

4 mMATERIALS 82 PROCESS UNIT



* 7

I CflhI11'PTI AT. CO~1'Mq TTT

-. ~ n Project Noi8M3M:T: o.3.
-~A 350 StaiGlY: steels

- V. IRIMnApL PROPERTIES: (Continued)

- A. Heehanica1 (cocat-Inued)

2L= a in m ma am

at at &*a

sc 43. 49L

me. 229. Z.5

s-. W09 TZ 41-0 4

- 13.7 n7_1 47.C

AV, 3"Z 21 9.3 0. 0.

- SC ___ T94= in 4.

Avn27. G.wdsirt A 0,.17 6 P/335

* * AZ. TERIALS 8 PROCESS2 0.2



- AW LW ~AERONAUTICAL SYSTEMS DIVISION
- -WU Conltract No.(AP33616)41JI1

I. CATEGOY: yztals COVE 1-0-0

nI. NATRRIA *M-NE Am 350 Stainless Steel

* V. ~FEZCIMAL ~IP3Q3TS:. (Continued)

A. 1:--d "-ical (continued)

Wobu wo.m %0A an or

CF 2Z C gn-s. 8Msnag 31011011

ft IlLS 410 17.5 Ilatm M.1

*w M1.2 XA 175 .9 0.
*= Z7z 3 "A5~.0 1. 41.6 .

~- 1.1-3W7.2 17.5 404 0

2C G00 1'2=7 DLI n43 .s
2173. 332.5 205 0.3A A.

* xv. 173.2 325. - .00. .7
1=57.2 21-7-C 9.5 .00 A"
2615A5 n19 9. &43 444

3110 ~A9A0 043 4.0

3C 2ZZ-2~3 9. 96C 0.0 443

367 iB&Lz 439. .3 u.2
* '* 953 043- L.

ABMuC: 3.~irt i ATE: 9-12-61 PAWE7

MATERIALS 89 PROCESS UNITý



AiBW AAWIPFA.4# .PwAEONAUTICAL SYSTEM DIMIION
8@WCV"f ASAMWContract No. AP331 610-8141i

froectNo.(8-%I5) :.Taak No.73822

= 1. CATOMCY: Metals CON:100

fl. MATMRAL NAME: AN~ 350 Stainless Steel

1 V. fl:CiPAL PEZ-TnIB: (Cou~tinued)

*A. K-eeb-nical (ContiMMAl)

G* 52 =-%L =r - ww . ~ -ow imm -of
SUNNI*____________ * - --

IT -1L I= 17u.0 "A

111M9 IM.2 17.0 43w 45.0
in 11L r. 7.C 43.5 "A.

Arm -. 7. "T -27L3 0 .5 0.5 4&.5
17. 43"1 mxS AS .

X45. 232.V 0.742 .

9.5IT U. IL 43.5 "A.
14 23. 121. 9.0 03 4".3

&V 3.0 121. 9S3 44.2 4
143 124. 9.3 03w .

I ? 332.4 9I 9.5 43.1 41.2
2323 3.7 a.5 03. 41-2

2L 797.5 0.9 U-44

AUTJnE: G. se-rh DATE. 9-12-61 PAG8.

ýýýMATERIALS APROCESS UNiT



AAWAAAWAERONAUTICAL SYSTUM DIVISION
- w WP4C4UJEW*VContract No. AF33 (616) -8i'i'

Project. No.1(8- M1,:ftzk No.T7381

1. CAL72MQ1. Metals COMB: 1-

3:1. IWI!ERIhL NAME: AN 350 Stainless Steel

V. 1IDMIPAL PR~aF-Z.: (Con-Unued)

A,. V4Thanical. (contiumAe)

Im TEL . -
QFa- sin -muf Auum

Ims 91110 si- 4101 hm- Li D

- - .-- NO

9m 19L? 1=2& X6. 0.a - £

23". 27" 36.5 03 0.

___ F, 367.A 3317 A=1 Asa
247J. 125. 7.5 AS-^4

m 33 13 96C 043 45.
2 47.6 23334 3.2 0.0 ASA

83 r. M34X2 33". 7.5 =2 A"~
123j Z 7.5 0.0 0.5

2= 312.1 3Z7.4 - 4 .3 07
31~ I2.2 22&.7 7.7 0.0 0.,

I W O7. 3XL7 51" 7.5 . £.I ~ U.* 9.9 .5 ASA 4

AMMC: G. Wasumrlth A -2~ PAGE 9

MAMM~ALS S PROCESS UNITý



W A~44W 66P~hVAERONWI!ICAL SYTMS DIVISION
Contract No., AF33(6i6)-8l1Il
Project No0.38- 73151):Tasl No.7382

* I CTSGKY letais CamE: 1-"-

II. Nam!&IA NAm: a,..350 Sta-inlss steel

T . PMIn.IPAL MUSE= (Comtinmed)

A. INecn~cal (coutiume.I)

Ire m iv.
I" 13Aw & 31 -7

IW " 13.7 w_3_

dw 33.1 331. SA. ax 3LG9

Jog 39A 34.1 VA. A. 31.

2= A 9.0 4361 31.2
23r-.9 39L so0 U.9 31.0
33C3 ]am 9.0 0 31.7

r 30.9 37.A . 8.3a 31.1

ACW7. O.5 32.0 449 31.0
- - 37.3 7.0 1.9 9 31.3

AnmUC: G. WSioth DI' 9-12-6 10.

WMATENIALS 8 PROCESS UI7T 1



AERONAUTICAL S UTEIS DIVISION
-Contract No. AP33 1616)-814i

kz*-; Project No.1(8-7381) :Taak No.73812

1 1_! I. CATEGRY= Nea COME:.=1-~

31. PIAL"IA IAM=: A 350 Stain.ss -Steel

V. PEINCOI~aLP.: = (Continued

Xedb. r (contiui , ed)

atm MON Umf o-mrm

-- -m2, u - mft iai'm . . . ...

---

?: _

-.-

7a 22L 122 1A-3A. 0.1 31.4fjX". fl9 33.0 0.93A
JW = 13 33A A" 1.

1 m. 1. INc A"- 0.•-
7 1" 1iI m.5 0. I"$

w e0.? 13". a~a 35.

I" ]"A5 3.0 30 313

m? 13Z.6 33"* . 3.

in 1Is2 2.2.5 0. 31
12.9 0.15 31.0 02.7 37.0

n1.2 3a2.3 0.2 314

TARlE 17

AUTB(M: G.s sm'~t Lm:~ ~ V- PAW 11.

MATERIALS 8 F.?OCES$ NI



AWAWWAERONAUTICAL SYSTMI DIVISION
W AWLAW ~uSMEATCOntract No. AP33 (616) 84ili

- - Project No.1(8-7381) :Task No.73812

I. C&1UMMY. yetals COWE: 1-0-0

UI. iINAMM NAME: hM, 350 Stainless Steel

A. Rec.sicaJ. (cwt~inmed)

L- --
-rw = mamma

32m It 22432.2 23.0 04 31.1
I= 3 ~1~ 0A 32.5 0.1 3L
Im .t 3m 19 1". 03.9 36a1

*~~N 4m 3mkG? 07 3.

2==3.5 A"Z 3A
WAL 335. a.5 0*C 31.0

8.5nA - 0.1 35.9

3mf =1 W..1 82A 30.5 0. 5

1=.7? ZI 2*~ A 35
1233 ZL3 Z-8 35A

AVD W: C.~t JL~91..1PAGE 12.

MVATERIALS 8 PROCESS UNIT



.- *sI E~j*4w gg~h'yAER0N&WICAL SUMT3M- DIVISION
contract No. AP33216-81431
ProJect No.1(8-7381) :Task No.73812

I. GAUCORY: Metals COlE: 1-oo0

11- NAMIMEI NAME: &w~ 350 Stainless Steel

V. .-FlIUPAL PFýPTtE: (Coiativied)

A . t-ýfS Wt4L- J-m*

tau X GM 0 am

2L. it 13.2 3ILL 1_5 0.1 IbAe
2L. 121. 32.6 0. Au

Ar. * 1w.5 3ALS 22S 03 -

2T 23 31?. 33.. Al

*~3- 1U2 iMJ. 32A6 73

AL 4. rxu 133. SA0 .73R.9 33. t. ~ .
173.7 3=.5 5.5 42.9
1212 3X.2 5.3 0.

20.5. 13L35 0.
67.5 133.3 5 0.

- M.? 309 5.6 0AA

4- MwT. 19.7 6.6 a 0.2AI
245.5 IMA 7.5 0.6
177.3 30L 7.?0A

1e2U-5 7.5 0.

3 36". 32.7 5.5 0.
31O.G06 234A 4.3 ADA

3MY. 32L3 =A 7.5 0.3
231. 23" MID 01.3

2.0.A 32293 15 0.9
. Z3"~. 97-3 6.702

r31? 99J 5.5 0.7
!= ~ .G S-2 5.2 0.7 &gm !3

AV- 3,MLz. 912-6 PAGE

A~TWA ATC-RIALS 8 PROCESS U/ý

13J



1W~~~~~ MAW AONUIAL SYSTEMS DIVISION
mow" S1091010WContract No., AF33 (6i6)-8i~Li

Project No.] (87381):Tank 16.73822

________ etal COJE: 14-o-

11. NAMERIA NAME: AM 35-0 Sta.ixflý Steel.

V. -I..UCPA (Cniud

A. Nehnia me .tim -

29" ELL 10_ a rim cam _ -MI

lu 191.0e 9133. 33.0 31110 0.8-

21- W S. 125.8 Iv 3.5 0.1

in 19LW& 323.75 az 43
S~-- 137A M73 57.5

17.37 2.2 =S0. WAP
Ic 3S7.5 32J 7.0 AL7 0.71 -

xv 1S X. )"..1 22:J 5.5 40.5
2=51,3 22%.7 4Z5 00 0

*2=7 mg. 317.4 5.0 0.4. .

2C ow' 1345 mv!.5 4. 2
2N33.2 V.A 6.0 0.2 .6

* . 29.2 SA 0.1 4a.2

TABLE MI

AWBO: * M�:?A;2-; PAE

MATERIALS 82 PROCESS WRITi



~U~ahFAERONAUTICAL SYSTEMS DIVISION

-~ ~ UW AEAWContract No. AP33 (616) -8i14i
- ~Project. No.1(8-7381) :Taal No.73812

- II. MAAL NMA: AN 350 Stainless Steel.

V. ?FMINCIPAL P~~E:(Continu~ed)

L. rxemdm.i cnim)

som -mh la. doL~. e

wmmf lon swb Whm-;Imaq

-- -wm~o *is amms sm Aner

- ~ ~ 3ALA

47 IW@ m5w

* - SC "0.6 23f(7 7.0 .- L

- - 3~ 18v. 3313 7.5 1 03
13ZA 5.5 4.0 0.

173.5 33.1 '2 0.5

-~ ~ ~~~~I -in1011. . 4- .

1~~~~~Y~ A2. ~ . A £.

AUTBCR: G. Waswo3rth D.A 9-12--61 PAGE 15.

MATE#VIALS APROCESS UNIT



AERONAUTICAL SYSTEMS DIVISIONL• • mmmContrat No.. A33(6160-81411
SProject No.]k No.73812

P- _ - - -o w6

1. : NetaUs--OI.B 1-0-0

II. XAM]I. NAME: £3• 350 stairaess Stl

V. TM,:PAL. •-PMMS: (Contimaed)

.g

A. M:erhafllC.Q (coninued

SNO z. W m - -IEWA S ma

m. SN OW 0WD Aner

CM3 23C6A
i2y" ITL5 32.0 0.7
225.6 21AA 22.5 02.5 0.
"90.7
~7. lSA ~7.0 40a .

* ".9 32.2 &.o 0.3

_.__•-. i•.33L 0.0 0

-~ 1 33M2 6.3 0 A 2£.7

!-. ... X.2 22.7 . 0.2 02
.5.5

XZ- 33.2 5S 03 .
-X73.2 22LO 5.7 0.7 4A

:=ZL.5 40.2 32.5 0. 01
1-.5 Z.0 0.5 0-5

9= =2. 96.4 423 0.
6.2 4. 2 .2

AUTHORI: ;. so~ Ad~ 9m-12-61 PAGE 16.

-mmýýMATERIALS 8 PROCESS UNIT
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AERONAUTICAL SYSTEMS DIVISION
FAW W**AW mM~hr Contract No. AF33(616) -8i1ii

Project s 1u(8i-7381j.U sk 50.73812

* II~3. NATERIAL NAME:j30 Stainless Steel

V. 'R~IAL PROPERTIES: (Cmitinued)

A. r- hnica (contnumed)

12 -iC- &=

a- 13. 27L -32. A A

t 2W ____. I= 23L a i.-

- ~~ 110-3 1mg. 9.5 4. 3
1=5lo 227.7 4.0 0.1 45.c.Z2 1z". in? . 04 .

UrS - 3. Z.5 014 45.0
* * * iS 331.3 0.7- CIA M

w- ;-. rA

- ~ ~ ~ ~ ~ ~ TB * 3 X3309 4. . .

119.0 PAGE£. 44 4..

-~A IL 83 PROCES UNIT4 5.



- AERONAUTICAL SYTS DIjvLSION

9W AFWPSAA Contract No. A3 (616)-8141 _
Project No.1 (831) :Taak No.73812

1._UMR- Mtl COME:

II. NT NAE: AN 350 Stainless Steel

v. panm PC?3zTI= (Continued)

A. Kensm.:=c1 (continued)_

[2ZZ"

"" =- 2aZ

Gr M5~ 5.0 az•

i ° em

Lf--

.. *: .• ,,2=YJ. n*-•.7 1M97 a

-a~~ Z L

_____ G.- =X -*E. -V

M 82
22...l

""-C.. 7--

''!.• A•I](]R i7. 13-7.1-.- 5 .5_ 0-.-3 PAG.?

i4 *N;. £..5$18 PRO E0.3 .0.9



W AtffP~A4W ~AERONAUflICAL SYSTEMS DIVIO
Contract No. AP33 (6i6)-8i'&i
ProJect.No.1(8-7381) :Tank N6.73812

1. CkTOCRY: iV.tals CODE: 1-"-

3I1. NATERIA NAMKE: AX~ 350 Stainless Steel

v. - sr. -.; -. E

A. Yx3--a ( ca. mod

Z_ _ ms 2L-4 I

Z"9 177a1 23.5 U2. 43.5
AW AG 2.2 U3 - 3.7

ZAZ5 0~. .7 A"..

.115-2& i&.2 3A. 43 i.9
= 175.2e 5.5 435 .

171.6 3z3.S &=. 4L& 3.0

22S4.5 .2 3

6.3 0 .

Z- -

AUTHuM: G- '-.4sw-'-. b -3-6 PAGE 196

* ~~MATERIALS 8 PROCESS UI



7 - - - - - -7-' - ~ - -

* mW A A4W ~g qy AEONAUTICAL SYSTEMLS DIVIION
AWAF~ AW01FAWContract No. AP33 (6i6)-811&
I. CATGOIY:Project No.1(8-7381) :Tatlc No.73812

i.cT-:- mtl COlE: 1-0"

no_ YWTERIAL NAME: AN 350 Stainless Steel

V. PJIYZ.-PAL -PFiOFERMS: (Coetwimied)

A.1--e.2i1 (ccotinmed)

201 run.m IF Gm Awe am
Z2 Sis ze -=r wsJaf"26

Una" _____a -ufa W" up" Id - . a Sal.

A* Jg-f ft am

-3w ~ 173a UL.7 rA.5 0.. 35.0

GOT. 145.7 12L.7 0.0 3&C
nv.7 !1~ .5 0.2 3Z.5

2re..7 0.0 t,-
* £ ~ 312 32. 5.3 a-5 3L5~

1 37.2 22L 5. 4A 35.1
* - ~ 237.0 33£.5 X- .0 3.9
*137.5 332.5 A"0. 3".

0.1 3LO
83JJ 320 0.5 3&0f

97.0 XL -02 31

AUTHOR: B.AIVE:~ ~ W~ 9-.12-6:L PAGE 20

MATERIALS 8 PROCESS UNIT
20



AERONAUTICAL SYSTEMS DIVISION- APLAW meqp' Contract No. hP33(6i6)-8i~i
Project No.1(8-7381):Taak NO.73812

"3. MAT~ERIAL NAME: AK 350 StsiJless Steel

V. PIJWiCIPAL P2PQTFSR : (Cogitinued)

TAM iL. 20a *Nf=4 .:3 m am am
ft@& =ham ase

* tu2. bdawn zkg afmA

ic 27ira 2". 4L. 2 3CLA
-7= 277.6 1"2 32.0 0 39J

73! * 6L& 135.1 23-C50 3LA
U i'M7 339.5 =22 AA 3.

7W. E=-z. 20.3 2L5 41 3L6
774'2. ii-. 5.0 4aA 34-3

W 15,Z 1L35.0 3 3F-6

79 10.F 292.7 fl4 LA 3L.7
- ~ ~ s 242-7.3~ .. 3r-7

NT 34A
a M~. 10.1 3z Z'5 41.9 3(-6

S3 M5 - -6 rz 5-1 7.5 42A N3.9
83 95A C5.4 7.5 42A 3-L.9

-. 12. irT.6 6A 0.7 3"

* -/or

AUTHCR: 3 -2~ A

MNATERIALS 6 PROCESS UNIT



AERONAUTIC:AL SYSTEMS DIVISION-- £W P.L.. 61Pm hP',,Contract No. A33 (616)-1&1
- - .- fProject b.1-(&TAl3):Task No.73812

S, 1. CATeGO_: COD---: 1-0.0

- II.no ATERIA N=M: AwK3 50 Stainless Steel

. RU IPAL (ontinmed)-

A. Ytechgmcdj 1%cnJ--tked)

TA- M° a

-1?3 -U, .:. •_8• €• •,,:., ,I.

-35 -4L=---- -• ;-._ -• •::Im=•- api 2. d~~as Siltt a -

'i - • • a125.2 235.5 3l.1 3&.2

A-717. 33. 503 33J.
37z3 13.200 3

Z= 20.ql -1.1 7.2 33-S

2"L. n&Ar * g- 1. 3&.7
115. n17.2 5.7 0 33.5

1X.3C2 2=4S 7.D . 3&&
" 25 i .n 5.0-33

ir a~1 2f-3 W.' X. 04 33ao 33-.
ZA' 31-1

* --- ~~Z- 3 AL.7 331:

-:Ei X-

AUTHOR: s. 9-12-61 PAGE Z-2.

2 ~ ~ MATERIALS a PROCESS UNIT



MW APLEW JWAERONAUTICAL SYSTEM DIVIION
- ~~Contract No. MF31(610)-82,41

Project X*.l(8-7381):Tssk N6.73812

11 ATERIAL NAME: AN 350 Stainless Steel

V. PiIREMIPAL ?iXETIES; : (Continued)

A. H-cn-d- (continued)

II

A

a. a

7

AfECAMACU p.1war~f

7WP 0 -Z "A -

- - - - ± :- W

A* -&V ADD

AUTHOR:--- - -

-owATML 8 -- OES -__jsztar



SW A*4A ssm~r AERONAUTICAL SYSTEMS DIMIION
- - Contract No. hP33(6i6) -81'ii

Project No.1L(8-738i:ftk No.73812

I . Ci¶EGORYS: Metals COVE: 14-o-

UI. MATERIAL NAME: ANl 350 Stainless Steel

V. !PJlZIPAL ~TE:(Continued)

- - A. !Me-,.hapiicaJ. (cantinued)

z z

Z*h z

* '.N

*2.v

M -AYERIAL& 8~q PRCSSV



AsWM AAE **Rfy ~ ON&UTICAL SYS"AWLIS DfIMION
- Contract No. AP33 (f )-8141

PmJct No.1(8-738±j:iu5k No.73812

I. C&~OI1Y:MetalsCO:

* II. KA~tMI NAME: AX 350) stainumessteel

V. EII.iIPAL P-n-m1iES: (Coneiume4)

A. !RedrF.aicpa1 (cwtumed)

=i:7

-- Q- -. Z

-AJ - A Is~'

- --- - - J X- j1 tA s

* ~ ~ ~ ~ 3 -20 ___ __-

-3-

Iw MAMM~ALS 8 PROCESS UNIrr



* AERONAUTICAL SYSTEMS DIVISION
- a~~aaw is~*r contract NO. AP33 6i6)-8141i

I. - No.18-731):Taskc No.T3822

1. CAWOCRY: News COIDE: -o

nI. PATIAL NAME: AN 350 Stainless Ste6l

-: - V. I-M.UIPL FTIýS: (Continued)

A. _ _ _ __ed

-3kS

-6 - 7X-

AONOWS

. . .......

NI

Use ~GCd

- ~ 4e 4m - --- A-- - --- -3

MATERIALS 8 PROCESS Ni n



A~rAWAAAiI NOAUTICAL SYSTEMS DIVISIONI
6W AP4W R~Contract No. AP33(616) -8i1ii

- - Project No.1(8-7381):Task No-738122

I.CAGGY:NetaIs COVE: 1-4060

11. KAW1EIA NAME: L'-, 39:0 Stzm'1.Lss Steel

V. P.0L.-=FAL -. P?-ERIES: (C~mtinied)

a. ecianiai(cortnumed)

.........

- I - II ______T

- C4

* ~-- -032 4C AM

. . ......... k

-- IIJMEAAISP.YJ -

G- am A7

-i M L 8ETII PROCESSWUNI



UthW PLEAW SUPWF AERONAUPTICAL SY8TES DIVISION
A - -~ Contract, No., AF33(616) -8i1&i

Project No.l(8-TA13):Task No.T3812

1. CATEGMIY:. Ietals CODE: 1-0-0

II ANTMRIA NAME: Am 35o stainies~sSteel

V. FZCIJ.TOPMTIS: (Contlimed)

A. RecinnicaJ. I cmtUkflU

..........

-2-z

i- S S

A~ 0 C Exiq-051&C_

I' ~ ~ ~ ~ ~ F ___ __ __ __ _ __ __ __ _

AM* PAG 2.s3. r

- ~ ~ ~ ~ MAEIL 8--- PRO -- jJe. I CESS . f

2~ 6



- AA~S4W in~AEROKAWUICAL SYSTEM DIMIION
- -ý Contract No. AP33(6i6)-83L41

Project No.1(8qT381) :Task N*.73812'

I.C&3QRY Itals COE

-~ In. 3WmaL onA: m) 35o stiainewssteel

V. P-RO'IAL *l~--am (Costimed)

At. Fzh--i2 ccntinued)

7 I

-- Map ..

'%AM 4T ---- -a-f MR

Ij~L -~--~ ~ iA

AUIUCIG fe Da~~ATE: 9-12-61 PACE 29.

MATERIALS 8 PROCESS UNIT
2-9



Ala P~ 1WhF AERONAUTICAL SYSTEM DIVISION
AWWJWAWContract No. AF33(616)-8i14

~ ProJect No.1 q8-73ol):Task N6.738312

1. CAIMMCY; Metals COME: 1-".

3I1. NflTERIAL NAME: -AN 350 Stainless Steel

V. FOURIRIL PRCF~rT]3S (Continued)

A. .~cL(cOn~,m~ed)

_NZ
I~~- F ---- ,j -

A-

lip

goC NAVAS--AL

-~~Z -ra

AVIWM: . -W 5-12v PAG 30JPA

'MTRIL 8 -~cs -- nm ei-r

30 f~LA5~



: AWW •AAWRICAMA 4 AERONAUTICAL SYSTEMS DIVISIONl-W AWOFAFf Contract No. AF33(616)-8141
-Project No.(8-7381):Task No.73812

I. CATEGORY: .etaI COW2: 1-o

UI. MATERIAL N .: aZ 350 staess steel

SIfo3ti= n not avai-Jae due to lack of need for Boein"-Wichita

irwes.:-!-on of tiis property.

AU=eU:n z~u D-r~ATE: 9-12-61 .F-4 1.

* MATERIALS 8 PROCESS UfNIT
31



I '-"

*Conr-c Nio AP33i616)411i

Pr-~oject No.l(8-8i):Task No.73812

1. CATEORY:YAW CODE:14-

11. MAR IAL NAIIE: A. 25o stainiess steel

-•-- - V. P~I!--IPi1 PH1•Ix•'E:

S-- .rectri-ca I

-i- -- Tnfoýton nat av--1dblue -to lack of need for Boeing-Vichita

inieetiation of tuhis p~roperty.-

i;c
I P.

A:rht: G. .-- - PAGE

-MATERIALS 6 PROCESS UNIT
3 2-



AERONAUTICLS~ESDVSO
- EWomt*AWSWA 6POA Contract No. AP33 1616) -8i14i

: ~Project No.1(8-7381):Task No.7312

ImC~GI:1etals Cola: o

II. NAMWlAL NAME: AVA350 Stainless Steel

V. P RE 1F;1-PA.O. 0 FEZ =IF

Ir-:o:=tion Dot- avai'lale diue to lack of need for Boelng-Wichita

in-7es~igatticn of this property.

AUTIICK: 0 d-&92-lPAGErs 33.

c~mm MATERIALS 8 PROCESS UNIT



AG-. sW AWAIW AERONAUTICAL SYSTEMS DIVISION
SAI ,-- Contract No. M13 166)-8141

:Project No.1(8-731):Task No.73812
I. CAT• RY: C018: 1-0-0

II. HMA I ANMb: AK 350 Sta Steel

V. -:M-i-D-MM USES:

This alloy is recc•er.ded fcr use to K-00? in oxidizing or mad, tely
cr:.-csive e-wir -zhts •d-ere strengt-hs to 203,QW psi a-e required.

A. Sulp-liers

Aliegmn;-Liýi• - Others under licensing agreements.

B. Avalabilty

Sheet, ba-, lt n forging sok

cj A. Materials and Process Job Beport W-3-36, Investigatiom of TepsiU
Properties of AN 350.

AUTBni: s. e~ids~crtb Xm~: 9-22-6.1 PAGE 34.

MATERIAS a PROCESS UNIlrn -
34-



:. N AMW AA• ~ OW AMRONAUTICAL SYSTM DIVISION
Contract No. AP33(616)-81. 1

"*- : lProJect No.1(8-7381):Task No.73812

". CATEGy Ir and Steel COD: 1-8-1

IT.* MATEH]h NAME: Influence of Chemical Etching on Stress Corrosion
Properties of Sea-Austenitdc PH Steels

The objective of this program was to determine if chemical etching and
chemical milling •ll adversely affect the stress corrosiou propertaes
or prcaote intergramaar attack on semi-austenitic PH steels.

SIV. .•IO •.•,L .'CKIEU :

Futre airbor.ne and srace vehic-es '-ýd necessarily be made fra heat
resistant materials. S= of the neterials currently being considered
for these applications are se-a-us•niztic PH (' cimttion hardeig
steels. Thes.e steels are diffficult to fabricate b- cveontiuza3l MthOds,
esDecially on thin gauge sheets. Mhe chenical rilling of thee steels
iwould alleviate sore of the fab.-ication mrohles if this illing does not
adiversely affect, the other prcj,eties of these steels.

A~flR(I: E~rett oi~n ate: 9-12-&1PG

MATEILS a9 PROCESS UNIT~-

-. .



A AR AA AWtA AE 4CZGA~ AERIONAUTICAL SYSTEMS DIVISION
- ,, m -Contract No. A233(616)--8141Project No.1(8-7381):Task No.73812

I. CATEG Y: Iron and Steel CODE: 1-8-1

-- *. 1ATRMn NAME: Inf3ence of Chemical Etching on Stress CorrosionS " ftoperties of Semi-Austenitic F-i Steals

V. .M..CIPAL PRO.HI 3:

A. Mechanical

- 1. Chemical milling does not cause intergranular attack or affect
stress corrosion properties of seri-austenitic PH steels.

2. Chemical r-i3ling cuts in excess of 0.0l, inch per side causes rough-
e eing of the surface on YrnP5-71b., l7-7P1 and Yasco Jet 1000 steels
in the fully heat treated conditicn.

i- r.1

•-AGE 2I-'-

* 13TVIIOR: Everett Brmnt2-~ De: 5-22-61 PG
MATERIALS 8 PROCESS UNIT

3(o



-: *VWAIW AWP'E MURUTON AijIL SYSTEI4 DIVIION
Contract No. AF33M(i6-Si~i

froect No.1(481) :Taslc No.73__2

I. CATEGOIY: Iron and Steel

I!. MATERIPL NAME: influence of Chemical Etcbixag on Stress Corrosion
vropertaes of Seud-AUstenitIC EH StWelS

B. njgeRh~zayscal

The t1hermop12ysical properties cf these cher-ica1 riflled steels w--e not
evaluated. However, tbe-re shoild be no difference in the therrophymical
pmroeitties off che=ical mifl~ed and rechanical milled parts.

II" v-at r--z-;, Dt:92-1PG
- - AEIAS8POCS i

- N



-A AEONAUTICAL S- - DIVISION

... fZ W ArM £SPmContract No. A133(616)-8141
.-...- :Project No.1lS-7381.):Task N(o-73812

1. C ATEGOY- Iron and Steel CODE_: 14-8-

nII. ATERIAL NMIE: IflnUce of Chical Etebing on Strews Corrosion
Proeries of Sacd-Austenitic, PH~ Stools

V. fIRINCJPAL PROP-M :

.- C. Elecrical

-he electrical 1p-pertiee of these cbemical milIed steels vere not
*" tested but slxhld not vary from those of echanical uilled part.

4-

AUTHM: Everett Brcn~--t Date: 9k-12-1 PAGE £4

MATERLS a PRCE UNIT



w APLA~F ~UPA *7AEROAMWICAL SYSTEN DIVISION
Contract No. AF33 (616) -ii
Project No.i1(8-7381) :Task NO.73812

'S. I.CATEGORY: Iran arnd Steel COME: j.

II.- !ATutALKAE Influence olf Cbe~ica1 -ztcbxivg an Stres Corrosimi
Properties of Secd-Austeaitic PH Steels

V. IRMICIPAL IROPERTH:

D.Chanicd

Tne c-h1-ca1 =ropertimes of tbese chmical milled stees vwee wot tested

but sba-Ad ifar_ cmly slieftly fr~m those of imcdnidail alie er.

EMH re '-2 ~ e 3.A PAGE 5

MA T, I4ATERILLS a PRO 0CESS UNIT
39



6W A~L44 W ~AERONAWLICAL SYSTEMS DIVISION
AWSAMWContract No. AF33 (616) -8A1&

Project No.1(8-7381) :Task 110.73812

1. CATEG(IY: Iron and Steel COIDE: 1.8.1

* ~ ~ ~ I - o AMMMA iAME: Infnuence of Che~cal Eftcing on Stress CorrosIon
Properties of Semi-kAstenitic PH Steels

VI. RECfLUOT rm:

Ch ical iifling could be used as a fabrication precedure for sad-
e-Ustsenitic 19i stel. ever, further irivesti~ation would be necessary to

re .c he surface rouErzess resulting frwn milling these steels in the
frallY beat treatedi condition.

VMI SUPF-M A: IR3 WES~:

7h fall ~ing companies are qualfied to cbeni cal imill these steels In the
annealed condition only:

-- - A. The Boeing Coppainy
* -Seattle, Kashington

B. Mtteýi Corporation
El. Segrunda, California

C. inadite Corporation
South Gate, California

D. Straza Industries
BI Cajon, California

E. CNical Cotmitr Corati-on
Garodens, CU-cm'drna

F. U.. C~ecal !fl2- Corpcration
IRamlmttan- Beach~, California

I:A. Boeing Compapy Proacess Sp-ecification ~C5?59, Chne-.:ca- l ling Steel.

B. -ro P.oucs - crparatedi, Process !-%nual, CNeaRill, Los Angeles.,

Califo'rnia.

A~tH(I: Eveet Brzcne2; Bete: 9-.12-61 PG

-MATERIALS a PROCESS UNIT



AEROW RMEICAL SYSTEMS DIVISION- ~Contract No. AF33 (6i6) 8i'4i
Project No.1(8-7381): Task X6.73822

I. CATEGCIIadYAlloys COW 2-7-1l

11. MA1TERIhL NAME: Tlitanir Fasteners 6L.V

The~ ~ ~ ~~& 'Met~ ftns~or~wS to c-UaIUy 6AL-4V titazdum alloy fastenersfor use cm. Boeing products.

Titsaniuli Zossesses seer o-nerties w~hich =.k- it ver- deial orue

on a -os =eiis h ~ air, P.3 -1-tes lehch are oEf interest to the
A 41I' ivn!Iust-r- are -zigh' stren'-th and: low density. The density of 6&L-4V

tanir oys.161 nwr-o.-ds Der cubic iirch 'Cni I -is l40% less than steelI,Ye'a it is -k-trea a 7le "q W:,) )si skeear. ~i~Tun~erre, fastenerscan e e]acd wth itaiumfasteners 'kt so reduction in joint strength.
* - T~~~itanm is lo nme to corrosion in most coxdizing errormznt uIdac is

aoher desirable ret.

T;-e CCr-'Zbnat~ion of~ the-se pmrqperties haýve 1-.- t~o mi r. researchP, testing aniusagem in t2 ersac rauxsZ-.

* -2AUflI: 4101 PAGE..1~1I

M_ýATERIALS 8 PROCESS UNIT



AWAN09P AAWWZ."A E RO1AT. rC AL SYSTMIS DIVIIONa~~su APW CA U~ifFContract No. AR33(6i6)-8i14i
* .-- -- Project No.1(8-73t31) :Task No.T3812

1. CATEGWIY: Light Xetals an A11c" COIDE: 2--

* -. I1I. MATERIAL NAME: Titanium Fasteners (6m15 4v)

V. PJ!7ZIPAL P3OPERTIFS:

A. 1-ecrnical

1. Temsjile - T:-:- ultiratte tensile strenirth, of& tzitaniu alloy (6A1-4lv)
fasteners is shoun on Tables 13 tihrouaii 29.

2. Dou.bl,e Shear - The A tim-te double shear strenrth of titaanium alloyj
(6L.V)fasteners is shom nTbesi hog 29a

3. Tnsin -Tension Fatigme - -h-e ten-sion-tension, aigue life -cices

at var-ious loads Of -titani1E. aao-r (69i-44V) ffaste-ners is sloinm on
-1ables #Ithrouzb 2s.

AVIMl: Oze cof 9d DA: 7z--- -2-61 PAGE 2.

4 MATERIALS 8 PROCESS UNIT



AERONAIPLICAL, SYSTEM~S DIVISION
PifEYIW *mpt**w ~ Contract it. AF3 (66)-B

Pro~ect No. 1(8-7381):Task Ho.73812

1. CATEGORY: Light 1Retals and Alloys :OD 2-7-1

U. YMERILt NAME: Titani±m Fastenrs (6AiL-4wJ)

* V. ?i I?:i PROd ESý: (Continued)

jrz - Mire- RI-Sx!*u, Flat Sead, Bfterferume Fit Tital £3. cj

Part Se.s E~ pa5arJ-7 Tst use_-

So- I

5M foz _q
~2 I:El

___~ 60,20___fr
ci I_6_.__ _

MAEIa a .5ssuiI I



AEROAUTICAL SYSTEYtS DIVISION
WA~~ JUPW ~ "'Contract No. AF33(616)-8141

Project No.1(8-7381):Taslc No.73812

1. CATEGORY: laght meta-s aCdODE:s 2-7-1

11. 1YAMIRHALMAN: Titanii, Fasten-ers (6AL--4V)

*~r 50. To-NtIs

FS~ 0C~516 aweNtUgi

Am. s3

7 rH ' 52 2 69,50o X

5 FA.f30

Test oatr Tjiu~i Fastens

TABL- 2

AUTHOR: Otz-i' EcrdoifI D)AT: 9-12--61 PAGE L-.
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A-W% - - awAAW ggpSWAA AERONAUTICAL SYMTMS DIVISION
-: - ~Contract No. AP33(6i6)-8i'4i
- a Project No.1(8-7381):Task NO.73812

I.* CATEGCIY:. yz,,a and~ AUnoODE 2-7-1

11. YATERIAL NAME: Tianu Fatnr 6,V

A ~V. ??FIPL~IR-0EM : (Contixnued)

A. Esef.-ci-ric (continued)

- Rx e Mt-~r fatm&, i-tcfm'mca Pt, Irinmi Afloy

fatn 50.2 imc mssi-9 Te"t nutamass

sTM -mc m u D2 m SEW1W11T1 -

In I' um
m__ %a I 2 m ___

565?= I
I ~. idw 146- of Ti N s

for vemd-- [U1!f 4io -2-

T-~ 3

AUIMM: Czi Ecl MEA~ 9-22-6-1 PAGE ~

MATERIALS 8 PROCESS UNIT~m
45-



AERONAUTICALI SYSTEM!S DIVISION
AW W AptA W CAPAM Contract No., MF3(616)-81411

-. . - - -Project No.1(8-73131) :Task No.73812

1. CMLTGCRY: Ligt Metals and Aloys CODE: 2-7-1

- -II. HAMMIAL NAME: Titaniam Fasteners (6ML-4-V)

V. RflZIAJ (PIr Cantinuefl

* A. Yle-chxaica1l (continued)

5/A'& - 3tiwt Ei-Sbur, fl0 I ad, IrAwfwwm Fit, luiumi May

Prmt fez: BTC 25MODM Tess. Nut Use

SflIC q7cz ncK S!UR ______ 9=I-55~?fG=

aca

11 =p 10 9

=;aI 16D 3 5157000 v

565.100 if
6 W 2 65J"0 IF

C =Collar fd1=.

AVMlMI: Ozz se c:nc D)-~ATZ 9-2-61 PAGE 6.

WMATERIALS 8 PROCESS UNIT
4fr



AERONAUICAL. SYSTEI4 DIVIION
-APL* P.4 *7contract No. MP33(616)-81141

- ~Project No.1(8-7381) :Task NO.73812

- CODE: 2-7-1
1. CATEGORIY: Light Ie1sand~ Alloqys-

FI ATEU&INAME: Titani=r Fastterers (6AL-4-v)

*V. PF-,:Rl:,?A PROP=- miiS: (Umi~ed)

A. !canc1(continued)

318- - Rtivet ii-Sea, FleSadt M e-e~f==e Fit, Titarnim Afnoy

P~r 50- iiZ M15f-17 TmtNtUS@&
-~r-, 4 er- Y Tl&Stam e C Tee- T~me~sew .: Z."

STATIC V.TMCX DG1 SEW.__ I__ !U3IM-1USOIF1TIG

An1i= 01

___j0I0 w
_____ -I--- ______ ___ 3

I I. I -2-m3

&IIEI.Z5W
A~rA0 PAG 7

MATERIL$ 8 R*X O UNIT



iniW rW APAWWIAW msw' AERONAWLICAL SYSTEN DIVIION
SNOW Contract No. AF33 (616)-8i'&i

Project No.1(8-7381):Taslc NO.73812

* .I. CATEGQIY: Lig±t Ketals andi Anay CODE: 2-7-1

nI. N&TERIA NWM: Titani= Fasteenems(6LI)

V. PrMflPAL FMO-IM: (Continued)

A. Ke-hpnical (continued)

31V - RiveL t -shm, loom nmei6 l.fttfmw Ft, Titmiint AllW

Fort no-is BIc xmsm- T..t shot rm

STATIC lSIW bU= SEUR ___ -"Ea=F

UI 3 3 Ziwu 1

W l IviI2ocD 500 61 ,50O xF
* ft. 2 IA ~ I61,50D

T3 6y.10.200

BIC1 'l7 -m 50 62,00

- nor..

'~ 6

AUTH(1: O~zie __:ofC ')A7.1: -261PAME8

MATERIALS a PROCESS UNIT



AERONAUTICAL SYSTEITS DIVISION
5WEFW AAPLAW ~ q,' Contract No. "F33 (616)--8141t

~ j~-§ Project No.1(8-7'381):Taskc N6.73812

* ~I. CATEGORY. Light Netais and Alloys CODE: 2-7-1

* -,11. MATERIAL NAME: Titaniumm Fasteners (6AL-4V)

V. PJ!ZIAL ?EmpzR--I5s: (Continued)

A~. gKeec-mnica1 (continued)

21 - umzz-0c, Shar na mdPU Type Titmdm May~

- ht. se.2 a=C 33cz-2g T.t Xm U99"

- h~Fquizui* sequizr ____

BIC iW1 1 0 2D 6A

I2- 60,4l
3 60.10

§ 4
5 6030
6f 30D

Bi iI ?30 D 60

I ____ A ____7

Aft.'R ozI- PAE9

'MTRIL 8 PRCS I I



-: FUE7A AAVWW"WF CVBuWAA AERVNIAUTICAIJ SYSTE-IS DIVISION
SIWAA~r AWFAýContract No. AF33 (6iL6)-8iJ4i

Project No. 1(8-7#381-) :Task No.73812

I.* CATEGORY: Ligbt Yxtals ;ad Anoys CODE: 2-7-1

no1 14ATEIA NAXNE Ttni Fasten~ers (6AL-4i1)

V. P.hIAL 3P IES: (Contnued)

A. 'Keehanica1 (continued)

5A- - Bal-Lock. i-A- Fl"s N&ad Stzep TYMe ?Itwd AUsy

ft'Nvs1 X~30110Z-16 Tost Nut us",

S9TATIC r~C 4;3K 1 Was1 RE1

X~I a -C 9. se me2m sI =1i z m I =IC 3-. .R- 3 W
-2 R.x102 1 0 I

J. V a. U4.=31

3='4I -C-- 16' 17.5 t0 0 Ii

Aum zi caf f jl9151PG I().MAEIL 1 PRCS Ir



.5T 77 77- ----- -

AA~rVWAAAERONAUTICAL SYST5Z DIVISION
- ~Contract No. AF33(6i6)-8il4i

Project No.1(8-#7381):TaBsc No.73812

1. CkEOR- Idgbt Metal.s and Alloys COE 2-7-1

II. XWfRIA NAMIE: Titanl-m! Fasteners (6AL-4)

f. ~FlRDIP.AL PP.ES:(Continued)

A.. Xac~mancal (continued)

5A P - 2m1t~-%ack Smw. mcpape ~SsStm TmJ. utd hlqr

part so.* 3W v3303 Tlest list gads"

on -9 1 _-1

a= - IUi& 2

2 61,%C0

S= ]a I AOi 32 671

,Vr.JmO: Oe zr1Z-Ai:12 PAGE u.i

*MATERIALS -6 PROCESS UN ITJNNO



-: -:wuawAF~4 1W* f1EONA1TICAL SYS~ DIVISION
MWAFM PAWAWContract No., MF3(616) -814ii

- _7 Project lNo.1(8-7381):Taak NO.383

I- CAAM' Light IXetals and hlioys COE 2-7-1

* .IT. MMMEIA NANE: -- tai Fa--ns(a0

- ~ ~ W M.PIICPL 3F ,I (Continmed)

- A. rechanica1 (contnued)

j31163 -Xi14de FftbiAml 2Ws]7 CMl Sr Nftd (-.it~ind M*a..SIm Cella)j

I Pan. Tolf17~4 .tt Nut QS"3

-3 Wa*! g-- If ~ I? IN t.

2 r~l U3 231 I= T 1
____I T - _ _

95 1 11 ' 534011
MI gi 33Lv I -T9

6i %0 05

ý-MATEMRIALS &5 PROCESS UITIJ



AERNAL-x'CAL SYS~ =- VIIO
MfIAW " AFLAJE AV Contract No. AF33 (616) -814u

Project No.1(8-7381) :Task N60.73812

I. CkTEGORY: Ligtg- h2y CODE: 2-7-1

3I1. MATERIA NAME: Tit~aniu= Fasteners (6hArI,4v)

A. KEecnalliCal (contirued)

VIO I1'- iK-Ick ;astsr Assmtky -O~ 200m= 5b"3" (?ija!!, Pc-h1m ft-~xcolar)

-. -Part 56-2 laaVJO..3.O.32 Test Nat usd

sulic 1Sm Team__DOE= ______ ?.aI Tmm an x

flI=- 1Z .p I'III
ReI Izv la6l~v a 1 9

23 23 14/0
IW 1%i24I0

1M 3&11,0

_am Arlf Iiw iI CcI

rmA=": Bze 3ckfo ii -26 AGE *

-- '"MATERALS 6 PROCESS UNIT



MaEN.AUICAL SYSTIMS DIVISION
- AWL~f ~U4AFContract No. AF33(616)-Bun1

Project No.1(8-73tflp:-Task No.73812

I. CATEGOY: Liert Metals an Aloy CODE: 2-7-1

II. INRTERMA NWM: T~itan Fatn (6A-4*v)

V. PBiRIPi, ŽOFE=.S: (Continued)

Rech:mdc~ (-..nued
2/xf -%1t-s aw, M cz T*alaým. ?1tsab 53307 (M1.-i)

* - arL go..z NUS 6704.-D lst Buit u~ss

STA27C. Be:=~ S~EW~ ___7~~T_

3b_ IV -

_2 6_2 iiI~~

Th 25M 645K,:E 'U::m:qv tetd & -m ad! o

IZ2=12

AUTHORII Gzz e' tdhfitzýDA:Z:9:2 AE14IrTEJL 8 PRCSSUI



- - ~AERONAUTICAL SYSSTEI DIVIION
* -: Ai*PL*W ~Contract No. AF33 (616) -Bilt

Project No.1(8-7381) :Task No.T3812

I.* CATEGORIY: idtrti n ny CODE: 2-7-,

3M. 1FtTERIA NAM~E: TitaFrdiu Fastmeres (6ML- 4V)

V. RUM:I1!. FRO?3EzTI7S (Continued)

A. Rec-nImcdal (continued)

3/26 - w~i-Laklft Fastmwr EAsmbJy - fturaftir~g Sher Food (?.1%=!= r~-A3ým CCI32")

fart 3..s EL3m70.6 -zest Plit NUsu
Sw~uqer-- !-Show __ __ _ -j Tgumtt" Am~mn

STATIC IF 1C DOINK mw Fa-r ATEh

Sr -a 532-0X51 1 6 g f
-I-. -1

ps~t R -2 Le

& 194 C2U

63~b 180m4 C 3t
*~~~ 190 1 aw C anoac0

10 3B6 C 5D33 1 3.0 t
9590

3316 950 95 15w

15 56L 56 256,00

-33,

-- -AUMiOR: 3-22, MEAT: 9-!2-A- PAGE1.1

MATERIALS 8 PROCESS UNITur A



Alg"Arig AIPWAA~r CUMLOWAWAERONAWTYiICAL SYSSTM!~ DIVISION
E~Y~ ALAMWASOWk Contract No. AF33(616).-811&

* ~Project No.1(8-738i):Taslr No.T38J.2

*I. CkTEGORY: Lient Hetals; and Alloys COE 2-7-1

II. FATRIA NAME: Miani= Fasteners (~AL-.4V)

V. Pa- IP-AL .0Pi2HMES: (Continued)

A. 1I-ccIgnical (con-tinued)

31L -4nk' Awn. *ss - fto~ledin Shu Swe - (Tltwmzi Pla4amlli Colla)
?Szrt 5e.x ga=0418- Test But loo

ST~nc a Tr acm so= ha1  ~ -7USZMPIT=Z-

0___ skikqzi ~___
Usds4 ta ii-

* ~U1

Basin
iactita~~~~ic 2 1 w 2W?0Q. W lI 3M, C 2.

a I0 2 IO I

9AEiL 71 PROES Uý,iDT



AERONAMPICAL SYSSTEM~S DIVISION
2REIU AEPJA ff CfSSPA'YContract No. AF33(616)-8141

Project No.1(8-73B1):TasIC No.73812

1. CAý- Li~ He ndAly CODE: 2-7-1

I AI. MRtEIIA NAM: Tri-ani-:= Fasteners ((WA-4)

v. v ezr..a (Continued)

I P~'?st 50.3 M.1170-8-21D .gs Nt Nooks

S~1~e rn-v ______________ estAmbients

[twi H

3 35&0 c 3hit9 D 220 3,O

4~kt 1135D 2D5 -4M

2-M~ 202C5 31,000 T

5 00 25 5.06 2M5 205 36,000
7 2050 205 9,000 IN
a 205 205 2MOW0 T
9 1710 171 31,000 I

2 0 1-130 171 311,0 T
u 1730 171 176,000 T

32 171D 171 73.000 N
23 1710 171 36.000 3

I I 35 32m 328 ?2,00T
16 130 13a 2,N,00 F
17 23M 3n! 2,0(6,00 S
is 2230 223 259000 T

I 1 29323 2.21.1,000 I
II2D 1025 10 2,33900 W?

TAMS 15

AM~jR C=.Zie BeKhoi0 f• C DNIE: 0o42-61 PAWE~
MATE:PIALS an PROCESS UNIT



aa~hV AWPLAW 1 a ~rAERONAUTICAL SYSTMS DIVISION
U8WW* AWN8W Contract No. AF33 (6i6)-8i4i

Project No.1(8-7381):Task No.73812

I. CATEGOY: Id.--t Hetals ard Alloys CODE: 2-7--:1

II. mATERIAL NAME: 7itaniri Fasteners (6.;L,4V)

F-. P~~IPAL P?-,r--zr S: (Continued)

5/16" - RE-Ick FWam!~r Ass2bly - Pt.r=1izg 5srHenad (?tanim Pi'n-A2~d~a Collar)

part 50.2 MV7O-D-lD1 Text gat 0S201
5-4er!-4f~ Hi inm~ ~f

STATIC r 9: 1CC SEW ý-IMIC rXA-USXm

a. w. me Ib

2 8 C. !: pi .9

3ddt 6m0 C I2A 32 2,000,000 W

5 mo C5 44*G T
6 5970 C 6 210o0 X
7 58m C 7 U400 325 625,000 T

a 329D 3V 39,000 T
9 328D 220],0W0 3

10 13-- i 3 _81,000 B
32 7 300 23D 235,00D T

1.5 2:9.12 161. 1.5".,0001X

Z ~L16

AM~~R Czi:E);Yz(9(JDT: 9-3-61 PAGE

MATERIALS 8 PROCESS UNIT:



AERONAUTICAL SYSTEI-S DIVISION

AvrA~wAAWAAM MAKPAAWContract No. AF33 (616) -Biln
P-oject, No.1(8-7381):Task No.73812

I.* CATEGORY: Li-nt- M~etals and Alloys COEE 2-7-1l

II. rATERIAL NAME: iitanijzr Fasteners (6AL-4V)

V. 1PA ?R±-~j~z~:(Contnued)

A. ?ec-ica1 (continued)

- -~kFastmr JAnw*3' - bvWrdn6 Shinfer d (Titminm P*1n-h:It Cmlw)

m~tw.z SIM-22 tet list lusef
* S~~1ier ~v-Waw -__________~Toe ?ematwo: Amient

2 8=,1 C Vicita- 2
*3 mwL C3

7&)8808, 83&340 C 7r~ I ~i

TAB= 1,OJODi

'12.

-Ie PAGE

AUTHOR: O~i c-1-oIff), -2-1PAE9

MIATERIALS 8 PROCESS UNIT



*A,7AY" AlAPARAAWE C£WAPAW AEi0O'WrTICAL SYSEM~S DIVISION
Contract No. AF33(616)-81411
Project No.1(8-7381):Task Ho.73812

I. CAWMORY: 2i ODE 2-7-

II. FATERIA NAME: Tia& FatnrsOL0

%T PrX--:j-PxL ?ERi=?iS:. (C=Vmtixed)

A. ~Ccrc1(conitinued)

2A. -/ *U. - am Seed, C1bse Taw==~, Titwdim alWa (611-A)

Part Ne.s KS67JX-20 Test mat uase

LIt=r I oh MW

86 1~ . C m

!Udt 1- 6,- IM5 IuI 5 25 6.30 5
2I 6.31 2 20_00 2. 63,300

I E-55 7- 2025 7I5D 6ý V90 I
USdt e~ 9. -016,0

a-- 3lu Am 6I g beJrae

(CIO



AIKAVVA0ja9AZ A MAIAN IkERRCNVAiWIAL SYSTEM*S DIVISION
Contract No. AP33(616)-8141!
Project No.1(8-7381:Task N6.73812

* *I- 'CATEGORY:- Lig--&t Retalls wid Alloys IODE:- 2-7-1

U.* YAlTEEIMAL WAMAE: T-itani-- ?astteners(AL)

V. P?2IPAL ?&?~TZ: (Z~tixned)

* *A.. M'cmucu (cnim

* - /1-a *d*- - SIX Hsad, MGMs Talwam. Tl~d1 £3lay (6&1-a.)

Part 56.2 uAs 67AlV-3 T*st Wgut 920h
S2iie,= Vol-sbmn ______o___?st Temnat.w: AmI~i

SIATIC 4_133_% 917= _____ _______ ____

fis uI I I
Wurn *L 651 Welt ,,5 1 2M62 03M u

2 6=I 01026,0

4 670 j 10,150 2 60.300

Avg 6M Are ID

7A319

AUTHOR: Ozz,-Ie Eed±oý D)AIS: lj-12-,611 PAGE 2_z
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- ~AERONA1Y]MICAL SYSTEMS DIVISION
A~ffA'g AAfAA"ffAMF SNUPAkF
- ~Contract No. AF33 (616)-Bi'41
'C- Project No.1(8-7381):Task No.T3812

- ~ 1. CATEGORY: idght H-etaJls and Alloys CODE: 2-7-1

* ~II. YATRIA NAME: Titanium F14asteners (6hL-4V)

V R- -Ml7- FSEMS. (Continued)

Kc--mm Fatige inu6794

5/16-~3mlt - Sox Bead. CODe Tolwame, Titud~f Allo (611-W.)

P3zt50-1 5675T-1 (5/16L dig.) Test VaL Umd Temsil WA- NlU-05&

STIMIC q~S1cm a D sEt~ ____ U5I-DW 7UTW ?MTGM

E= a 0ML xI

ldd&i-al 1 10,250 - tvfA I 15,000CD t 1 4,GW 1 1,01 5010 11
2 1 21 0,700 2 35,1W0 2 AkO

Is 0203W 00 15,000 D6750 i
61 ozwo 11 6  3A.,850 rT 6 5Q2,600 0

10,500 7 15,3W00 4,M. 1,010 191,5W

Avg.Aw 1,5IJg15,07 ATg& 36&,3

-t C~V2-359

-4= 20

AUTHOR: Ozzie Eekh--f 22.: -2 AG

mmwýMATERIA .S 8 PROCESS UNIT~w



&AFAAMPAAWWAAAAF =8"A~rrAERONAUTICAL SYSTEM~S DIVISION
Mf-A MA Contract No. AF33(616)-8i41

Project No.!(8-731):Task No.T3812

I. CATEGORY: Light Metals and Alloys CODE: 2-7-1

II. MATMAL NAME: Titanium Fasteners (6AL-/V) -

A. !.echanical (continued)

:i3/81 Salt he- a, CLose Tolera-ce, Titani, AL•cy (6W-&V)-i - ~Fatip-. SAS 6'79-M6

?art 50.3 SAS 676T-22 (31V dim.) TeSt Nut UWA2 Tensile i, Njfl-06&
S=---lier= SU-ýbear ••vet & Tool Co. Ter-. T tra": ;_=bient

ar -C 1 H aI6Wd mc

j CYATIC0. C 2CSII I ýKZ ft!___ _______ _____. Tjf , 3.. IO : I=. = =I_ _ !S• "I S AX~

ma • i

W-=1 15,70 w3,t"a .1 Us= it 1 62001 1,550 269,500

2 15,000 2 21,100 3 22 ,?oWI.3 1s,, 3 21•2,0 3,7W
15" 2.,000 2• j.1w g_2

! 1L,7 00 2 1 , _ 50 62945,s00
15,000 0 7 21,600 7 6,230 1,553 2%,600

a 15,034.Avg. 21,3,0 Avg. 226,785

I iI-•I+ i•"M.: 1•2_59 1I

I -- " I 'it

" " - TS 2'1
- I

AUTHOR: C.-ieA TERIA: 9-12-61 PASE
umMATERlALS 8 PROCESS UNIT~m



AFVP"-VF&NAM AVY AER0liONAICAL SYsMM~ DIVIION
MMWffMA~nMWContract No. AF33 (616) -8i14

- Project Ho.1(8-7381):Task No.73812

-, ~II. 1MATERI NAME: Titanium~ Iateners (6AL-)-

- ~A. iKeci-anical (continued)

Ba6 ct. - Gc. ers=ce Titamii Aflny (61-&v)

* Par-t No.s SZS 5771-21 Tst Nut Useds
S V1I~ -SM __________ Test ?em~wtw: Amblemt

STOTIC VSIOE D3U= MW MWN11G j 3

ru lo -

19A:0 i 209,10 6dda J 2,10 350 0
29,35 jL 2D33 T

2 =-830L , td-85 1 2 299 3,000 T

19,_M 3 ____ 3- - I --*,GooT

& ~ ~ ~ ~ ~ TL 2.20 2lw40.0

MATERIALS We PROCES-i



AERONAUTICAL SYSTEMS DIVISION

W E L P~kVcontract No. AF33 (616)-83L41

- ,~:.. -Project No.1(8-7381) :Task NO.73812

1 . CA1TWORY: LiKYtl n ~y ODE&. 2-7-1

3I1. WWTRIAL KNW: Tirtaniiu Fastwwers (6"LV)

V. PRDCIMPAL FRUFIý: (Gontinued)

A. Kedrani cal (continued)

-,/J6- Bil* - VW %4d, CIMC UoAWam, Titmnuý Aniq' (BI-w1

ftzt Nas 3;; 677F-23 Test gat aw

Im 2D b owlTri.~ asit l i o c lI it :

2 2~D,5 2, 29.~ 51W 2T170

6 20,160 6g 29,= 6,5

Avg. 2DO kI-29 7

T' 23

AWAMH: Ozzie Beldmff ( z D.;T= 9-12-a AC 25.

MATERIALS 8 PROCESS UNIT



~W W~AAW ~n~w ONAMTICAL SYSTEM DIMISION
AWMWVAWContract No. hP33 (6i6)-81ii

Project No.i(8-7381):2Task N6.73812

I. CAUEGMYs: Ligb Keal a: AUBMG: 2-7-1

31. 35ABT NM-l Tisi Fasteners (6hL-IV)

V. PF01P.-IPAL PMOPEMIES: (0o&itinued)

A. Kehacal (conluinuel)

* an

PbJrt Wss NO 67SW-2 Test VaL *Olds Ter~ua3.~mm

STmfC 705= Ban"__________kis

so -C a 2C A_

I C I I Z

7 ir

lcdI 299W Id- II 490 Idd 1 134 2IAMo

16 3 63.IW

&UBI 23zM &_ 1600 4I
5M T RIL 89Z PRCS UNITa

T



.1 ~AEONAMICALc SY3TMI DIVISION
A1 Contract No. MP3(616)-&411

-Project No.i(8-T381):Task N. I

I I. CLkGOIY0 Light NeUU and Moys COVE: 2-7-1-

-~ fU. NUEtIA NAM: Titanium Fastener (WL-&Y

V. HIICIPAL PMD~F=M: (Ccutizmed)

-. A. !hechnical1 (contivied)

3/A"u sou - lci Tsint.., 2wo som, ftU ns Tim21=1 Anwq

p~t NO.s a 23059414 Too& a& -~MI

S?2 ai.. _____________ ~ 1 At bisit

SIR __ ?No_=_ __

11MI

H&,da 530 Mickta1IDO~cl 1 31,5 1 M 20 373.=G

kw 2 2D,225 2 3 75wO u

$6 16M 0 4E 92900 6 400D .

4.~5mO 7 20,M% 7 2330 233 176,00W0

&wC. 203-33 1W7

5 25

4 - ~MATERlALS 8 PROCES -'I
77



A£WA W WW APA AERONAUTICAL SYSTEMS DIVISION

UF --Contract No. AP33(616)-8141&
* Project No.1(8-7381):Tak NO.73812

I. * CATEGY: Lig*t iKetals and Mx"~y COME: -2-7-1

- - ~II. MATERIAL NMAE: Titanium Fasteners (&AL-0~)

* ~V. PFIICIPAL. M=~ISS: (Continued)

- A. 1recbznical (ccntiziued)

/4* sal - zaci, 2w~an, l% 124.ik Typeo, Tuaosi A13q

-br 56hz .2 INC 23D "tga Test t IFAlS 2006=

_ 11
163L I.

3 775:.70
3 ,8 3"!OD

AT&AE~AL 873 ATPIla C. WSS NI

AMM -=i e-PG



AERONAUTICAL SYSTEMS DIVISION
AW5W A A UAFcontract No. hP33(616)-CiJ4i

- - ~~ro-jecti No. .L I-f 3QJ,:Task No.73812

1 . CATEGORY:" Ligbt Imetl andO1E 2 : 2-7-1

31. YMAEIA NMH: Titaenij Fasteners (6Ai.-4V)

T. PE-maigmnPOPTI (Continued)

A. X-echa-14ica1 (contsilmed)

,Vve sat - lock, sma, Fiat sma m ?no1?P,. numim 533
1su In2

rmt ft.2 WY -Sinot u~sems Tag n"&
SpgrTol-sw __________w1at,

suim I 2z amm I PAm__

.9 el Ina_

3 3 100KD

-~J 20HI. 4Llq rt 'i11
5 I

3,aO 5 20.2m 40i

I 3, IA ^0

TAMSE 27

- MHE: zzeEcdnDY-A126 PAGE 29.
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AWAW ~AMF MMAWAWAERONAMJICAI. SYSEMS DIVIION
- W APLAW UP~hFContract No. MP33(616) -8i141

* * Project No.1(8-73,fl):Task No.73812

1. CATGE2Y: Ligbt IYetals and Alloys COM: 2-7-1

HI. FAMMEI NAM: Titeniu= Fasteners (69,04)

A. ecic~1 (Couatizmed)

2/&w mzz L-& 3W% EN@@, fU Typwe, T~ifi Allaw

Pu~t so.$I imol-30 Teat gut Wf M206
2SInliW advas ___________ Aml

-4-2

w~mu1 3,6OO Vaieda I 10,2W laciat 1 225D25 k

2 . O 22 30 ,2 M 2 7 A6 =

5~ 3,5W 5 20W 5 63.000
-6 3.710 6 V3D5D 6 30.V

7I 33,5 7 32X550 732 25 269QiOO0

ang. 3,573 Aqg. W30.2 Avg- SasM3

%r. I -2-319

T 28

AUTIGR: C~e~~I9K2~PAGE

* - I' ~TERIALS 8 PROCESS UI



AEONPLUTICAL SYSTW3 DIVISION
'I AMEW AA1.AW £*W4A Con~tract No. AP33 t6i6)-813i1

- - Project INo.1(8-7381):Tank No.73812

-I, CATEGMY: light. Netas an Alo 2-7-1

UI. NUR~IhL NAME: Titaidujm Fasteners (6AL-4Y)

V. Pir?4~?L ?GE:(Comtinued)

5/16 BU. -Z066 Tom.=-3 2W- SPA Ah y T~adm

-~r ft- 23G0- TOOL~ gai~~t iwmts
* s~c iiiu w~ua m~lf-- m__

* dmolds" 1 6.30 6,w

6s.7D 21 516,320
3 6,52D 2. 3,1%00

6 66606 33%50
7 6.m 227 35,700

* vj6.639 jAvg. 35AR3

Ubt J 7 Sm as

AVl IM: O~ze EAS: 9-12-.: PAG 3L

MATERIALS 8 PROCESS UI
71



APAOW 01APAUIFAERONAUTICAL SYSTEMS DIVSO
4M W SS~hV - Contract No. AP33 (6i6)..8i~ii

Project No.1(8-M35) :Task No.T381L2

I11. MATEIAL NAME: Titanimd Fateers (6AL- 4 y)

a ~~V. FO-R-MIPALP*3TIS

B. ?eo:- sca

Infor--a=t.or. not. aval2.zble dmi to lack of needi for Boeint4iichitals

ine,:illsj Athis ,Cls~emt3y.

AUTIUI: Ozzie Eck2-iff (2 -o.2...6 PAGE~
MATERIALS 8 PROCESS UNIT



AERONAMTCAL SYSEMM DIVIION
-- -SwContract No. AP33616) -8i1#

Project No.1(8-78)TscN M 2

I. ftG(Y:Light IKetals and Mayns COWE: 2-7-1

II. NAWEInIA NAME: Titanium Fasteners (60L-4V)

- V. P3IMIAL ~PMPI-TJ:

lhfor=-;a-on not available due to lack of need for Boeing-Wichita's J
investigating this property.

-1M:o;szz--f

-~l:Oze BITE: D 9-12-61PA .
V.ATERIALS 8 PROCESS UNiT



- $ in £P~~AEIONAWICAT, SYSTEMS DIVIION
- w ~~~Contract No. hP3366)8ii

Project ND.i(f_8-8) :Taslc Xo.73812

I. ftTG(~Y: Light m~etals andi Alloys COlE: 2-7-1

II. NATE NAM AE: Tit-anim Fastakers (6h1--4V)

V. JROMICUPAL PF-W~I&T(1zw

Do . ChmicalL

-he co~osition of 6AIL4V 4titanidu alloy by percent- veight is as fofloms"-

Alumjium 5.0-7.0
Vanalim ~ 3.5 -4.5

L fon .3O Kam-
Nitr~ogen XO7 Y=.

Oxygen.20 Eax.
Hydrogen - .0175 Ka1.-
Otbers .40ma

*-Titaniu 
Rcemainade-r

Ozzie BeCbfT Q DAMS 9-12-61 PAGE 34.

MATERIALS 8 PROCESS I/til
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AEIRONAUTICALJ SYSTE3L DIVIION
Contract No. hP33(6i6)-81'&1

ProectNo.i(8-738i) :Task No.73812

I. CATE RY* Light M~etals and Allys MIZ 2-7-1

Ira MATERIAL NAME: Titanium Fasteners (6AL-.4V)

VI. U~ZF~)USES:

jAL-4,V titaniuma alloy fasteners are reco-=erred If'or airfra-me usage -Where:

a. Hig4 streng-th f asteners are required along with zrinimuz weight;

-. b. hi,-;h streng~tlh fasteners are required in a hi.9h corrosive enviroment;

c. nigh strength noný-=-.gnetic fasteners are requi~red;

d. -ny cobiination of tt.-e above thiree, are required.U

Suupnliers of 6AU-4V titanikm alloy fasteners wre as follows:

Yi-Shear !Livet and Tool Compariar
Foi-Shamn !Hanufacturing Co~oaw
C2=n:ar Sccrm-: and X-'-mlactur~ing Conpeny
stanar Presse-d Steel Compaq7

i. 5voeing7-chita 11.aterials and Process Unlit Rezort !--2-18lK, Fatigue Test
of Ti4.tmnium Fasteners, d~ated November 1957.

B. Beizi--idnita Faterials and Process Unit Repsort W~-2-213,FtgeTs
of TiaimFasteners for Vendor tqualificetion, dated INovember 1957.

C.BDen--L chita- ýZa3131, Contro-l La-boratory Reorvt ',1-3ldtd2
Jhranuar 1958.

D. Bafng-Nxichita -,cality Gmntrol laboratox-_ R~em:t -,. 33 dated 31
Dece-ber 1957.

=4 Ben-wichita 1mate-rial ard Process -nt?~r ~2319, Qalicaio
Tests of 6A!I-4v Ttnu Fasteners 3uftrdby-, Voi-Sban ia-'ni.eacturizig

* Copanydated hAri1 1959.
F. Boeizu-:Fichitma 'Ear-terials and Process Unit& Z-2-215, Bvaluation of a

G. Seia Croun of Voi-Shpan Titsni-m Fasteners, dated Niovember 1957.
aoig~chuita qmm1 i-ty, control iaboratory Report q-146l5 dated 3

September 1957.
h. Býoeing-achi~ta !Faterials and Process Uit& e-po. V-359,1 liaficaetion

Tests of NAS675V-10 and HiAS676V-12 6 UL-4V i1taaniu Fasteners, dated
H~ove=-'er 1959.

- . S6--ing ?r-. urement. Specification for Titaniuz Aloy Fasteners, B= B301f..
zon-cnt rliiir Rpr n ~aitin 'ss of Titanium Mi-

Je Lo Fastemers, deteed 2? June 1955.

AUHrM: Ozzie Eck K) f Di7)AT- c,-22-1 PA 3,5p,
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AWPW ~ 4~7AERIONAUJTICAL SYSTEMS DIVIION-- AWA ~ - Contract No. AP•3(616)-8iUi-7381):Task No.73812
Project No.18 .73822a~

I. CATEGORY: Light Metals a Alloys COI: 2-7-9

131 MAM MAL NAME: Vacua Plated Alizznm

II". 'e objective of this pogram was to deterilme the feasibility of depositing

alurmini by the v.acuum plating technique.

IV. DEOI-•--T.iL B.ACGUBOlZ:

There are several a-tractive advaentages of' ibmixdm as a proateective coating.
A Aminim is anodic to most metals and thereby uimo d be sacrificially protec-
tive to the basis metal. Alminum is itself corrosion resistant. A corrosion
protective coating of ab3rnum applied by the vacuw metted would elininate
the problecs of bhlrogen em-rittlement and excessive heating of the basis
metal required by If lame spraying. Thin films of alminum are comon but are
k"nown to be porous. As a protective coating, aluminum vomA be required to be
substantiall~y thicker. Il~n~ini can be electroplated but reelatively- thick
coatings are difficult to obtain. No pub.•ished literature is available on a
mthod to sustain vavnm plating to produce thick filus.

-- 6
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AERONAUTICAL SYSTEMS DIVISION
@-A" W W NAW Contract No. hP33(616)-8141 _

- - j"lProject No.1(8-7381) :Task No.73812

1I. CATERY: Light Metals and Alloys CODE: 2-7-9

]I: MATERIA. NAME: Vacuum Plated Abuirm

V. PM.•CIPAL Pi., MES:

A ._echanical

"1 I. Thin films of alunku on smn=th surfaces are brigt and highly
reflective.

2. Accurate control of thickness of thin films can be accccplished.
3. 7hin films in the order of 5-10 millionths of an inch have -very good

- •covering power.
S-- /4. Thin fils are porous exhibiting rather extensive very sa1l pin

holes.
5. The cleanliness of the surface to be plated with thin filns is very

ipportant to produce so-md coatings,
6. Thick coatings of aluminum on the order of .0001 inch lose brightness

"and become .tte i apvear-ance regardless of the surface of the

strate.

7. A ligh.t., dry grit blasting of meta•lic surface-, just prior to vacum

deposition is necessary to _-ovide sat•sfactory adlhesion of thick
21: -,, deposits.

8. Vacuum depeslted alumin• m appears to be porous in thickness up to

.00)3 inch.
9. / 9 ne of sit oerae is very apparent in plating with abuinme

"Reve'-se sides of stnecimans Plated received little or no plating.

10. Thick deposits are crystaine and are brittle.

*AUTHORI: G. t. czar: DAT?; 9-i-_61 PAWE 2
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J AERONA&UTICAL SYSTEMS DIVIION
4 W Afft4A~ ~Contract No. MF33(616)-8141i~

- - Project No.1(8-7381):Task No.T381-0

I- CA14INAY: Light Re-als anc jfl3 CIN 2-7-9

1.?A -AEI NA:-- lae ~en

*B. Mlemm_ hsica21

N~o finfoz-tion is available on t1.he elevated temmerature properties of
thin fiL]-s of al-=Lm-s6~ The -wIde differemn-ce in the coefficien of thez-J
eloansior o-- aluizn=r and mews m~etal substrate nresents ser-Ious troblems

ofadhesion. AI immr deoosits .002 inch thick on grit blasted ~ydnr
*exh.ibited gooid adheesion to -room temperature bemnd-frazzture test and teop-

- -eraturre to a~ppoxfr~attely l(XGOF. Near t~ae --lting moint of el-amimms
severe blistering of the aluminum occurred. iDifZiusion bondingg was not
apparent after srort ti2e bea trC.ztxmnt agin at 10000?.

-,AuThO: G. &. ozn *C ýDAE -11-61 -PAGE 3-
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AVA0MWAAWAADr 401W&IPAMLON&UTICP1 SYSTEMS DIVISION
SW P~A w ~ t~f Cop-tract No. MF33(616)-8141&

-~ - -Project No.1(8-7381). :Tak WO.73812

-I- CATEG(OIY: Li~t Htals an Alos OE 2-7-99

nI. NMA29IAL NAME: Va.,, pla~ted Ab~mwn

V. P.M"INCIAL PWPEvrMI-T:M

C. Electrical,

Th .e electrical prnope-tiez were not inveestdg~ted in this ivoek. P. las
assvEmed tet, 4-.!;;se- vro~erlties -emial c-, ose2Y. co=-reszom to th~e lulkc

t=ta. toerties. It. sm-ad be mointed out. timt the v.-uin Diated
- aliwnim is mom=u ard as a result, the eiletrical pro~e-rties such as

-reSiS-iV3tY courld vzay seig5it1 f'rcz-2 the bmulk m~etal

MATERIALS a PROCESS UNIT:ý



AEONUTITCAL SYSTEMS DIVISION
W ALA*WSM SPE Contract No. AP33 (6i6)-813&i

in~ -Project No.1(8-q381):Tank No.73J812

* I1. CkiMGOY: Light metais andi AUG73 s 2-7-9

-11 IATERTIA NMAE: Vacmma Plated Aluinim

-. D. Cheical

T~he- cheicsl1 properties renot investigatend inthis vv.-ok. The produ-=
tion of ac deposits,, r~ethods of ru-staining plating i~c accwpaisbing
thick deposits weeree di~racted toicar high temperattiiee oxidation p-rotection.
Ammhsion diffi-cuLties prevented ext~enive etsiies of oxidation Foteetdan,

*AWJUI: T. G.KDATIY, -E: 9-U-61 PAOS 5
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" AWAMSM ArAAW JAEONAVWICAL S3YSTEA DIVISION
Contract No. M3(616)-8141

- Project NO.1(8-7381) :Task No'13812

Lg Netals and Alloys COW: 2-7-9
II

II. NIMIALE NMN: Vaec Plated Abdmiu

Until satisfactory surface preparation and/or mteods of diffusion bcw-n

mm deter-ifled, no re-cozendatwion can accurately be given1.

Nove

A. N ater an Process Job Eeport. F-1-1, Vac=m Deposition of Eatals.

INaterials ar. Process Job Repo.t -4-15., Laninated Refractory z actro-

I deposits as Migh Temperature Protection of r-ljbdezm.

C. Vacum Deposition of Thin Fils, L. Hol•and - B ~ei Liwz - T.S.
213H 5 v.

I AMV CR: ?. G. Em "Ai- 9-I1-Si PAGE 6.
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AVRW *A4*W AM4 A~IONAUTICAL SIMMEI DIVISION
- - Contract No.. AP33(16i) -81411

Project No.] 3):aa o.73812

I. CM!GEIY: 'l~ Metals and AUM~S COIX: 2-8-li

11. K~AMM NAME: C-.z-Tosim a sistance of Verimus Alminm

The 6b~iectU-m or tbiss rrcgzan vas the e-va1rtiim of azafln etchi ceazimg
-- ' t ldiil C= AM __ a i :far poleentia I increased salt spW~

-~ reSLstsnce. M~e scome i=3b F1 in -- e testing of 2mteria21s Vaich vere ezch
cl-eane in rcc-Imris to meuteriu.l vnim~ u--e not etcha cleeed..

zj h3Al1iý etea cleming mf .176z~ ?TI8 bxi alloy giEs ;5.e- [oteei

I to prts tht b1v bee: L ix1 This bas been indicated bY ihzro-1ez salt
spVy resistan-ce tests vnd fewer corrosion Wzebleus eeigened in the sbap
since Alkel;n cz iz2 ms iagrt

TS **1- -A~

A-M:miism;1
MAEIL 8 RCES1Af

57



Ar~r"AAMIUM~rAERONAUTICAL SYSTEM DIVIION
- - W ~R~g*U ~ &"Contract No. MF3' 616) -81411

- - ~Project N,.1(8-3= ):?eak No.73812

1. CHEIG(IY0 Ljgbt IKetal.S 2nd inys COM: 2-8-4a

a~~11 RfNALM ANM: Corrosion Resist.-ane of Various A3=xzi

A. HIý2eC2,ic1

-ee=traswr not. investizatedirr t'-ds etandmoiflt as there
eml-stedi no ne ne hsF-gm

AUTHOR .. DATZ: 9-13-61 PAI 2.
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AEROMAUMCALa SYb'TE DIVIION
W A~~4. I~EhFContract No. AV33 (6i6) -8i~li

- -ProJect No.187381):ak -322

1. CITE Y iag#- metaus an~d Auoys COE 2-8,4

11. FAI5ERIA NAME: Corrosion Resist~ance of Varions A~z

-V.. IpII"CIp-L 1 RFTFSM

-. B. Mmer--ortsica1

- These materia2s vere not. inrestigated from tnis standpodint as thiere

exis~ted m n~eed u=ier tbis, Dog=a.

X.AEI H. r. KDILr.s D117: 9"13-61 PAMe ~
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.4.. AJ AANWIONUCAL SIMME DIVISION
-m - Contract No. AP33 (616) -8141

Project No.1(8--T71):?k NO.73812

I. CAEORY: Light Metals and Allo COME: 2-8-4

Us" !IMI NMm: Corrosion Resistance of Various lmiums

V. .P2 le N¶PR71ES:

- - --These raeterial~s were n~ot. inestigated frm this standvoi-nt as there
existved no need under th'.is program.

"AR:.: .-3-61 PACE L.
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~uoaunAL SYSTEM~ DIVISION
A Contract No. AP33(6i6)-8i4i

3 1Vi Projet uo.1 8.q ):Task No.T3812

1 . C&1TEMY:w Ligit xetals and Anw-m COE 2-8-4

I ~ II N* hTRIA NAME: conue-on Res istaz of Various fluiimi

- D. C!nical

Chemical properties zare deppict-eddb fofllowng Tables I through VI
a1-A panels ShC-- 3Z PoorpS .- 15934O are- ~-'-l50931. Based
upon t-hese &za-raeter-istics., recozmedaticns-are, mde in Sectioni VI

* of this revwrt.

AUTJI: H. F. pizis ) 9-1-6 PAGE 5.
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W AA~4 ~AERONAUTICAL SYSTEMS DIVISION
,u - Contract No. MP33(616)-81.41

Project 2o.1(8-7381) :Tank No.73812

I. ChTEWRY: Ligbt Ketal and Aflop COE' 2-"8i

11 MATERIAL NANE: Corrosion Resistance of Various Abiunini

V. M.D'CIPALD P3O1E0PTIS:. (Cont-inued)

D. Cei~ ct~i~

SAT WSW'A -MSISAKE U SS &LW1=D AsIJi 04WIMkr hAUIUIx ALUM ft*2

VIM= ABCSPAM
SAL? SPA&Y SALT bA

Psmusiuug Per 1AC 50sdfneationmbeAr
MbL iftxita DivIa1am b. Eiwwle 2f

1.~I r1i ail 1US Faoi

Fmddwd Alkalij Etca Clean -Aladim 2 paws 2-S g3m

U8 Alkal~lop tc Mean -2 Pma 3-
RAddrizd Sbot fkmn - OW= P 3S aw

6ude AYaiIi 64 flwm

Madmd AIW Ech le - ~dft7 PWO 7-S pmw

1 *Ued Al1ddw It PAMS 115 Paw

Rolled Alkaliz Etek Ckean - Alaiim Pm 55S Pmw

1075
toll" nedsmPams 84 %

TABU-. I
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-: ~AMIONMMTCAL SYSTEMS DIMI8IO
1W A PLW PA*FContract No. AM3 (616) -8141i

-~Project 1o.110-738.h NO.73812

I.* CAEG(NY: Ligbt lbetals aind hflys CO: 2-"-

nI. FMITAL NAME: Corrosioun Resistance of Various Abz~ixm

* V. I~f~IPAL ! MTIiS: (ConUtied)

D. Chemical (continued)

z~ar~-2.=- MMU AT awwm m 1zX5 Sa~x SIM! Eralawal

AaO-WIM AOES - dO4IT&k 5= -VW ug" - hikusn Sw Sa

Pawl ?seaw- s wftta b - sl am
W- _ _ _ _ a-ga -2 2 m n W " 8 0our

A3 2M I val ynai £ a I ran ranl
2Q% I Fan Zanl AZ as I FAXl .?ai

A7 2ruai 2 ftai lb"l AS 2 1W.l ranl
at 2" 2 Vail ran ilaf 2 rail ranl

-e2W 3 raw sr am 3 -m pow
9k -fm 3 ram iail it a 3 nwsml "ai
a 21A & pow Taul Is _ as awal

C3 705 1 ranl Vral Cl~
7 195 i anl ft"l a 5 z

M? 7095 2 Jmal Taul CS 7 2 NW w~t
ca 015 2 ?bm Fanl 6 1M5 2 ram silm

93 5 3 I*t Fanl in 10 3 PWO ?bms
Th 7145 3 Pý Fail 2 1M5 3 ra lo

Ir5 anl ranl -5 7015 Iw
as W15 & FJ Fal anl 26 ms & Nm

F3 nR 1 ranl Irailn ilrS I a b

7 11! 2 Vail ranl 5 111 2 mw pnm
03 WeJ 2 W2i Fail 36 111 2 Nm Yom

13 711 3 Fanl vail n 711 3 m W
Th Tar- 3 Fanl Wanl 1 711 3 raw yrm

ii lls & Fanl ail is 1119 & Nm tzila

ZZMA&L i-A Auzhs mm IU i in an 2.15 M3tmu 2wiiiam. 3 Minta A16011
m!-act1alf safac.ati" am 2. 5 N-alteg Dodi 5 Wmint. AlN.m

bat !or W.G 5119 S. I. Jb tezc!ti. 3 gbmfts A1601i

AVISI: H. . KOILrs DATE: 9-i3-) PAGE 7.
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AERONAUTICAL SYSTEMS DIVISION
W A LAW £UWhY Contr'act No.- AF33 (616) 4iL4 -8i

~~roec NO-i(8-738i):Tank No.181

1. CA?EGMlY:. Light KetaJls and AUjoys COE 2-8-4

fl, KAMMIA NANE: Corrosion Resistance of Various Abuinmm

F.ERMhIPAL r-OpFMIE : (Conatinued)

D.- Cixezical (cciritinmed)

AL=NE 7-Ai.LS -C.?SS &OTA -ch S=X Smy - iln

lack7a mDU - la-1WUzA- MIX aSS MISIYL P*m.. - &K -V= s 5~~
Ta- spn he r3- LA

Q & 1 *ý he GL -a I ra Fa

la ma PA PW 12 m erm hum
0? 2c 2 hum PA 0S a 2

as 2d 2 lame PA 2I6 ran f

io -fA 3 -a M8 SI 3um hub"m
A 6f 3 *W -- 16 2d 3 ra -b

57" raw &2c hum ram*
Fý pan 36u ~ U 2C& k1 PAM hue

3 3 ?W5S 1 ra hum Zý 10W5 I Fam mr-I
A 7015 1 Pam Plow 12015 1 Ibm III-

- -1*? 7GK 2 hu mw 7W15 2 hum #on
it 11W5 .2 ra hm tow lb" m u

23 10m 3 hue PAW05 Pan
aJ =15 3 hue it 2-M5 3 PWm hus
J? Pm6 015 ?W hue X hueNM *

is 705 2 a 700 hum115 PA _SaFm

13 7116 3 vim FaeL 1i m F

13 7ml 3 Nm m hu 72 3M 3 ram PFm

is illS l PM ram fA U01 hue hun

SIt Um *A tk wmvb~ 4r 2- 5 ==*a-3mdftw* 3 M=512fm
smawba car emaw -,A~m'l &-k- 2. 5 iz sýmZ1add, = moat £LN1M.

pxd -mdw -r- -.t )4 a~ 3. Umw 1 3m- &UW
bgwy. sww. fte ="Zli umdeIaiSThlmi, 5 ein £3u i

two xibs býma pan. wr

AMERI: F. razz m DAIS: 9-13-61 AE8
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AERONAUTICAL SYSTEMS DIVISION
SAPAW 1PhContract No. AP33 6i6)-8141

r-.Iect No.1(8-T3A1):Tak No.73812

I i. CaT.ASGY: Light Metals and Alloys CODE: 2-8-4

II. MATERIAL NAME: Corrosion Resistance of Vaous Abinizms

V. PMUWPAL FROM=~IS (Continued)

D. Chmical (contined)

ASO=E W.'=FirZ Rk40 .T £,11IWr =LASUS - h M= UI&IC

-A W-zIhI et%5100IIIINfl 5Zý~A

'Us AI~ C~. ran~1 201L 3brd U ase

W:2 Mai 23 Sm. s

* s6 m a Fail 2G& low hcfuptl~e,

3-1 I~S ~ t Fail 2M LW. kcowabme

2-2 ZU1 wt ran lp 10K5 lr Falale

26 75 law Fall 31-L. 15~ Failud

5-1 law1 Failed

AwZMIJ: W. H~. &o-4ns DA~91-1PAGE 9.
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AERONAUTICAL SYSTEMS DIVISION
Mom" • Contract No. AP331616)-8141

Project No.1(8-7381):Task No.73812

I. CATEIY: Light Ketals and Alloys CODE: 2-8-4

I.. MATERIAL NAM: Corrosion Resistance of Various Akiinum

V.~ M PJCPLP.k..a'-: (Continued)"

* D. Chem~ical (continued)

- :-

L-°

&..jL-i- FA&ES . .1 d1 1Tk !J1V1S.%% - SLM Wftl EF&LUMW_

~~:c~~~i-raer- zs&r- c~ asaiz - kmf O'Asu aX

3z;. n. C40s-AC~-3 20& abot ranl 0-1 20 aMot zFI

C-& 2C2a Shrt FaU C- a&-- .0 fe

C-5 2AI k I= SS

C-8 2Lr2 iis Cm m i W m

P- M07 Fallor 7m7 suet Fail

FA ? 05 - Shot Fail 70M5 Short Fanl

F- 701.5 tote Pow 7-3r5 ?ass

AIThHM: is. H. Kolins DAME: 9ý-13-61 PAGE 10.
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AWAW~ffAAWWAAA &WNAFY MONAIJTICAL SYSTEMS DIVIION
IMWWVM WSWVAWContract No. AI?33 1616)-8141

Project No.1(8-'73B51):Task No.T3812

I. CATEGORY: LZt etsls and Aiinvs CD:2-8-4

II. M~tERaL NMlE*- Cormrsion. R.esistance- of Various Alxuminms

V. FRMMUIPAL rP10Fý.-IES: (Cofitinued)

D.Chemicall (cont.inumed)

Anq Cwle Evaint-e= ____ Allay_ Ewsiimt

loFaulQ. 20&. Low Ba

1t3 2L lwFail 2m AWM

long Fan q4 20

*u 1- 1?5 3. Fadl R-5 Ws5 ja TIl
LOW10 Fanl 2-6 1(15 Lgmg Fanl

3-3 75 low. FAl 1-7 ?W5 Lor FaIl

11A l low. Fat-' 1.8 7EV5 lome Fanl

-- AUTHOR: vJ. H.. .7o1Lins DAM: 9-ý13-6). PAGE 21.
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W AAPLAF WP~iI' EROAUTCALSYSTEM DIVIION

Project N18-31:akNO-73812

I CATMGRY-' tihtet-is and Alloys CODE: 2.-g--I

L I1I. NAT1ERIAL KAHE: Corroasion RIesistance of Various Alum-nims

-D. Chue-micai (continued)

A4103 -M -4M

IIRIM

BF-i593WO

.93.-



I- ~ ~LEWgingp" AEONAUTICAL SIMTEMS DIVISION
- - Contract No. AI?33 (616) m8ilu

Project No.1(8-7381) :Tssk NO.73812

I. CA1TMOY: Light M~etals anad Alloys CODE: 2-s-4

fl I&BM AL9 -MME: Corrosion Resistance of Various A'b.-¶5imms

V. PRflllPAIl PR1CiGUZ: (Continued)

D. Chemica]L (continued)

EN-3-593ll

*AVm: W. H. Kolins DATE: 9-713-1 PAGE 13.
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AW AW~A4W su~ewAERONAUTLICAL SYSTMS DIVIION
- - ~Cotract No. AP33 (6i6)-?ilii

project No.1(8ý-?381) :Tabk NO.73812

1.- CkTEGMtY* latrtasadMy CODE: 2-8-4

11, MAMMIA NAM: Corrosion Resistaence of Vparious Alllmmas

Vi. 51(~EiE Fl~

-;is reccmended tbat all ext sive'-y mcbhxmed 7117,38~ni eliys be
etch ~ ~ ~ ~ ~ o Anzi~~ro ~~1o~ zodize roes~i.,I is no"' xrecoca-etch~ :;a clroned. r t0o Ala zn= 81107 be etch cleaed. prior tc0 Alodine.

nI. MUPFLEM 1JD TR!AME M1MS:

Mat afplicable.

A. Mliitrary S ecif icattioD RMC-5541l, 'tMierdcal Films -,Gr Ab~min and
______sm snuz YU-A-&2,A, 7m cComtings for lam

-los rnd. A~x~iurs".

B. Boeir.-AsUichlta n~at~igResemarc Bepcr=.2 'at pa-
Besistaence Tests., Anodized 2nd Alodimed lun Allay, Etched. vs

AUTH(It Vi. H. Kioins D~:9-1:3-61 PAGE 1
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aa-m• aiPwvt •.g w ~AONAUTICAL SYSTEMS DIVISION-.- W - Contract No. AF33(616)-8i4i
Project No.1(8-7381) :Task No.73812

I. CAT.G(ItY: Heavy Non-Ferrous Yetals and Alloys -COD: 3-7-9

II. VAIERI NAME: Vacuum Plated Cadmium

7he purose of this progra was to investigate the properties of vacum
deposited cadmiu plating, including corrosion resistance, adbesicn of
plate to base metal of steel and paint ad-hesion to vacuum deposited

- miate. A detterrination was zade to detect aniy detriwxitaJ. effect
on the .bysical properties of AM 4340 steel, hi.at treated 260,000 to

'si re]in fr surface preparation and vacuum deposition of

Delayed brittle failures of stressed h5gh strength steel parts haw resulted
fras 4drogen pick up during electropla-ting sequen.ces. A corrosion
protectiwe coating of cad= applied by the vacuum etbod ouTld elininate
the Droblem of hydragen ebrittlemeit associated with electrodeposited
coatings. Since vacum deposited coatings are ore por7s than electro-
deposite, d coatings, the t+hickn,,ess rts for adequate corrosin
irottection and a suitable surface preparation for adequate plate adhesion

"need: to be I he0.

ii

A1JTV(M: T. G. Koz-= " 8 Serteber 1961 PAGE 1
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ffGEfA•G A#UPLAA'F €• ~ AERONAUTICAL SYSTe&iS DIVISION
,A • Contract No. AF33(616)-8141

* -: iProject No.1(8-7381):Task No.73812

I. CATORY: Heavy Non-Ferrous e-tals and Alloys CODE: 3-7-9

II. !YkTERM-LNAM~E: Yacu Plated Cadmism

V . FR e-L- IcalETIS

1. Afliesi•on of Va-cum Deposited C-diiua to Base Metal of Steel.
- lht, dry grit blasting of" the steel surface just prior to
acu- deweosition is necessary. to urovade satisfactory adIesion

Of c=0im ZO steel•

2. r-ir-.er L-1-hesion to Vacum Deposited Cadmiim.
Vac-._ deposited cad•dw receiving a croch - e ccaversicm
coating,, Q.Z--.16A ITy-e ii, provides an adequate surface for
good adhesion of zinc cbromte primer.

3. Porosity.
Vacum= deposited cadchmi is innerantly porous and requires a
thIdicKer deposit than electrodeposited cadmi= to provide
adequate corrosiun protectim.i

Clemime, grit blasting and vacm adi pting hsn
-onarent e'fect on the tensile strength cf 260,000 to 280,

steel based m excosure to notched tensile tests.

A ,
AUTHOR: T. G-. .. oza 8 Septezber 1961 a 2 IITmmI
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MAWAMP AWPLARZAA &-WAPA h AERONAUTICAL1 SYSTEI 3S DIVISION
89AZ7. AVnAV Contract No. AF33(616)-8141

ProJect No.l(8-7381):Taalc No.73812

I. CATEGORY: Heavy Noin-Ferrous Jeta1s and Mqlys COME: 3-?-9

II. MATERIhL IMME: Va umlo Plated Cadmita

B. The-mpptvsical.

Infor-ation on the elevated tepperature properties of this coating are
not available. It is Drobable, tha ths coating would present the
elevated te--erature =3operties identical uwith electroplated deposits.
As a result. this corating is not reco~ended for use on loy alloy

* * steels heat treated albove 220.,000 psi in enviroients of stress and
temr ratures; above 5000F,

C.

AUTHOR: T. G. Kon1, Seute~zber 1961 PAGE 3

MATERIALS 8 PDYY!ESS UNIT



"--- ------.- .... -=oA,•• • - • • 5i

AERO.NAUTICAL SYSTEMS DIVISION
,.• A Agr AV H P Contract No. AF33(6i6)-81l4

74 Project No.I(8-7381):Task No.73812

I. CATEGORY: Heavy .Nm•--errF s xe-.als and Alloys CODE: 3-7-9

II. 71ATERIAL NJUM~: Vacuum Plated C~adium

C. Iectrical.

The electrical properties were not investigated in t1ds work since it

-;-as ass-"--d that these _roDer•ties u-cald closely correspond to electro-
"nmited coatings. It should be poi•nted out that the vacuum plated
-i"r-" is =re porous and as a result the electrical properties such
as resistivity could vary slig-htly from the solid metal.

Ii

AUTHO(: T. G. Kozan 8 S3pte•b• r 1961 PAGE 4
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O* IAy• A#RPLEAE &N AEROAUTICAL SYSTEMS DIVISION
Contract No. AF33(616)-8141
Project No.1(8-7381):Task No.73812

I. CATEGRY: Heavy Ion-Ferro=s Metals and •11qy3  CODE: 3-7-9

II. NFATERI NAME: Vacu=u Plated Catdius

- -Y. FRIMCIPAt1 FsR0-IS:

* - D. Chemical

1. Corrosion Protection

a. Salt Spray

'Vacuum depositcd cadzium being more porous than electrodeposited
c -•iui offers less corrosion .rotection than an equal thickness
of electrodkeposited cad-_u-. However, a thickness of .0005 inch
of vacun deposited ca'-iun w•Ll withstand 240 hours in salt
spray without appearance of red corrosion products.

Vacu=m deposited cadiun .0W05 inch thick, receiving a chromate
conversion coating is ec.al in. ccrrosion Protection to an

- e3.ectrodeposited ca•_ium =1 ate of equal thickness with chromate
conversion coating.

b. Condensing Hoddity

Vacuum- demosited cadium offers rach less corrosion protection
to a humid envirr-ont than ar ecual thickness of electro-
demosited cadmium.

Vacuum deposited ca(_iuz, .0005 inch thick, receiving a chroinate
conversion coating is equal in corrosion protection to electro-
dewosited cadi=u of r-ual thickness with a chroate conversion
coating.

AUTHOR: T. G. Kozan 8 Sew,_e-er 1961 PAGE 5
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2 A" AArONAUTICAL SYSTEMS DIVISION
Contract No. AF33(616)-8i41
Project No.1(8-7381):Task No.73812

_ I. CATEGMY: Hea.y Non-Ferrous Metals and All CODE 3-7-9

* " II. !.ATERIAL NAME: Vacuum Plated Cadium

VI. REMS!K_ l- S ES:

Vacuum deposited ca~dum at .eazst .0005 inch thick with a subsequent chromate
conversion coating is reco=ended as a corrosion and non-embrittling
protective coating for high strength steel parts heat treated up to

: 25,00 psi. provided that the parts are given a liget, dry grit blasting
prior to vacupm depositimm to provide gcod adhesion of the cadmium to the

- base metal.

-' ~VU. SUPPlIMS A1I0 TRAD3 'IAS:

"Suppliers neeting the 'ts of Coatin' Caiv,
Vacuim Deposited, are available.

(1) 1 -- 837, Coating, Cadmium, Vacuu Deposited.

(2) Boeing Doczr -ent D3-1740, Proerties of Vact. Deposited Cadmiua Plate
on Steel.

(3) Boeing Test Report T2-1398, Effects of Plating Variables on Hqdrogen
E-brittl ent of 220,000 to 240,000 psi Steels.

- -(4) Static Fatigue of High Strength Steel, R. H. Poring and J. A. Rinebolt,
Transactions of tAhe =erican Society for Fetals, Vol. 48, 1956,
up ,198207.

(5) Wi ta-it Fterials an! Process Job ReDort F-1-3, Vacnm-- Deposition
itof tals.

SAUTHOR: T. G. ioza- - PAGE 6
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EIA~ f~P~A'3 ~AEROAUTIC!JJ SYSTEI'MS DIVISION

merNW74AS 01Contract No. AF33 (16) -8141
Project No.1(8-7351) :Task No.738121

I. CATEGORY: Hev lion-Fer-rois IYetais W-d Alloys; CODE:

* - II. MATERIA NAM~E: Electr=],lated Yangaese

TTI. GMEIL&T iESCIRfTION:

Zrie 6z ýecTive o-f, t~h1. provren vas to deter=--e tme feasibility- of electro-
;ieios4itin- soft eucil (faae -Tese ýeOS2ZS En- to determine

v. uch d-.D-ositts offer corrosion resistamnce rrotection for steel.

- - V. VEM' =-,AT- WZKROM~:

T-he-re ivere Se--:-eral nromerties of vanb-anese t1hat =rcm~ted. tVis inves-t iaticn.
M~anganese is anodic to ste-el and. shct-1d .deSacrificial, corrosion tro-
tecti&,-cn en-d its hi~Ler melting point, shva. extend- the corrosion protecetion
=:omea-~ies to a higaer ue--perattr-e renre rsnan the t-e--erature ranrges mro-

e-- e demosited' fIrom either acd _r____ie ets The oxidation of the

dlos it's; ti iocabeim-hibited by teaddittion ofa clt ofa

str=., re=ucing acid (so~i=u b ojiio-s]pitek cr a sealt. of a -weeak orgenic
Facid. (sozaium acetate).

- --,A 2lituerature smur-ey indicated. tbat cod-ei~sition of' comper (i$) or ni-c:kel (2pe)
stabilized mang nese ithe geria mhase Commer iasuessful codepositeed

vith brigat ductile oemnee but aterpTts to0 codep1osit nickel gave either

Dicileranende dosits IUD to .",35 in hees in thickness can~ bee de-csiteE

AUJTHOR: H. K:. Ce2leStim4'CA DAZE: 9-12-61 PAGE 3
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*ffJ~ Aa~PE*E ~A6E*FAERNAUTICAL SYSTE!'-IS DIVISION
MMMM~4 AWSAYAWContract No0. AF33(616)-81141

Project No.l(.8-7381):Task No.13812

I.* CATEGORY: Heavy ron-Ferz-ous smeza2s; and. alloys CODE: 3-9-9g

-- II. M4ATERIAL NAME: Kaeztroppla -1 Msngernese

- ~~~~~V. ?fIFLFOEIS

I- Mchanical

- 1. 1t~ oin - Io tsts vere na-de to deltermine the m~elting points

of these deposits.

2. De-zisity - N~o tests ~-.ve =ad-- to deven-mine thee dezsityy of the electro-
- -olated i~anese deposits.

-. 3. Coefficient of Eension - "No tests vere nade to aetermdre the co-
efficient of expansion of t~he elec~tro--ytic: nangar"ese deposits.

-. -4. Z- mess - The raziganeze deposits vere hard. enorSgh scratch 4130
steel but. vre not scratched. by i41_-) steel.

-- 5. S,;fece Roiubness - E-- =aszase and the zangaese capp~er deposits
haE Ithe sme surfrace rauSgbness ass the base aealn -;fich tbzy were
plated..

* - z;. Ad:esion - The =snganese and the agese copper deposits had~ good
adhesiopropert.ies on both copper and. steel cathodes.

7. Duictility - Mangvanese and z~ngamese copper deposits Pre vezý dautile.

t. Color - IMangemese and nangenese toppexr deposit*s are briiSbt silver

-to =Ztte f07--- inColor.

AU111lHOR: E.:.Celestimejklz.-- apr. - io. PAGE 2

- ~ ~ Zr~WMATERIALS a0 PROCESS UNIT



""EAVA APAfPAR" NAAMF 2A AV AERONAIUYTICAL SYS-TeI*S DIVIO
~~ Contract No. AF33 (616)-8i4i

Project No.l(8-738i):Task No.73812

I, CATEGRY: EHeavy lion-Frerrous V1-etais on& AUflrr.s CODE: 3-9-9

- ~I!. MATERIA NAME: El-ectroplated M-anganese

- ~V. FiU3CIPAL BIOFIE

The~ t~heoj=,-iysica1 irorerities cf winganese de-a-s-its have not been

detexr-ime& as no need f-cr thiis data exists at, tizis tuine.

AUTHOR: Hi. N. ceiestineJ-,Awn- o..i PAGE 34
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*EM~tA A~rw" AIM920 A AERONAUTICAL SYSTED13 DIVISION
mow"AwwwowContract No. AF33 (6i6)-Bil4i

Project No.1(8-7381) :Tasc No .7312

I.CATEGOY:.H Eey cn-.Fenrri ~I-ettelz rm ~y CODE: 3-599

3M. MAMEIA NAME: l.ewc- s!-nmese

V. i~I~i h~~~~

-.Electrical

T-- eiect-icall :a-roe~ties of electacm-eposited mangaemse have not bee

"WMATERIALS 49 PROCESS UNIT



FM~ w~w aus,&.'rAERONAUT-ICA4L SYSTEMhS DIVISIONw mme Contract No. AF33 (616) -8141UProject No.l(8-7381):TAsk No.73812

1. CATEGORY: zeeavy rmo-Yerrous mwetaiz an& AUow-s CODE: 1-9-.9

II. MATERIAL NAMlE: BlectoVlated angenese

* ziz~2=i ! h~i~aie- rn!ý--ese a&, zmegamase coler
~et~ossts 'e s-;ect to cmilx.ati~m b.-,- s~ri omQen. P-aseina-

Gfm=3zSe v~epjsia eia c-=1nc acid soluticns i'-2h-1its cod-
deim= inrezzes tarnish resistence.

2. Corrosion 7-totection - Risn&=zns dposits ba-re 1-ood corrosion jiro-
-- tection mr--erties on steel :in salt sp~ray ani c=,;ensing huidity

ataos -hres.

3.4m (B1esisItance - X=anganespe de-mosits =,e readily ettacked by
a-cid (in=rganic or arb-an c) solutions; cocemt-rated cbro~i= tricdIde
solutions pl.ssivate ranganese de~posits; and strang 01Ža01 so3.untioms( cdo not attack mangmwese.

AUTHOR: Z - r-es 5-e~Z:~2lP
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AERONAUT~ICAL SYSTEAIAS DIVIION
- aANUM AAWPAC"Ar CZUPAWff Contract No. AF33(616) -8ilti

Project No.1(8-78) :Taslc N6.73812

I. CkTEGMHY: Heavy Nn-- zrus M.etals and. Alloys CODE 3-9

II. MATfERI.A IANE: Ele-troiplated. Eangaese

Swýr is not emoizA data avallable to -~athte reco=endzation of a uise
-* - ~for electrmZepm~siteed rm.ngaese. It gives low anrt~ zodic protection

&o steel an-Z sho~uld pro-Ade ancdic protection at. elevated. teeures,

VI -U.PFLIERS:

3.Av iaiiz.y - rot ataflable

* -:-C. Costs - Unh~zternined

C. ~A. INatexia"I' and Process Job Rep=',, G-1-6, Ditie nps s F~tee

B. Materials and Proe--ss Joib Bepor. F--15, Eleecz.ro.etsit~o of lEngneese,
Process Deveicgzwnts

AV-ISM: ~i ~ eetckW~:91-lPAGE-
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A AAMAW AAWAWZm•E r AMDAERO-AU-TICA•L SYST -VS DIVISION
3 .A.- Contract No. AF33(616)-8141

--- ProJect No.1(8-7381):Task No.73812

- I. CATEGORY: Plastics CODE: 6-6-1

- II. 1FATMMRNAM WE: Various Heat Cured Yktta1 Bonding Ytterinls

"" III. GM.AL rI e PTl

The objective of this prorran was to screen-test, by means of tensile shear
test only., sam of the =st recently developed metal-to-netal bonding
adhesives, an.d assess their Wotential value for a luacri

-- It was believed that some of the newer adhesives zdght serve as replCints
for soe conventional fastem~ =- in the fabric-tion of aircraft, thereby,
resulting 2n lower oductdon costs. Fbrt•er, it is well kwm that
- ropean aircraft mnufacturers have been e~loying metal boding adhesives
for structures in nmlce of corventional fasteners, with considerable success
and substantial reductions in anufacturina g costs.

The scope of the program was to obtain. frm varlos vendors potentially
-available m l-to-metal adhesives which would proCace zxi tensile shear
values, and coadct an evaluaion.

SAUTHOR: LY. Shermn Date: 9-11-61 PAGE 1
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SAERONAUTICAL SYSTEVZ DIVISION
-: M * 4 iContract No. AF33(616)-8i4i

Project No.1(8-7381):Task No.73812

I. CATEGORY: Plastics CODE: 6-6-1

II. EAn-MIAL NAME: Various reat Cured Imetal Bonding matteriaus

V. M•,IXEPA P-ETME:

A. Mechanical

Heat cured adk•sives appear to offer adequate strength d sbould be
given midt- cmnsideration for Ianufacturing concepts provided that
further tests vvs acca1isbed tamard pmring specific mteriads
for speci fic functious.

XvcJrmnical Properties c¢timned an following page entitled ThEE I

'I

A1JIMO: L. '4 Sbenran Date: 9-11-61 PAGE 2

MATERIALS 8 PROCESS UNIT



AWWSW A~JPZL4W NNNAANYAERONAUTICAL SYSTEMS DIVISION
:.•, m - Contract No. MF33(616)-8141

Project No.1(8-7381):Task No.7M812

I. CATEGOY: Plastics CODE: 6-6-1

II. WERIAL NW: Various Heat Cured Yetua Bondin! materials

V. 1RICIPAL pF l:3

A. Beebanical,gT
S~Tensile-

Shear

Average
Desmti n~ -S Remaks

1. Arstrcg Cork C~opy•1 4mX) Cured at 212OF for 2 brs. This
J-1154]-2 material no longer available.

,Z, 2. Armtbrog Cork Co.
J-1156-E30 390 Cured at 18OF for 1-1/2 br.

ie3.. Rubber & Asbestos Corp. 33700 Cured at 31.0F for 2-1/2 brz.
-- 611-CH60

- k." LA trng, Cork Co. 3500 Cured at 212"F for 2 brs.

5 Reicblzld ChmIcal Co. 3W50 Cured at 350P ovendrit.

6. Armstrong Cork Co. 2700 Cured at. 212"F for 2 brs.

7. Wins W-1469 2550 Cured at 3506F for 1 hr.
aidtout Catalyst

SAIflJR: L. M. SbnrEn Date: 9-31-61 PAGE 3
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A~rjA"A ACGWA~irAERONAUTICAL SYSTMIS DIVIION
W AtR~AW3 n~'~' Contract No. A2F33 (616)-8ii41

Poet No.1(8-7381):Taslc No.7381L2

I. CATEGORIY: Plastics CODE: 6-6-1

11. M&TAERIA NAME: Yariam Heat Cared Eetaj Bonding Ylateials

V. I-SPICIPA1 MFERMISJ:

This propexty was nct investigated by Boeing-iWicbita since wach
information was not required tinder the scope of this pvoroa..

AUTliHM: L. M. Sherm-an Date: 9-111-61 PAGE 4
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"AZOAUTICAL SYSTE!MS DIVISION
* ,- 3#W W A~~1AM ~ 'Contract No. AF33(616)-811!1

-~ Prolect No.1(8-7381):Task No.73812

II. CATEGORY: mastic CODE6:

31. KATEIMAL NIAME: Various Heat Cared ",.etal Bonding HaterUUl

C, Electrical

This PropertY was mot investigated by Boeing-Wichita since such
infontionwas niot required under the scope of this prrogramt.

AUTHOR: L. M. Sherrnm, Date.- 9-6 PAGE 5
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* -=ZONAUTICAL SYSTM.LN DIVISION
w~~ A~fWSE pFq Contract No. AF33 1616)8i4

-. Project No.1(8-7351) :Task No.T3812

1. CkTEG(OtY- Plastics CODE: 6-&-1

11. MATIEPJhL NAME: Various Heat Cured Yktal Bonding )Eaterials

V. E9INCPAL atPETlM4

D. Cbegical -

'rhis property vas not investigzated by Boeing-Michita since such

infomtion vas not rsqufre-d under txe scome of this program.

AUTHOR: L. Y.. Sherran Date: 9--fl-~ PAGE 6
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S"W * WIA--1NAUi ICAL SYST"IS DIVISION" WRAM AO JAW E SM••PN
-. - Contract No. AF33(616)-8i4i

ProJect No.l(8-7381):Task No.73812

.I CATEGORY: pFajic CODE: 6-6-1

3II. M"MRIAL NAME: Various Heat Cured letal Bonding Materials

As a result of our investigative efforts, it was reco~wnded that the beat
cured netal-to-netal bonding adhesives, having a cure teperature of 212OF
or below, be given further consideration 'or structural bonding of aircraft.

VII. SUMMERS & 7WMD iAI~:

*ArAntrcmg Cork Co. J-ll54r-1
J-1156-W3
J-3151-12

J-.. |13* Rabber & Asbestos Corp. )r-6fl-CB60

Reicbhold Cheuical Co. Epeietlmaterial
3XI. Cciarwy M-]J69 witbot Cata]Jst

Boeing-Wichita, Ya.nfacturing Research Report 78.1, "Adhesives - Metal-to-
Metal Bonding 1Hon-1-litary Aircraft and Coomercial iplicationsR.

AUTHO: L. x. Sherman Date: 9-11-6 PAGE 7
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* -AERONAUTICAL SYSTD•S DIVISION
,iifoEM7G AAPJ, ' 5~t € e,, " Contract No. AF33(616)-8141

Project No.1(8-7381) :Task No.73812

I *CATEGORY: Plastics COD: 6-&l

"I3. .4&TEI NAME: Various Rom Tezperature Cured Adhesives

inI. CrSA )ClT(~

The objective of this probran was to determine by screen test, by means
of tensile-shear test only, same of the rost recently developed metal-to
retal bonding adhesives, and to assess their potential value for a'nufact-

uring.

IV.D. M- r. mr& E CL~

It was believed that some cf the nor adhesives iight serve as replaceents
for so= cmnventional fasteners in zhe fabrication of aircraft, therebyi
resulting in lower produc-tion ccsts. Further, it is well known that

- Eropean aircraft =nu facturers have been =1l.oying metal bonding adhesives
for structures in nlace of conventional fasteners with considerable success

and substantial reductions in manufacturing costs.

The scope of the progam was to obtain rrm• various suppliers
available retal-to-mtal adhesives which wuld produce zm tensile
hea values, and conduct an evaluation.

AWHOR: L. M. Sherrn - Date: 9-12-61 PAGE 1
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:--- AUTICAL SYSTVIS DIVISION
agE g A'i Af-.EA J Contract No. AF33,ý616) ,, 1-v_

_ --- Project No.1(8-7381) :Task No.73812

I. CATGOR.Y: Plastics CODE: 6-6-11

II.- &TERIA NA•fa: Varioas Rcom Teuperature Cured Adhesives

- ,. :-0EUNCIPAL T.!-CP ERS:

A. Yecnanicad

- The follmeing data supports the reccmendation that room temperature
"cted adhesives not be used in r2nufacture of aircraft structures until
materials possessing greater reliability and strength have been proven
for specific applications.

See TABlE I for tensile shear data.

AuHO:i.1.Sema Date: 9-12-a1 PAGE 2
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i A-A, WAVNA AERONAUITPCAL SYSTE!MS DIVISION
"-'" 5 oWAU £,,••APAff Contract No. AF33(516)-814I

Project No.1(8-7381):Task No.73812

I. CAMTEORY: Plastics CODE: 6-6-1

- II3. MATERAL NAME: various Rom. Temperature, Cured Adhcsiyes

* V. ~IICIPAL FR~OMMMI:

A. Mechanical

Tensile-
Shear

Average
-:Designiation In psi Remarks

1. 3X's E-1751 A & B 240D Cured 7 Days.

2. Arristrong Cork Co. J-11L1-Xl 2300 Cured 7 Days.

3. Azr-strong Cork Co. J-1156-E30 2100 Cured 7 Do.

4. 3Mts W-]1468 A & B 2050 Cured 7 Days - No El-1290
SPrier used.

S5.. Ren Plastics, Inc., RP-1250 1950 Cured 13 Days.
-1with Hardener

I-6. a. Rubber & A~sbestos Corp. 385 Cured 5 Da"s.
I•r-688-CH164b. Rubber & Asbestos Corp. 1500 Cured 7 Days

* M-611-CH16

7. Armstrong Cork Co. J-1151-E9 200 Cured 7 Days

8. a. Reichhold Che-iical Co. Less M.-an 5 Parts Co7 ound A
* * Experizental Material s00 3-?Lers Co.--.nd, B

Cured.? Days.

b. Reichold Chemical Co. i 00 S--.l.er s-uhrdtted a second
N Iew !&Verixnental Yaterial sarnie. Ca=-wunded ard

c%=eu sm-e as a. above.

c. Reichold CbecaJ Co. 2450 5 Baat Ci~poind A
New Ex--rinntal MXaterial 2 F. ts Cammound B

C~red 7 Day.;

ROW. 151~1.?IIUM CIF.ED AM~Ea 7"S - Si-SBDT

TAME I

AUTHOR - L. ". Shez-_an . Date: 9-12-61 PAGE 3
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* ALQ~AA~E APAAF ONAb'ICAL SYSTE-!S DIVISION
MorCon'tract No. AF33 ý6i6) -8141

Project No.1(8-7381) :Task No.73812

1 . CATEGORY: Plastics CODE: 6-6-1

* ii. !YATERIAL NAME: Var-ious Rom~ Temp-erature Cured Adhesivwes

- - V. PRflCIRAL PROP~IER=

B. Zherm-asip J

7his ~rroe.-- has not. be-ea deterzineed by Boeing-ýý5icbita since there
Wcas no rea-airmient for thbis inorm.tiom imder the scone of this
progra.C-

AUTHOR: L. H. Sberz-an Date: 9-12-61 PAGE 4
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AERCIAUTICAL SYSE'EMS DIVISION
5~~7U AWL4A' cmep~qrContract No. !4F33(61L6) -8141

CProject No.1(8-731:Task No.73812

1. CkTEGOY:. Plastics CODE: 6-6-1

II. -MATERIA NAME: Various Room Tezperature, Ciured Ad-hesixes

C. Electrical

This p.rop-ery has no", been deter.;ined bT- Boeing-wichita sincethr
was no recuirerent lfor this inform-ation under the scope of t1his prosraM.

AUrAMR: L. X~. Shtr~ )t: -26 PAGE
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~AW APAW £SP~ffYAEMONAUTICAL SYSTEYS DIVIION
@N9-A wlt Contract No. AP33 (616)-8i'&i

-~ -- Project No.1.(8-73831):Task 1-9.73812

1. CATEGMIY: Plastics COIDE: 64-6-.

3:1. MATERIA NAME: Various Rom~ Te~erature Cured Adhesives

* -D. Chesica1.

TA.his ý, hsnd. D~ deter5mned by Boe .'iacita since there

was no requix-ur'i for this inform-atio under. the scope of tIhis program.

AW"HORI: L. M. Shemnn.. Date: 9-12-61 PAGE 6
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2 SwM .eWAptAAr ANNOAAW AERONAUT"ICAL SYSTEM DIVIION
Contract No. A?33 (6i6)-Bil4i
Project No.l(8-7381):T-ank No-73812

I. CATEGQY: Plastics CODE: 6- 1i

1l. NA7TIaL NWM: Various Room Taveratre Cured Ldhaasives

-:Since tero, t eraturea mixred adhesies pr od-ace a lowme. tensile sbee~r
value, it is re~ddthat these adhesiv~es not be considered for use
in the- iramufactmire of aircraft stirictures mznil =ateri-als are advanced
which possess superior reliability and strength.

InI. mr PLI'3 & 'isAMB N.3m:

MC-3751 A & B and M-1468 A & B

- -- Irmstrong Cork Co. J-1-151E1
J-fl156-E30
J-1l51-Z9

-Ren Plastics, Inc. RID15 -bdth Hardiener

-. Ruber & Asbestos Zorp. 1X-68S-CH6
X-611-CUl6

Reichbold Clse-mcal Co. 7.xperiamental, Katerial.
riew ameriznental Material.

Boeing4 icnita, Ya ictueing Researc-h Report 78.1, -'Adhesives - IXetaa-Ti,-
Reetal-Amd i Nonrc i -aft and C=-er-cial, impicaticol.

AUhO: L. X. Sherm~an D~ate: 9-12-61 pAGE J7
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- ~ ~ ~ ~ ~ ~ or - ------- -

AERONAUTICAL SYSTEM DIVISON
EAM W AWPL W'Mpqyr Contract No. AF33(616)-8141i

Project No.1(8-1381):Task No.73812

I. CATEGORY: plastics CODE: 6-7-1

3I:. MATERIAL NAME: Capabilities and Qualities of P-raplast #33

Me abjeti; e of this iror was to de-erine ca-. iities and ual-a-ties of

Para last #33 as an expendable mandrel rteri-l fo- use in the l=astic 4lai-

nate shop. It was felt that the meterial of ered certain ulities for a
made aterial, i.e... it is prena-red easily bC. casting, re-move-a easily

because of solubility in wter and is capable of being remelted or broken,
-- ro-th d.ae to the -4.-attd part.

"Iw. D -E2"E. -. L BACMGMO:

Th ri•rogr dereloped from a need for a marzLre! material 'ich rPossessed.
those aualities stateed mder M (above).

4."

<-4
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AUFMUMA&WWAAW AMMAAAWAERONAUTICAL SYSTMS DIVISION
FMW aw AI~ A WE A Contract No. AF'33 (6i6)-8i141

- - - Project No.1(8-7381) :Task WO.73812

1. CATEGORY: Plastics CODE: 6-7-1

IM. !MAERIAL N E: Capabilities and Quaaities of Pairablast, 033

V. M~lCP~L~0ElIS

A. !~ecnaniCal

1.Hardhi and Melting Equipment

Para1 zst 33 is provured as a wk-wder. It. =-ist be meited (melting
point appraximately 280'0?) and an interritt-ent mx~i3;ng- operation maust
-e perlomd Mhsncsiates 1heating .1r -- the outside of the

container tocard the interior of t'he Para-last. if re-use ofa the
Paraiflast is planned, the mixture beeing hzeated =ay cznsist of bothb
powder and crushed (to some degree) sollid Parajplast as ue-l as =o1ten
raterial. Contact of the m*,ten raterii2 aith. t 01 u er or
solid ray re--Qlt In a setting up of the no]L'~n naterial Win conse-
cuent Twballing =w of the mdxture. This ectIdnation of raqu remesets
and events resul:ts in a co=iL-ex heal. trarsfer rela Lbos3i t

severely ree-triets possilbleý design vardattionz. of thme tacility itself.

L-e Dilot zPT!. antoration indicates a desirable rour tterDerattur. of
320'P?-- 1650-. loý nz--s or vanors are given of 1, ac'-orýiing to the
sau pijer, unless the tenmeratu.-e is in excess *"f 4700. ICocplete
decu=,cition occurs around 120CPF and azy heating '1-ci3ity designi
sh-70an2~ake mrowisions to avoid local Rmit spots" in fthe raplaast

xtur in excess of I18"9.

.1 steam hete cha=mber or melt zat lhas o-1 ious characteristics; W.ich
rake it a:-epr t meost desirable zethod of heating because of h

i~rli-it of t-e-erat-uzre avaflcbibe frma rivn st~eam- Supply. TWis
vunit is =,.- costlyr (from a abiaio ,t tann ele-
tricafly heated unit so only brief inenmion will r,- na-e of the steam
a;es-ig. hcixn -- e-ng oig-Zcia desivi~ed a pot -

ilrwaa 29-1T7 3-RESC - calling for steam- a- 1550 zsi.Tissa
tezpeatre(non-surper bate) of ap=*x;ý-~-teb'350. h design

calls f-or a tr-arecont;rol valve -for -the Faramlast M01ra soout.
This valve is essential and she-jid be innciarporated in any desigz:
actiuany fabricated (Loxestrom Vlg alve - rmno-perated, flanged
end, stea Jacketed jF2815, IN I.D.).

In the nilot. pnint ozerato a Mas-Zo-.at sIpp.e- waszn 3*L- Reat
uzith win LPX-W..wtt Wto an a 8Wwattsd apactys -omnan p .rcuea

adinstalled Itwscm tely unsatisfa.±tor; fcr this operation,
wthi modification. Zip- hiatdng e-v.twizes were- too small, too

ther~i~mA ted(thrr1) and too fa ro hebat-ing surface.
Tebottocm elem-ent ha.-nned out in~ less 81L.n 311 = rs op.erating time

AUTC~:V. P. Massins; D&TS. 9ý-12-61 PAGE 2.
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- W PLEA £USP~hFAERONAUTICAL SYSTEMS DIVISION
- Contract No.AF33 (616) ~1&

Project No.l(8-7381):Task No-73812

I. CATGiY* Plsics~ CODE: 6-7-1

32, MATERIAL NAME: Cambilties and- Qialities of Parablast. -33

V. P3-IICPAL P)3TS:(Continued)

A.Xec3'anical (continued)

* -1. (continued)

and the- -who~le unit reaui-red eoxterior tlnsulaticn azolication in order
to be an effective h ating installation.

Amnore reliable elffectie and,, it is felt., setisfactuor. unt anb
i-n-Planit fabricated by forx-dn' a 'm1 ting pot of 1/1," cold rolled
steel. and bolting strip ty-e heating elements on t-he ext-eriJor of the
steel. wt. In o-rder to avoid local wot snots at the interior of the
pot., ther.mocstat. type te~erature con'trollers should o-- located on, the

-exterior surface of t42-m not. and its con-tactts -wir-ed in series -icth the
thermostat contacts actuated bytetroaueof the- =alten PAra-

*pla.stt. This dual tbeer~ostat arneetis inexrwensive and nrotects
against localized overlheating arA deco=-osition. .1n an electrical* Iinstallation the Para-pla-st pour val--ve mest re heatted by means ofl an
electric blarket-type heater. 7o date, a satisfactor, valv and

-: -heatr ara-ngement& has been a 1Nordst-rom G-las-Col. P-asli Heating
K= -tles (ca-talog goim-lOloo i-J. for a in i.D-. valve). The rntles
iceree flastened together ~idth 0-og rings2 wilree clanps and the two elemen~ts
conrect-.,, in searies across the 220-volot sunplyr. Ho te=-nerature con-

t -l as found necessary as th-ey reachmed thra ~ulbimat the-
cesinzed =roir te=erat-ur-e. Skcetcheos Dniatnot -config-wration,
hmeater location, size,, ard control connecttiomms are sho-w-n in Figures
1 and 2.

Since the zelt wot itself is located above floor leesMe mans
such as a crusher-type screw c c~±~ur is needed for rýeturnidng the
solid cooled Paranilast -fr=- the pour area backr to the meltingZ mot
for r=-"lt. This w~ould be a =s ki vol=-~ oneration.

-tcrg the supplier ind-i-cates a pcno"op"U'eler t:yp.e agitator
is suifaicient4 for ar tgit=ationu, an agitator of this t~oe does not., in

-urexnerene acmish agitation propperly. A scr~a-er typ-ve
stire, otatting about onee axis, wit~h this ards i" turn rotating-

about the center of the mot- is the mos'. desi-ae typee arrangemet.
Ccrecia vesions are avalae' ich a-re entirely: spported by

th=e a72iUM rotor. In- the pd2 ot ma opera-tion, a scraper ty-pe- withr
four- dashers o= blades rotat.es ý-.but. t~he center oZf the r-ot. The

-: ~assem~bly is sunmoeted b:. a bronze bushed thust -eri ro'mteedin a
s-der: Lsing on the bo-ttom of t1e tan-k. 7he assembi? rotetes a

l~ r~~m.,whis is ccons cered omtimiz for t.earrgit u h

~UlO: v. PT. 1assions DA -:; 9-22-161m PAGE -20
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AMMWMW AMMAAER ONAUTCA SY&I-EM4S- DIVISION
W A 44W UP~ffFContract No. AF33 (616)-8141

- ~ProJect No.1(8-7381):Taslc No.73812

I.* CATEGORY. Plastics CODE: 6-7-1 -

11. NATMRAL NAME: ca-mb-ii-Ities and ý!auuities of Paran'last ;33

* ~~V. =-4~ZZI? R1 (Continued)

- - - A. -ec~.ical(continuzed)

* 1. (continued)

mear a--: .weiýýt involved aonear emcessive anits felt Ihat 10
r.a.--. about each ayis- Ido~ be a desirabl e rotatioza sDe-ed (r. ab
UL- of-cen-ier -..-,m agtator).

The t2her-oswitch. (ba*sed on Para-nlaasat teu2zjer-a'=e) should bee locatted
tim' or teeirch-es above tL.he botto ofL pa ~t (belo-m the rii

.ee7ie nds hti senses the temer;Iure of2 tie Paranla.st
* ~~ix-ta . Duie to teagitator ccnfigmu-atIon tVis is soa.ethIngofL a

L em; the a.etsolution appears to be- to locat.e it as smown
- - in ;?Ivjmr 4.0

The extemrior of Ithe relting pot shauld be insulated as fully as

* - ~~~2. !;anufaemnrers eoentis

a., naC tiit-y and heat. transfer 3m -ra-m-1ar, liquid and solid

The -nea- cm d=Ativit-. and: heat transfer characeteristics of Para-
Miae- nrodcts are essentially ecy-al to tiosee of waMter.

;-.e. granular st-ate .chonped ice, liquiJd statte - icterý,

solid state .selid ice.

b. Smecific "heat and latent heat of fusion.

* * - . ~Th Soecific Heat of Paranl~as -=Lucs is anz- rd-ae:L 3 to
.33 37M =-Pr pzd er in a so!lid sttand is a-p-o-d-~tely
.35 to M3 p1 er molmd per 0? :L- a liquid stafte.

c. Sme-cial inlrgre-ai~rereants (i.e., Dnrecautions) dUe to Ph-_SiCafly
detir~nta n --eties.

-=e --2ing ---ulremnts of liauid ? iarals rds are te san
as forq bn ot. (excess 02 ~ F).w uscosity lic-uid,ie.us
face sh-ields, gloves, etc. AS peiul poiLntedý oaz 'th-e heatm-E

"- r-artsfer prome.ties of paals roducts are, a zrai=ate"1,7 t~he
s as Z;o:r w-ater., ccnsecuý-ent2 if szj' -<eil or s-z ed on. th:e srin,3
seve:%j -s -o-I -eu.t H.;'vr -d-r.tz dono

AIH : V. P.z~ssions -- PAGE z..
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AERONAUT1ICAL SYSTEM~S DIVISION
SKIN&" W Contract No. AP33(616).-Bila

ProJect No.1(8-731:Taslc No.73812

I. CATEGORY. m~astics CODE: 6-7-1

II.- MATERIAL N1AME: Capabilities and Qualities of Paranlast- g33
V.~~~~ PRICIA ?-P T : (Continued)

A. I-ech -,ical (continued)

2. c. (continued)

odnarily stick., cor=Binee and adh-ere to tAhe sk-in the vay resinous
t-yLe zraterials do. The i ,ediate area :in Whnich licuid Pranlast
Droduets are used should be well ventilated a m. arranged in such
a m-mer that in t~he event. of accirdent-al spnilage - no contact be-
tw-een hot or ]liczuid ParanLlast and corL-busti~ble naterials such as
smod, paper, solvents and th lik~e would coz-e abou-t. H~otPa-
rp1ast., in most cases_, can ignite co=]:ustible naterials.

Paranlast rnro-ducts are balanced s:,stevus uith "built-in" nr--
deterzmined chemiacal eculbrua sta~bili-ty, &-id contamina-tion
tolerance 3--vel - all based on the mar=m= nractical '3use life

lidtof the p~roduct. In views of this, We again stress the Dointcithat =odificaLLi.-m- or additions of arny other materials shouild not
be- attenntA.ed., as theese madifications may disrupt the product in
SuchI a Z&-".er that. cansiderabl e haard adaigeer -would result.

d. Toxdicity vchile: (1) granal-ar., (2) liquid and (3) solid.

(1 hiegreamlarr, an amountz of dust may b-e created fromm handlingz
sima~ to naster amd nster t,--e =aterials. The toxicity

whilein gr~nula -fomis also of th~e sn--o~-eras plaste=r.

- - 2) I a icui stae,-o noticeable Panes oz- vanors are given o-4'
unIess the te--ereatue oP the lic;u-id ?amian-ast roctis-

rasdin excess of 153 F over th-e snecificati - -era -2e
however, d-e to -sr-a"! amounts of- c-teiato r usde, a

1~~etc., that invtbyget in~to evez-. :produe- used in tihis
manner, srallamouns of varor o= voailes, ma~y be creat.ed.
Tnese vapors are -zsuallyr =1t visu-aly noticed, consecueetly,
a lwel1-ven iaedu a-rea is st~i-m-n rec-r.e=nded for using all)
P= -anlast mTducts while, in a licaid state.

()Solid Pa anlast nresen-ts -..: severe taoxicity:7-p nrb-, -:elative
to nol-~ care i-n the haLA go-f any chemical =roduet., -
3ative-Ly-, ?a-ra-iast mnoiucts are not cuite as toxi~c as sturong
detergents. ihzem re-ise of-: ?ara-ulast. is jnten-ded, - o-s
are -eoz-e mo adi~ the soi -aeial to 'help keen
tne -ate, contawriwti-on at. a minimt thus exctenvding tl;e usao-le

wor~ng lfe ofzh arpat

*AUTHOR: V. P. I assions DATE: 9-12-61 PAGE- 5.
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UNEYAW AE~PLW ~AERONAUICAL SYSTMIS DIVIION
gg Contract No. AF33(616)-8141U

Project No.1(8-7381):Task No.73812

1. CATEGORY: plastics CODE: 6-7-1

* II NA~RIALMANE Cavbiliies and i~a ties of Farablast 3

V. ERR. _A~L rPROPEaf'-I~ (Continued)

A. Mechaznical (continued)

- - 2. (continued)

e. Color Stability

YdZthin the sDe ified Itolerable product tempereture range,, thee
color of Paranlast mroducts is =imaffected by repeatee "heat. cycling,"
or by varying the zelzin. time provided tbat uniform heating is
used.

Excessive overheatting., localizedd uhotf spotsu heating, oroter
radical heat annlicattion rmy discolo. Paraplast, roucts

f. Viscosit-y range

Paramlasti E22 ias a isz-osit7 sir3i- to -w-atter. Other Para-_last,
products(633, #d4 5 5U ) hae a Vi-scosity s-inila~r tocsting
plaster.

Tue sol1bi~iW~y of Pa apnlast. in weater is as follom~ws:

(per 1Mt parts imter)

Co-Id w-ater at OC .~oi 4 ~:3 40 parts mer
2HYý M-arts iater.

H~o 'e at--~tO~ av7crox7ratel 215 to1 230 part~s
pe- Ma.; =arts water.

hi. Fiae,-D.int

Pxarala-st mmoucts AM nvt !zwve a fahoninstead they7 Imve a
ceeco~mositUcn ttzeat= 4- !.~s to ecess of OO'

i. Kting tank size.

For the avrag ser, a 20 to 303 arn. =-e_3t.in= tar:c is adeauae..e
Uise 1-- Size =-eiter thAt f1,11 4-ede~ as mo_3 cfl size is

Leomired.

AUTHOR: P. r. ~s s-;On s A r,--12-671 PAGE 6.
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- AfRtAWE inSP~F AEONAUTICA SYSTLEMS DIVISION
-BCW -N&M Contract No. AF33 (6i6)-81i'L

Project No.1(8-7381):Task N6.73812

I. CATEGORY:. Plastics COFl: 6-,7-1

II. MATERIAL NAME: Cam~bilities; arAi Qaa.iti-es of Parab'last #33

V. IIMMEPUL FRGOPv~i=S: (Continued)

M. 1--c. ~ca I (continued)

-A Of 208'SUo

n0.mt Iscuu

ParanlastU& miae ConI i mrmats

AUTHOR: V. P. Kss-o-is DAME ~'~ PAGE 7

MATERIALS 8 PROCESS uNiTA



AERONAUTICAL SYSTEMS DIVISION- APL4W •UUPU*F Contract No. AF33(616)-8i41i

"-". ProJect No.1(8-7381):Task N0.73812

-1. CAkGEltY- Plastics CODE: 6-7-1

3 I1. MATERIAL •A•E: Capabilities and Qualities of Paraplast #33

YJ. 1PIMCIPAL PROFEMTI: (cutizmed)

-* A. IHecham-cal. (continued)

2C& 1@24, 4 cps

cbstaImme,

I 2z-

I /3--• C •t.l

INamur 1bu1v, " fis

Iaý Go cp

1P TOA~--fa

Parap1-lst HEeter - Electrical Cormections

I~PAHE 8.

VE P. IassSons DAM. P E-12-6N PAGE 8.
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AERONAUTICAL SYSTEMS DIVISIONUEA•SWC AWIa W CflUP4hY Contract No. AF33(616)-8i4i
Project No.1(8-7381):Task No.73812

I. CATEGORY: Plastic 6-7-1

3f1. MATERIAL NAME: Capabilities and Qualities of Paraplast #33

Vr. ppjjjUPpJ pHOW7PITE: (Continued)

A. Eezhwnical (continued)

2. (continued)

j. 1-elting tank shape

A-.7y s!pe (square, rectangular, circular, etc.) that does not
prevent or impede thorou-h nixing and agitation of liouid Para-
plast products is acceptable.

k. Agitator Requirements

The._ co~n propeiler type agitator, inserted into the tank from

one end is recomended.

.1. Te=De::-ti•re control and range

Controi vithin _ 59F at any te=erature up to-and inciuding 550°F
-: a-lliow the use of any Paraplast product (j22, 33, 44 or 55).

n. Discharge valve

A heated (thermostat controlled) discharnge valve used to inter-
r ottent)•y 'tap off" varying amounts of liquid Faaýl-ast is necessary
the average size being one inch.

Thds valve is also used for draining purposes -i-le cleaning or
a-.ng out the -!ting tank. Prefera:b1i, this valve should be

-=ade of the sa•_e type metal that is tmed for the melting tank.

n. W.'ter-ls of constr&ucion

Cast iron and nost t--.des of steel are very suitable ztee-rals
for -_etitng and processinng equitrment for P-raelast. I -agnesium
or high -•nesiur conttnt al-oyrs shou-ld never be used'. Parap-Jaes
.nro-ucts are generaDly considered to be g-o. eletrolytes, there-
I" ,re nitinz equi.xr-enT, etc. should consist of a ninim.- number
"of different atereia3s.

AUTE(I: v. P. "--ssions DATE: 9-]2-61 PAGE 9.
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AERONAUTICAL SYSTEN. DIVISION
SA AF A' rContract No. AF33(616)-814_

S*Project No.1(8-7381):Task No.T3812

I. CAEGORY: Piastics CODE: 6-7-1

II. MATERI NAME: Capabilities and Qualities of Paraolast #33

V. 1MT!ZIP.'-L Pi.O TES: (Continued)

"A l'e-ha.ic-.! (continued)

- 2. (continued)

-- o. Dangers to avoid in melting ecai nt design

The s"mallest amount of Paraolast products (i.e., solid, liiuid,
"or granullar) that wil be used, heated or placed in the -elting

Stankat an•-. tike should be determined and the h.eating control
(thermstat or etc.) should be desirped and- incorporated into

Sthe nelting tank in such a manner -•het this nin a-oun of

Paraplast kill be controlled the same as a full tank.

iHeating a solid tank full of Paraplast from the bottom alone can
develop sufficient pressure to ruoture ecuiuent or, -ore likely.,
to expel molten P-araplast through the solid surface.

-- P aet-ng solid Paraplast should be done in such a manner that
the heating surface ard heat ing -ails of the =eitirg tarnk, etc.,
extend above the level of the solid Paraýlast With rno erratic or
localized heating.

S3. Procedure Used to Fabricate Paraplas, •iandrels

* - a. Procedure

(1) .:--at tb1he mold to a te=-rature of approximately 1500r.

'(2) Adjust the tem.erature of lisuid P-rablast so that the licrid
* ?araplast to be used is between 3100? and 3150'.

(3) Pour Para•last into this mold steadily until the mold is fui.

(Q) Leay-e thdis licuid inarn!ast i the =old for ap.-oxinately
,..2-1/2 ates, then pour Para oast out.

(5) Allow the mold, etc., to cool as recuared by spe:ific old
con-i��ration.

(6) Break thn =old apart and re=ove tn _anurel.

After r- -the -:r- from- the =Old, allows-_ffi cient t•-m _"or the mold to cool bac_ to1"" nalara"'ic ent ti--for 12he =ol to oliSG• a 1OF in arl easb-
"-ore c astIng arnother m;nd=-el - this =a- take an hour or t'.

SAUTH•OR: V. . :Zssions DATE: 9-!2-61 PAGE
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AERO'NAUTICAL SYSTM~hS DIVISION
awIV ANWFLA' CnrcNo. AF33(6i6)-811 41

Project No.1(8-7381):Taslc No.73812

1. CATEGORY:e Plastics COK 6-7-1

* II. MATERIAL NAME: Capabilities and ;Zmulities of Paraplasto. i33

* - V. FER:INCIPA ?MIPE- : (Continued)

A. Necna:nica"1 (continued)

3. (continued)

b. Control of Wall mhckness

(1) If it 4s desired to m.-~ke a thinner wall ýradrel., -&.eave the
lic-uid Parap~last in the m~old for a shorter tiyme. If a thicker
wal =d--e.' is desired, do not leave liouid Paraplast. in thi
mold longer than- 2-1/2 zdnutes, as if it is left in this =-old

- longer than 2-1/2 minuates, th hin sections of t:eml i i
Date heatt and the thick sections of the =61d absorb and zain-
ta: heat. With mpart of t.- mold hott, ad Dar o the rl
cool, a varied wall tlhickness in Ithe an-drel will result.

(2) In order to m~ake a thickýL Wall madrmLel, 4follow time above pr-mu
* ~~~~~~~cedure (1) through (5) and then laeteEaie n ~l

for 1/2 hour or so, enabling t~he nman:-el in the =-ld to0 cool
don.Ten pour -aa~ t :Igt in on top of the nandIrel

t-at. is in the mild reneaLir:-ý uroceoure (1) throu--gh (6).
Using the above technique, gc -Mdrlwl resilt.

*4. Cos.. Analysis of Parap'ast IN-6. 331 for Filbeer-&1ass Lazdnati-ng Yzandr-els;

The cost, figu-x-es shbcn --a average cost of a - -esen-tattive sele&-C-Tic.
of carre.-t"- febrmicatei Darts. T-he co~z-arati 5 2 I~t s o ths e
averape co=-utations csan beconstme~di as tv:rpi=L off future mparL con-
f ig5urat ions.

The average mnr----el fabri-&ation and oreroal costs per p~art. of the
two, met~hods are outlined as f61ollows:

Present IRet11had with Brak-A-W-;y Plaster
oLd Cost ~10

Mandrel Fabricaltion and R~emoval 52z.
01.cl c3ST 1l7.43

Thirty7-t-wo 1hours flow time for =old fabrication.

?r-o-osed 11!-ethod t!A Pzz-aolast. No. 33 (No R.ecovery)
kold Cost .
KaAe. a~riaiL±.qon anrd Rz--mma.l ____

TOTA -0S

AUTHEOR: -v. P. ir:assirons D-AT3: 9-12-61 PAGE ;
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£WENA~A~a~L*'5 ~AERONAUT-ICAL SYSTEM'S DIVSION
- -Contract No. kv33_ý616) -8141

Project No.1(-7l3b1):Task Vo.73812

I.* CATEGORY: Piast: s CODE: 6-7-1

1I. PATERIAL NAME: Camalbi'ties an-d-~u~te of Pxap-alast #33

V. PfZ~PLFO~±S Cniud

A. eechanical (cntmmd

- A. (continued)

~inty-ourh-ours flowc tir=e for no~l fakbricatxon

-aposed 1`41.hod "B5 a Par-anlast N-0. 33 "R~ecovery 97 )Eoi1 cost 3:7
E---- Palmicam.-onl azd Revl.-

Pmblla 1t COSTI C

'-inmetz--four h-ours :rib. t01 1 for miold fabrication.

I - it is ,L--=t ro th-ese Comput.ations that am estim-tedd savirsis of

mud ccu fro frozon =rwet)dire~

KOZE: Svuings show~n do not, r -1cthe redul~ion in £lV ID- en-
A---ed as a r'esult of thereuction of randrel cur sic

iiflowf tine is mat considemed- to b-= a cost ifaeor iz, 10ns am~alysis,
At. higher productirm raltess the sa-vings in. extra sets of =oA's

* icould be considerehle.

AMO: V - zS.nS4V ;9i- PC-. 2
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-~ AEO~APICI -10E~ DIVISION
AgAW omwvw A'F VAN Contract No. AF33(61L6)-8141

- Prcject N6.1(8-7381):Task NO-73812

I. CATEGORY:- p~st CODE: 6-7-1

IT- MATERIALNAE Capab lities and Qua ities of ftraehast i33

- ~V. ??lC PAL ?^-TES:-

-B. T he.. -ýhysi cal

?h-s hs rt-been de!4g---&.ne bg Boix-ýi~ since suchl

info-attion would be of liteor no valiue froy- the- st.andooint of
- t~e progr-, as proposed.

4 J-

- -U~hO: V ?. assors A~:9-3.--~PAGiE 1 3 -

MAMTERIALS 8 PROCESS UNIT



WE*U wtA 5WU*D AEFIONALEMCAL SysTE'3 DIVIONAW"A AAN A IF 4V6@A~rContract No. AF33 6i6)-8i14i
Project No.i(8-73b1) :Task No.73812

II. (CkThG(MY Plasic CODE: 671

3-. N--RALNM C=tmabiflties and. ýZj~aities of Paramlast i33

C. Ele;Crcal

* Th-is Dro-erty- -- ~tben deten, --d L7. Boeig4Lic.-dta since su&n
uinfbratioma -,vad me of little or no vcalue from the stamnoit of
the vro~r as zr.ow-sed.

AWEH(: v. p. yzssicns 5A~ -12-15, PACE l1_.

MATERIALS 8 PROCESS U/NIT-



W AWP~EAW ~AERONAUTICAL SYSTEMS DIVISION
Contract No. AF331 616)-81411
ProJect No.1(8-7351) :Task NO.7312

II. YATEIAL NAME: Catebilrties ard QZ.FUalities of Paranlast i33

DKCIPJAL P3 M=-~S

D. Chemicma1

This wro-erty Ims not be-en de-eie.- i b 3e -ii-t since such
in---r~eaton u.-rjz] be of lit~tle or -.. V=*lze ftmm tlhe sltandwoit of

th -~ogr.-m as Dropoe.

AU'flKM: V. F. Yzsexo'ns J: -2-1PAGE 15.

MATERIALS 8 PROCESS UNIT
i3C.



W 4L4W ~ AEONAUTICAL. SYSTEMS DIVIION
Coutract No. AF33(616)-8141l
Pro aect No-l18-73i81) :Taalc ND-7383-2

II. NAT1ERAllr NAME: ý,-ame-jitles and Z~e of Paranlastl #33

~.i. Q~DED USIZ:
Siri Be -icn i i pri-ry an a4rr~rfcuet-s~ea~.

-dms revierw-ed -,&.h this end usage in =iund. A crtclrevi-ei of oir imnres-
zgtigvL-e elfforts indicte tint. this mati-eria. he use,- as a repillace:,ert

for ma=ýtz in the mrocess of znandr con-stnaction where tar",
cha-macteristcs in -r-oduction econo=C~ dictete. A pnrovemn rrocedure for thee-
fa3ýricetdon Of Darav;iast raxndre3.s is in,.Tii->d i this =eotuder A -

~ubeadxi 3 - P~rocedure bsed to ?azbzicate Rmamanlast ne.s
The re-=oe-..ed =rocedurt- for tme design criteriza of maraml2ast nandrel
narts is inlided in A - IFechcanica- - subh 11g I -S 1 in~n md e1.in

zuent.

'iim. SUPIj-IS AIDIR F.AD 0!rz:

Rezo-ivk ~Cozrt-a-ticmi - Pa.--r-Apist 3133

- - -- ~~A. zoiR~Wcia wfactur ing. Researcha Rem rt 21.8, Pdcio

Evauat~nPriana-ast ;933m.

AurfCI: . .asis )?: -- 3 PAGE 16.

___ 137MATERIALS a PROCESS UNIT



av~ee apgaa 6p4q7 hMONA1FICAL SYSTEMS DIVIION
Contract No. AF33 (616)-81i'&
Project No.1(8-7351) :Task No.73812

1. CATEGORY: plstc CODE: &.-

nI. NIAERI NAME: ExTubing

Pt -,as oi- ob'%.0v o: zz-=2s e grae easib~iiy of
-eti2izing eipozV tubing zar- assozzatted sz~nardf -ed fittim.s to tmrodh:ce
close toler- e to:lig str act~ures.

IV. DE 1OAE27AL BACKGýU~

7he fabrication of tfiool-Ly= r.-'-uires cht-ime in the =-~-ifactu=Jing .-m cess.
TUaS Drog-r--m *r--s im&Itiated as a naturaii stez -I. theý conti-nma&i r-..Ie of the

- - fbrica'tion o' tools. L::-.-e amnzea--ed to --m a =oten!L-;z econozy avaihale
L11roui'hn thbe et51-zetion of ecox-.- aubnd tin - associiat'ed stand-ardized

T- - s system- -cz in.t i:-h- to se iCS4:-ne= -xCLusivel:Wo uei
teImiust- a-n to S~- brictx stbi for the constrac-

AMMI '.P.-ss-;0,ns i)i ~36iPAGE .

MATERIALS .3 PROCESS UNIT



-.- - ~~- - - - - - -

AERONAUTICAL SYSTEMS DIVIION
-MAW -WM Co~ntract No. Ai?33(616)-81J4i

Project No.1(8-78 Task No.T3812

I. CAýhGIIY Plastics CODE: &-

II. MATERIAL NAME: 7ýor bing

A. Ke&~-j - :

It as concl-e-ed that: (1) epo:7 tubinrý is asse=.ble-- sitUh ea-se in the
e~o (2) £arcti = ani.7.-s requied =ay b-e reduced Ummuu~ he s

o epo27 tub-ing and associated sz-.e---adzed Litti-nzs, arti (3) the
reaction of th we raia±1 .oeat andi t-2r-nereture cbange,,- inwss ce i-
nite desg-n ].initationis as zsreuin tihe tables whi~h folix-c:
(Table 1 ~o~ IV give caFigpz-i I denicts %tes set-um).

Awnmc: V.P. F-ssionst- DAE 99-13-61 PAGE 2.J ~MATERIALS a PROCESS UNITJ



-~~~~ M-1 W ~ EAIIONTICaL SYSTEMS DIVIION
- WVM -contract No. AF33(616)811

Project No.1(8-7381):-Taslc No.73812

I. CAk7EG(IIY- Pla Aic CODE: 6-8-1

- -- 31. MATERIAL NAME: SEnozy ubn

V. for-."L ~?ETE3 --

- - ~A. MeCh i C Z1 (cniu

I-S -. -E

COLILM-

II kr--

- _____-

Aw-i a xuArs uuimop

14o1



AWFAMW AAAWF Ar§MCWAVV AMIONWHICAL 331-SIMSS DIVISION
* -~ PLW U~I' contract gio. AF33 (616) -8141i

Project No.1(8-7381):Task No.73812

1. CkTEGQIY:. pl~c CODE: 6-8-- i

I1. MATERIA NAME: Ew
me _________ (cdn

IMFLEClOI-,3 UQ0Z=Z VAJJStZ~%)G COk3CF.-T(A-TE0

-TZ -E O- L0AT -4-r7I7 Xjk1 wrs-F ___

Z72 910 1 13.7 9.Z___

4-1. I(G. Z___ __ ______

Q_____ 3 2 I 54-.Z I_____
&1Z30.0 I4-4.5 1 9 -

* 101.1 5~-(o.95. ~ .

__ _ ___._ _ 45- __ 9__9

... Ica 14



a w E qAERONAUJTICAL SYSTEMS DIVISION
- -,C Contract -o. AF331(6i6)-8i• i

ProJect No.1(8-7351) :Task No.T3812

I. CATEGORY: Plastics CODE: 6-8-1

II. ATERAL NAME: .w•o. Tbin-
b.. .A; PO.•l_• : (Continued)

A. !Eejch=,c (continued)

-eiAI7L•Alo oI- 0';9 -

S-rep 5I • . -m r I •' 1o'4t

__ I 1 90 •6I A I IC. I ,o 8to I cm -•LL. 117 _1 1-- If: 1

i•ý-1 is I t 1 5 is t,1 Z,45 19Z.o

oh' ?-? I I l lig -z' I-oI.9 Z4-1~

Lfo l -_I i "z, s l "1 1 Zo•
-1 1* So-

- I .Oq 1 O1.8 1 w. ?o ma- 7
! 741 16 - 16-•a- I Co -es

ie-_51 41 -57- 0,

19--s 191 7( 15-7 1&2. ?-±2i 4-7 47-

T.•-L-LL -i

T7 1 115! 76 1 39 4o 57

7'78 1 -15 77~ 51 4 7- 4-11 4Z.

r4-2 15 I- 01L~j 1 42

76. 76Iv. p.o-57

AII (.ois V. ?. --- :zns _ - 9-3-61 PAGE 5.

'MATERIALS 8 PROCESS UNIT
14Z



AERONAUTICAL SYSTEAXS DIVISION

ANA9W AI2PWO AFAW&Y contract No. AF331[616) -8i14i

- ~Project No.1(8-7381) :Taslc No-73812

I* Plastics CODE: 6-9-1

IT. EITERIAL NAME: Ep -.y Tubing

Cw* LE -C "O -3 TAd 03x.-ýr

Ke.lCT'S 1 ct ot cot~ S-501 941-0

I>--~344 4,~ 1~)E~VI ~ 4S

ar - - 1 144 -1~t

0 I90 j8Z So %V 511>591~
.7 45pI 7o ~ 40 1

lil 190 119 110 4&69 5 1

1%94. B1~' 1 191 -%8-qz'3

icyIM I-t s I- -

0s 12 los - --

-04 S5 1 IC. - - - -

' i -5' !~..~ -41 1 t4Z 1i~5 2 81
30iI58 GO 61 601111 5 5
IZrotC0 6 15 1 65 1110: 15*-Z>?f !

10 Ft. Strairt Ed DIeflection Test.

AUHO: '.. asies-1,TE 9-13-61 PAGE 6

MATERIALS a PROCESS UNIT



f ~ ~ ~ ~ AMAJAV:! AL~*f~ y RN~YI SYST&I!S DIVIION
Contract No. AF33(~6J.6)8ii
Project No.1(8-7381) :Taslc No.73812

I. CATEGORY:. Plastics CODE: 6-S-1

UI. MATERIAL NAMiE: 3n:~Tlbing

V. FRIMIPAL Lfa IfS~: (Continu)

4 e)

go10-0 89 69 50 5Z

&3 Iz 109 Ito Ito 16 ZZI 1I.3

ý SI 94. to vO os I 15z j3o -5-m~ SOL
ýý iol B4 BS 98 t(oq, 2 5BS :Xo ?_41

SIt ! -1b 85 67 so194 0,15
!9,-991 16 8m 1 -19 BLŽ2 1 10 IZG I

-1 _17 8-i 91 for

' 05!z C6 -to 1314.9 5aT 4-
~~OG51 61 a6 i 531 30.

rast1 jq C. 7 61 4 1 1Z
rsa C0 a99-F t

L60 1 2 Z641 0 19
b- C.50198 Z

AUTHOR: V. P. R-assions D,)A~ 9-23-61 PAGE 7.

MATERIALS ýJ PROCESS UNITm=
14



aaErU IUPAA'5p~yAERONAUTICAL SYSTEMS DIVISION
in~ - Contract No. AF33 (6i6)-8i14i

Project No.1(8-7381) :Taslc No.73812

1. CATEGORY: Plastics CODE: 6.-8-1

Ii. mATERIAL NAME: 14=7 Tubing

* - ~B. T~hermnvia

These propert-iies ha-ve- not been deter-.inedd by Boeing-Wichzita -sie the.e
Ic,-s no existent. need under the scope of" tis..' progra.

AMfHO: V. P. Xa~~S~DATE: -3-iPAGE 8.

mATERiALS 8 PROCESS uN!Tr



I aa,~ AtffP W p~qyAEROLAU~IC "ATES DIVISION
mine AWNAMMContract No. AF33 (6i6)-8141

-~ Projeet No.1(8-7381) :Task INo.73812

I. CATEGOY: Plastics CODE: 6-P_--

]:I. MATERIAL NAME: E~poxy Tubn

V. PRD IPAL ?iOPETIS:

:1c. Electrical

These rromperties have rzat been determined by Boeing--i:it sinc-e t're

Was m~ exiLutent. need under t4he- scorze of this program.

AMMKI: V. P. 1Hassions-- D.;=,- 9-1341 PAGE 9.

ýMATERIALS 8 PROCESS UNIT
14 .F



N#5M~WPLAA ~gg~yy AEONAUTICAi; SYSTEMS DIVISION
Contract No. AF33616)-8J1
Project No.1(8-731:Trask No.73812

I. C&AGCIIY; Plaetics CODE: 6-8-1

3:1. PAM NM - px

3pa- t.ubing cannot be recorr--em-ed !or use izi cilose t x~rc ooitng
struct~ures bewause of the dinen iona1 iinsta-bifltl_ of t':e neteria

Vil.I F5.s =-Iz; A.-: 7[0l HAIM:

Biirnamam Products, Iine. Plead-i Epoxy ?ue nt Fittings

A. Baein- Ichta Karm-factujring Research R.eport 60.2, "jpo27 Tubing
are- Fiktings for Toolinsm

IAUBHOR: V* .P -i -36. PAGE -11
MATERIALS 8 PROCESS UNIT



AARW AW A208WJWPAVIONAUTICAIL SYSTEUNIZ tDIMION
W M A tAMF contract No. AE533616)-8i4La

Project No.1(8-73UIc~s NO.73812

I. CATEGOY: PMastics CODE: 6-s

-' ~~i. KLTERIA PIIA!: 3K-4'71 Plastic Taps

- It Vasthe objet of this provram to eevaluate the subject tape a t~

offf =-terial for potential use in masking prior to anodizing.

'7 ?~td~s prga was begun in an effort to find a stop-off rater!ial for
- aterin-Is 2nd purts, vlic~h are to be an~odized in specific areas. Prescenst

materials used as etopm-offs ame 40.2- canuv~ing in kmplicatioui and remyoal.

MATERIALS 8 PROCESS VNITaý
0- 19



i~ AIPL~fE ~ap w AEO!NAUTT. AL SYSTEMS DIIION
gewaw svWM Contract No. AiF33(63.6)-8141

Project No.l(8-73Bl):Ttskc No.73812

1. CATEGOF.Y: Mlastics -CODE: -8--4

31. IAMRIAL NVIME: 3N.? HLst-ic v.ap

v. mm-A FROMM=~:

A. Iyec~uca1

3y~-471 poses iandling diffica~ties and is Cray sultable for flat
s =-faces; therefore, the presenlt material, lead-back tape was
co-siderred adequate for the- p~rroSe,, 2ltbou& fiwtbWer iprvinis In

* ~cut~ing anti foraiing abilty am e sirable.

AUTOR ,H . Lrolns D~ate: 9-31-61 PAGE 2

MATERIALS 8 PROCESS UNIT



~iIj gEJA A~W.A SPhFAERONAUT"['AL SYSZTE1K DIVISION

AWWW A-.AA onrc I. AF33 (6i6)-BiL
Pro.4--t No.1(8-731) :Task No.73812

1. CATEGORAY: Plastics CODE: 6-84

UI. MATERIAL NAME: 3g-471L Plastic T"p

V. FDNC]PAL PKETHIS:

-~ B. Ther"MOwbSICs

This inform-tion not available due to the lack of need for Boeing-

-- ~icbita ixivestigation of this property.-

AUT"iOR: Z. zounLis Date: 9-11-61&G

MATERIALS 6 PROCESS UNIT



7- 7 - 7 7:-- - -- *. - - ~ - -- ~ .

W A~4*W P~hFAERONAUT~ICAL SYSTEMS DIVISION,. AA -AAL ANIAr Contract No. AP33(616)-8141&
Project No.1(8-7381):Task No.73812

1. C&TEG(NY Plastis CODE: 6--k

3 I1. NA•!ERI NAME: 3-471 Plastic Taps

C. -ectricaL

This informtion not available tke to the lack of need for Boeing-
Wichita investigation of this property.

! .-

AUTHOR: J. H.. olins Date: 9--n-61 P

MATERIALS 8 PROCESS UNITj



~ AW~4AW SPA hFAMIONAUTICAL SY&TIMS DIVISION
Sx-- - - Contract No. AF33A616)-8i4

--- l~Project No.](8-7 1):Task No.73812

I. CATEGMIY: ilat~cs CD: 648-4

11 I. NAT011AL NAME: 3,-471 Plastic Taps

-V. FDZCBPMM RHIOBTH:

D. Cbmdca1

This i for~tio not ava-lable due to the lack of need for Boeing-

Wichita investigation of this property.

AUTHlORI: W. H. olins Date: 9-n1-61 PAGE 5

MATERIALS 8 PROCESS UNIT

&'



AERONAUTICAL SYSTEMSr DILVISLUIO
AgA9W A LAWA4AW 66PNSWAA -84

SW<-M - -BM Contract No. AF33(616)-81i
Project No.1(8-7381) :Taslc N6.73812

1. CATEGORIY: Plastics CODE: 6-s-4

32. MEARIAL NAME: 3y--47.1 Pmastic Tape

TIs tape camiot be reco~mded for --skiug of airytbing other than flat
surfaces.

.4vmI siri:ii AN:D 10- 34m

*~~ j 3L 471 supplied by Idmnesota YKinin & Xm~ufacturing Ccqmezy.

Boeing-Wicbita, zmufactwring Research Report, 91.1A. mStqp-Off NateriaUs
I ~and Procedmvrs for Anoidized Partsu.

AWB(OI: W1. H. bulns Date: 9-11-61 PAGE 6

MATER4ILS 89 PROCESS VI



* w• AIRPA ffa p• AEONAUTICAL SYSUS DIVISION
-: - Contract No. A1?33(616)-8141

Project No.1(8-7381):Task No.73812

I. CATEGORY: Plastics CODE: 6-6

II. MATERIAL NAME: EpwW-Kat Yhld Dies

It was the object of this project to evaluate mt hold die raterials,
_orane IM2 and lOP, filled with special aluminum fibers.

- IV. -im-n-ELMNL B&CKG~?W!t

A large proportion of the cost of a fabricatting Kii =ate -r ijold dies lies
in the hours recuired to hend finish the cavity. In addition, porosity of
U site is such that a nachine finish which xi &rodue high quality
surface of the finished vlastic iart is quite difficult to obtain. Use -

Sof plastics as a r-t told die -ateriaJ.Xs not ne,. It ras been recoguized
"-" that naterials other than Kirksite could produce a supeei_• surface

finish. Plastic parts rolded in plastic rt nold dies have imraved
w srface finishes, parting problms are reduced and the cde construction
costs are decreased. For this reason, interest is a3was shown toward
irprovements in plastics which my be used f'or this purose.

AU~hOR: V. P. Ycassions Date: 9-11461 PAGE

77 MATERIALS 46 PROCESS UNIT



rf ' AWONAWICAL SYSTEMS DIVISION
--* • A •Contract No. AF33(616)-814l1 _

Project No.1(8-7381) :Task No.73812

I. CATEG(MY: Plastics CODE: 6-8-6

32. PIATERIA NAM: E,-vayt I&. Yd Dies

V. PFI1CC1R&L FRPE

Ibon ccaplettion of the tool it was fcund that heat tramsfer Was poor
n-d tVat considerable warpage occurred. The die was heated fro

the base by a heatted plat.en cn thrXess. Heat transfer was so powr
t 'at the platen tehmeatures bad to be elevated to 1=0F. be•_ore the
die cavity reached 2100F. Specific reqidrements are 225 - 250F for
the curing of the resins. Bowever, saziple parts were cured at the
lower temeratures. Surface finish for the cured parts proved to
be better tan that obtained with conventional drks•ite dies.
Consideration was gi-.en to finding ways to imrove the heat transfer
cara cteristics of the existing tool- bt it was decided that any
rework attamt would not be econoical. Furane -lastics, Inc.,
vas asked to provide data to support their claim'that a higher
a inum ratio would provide heat transfer desired. This infonaation
was never furnised and the project was closed.

AUTHOR: V. P. .assions Date: 9-1-61P

MATERIALS a0 PROCESS UNIT



- Awp~qE ~gp~yAERMONAUTICAL SYSTEMS DIVISION
AMPA4W AWJA"W MGWAVYContract No. AF33(616)-8i14i

Pr-oject, No.i(8-73A1) :Task No.73812

1. CATEMGY: mlastics CODE: 6-&6

II. NIM NAME: Eomw mat r~ad Dies

V. 1FI3!CIPAL fiPROMIM:

B. "Mr-~bria

This moqpert~y -sws not determined since there was no existent need

rcnder the_ prgr for itsdtem ti.

AUTHOR: V. F. Massions Date: 9-U-.61 PAGE 3

ýMATERIALSf a PRO 'ESS UNITEEEJ



0MARAUTICAL SYSWFYjS DIVISION
W-"AW AW , P2&AAF 4'OPA4 r Contract No. AF33 (616) -8141

ProJect No.1(8-7381) :Task No.73812

I. CATEGORY: Pmastics CODE: 6-8-6

. II. NATERIAL NAIME: Epomq mat Mold Dies

" V. :RECIPAL IRT. .:

C. Electric~en

Thds prc.perty was not determined since there was no 'existent need
under tVe program for its de tic.

AUTHOR: V. P. Massic=-s Date: c-U.-61 PAGE 4

MATERIALS 8 F ROCESS UNIT" J



-UoAAAUTICAL Si-STEM! DIVISION
AWWWA P~hW" •pq, Contract No. AF33(616)-8141

"Project No.1(8-7381) :Task No.T3812

I. CATEGORY: Plastic CODE6:8-

* II. MIATERiALL NMiM: 3ýcxy M~t od Di3es

V. FEYMiCPAL FROPRTES.:

D. Cheical

This property was not determined since there was no existent need

"-under the progrm for its detterinatioui.

..

t -

AUTHOR: 7.?. Date: 9-1-61 PAGE 5

"MATERIALS a PROCESS UNIT



AV"v AA "~ PARONAW0ICAL SYST'LS DIVIS1OIN
- AContract No. AF33(616) -8141

- l-Project No.1(8-7381):Task No.73812

I. CATEGORY: Plastics CODE: 6-8-6

UI. NATERI ALMAE: Epm Mat Hold Wies

- As a result of the investigative efforts expended., it was recomended trait
unless new developmmts occur which improved this procedure,, that it not

* be considered or recomended for productmio.

S,-& MAM NI:

Furane Plastics, Inc. Curing Resins 30Q and 10P
* ~~Re~ynolds Ablmnum Co.. #20 iucinum Powder

VI31. FE~FMCE:

- ~Boeing&-iic.ita, 1Ynufacturing Re~search Report 60.6, P~lastic, YAt Mold Lie
Fabricated from Fur.ene 1s•t igh Tefperatsep Gel-Coat and loP High Tem-

- erattre aonding Reriness

AUHOR: P. p* E-te: 91 PAGCE

- ,-MATERIALS a PROCESS UNIT



* 8ASW~ AAFFAPAWW £h6MPA A AERONAUTICAL SYSTMS DIVISION
. A, ON AM Contract No. AF33(616)-8141 -

Project No.1(8-7381) :Task No.73812

I. •CATEOY: Liquid and Semi-Solid High Po3wers CODE: 7-6-1

II. NATERIh NAME: &dhesive, EpozwFy-Podjude

Iii. GaA DESCBTI(:

The objective of this job was to evaluate the properties of a blend
consisting of poon 828, Epon 812, and Versawid 115-125.

IV. DEEfATA1. B-C£E JD:

At the time the evaluation of the epoxy-polymide system was originated,
bonding of fiberglass reinforcing doublers to fuel taA.k fiberglass bacing
boards was accomplished using a polyester resin for zhe adhesive. Poor
qualty bonds coupled ith accelerated production rates required a change
to a more suitable adhesive.

Prelminary testing indicated that an epazy-polyaude system vould produce
good quality, bih strength bonds, and that the adhesive could be cured
in a relatively short tim.

* AUTHO: Marlyn !rp - 16 Auguist 1961 PAGE 1.
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"A W AAFPAL4W MWAONAUTICAL SYSTEMS DIVISIONS•Contract No'. AU33(61L6)-8~•- Project io.1(8-7381)=sk N..38i2

I. CATEG(Ey: Lciqui and sini-sold Nigh Nblyzrs CODE: 7-6-1L

-. I
U. MATERIAL NAME: Adhesives Epwiy-IIlyaide

-- 2:-V. AN.CIPAL- FRFR :Sa

A. _ _e__anical_

1. Fel Resistance

a. lap shear up-triwns with one-half inch overlaps were prepared by
b.ding polyester lazinates (WIS 8-¶, to tbIar elves with the
adhesive. Bonds were =-rd for 15 mimtes at 250F under
10-15 psi pressure.

b. Specim were Imirsed for seven days at -ro, teratuem in
XTH---3136 Type m and KIL-F-5624 type JP-4 fuels.

c. The specimens were tested In shear at the end of the soaL period
and, in each instance, the fiberglass laminate failed at bd
below those requied to fail the band.

2. Water Resistance

a. Other specias prepared at the sae time as A.l. above were
imersed in water for seven days at roo tesperature, and tested
in shear. The bonds on these specimens failed at loads on the
or er of 1000 psi. Visual exazination indicated the adhesivp bad
been softened by exposure to water.

3. rnvyiJ-mpgal Resistance

-- !y te..ts inv.lving differ-ent mterials have been bonded with the
epoy-.polyazdde jescribed herein, after the orgixntion of the
initial work described above. Salt spray cabineL, inriddity cabinet

•: ;and veather cabinet, tests bare been condlucted where the ad be-v

was used over solvent cleaned surfaces, chezically cleaned surfaces
and over different primers. These tests were rum independently of each
aotber at different times over a long period of time. Therefore,
c, aratdve data wold be of little value. A Ewer&l sww"7 is
tnhjefgre Zive belOW2

a. Generally it has been found in nearly all tests that the condition
of the metal surface inf12ences the rsistance of the adhesive
to different env ts. Surfaces which have been band cleaned
by solvent cg:-easing only, nearly always fall aa•rt in handling
after exposure to sa2lt spr•y for 30 days. Himidity cabinet tests
and accelerat•e weather test data usually are not as severe but
test values ae levered.

AUTVOMR, .aw,!yn Harp 16 August 1961 PAGE 2
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• P &EA�5 U~�.•RF A ONAUTICAL SYSTEMS DIVISION
- • • .Contract No. M33(616)-8141

Project No.1(8-7381)::Task No.73812

I. CATEGUrY: Liquid and Sai-Solid High Nolyuers w CM: 7-6-1

UI. NARIAL NAME: Adhesive, Epoxy-poljyami

V. FMIfCPAL PRUElT: (Contmed)

A. Yechanical (Continued)

b. Panels which have been cleaned by a sodium dicbrazate sulphuric
acid solution show little if any differece in bond strength
after enviroimetal aging.

c. Bonds where the adhesive is used over a primer are limited only
by the strength of the urieer. Dnui failures tberefore are the

Sresult of the primer failing to the zetal swface.

d. It has been foMd that failures of tie solvent cleaned band-
are dae to interfacial penetrtion at the bond interface.
"A--rently no degradation of the material occurs.

41
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W AWLAAWC UP hrAERONAUTICAL SYSTEMS DIVISION
-umrA WWM Contract No. AF'33(6i6)8ii

* ~Project No.1(8-7381) :Task N0.73812

-. I. CA7EGMIY: Liquid and Sini-Solid Higb Pb1ymrs COME 7-&31

- f11. MAJERIAL NAME: Ahelsive, Epmw-Pblyamide

Y. MBI2DCPAL FR!RTE:

B. llrcb-a

The epozy-pdly~zide ccmbinatiwm used at Boeing-Wichita and covered by
-this report is -hrpasi.The cured raterial softens between

* 1606F and 1806F.

AWBI: !Fmrlyn Farp 16 August 1961 PAGE j
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AERIONAUTICAL SYSTEM3 DIVISION

W AL W SUEAF contract No. A33 (616) -8i141
- - Project No.](87381) :Task No.73812

- - 1. CA1EGMYR: Idoid and Sul-Said Higb Pbly="r COMB: 7-&-1

- II. - XAMIhL NAME: Ailesve, Npoq-I'b1ainide

-- -V. PRI!ECIAL POET3-

-- C. Electrical

infomaticn not available eme to lack of need for Boeiug-Xic-hita's

inwesugan this proe~ .

AUTBCN: M=a33m &~rP Is 16 iist 1%61 PAGE 5
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- -. I AERONAUTICAL SYSTEMS DIVISION
.-. W Contract No. A133(616)-8141

ProJoect No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Semi-Solid High Pblym CO: 7-6-1

II. MATERIAL NAME: Ahei'ves Epear-pblymmid

V. I-,..EcIAL PUOT =S

D. Chemical

- -. ifloxuticu not available due to lack of need for Boeing-Vichita's
inv this property.

Ii

*1~ -

4-:

AUT--M • Rrln Hu? 16 tO-gust 1961 PA 6
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AEFLONAUTICALa SYSTEM DIVISION
Contract No. U33(6i6)-8i41-o- -
Project No.1(8-7381):Task No.73812

I. CAT&f•MY: Liquid and Sad-Solid High Ilymm CO_: 7-6-1

1I. WEMA L NM~l: Adesve, Ep7Plyc

-sis

Since Boeing-Wichita is primrily an- airfraze manzfacturer., this material.
was reviewed with this end usaae in miid.

It has been determined that a blend consisting of equal proportions of OpWy
and pclazide is useful in =7 no-structural _amwlacaticns h a h1gh
str~nkth (in shear), fl ble adhesive is required. Its ease of a catios,
fast cre rate and cwatibility with sivy different m•teri is bIs efcal

Careful consideraticn to all proles related to a specific applicationis
necessaryr however, because of its marginal weather resistance and poor beat
resistance. The cured material should nct be used in exrior applcatias

Smless the zetal surfaces are either che=ically Atched, or priwm prior to
adhesive auplication. In the latter instance, it has been found that
* .-776R (a nite-le rubber base material) used as a primer improws tm
weather resistance of an epoug-~poyamide bond.

Since the epox-polyacide blend discussed in this reart is theialastic,
its use sho.ld be limited to service t t hich do not exceed l&OF.

VMI SMUM EN~D TURM XLlM:

A. The supplier desiguatiwns and locatiou are as follo.:

Epon 825 an Epon 812 - Shell Chemcal Corporation
Pittsbur, Califomn

Versaid 13.5 and
Versarid 125 Gueral 159 I n d

Kankakee, Illnois

B. Availabiity

The in•ividual materAals are packaged in one pint, one quart, and one
Sa ©mcoutainerm.

C. Costs

Epon 88 M$1.58 per pund
Epo 812 1.87
Versa=id 315 - 0.85
Versamid 125 l.OD

AUTB WR: M•yr1:n Harp 16 August 1961 PAGE 7
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.WMW AAPSAW u r AERONAUTICAL SYSTEMS DIVISION
r- m Contract No. hP33(616)-8141
- Project No.1(8-738 1:Tek No.73812

-],: I. CATG(NY: Liquid and Smd-Soid i umer COlE: 7-6E-

- II. XATEhL NAME: Adhesive, Epomq-Pblymi

N'.: VIII. REFq3CU:

(1) Wichita Materials and Proces Unit Report f.P-2-M2, Evaluation of an
Epocay-Pblyamide Resin C~ntoa

(2) Wichita Materials and Process Unit Report AP-2-13, Salt Spray Tests

on Plastic to AIlmm ~.

(3) Iichita Materials and Process Unit Report AP-2-91, US 10-fl As An
Adhesive PrIm:.

=_-.

- I

-AUTBOR: Mirlyn Harp -16 up~st 1961 PAGE8
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W6W AP LW ~ wAERIONAUTIICAL SYSTEMS DIVISION
• - Contract No. AF33 616)-8141

SProject NO.1(8-7 1) :Task No.73812

1. CATEGORY:. Liquid and Sad-Solid High Foym COE 7-6-1L

* .. RIEIAL NAME: AdhesiveS1liccue Q-3-0.=

The objective of this progrm was to condact preliminary tests an a now
Sone-part air curing s'Liccne adhesive.

- i-T. DEFAEL L BHOM

*: Dine Corming Q-3-1L is a 3m deli product hddch awears to offer
- ny advantages for repair or production bonding of 1m-strWtural

silicoce rube parts.

I-
L-z

..

:. AVB : ftrlm Har 15 August 1961 PACE TRI $8POES UNT
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A F AAWMuNW AERONAUTICAL SYSTEMS DIVISION
-EWAN" - Contract No. AF33(616)--8i41

Project No.1(8-381):Task NO.73812

* I. CATEOM CY: Liqpid and Soi-Solid HRi Rayuers CODE: 7-6-1

3:1. NATERM NAME: Adhesive Silicone -4-3-OMl

V. MIIAL NRP5 :

* A. Y"chnical

1. Rubber to Rubber Bonds

Rubber-to-rubber peel test specimens of the configuration shmm
in Figpre 1 were bonded in accordance with Y-IL-A-25457A. Specime
were assembled after an open air dry time of 15-30 adnates, and,
after no open dry tim. The bonds were cured for six boms,
24 hours, and 168 hours at roar t U I.

FailUres on those speciws assebed immediately were aemrally
in the rubber. Fhotograph M-12201 presents a typica failure.
Those specizens which were assesled after an open air dry tir

- resulted in failmres at cads on the order of nine pomuds per

inch widdth.

"Ch the basis of the above failures and becamse of the limited
aimout of adhesive available for test, it was decided that further
testing on the type specimens depicted on Figure 1 should be
discontinued. Therefore, the test specimen configuration ws chmped
to conform to the req-u I qts of i-M-A-25457A (Dourlas T-PNel
Hethod). Data on rubber-to-rubber bonds in Table I we-e obtained
an these type specimes.

It will be noted fron Table I, that those specims assmbled wbile
the adhesive vas wet resulted in cohesive f2ilures while those
speci-mens which were assechled after an open air dry tize (taLky)
were adhesive failures.

2. Rubber to Ietal Bonds

Peel test specimens were prepared by bonding strips of nL,-B-5847
Grad- e 50 rub••er to .064 clad panels per MIL-A-25457A. The bo!43
w-ee assenbled em cured in the same m•ner as those in Section 1.1.

Fail-res on all specizens were generally cohesive failures with same
Isolated adhesive failures. Test values are shoun or Table IL

AUTlER: I•rlyn Harp 15 A1ust 1961 PAGE 2
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AWPSA ~ AERON~iYITICAL SYSTEIS DIVISION
- ~Contract No. AF33 (616) -8141i

Project, go.i(8-7381) :Task NO.73812

1. CA¶ffMY:. Liquid and Semi-Solid High Pb1ymers COIDE: 7-&-1

Il. NATERI&m NAnME: AdbvsivSJ~licoos IJ-34M

- - ~v. leD~I) -T ~ -

* i~ ýechanica1

FIGUREl

- ~AvnU: iFArijn Harp * 15 Au.iist 1961 PAGE3

MATERIALS a PROCESS UNIT



W AwP44W ~AERONAUTICAL SYSTEMS DIVISION
- - Contract No. AP331616) -81'&i

Project No.1(8-731)Task No.7381L2

1. CATEGORY:. Liquid and Seini-Solid High Pboier CODE: --

31. MIATERIAL NAME: Adhesive, Silicone Q-3-=12

Y. PRINCIPAL HMIOPRTIES:

C. E1ee-ri-cal Bra="ties

~~ CuR~~~b CIL, J~b ~JO

IA~ <y 4( sAILUm- -rX.0 cc 49,5UI1E i

I-L w-. a

to AD'kz. ber t 11. it.S

~'..o 3@-4'~CueI l.o %

* -0

4160 '4.o %X~-

wj Wr %1.01 Cftk* Rubberz to x Ettal

1"7f~i IM- C

-Rubber to Rubber

T&mLs I

AUVMOE: 1Raeir. -tarp 15 Ar-gust 196-1 PAGE
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.., ~..rAURONAWICAL SYSTEMS DIVISION
- - Contract No. AF33 (616)-81l4i

Project No.1(8-7381) :Tasik N6.73812

1. CATEGOIY: Liquid and Semi-Solld High Pb3lymen 761

II. MATERIAL NAME& Adhesivesilicon. Q-.3_o].

.7s

BWA-1201PAE
A=MU : Marlyn Harp -15 Augut 1961 PG
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| WAMA ARONAUTICAL SYTEMS DIVISION
- - Contract No. AF33(616)-8141#

Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Semi-Solid High Pblyxers CODE: 7-6-1

II. M-ATERIAL NAME: Adhesive, Silicone Q-3-0121

V. IM-CIPAL 1RPETU:

I 3. Dhrp]•sical

Rubber to clad peel test specimms as prepared in Section A.2, but cured
for 24 hours, were placed in an oven and further aged for 24 hours at
2122F. A two pound weight was suspimded from the umbonded end of the
rubber. Inspection for separation or other signs of degradation was
conducted after 2 4 hours. Nio failure was evident, so the temperature
was raised to 400OF for 24 hours, and, re-inspected. Ko degradation
was ncted at this temperature, so the temperature was raised to 50*F
for 24 hours. Upon inspection it was noted that the bond could be
separated easily by hand. There was also evidence that the material
tends to revert at thisemperature

t- -

AUTHM: Marlyn Hrp 15 August 1961 PAGE 6
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AMMA AAAWAAW A0WMPAVYAERONAUTICAL SYS7EMS DIVISIONL UContract No. AF33 (616)-8141

Project No.i(8-7A1):Tazk NDo.73812

- I. CATEGORY: Liquid and Semi-Solid High Po3,wars CODE: 7-6-1

"- II. MATERIAL NAME: Ad e, S -3

V. E.RICIEPAL mRIT]:

-- :C. Electrical

IY~nforion not available due to lack of need for Boeing-Wichita

investigating this property.

AUTHOR: 1Yariyn Harp 15 Au~ast 1961 PAGE ?
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AWHW A~rALL4W inUPA*AW AERONAUJTICAL SYSTEMS DIVISION
-N~r A- - - Contract No. AP33 (6i6)-8iiii

Project NO.1(8-7381) :Task No.73812

1. CATEGORY: Liqxid and Semi-Solid High IPIlymes COM 74-1

II. MATERAYJ. NAME: Adhsive.,siicone q-3-=12

T . FDCIRhL PROPER33:
D. Chemical

- If-r~wtion not available due to lack of need for Doeiug-Wichita
investigating this propwrty.

AUTHM~: l~rlyn Harp 15 Auepst 19(a PAG3Ea
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• -• A L E UPAf J 0AERONA1UTICAL SYSTEMS DIVISION
* - Contract No. AF33(616)-841&- Project No.1(8-731):Task No.7 12

1 . CATEGMIY: Liquid and Sad-Solid Huigh Polyaers COE 7-612

II. MATERIAL NAME: Adhesive., Silicone Q-3-0321.

Sin~ce BoeinichitaU pimarily an airfrae manx-facturer, this wdatrial
was revileved with this end usag in mind.-

*The bond strength of Q-3 1 is s to any silioe adhesiz-o (eithe
W7 or heat Yaing +yes) tested to date. The eLirrination of a =Ir,
the eli --tion of semarate curin agns and the simplicity of angicaton
zakes the adhesive e useful for nn-structural silicone rubber
bdit a tiati, both in the field and in production shops.

Q-3-O] =21 oe1da lt-ated to awlcai hsvere the service tdoatwns&K not exceed U36F. Also for best bond strengths, bond closure should be
effected as so= as possible after the adhesive has been applied to the
faying surfaces.

A. The vendor desipnation and location is as follomn

Di Corning Q-3-121 Silicone Adhesive
D!i Cbesical C•rp oo

, Edlnd, Rich1a

Q-3-0121 Is packaged im tw once and eight ouce colansibl metal
tues, or in polyetylene sealant cartridges.

C. costs

STe price of DOW Corning (-3--2a1 is a camteay $2.5D for a two
ounce package.

(1) Wichita Jtaerials and Prcess Unit Rnport AP-2-75, Testi of Dw
Corning -ýr-3--2I Silicone Adheaive.

(2) EAC Froce Spe ication 50MO, Application of Adh"JTve3.

AVISMR: Mari•i Harp 15 A•uust 1961 PAG& 9
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AWAMW AAARA&OW MNBWA~rAERONAIRICAL SYSTEMS DIVISION
1 W ~Contract No. AP33 (616) -8i1ii

Project No.1(3-73B1):Taak NO.73812

- I. CATEGOY: Liquid and Sodi-Solid Higb Iolyzrs C22w: ?-6&1

*II, MATEIAL NAME: Adhsive. Shell Mom 928

The objectIve of this prop-am ims to detend-ne the best cure coneitics,
- ~effect of bond line thickiess, aid auvirormental. resistanc of Shenl

9pn028.

- -=~Ep 928 is a t~wdz~tupc, tuio-part, nca-ealcadhesive zaterl&l.
bnterest in the material was gEmu-at"d when a project developed whaich
required the use of a rn-maetal filled uterial for plastic-to-plastic

AW2HMC*1: warln &M.p 22 A~ugpst 1961 PAGE
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AMIONAWLICATZ SYSTEM5 DIVISION
AE. AM W Contract No. 4 U33(616)-8141

Project No.o,8-7381):Tk No.73812

I. CAM MYIiY: d~d and Smi-S61d High lblymrs CODE: 7-6-1

-"I. MAP NA.: Adeive, Shell i 928

V. IRDaCIMA PWA3MI52

12 Deter1mtio of Cure Cbndtlomu

a.- lap shear paie3 uf &a epoz 1n!iate (IW332) awe WNW
together to forz oae-helf inch ovelap joint$.

b. The cure tpete, cra ti.. and ordr of bcading was In
accordance with the epeital plan e

cam.
Tamp. OF 2O 250 30 30

TiaXeNu. 15 30 45 60 15304560 15 3045 60 1530 45 60

Order (14)(12)(16)(10) (94()(8)(5) (2)'s)(1)(11) (6)(3)(13)(15)

I4YM The bcndin order as a random selectimi. The Plan vas repeated
b.res times.

c. The results of the ewe cycae deterelnai are sinrized oa
Table I. FiRare 1 ilnustrates wrahhiCally the effect of esch
factr cm ban strLgth.

2. Effect of BondIne ThcMm

a. Lap bad panels or .0 clad rers tunxded toetber to fomn
one-lbaf 1ch over-ap joints. Ts- netal details were clenedS" per• BA- 565, Methyl 2.

b. Band line tcknesses wi varied as som balmr=

-hickness - .005 .010 .025 50•_ :Inches

AUHMOR: t-u Harp 28 katist 196) PAGE 2
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ANNOW AAPIMA MO1AIM1ICAL SYSTEM DIVISION
- 'M W ~Contract No. hF'33(616)8ii

Project X-o.1(8-73l) :Taslc NO.73812

1 . CATEGOY: Liquid and Semi-Solid High Pblyezs COWE: 7-6-1

* ~II. WERMIA NAME: Adhesives Shell Epcn 92W

-A L Keclunical

*A- fit _i _

2~d6.UItlL 113IS, uji- jiji 4'9:~V ;s

FT2 _ _ _ _k.:4

Differect Core Conditions lap Sbear - PSI

TAM I

AUTHCI: Mrlz1yn Harp 28 Augmt 1961 PAME 3
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4g.4 gg4ffy hRONAIT'ICALa SYSTEMS DIVISION
-uo= Contract No. AP33 (616)-8!1i

ProJect No.1(8-7381) :Tank No.',81

I. C&1W~y-1Y: Liqid and1 Sad-Solid High Pbyw COD: 7-4-1

- - - M. KA&IERrAL NAME: Adhesive, Shenl Epui 928

&.'chamdcai --

-vEr Car C.ý. TtN.LWg

Uf

I 5PG
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* I ~ AEONAiflTICA~L SYSTEMS DIVISION
ASM- - Contract No. AF33(616) -fti~

I fro~ect No.1(8-7381):Task No.73812

Iv. CATBGMY: Uqdad 5mSad lid Higb Pbo-masr 22R- 7-6&1

II.~2~~iA ?L1M: A4milr., Shell 4=o 9M8

V I~IPAL HImrTý: (Co.tium.d)

A. Ko-chanical (corctimmid)

c. The effect of borAinie thickaess is sbm an figure 2 and Table II
tIhroug Table T.

3. ~viru~ta1Tests

a. Lap bond panels of the s~sdescnption as in A.l. were prepared
except th~e bon-w were cured for 30 zixutes at 2506F. Five

-, banded assea±'ies wer* fabricated for each of lwh e Zd8IwM~n

:-j ~ ~~~30 day Hm~dity CabInet Test pir Referene (2. Ise1d I
3 - daT Salt Spravy Test pe Re~ference (2), Yz--xod 6W&.
G0 day'Weather Cb~mt Tetper. fe~mc 2), Uketbod 61R2.

30 day i~mmmian In tolview et roontwraue

b. Am~ speciwns ftem each panel ite rettaimed frceto e~g~
at room tm eature.

C. c* he envir4ozxmutal test data. are wazzriived In Table II,t

d. All f-ilwes were in the resin simr-ace layor of the landnast..

AU~IO: raiy !ar 2 kys l~.MATERIALS 8 PROCESS NT



Contract No. R1?3(616)-814]1
Project No.1(8-731)Task 16.73812

1. CATEZORIY: Liqmid and Sad-Solid High Plu OE

3:1 MTEIAL NAXE: Adhesive, Shell Ipan 928

V. 1RMCIPIL Z!Raa71m: IWOlmd

-A. !techamical, (ccstiqd)

p

L

- a a

~~lie

EfetI os~n -1dawc odSrnt

*IU 2j

WZR-ft: arln F~p. 2 Auurt 96".PAG
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w 4LEW UP~h7 AERONAUTrICAL SYSTEMS DIVISION
iNVNJ -wmm Contract No. hP33 (616) -81iii

Project No.1(8-73151) :Task N6.73812

I. CATEGORY. Liquid and Sci-Solid Higa Pbliuer CO: ?-&I1

- Ii13. *mAmMIA NAMNE: Adhesive, Shell Epon 928

* -V. MZ!CMPL ER-rzuiwr3ii: (Continmed)

-NSV HNAMhI AL ITEMP. TIMNE -IRS

F Li (.- 4L a&2..4 CLAD &L. ?-S 30 S &42&J3-
~~3~~~3- Voo- Loj I34 ~4tH

-. SIPECIIEE 9W LAP VIDiK LQADIi PSI REKARES:

.00T__ _s2_ I vC _Tff __b f. ______________

1-so' z-cl .*oir. -TO I-Doz .. Il. _ __ _ __ _ __

I 0 ~sof -501.06 3zi ___________

-Oo 3,d -DO& I.51 31 1wZ

4D sos~ -s 1-sot- In f Is

.07 .5- LeIj5 A7

Effect. of Bm~nrAe Thiackness 5- 31L rhick Bond

-ALIlfEI: rzarxyn H 28 Aujr-st 1%611 PAGE 7
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AERONAUTICAL SYSTEMS DIVISION
- -i -AP W in~qrContract No. AF33 (616) -8141 1

* - - ~Project No.1 (8-7M) :Task No.73812

I. CATOCRY:Liquid and Sadi-Solid High Polymers WEE: 7-&6..

- IU. MATERIAL NAME: Adhesives Shenl Epon 9M

- a. ~cbaical(contim~ed)

MHNESIVE 1 KATR*AL TEW TIME - - - 1
-L -Z. -0&.4 CLAID AL_ 2~o OF W91 3-s-.I L

- ~~~FULL WAE: EflS1,,

*s-u M PCNN IWE LAP VIDTH LOAD IPSI REKARKS:

-0 I _T zaw

.010 -o¶ S2 Loot.Z.

CJ .010 -4191_ _ __ __ _ __ __ _

- 010 .S? 1.002- ____ 4-7

oi@ 0 Doti .5z Eo20 13s ___________

*6 .0.1 S2. 1-00+ 17, 3fi

.DOo -51 f-607- 1572s 3•CC

1~ ~ .1 -50~ O .51 .992. zre - ___________

_____ ____ .010 .Gz I-e.:. A--S U _ __ _ __ _ __ _

- ~~~.010 .52. I.b & 0D__ _ _ _ __ _ _ _

____ ____ .00q .5 I-"* IZ/,__ _ _ __ _ _ __ _ _

Effect of Buxidline Thidckwe 10 !KIL Thick Bond

TABL Ul

A=MH: mariyn iiarp 28 A. ~upst 1961 PAGE ~
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AAWWSAWdMIINOWAW AERONAUTICAL SYSTEMS DVSO
W 4PtA*W ~fu6PAMY Contract N.AP36)-ii

-=0 -WWA o F3 66 84
Prjc No.1(8-7381):Task N6.73812

* I. CATEGMIY: Liquid and Sadi-SolidI High Polymers COD: 7-6-

II, MA1!tIA NAME: Adhesive., Shell Epuan 928

-V. MMDCIPAL MAITIW: (Contlizud)

ANESIVE ~MATERIAL T- TN

.O044CLAD AL- Z50Og -30 a4wJ2 -SR.I

-~~~M orE. S Od0L'I2Tshta(E.S

- FUL SVK ANE: AAWis.Sm

SPEClINE loU iLa violm Lad Psi REMARIcS:
Io t-(O .024 .51 140t isfA i _________

& 025 .1i_________

___ __ _D Loot I V _ __ _ __ _ __ _ __ _

G z I IA -m _ _ __ _ _ _

.025 -3-D .0241 1sz 1. 04 ~21 __________

-92S .S2. t. val

&'etof rmai~o Thiciam 2- ? n& 4

.04 .S~ -f 53 ¶~ __ _ __ __T_ _

AUTi i ftb tp2 Jpt11PG
- ~ ~ ~ MTERAL 8I PROES L ___________



AW"ig IAPWAAW AMARWYAERONAUTICAL SYSESM DIVISION
* - gEJ~U AP AW ~~WYContract No. AF33 (6i6)-8il4iV - -Project No.1(8-7381):Task NO.73812

1. CATEGORY: Liquid and Seci-Scaid High Fbl~ymm CODE: 7-6&1

I[I. NATIAL NMAN: Adhesive, Shell Epma 928

V. PFJNCIPAL JROMT31E: (Contimed)

A. 1Yechanical (contimed)

[ADESIVE M4ATERIAL IEP TIME I PRESU]

* -Lt &-ZZ. .0b3 CLAID AWU4 Z50oF SO Miat. ftl

604 -. 11 FULlL Uft

SPECINER MUD LAP WIDT LoAD Psi REMARKS:

(v) DID 1.003 L~S ur 1

W002 J -030 .5; MI /.Jr._____________

-030 0 .021 *5z. LOOS sg ± :?ýC " ___________

(9 031 A'Z lf,.1Y•li

I.Ma ml_ ___ __

Effect of Bondline 7hicknaess 30 M~L Thicl Bond

TAME V
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- EWEAW A~~AAW~w~rAERONAUTICAL SYSTMS DIVISION
- - Contract No. AF33( 616) -8i~a

Project No.1(8-73851):Task NO.13812

I. CATEGORY: Liquid and Semi Solid High Iiblymnr CODE: 7-&-1

- -- -Ir. WAERIAL NAME: Adhesives Shell, Epa. 928

V. FR U. AL PRMTIES~ (Coutiumed)

* -* A. IMebancal (coctinued)

r-q MsorI ~.~ -tw I Wza ..*

ZCS ves a" trs~e LZZS

IC7 A* 2mZZf

fr et us c wiy
-zj zv r0 cg

2-Tf to 2010 TVAZz

.z*.n-
&OIL&f7 1

- 2AWHb t~ry war6-2811!z 161PAE
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-AgjvAWA APAFAWAW &%rsp*y AERONAU1ICAL SYSWM DIVISION
- -, •Contract No. AF33(616)-8141

]Project No.1(8-7381):Task N6.73812

1 . CATEGOY: Liquid and Sadj Solid Iih Poy= CODE: 7.6-1

11I. FATERIA _NAMIE: Adhesive, Sio Ipm92

V -. * V. P:EcIPRTL

B. T bcal

Informatin not available due to lack of need for Boeizg iftchita's
investdgating this popurty

AWVh(I: Marlyn Harp. 28 Auigust 1961 PAGE 12
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Cotrc No.MWM3W16)*8141

1. CkWMY__ Liquid amd Sad-Solid High Pblyw. CDE 7-6-1

II. IWIERIAM AE Ad tesie Shell. Epan 928

V. JRB.C.'n RP E TXM:

C. Electrical

Infnatacnot available dae to lack of need for Boeing-Wichital's

investigating this jropertY.

cf

AUTlH(C: varlyn azrp 28 Aiigmt 1961 PAGE 13
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-AWAFi4�4PARONAUTICAL SYSTEM DVSION-• •gN AAFAMA 4ANN , P"

s ý AWV W Contract No. AP33(616)-8i41i
Project No.1(8-7381):Task No.312

I. CATEGOY: Liquid and Sad-Solid HI&h Pbl C0I : 7-6-1

11. MATZERIAL NAME: Adhsive, S I pon 928

V. lFiNCIPALP

V D. Ch.ical,

Information not availe.sle due to lack of need for Boeing-Wicbitals

investigating this property.

A17flM: ftrlyn Harp 28 August 196 PAGE 14
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AAFW AAWAWAUPVhV AERONAUTICAL SYSTEMS DIVISION
Contract No. AM33(616)-8141
Project No.1(8-7381):Task No.73812

4:I. CATIEGORY: Liquid and Sead-Solid FAZ Pbye COIZ: 7-&-1

UI. MAT NAME: Adhesive, Shell Epon 928

Since Boeing-Wichita is primarily an airframe niufacturer, this mterial
was reviewed vith this end usage in mind

The tests in this report demxstrate the versatility of Epan 928 in curing.
The -terial will cure at ro-n t or it can be force cured at

. I 'any time-texperature interval between 200-350*F for 15-60 ninmtes. This
flexibility in cmring aliws the designer to apply the adhesive at
nea-,y any production step in the fabrication of a plastic part. It can
be applied and cured at the bench on a detail part, or applied to the
major assebly ard cured at Lures which are required to care other
parts of the assd1y.

Some sacrifice in bond strength zay be expected where bondline tic
exceed 10 ails. However, the strengths obtained on the thicker bond•ins

-! d•- :indicates the rzaterial would be useful in gap filling appLcations wlhere a
high strngt bond is also regaire.

VII. SUPPIM LNO IRA NAM~:

A. The Supplier designation and location is as follows:

Epon 928 - Shell Chaical Corporation, Pittsburg, California.

B.A'albit

Epon 923 is packaged in pint, quart, and Sgall containers.

C. Costs:

The price of Epon 928 is approxinate]y $9.00 per qaart.

(1) Wichita Eateria.Is an-d P-oces Unit Report IP.-l-35, Testing Shell
Zpon 92L

(2) Federal Test Fetbod Standard Noe 151.

(3) BXC 5765, Cleaning and Deoidizing Alu.inum A•lys.

AOTMiR: YArlyn Earp 28 Imgust 1961 PAGE 15
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E~AW WAP4*7 hONAUTICAL SYSTEMS DIVISION
- ., - Contract No. AP33 (616)-8il4i

Project No.i(8-7381):Task No-73812

1. CAMG(IY: Liquid adsezj..solid Hiei %lnr COME: 7-6-1

3I. KATERIAL NAME: Adhesive, structmrai, IiT-l2 4

The objective of this ~r-o;:= wa~s to dete--iue the effect of certain
variables on anred adhesive ibons idth iI4Adhesive and Ablar=im~-

"H-2424 Ar&hesive has been apxroved Iv Boeing for use as a heat resistant
structural bondirz rmaterial. for a~i~(=eta1-to-m.etzl and hone~ycwb
sar-d rch) oni fligt vebicles. The adhezivee is cualilfied wider I-X1L-4-509O.

Boeing specifications gorerning- the u-,- of thdis adiesive specif7 the niniz~m
re~uiren6 in M-3 5-17 and a; 5450. ?her-e ame rna-. conditionts specified

bry design that cannot ressn-1- be covered in general1 usagem s-,ecifications. ,
Since this is a heat res-istan-t. adheie, teesting at eleveted tenvermattures is
also required and comm1iates Ithe evslustion of Dromerties. Rt Was thoujmt(.to be w~rtir-dailee to in.veetigate var-i=ables in test m~tboiis and -to deternine
urom.-ties of the1 rateria]. (on V.hich da;a are not readily available) for use
in advising design and zanafactmring shops.

AUTHCM: K. 3etbnvin D)ATE: 8/24f/61 PAGE 1i
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AERONAWJICAL SYSTEMS DIVISION
UWAU AWS'AaW Contract No. AP33 (6i6)-8i'&i

Project No.1(8-7381):Taalc No.7312 -

I. C&EG(JIY: Liquid arA Se~d-Solid High Pbl.3-er.s COlDE: 7-6-1

UI. MAMMER NALMAE: Ad-mesivye, StructUral, H- 4 1

A. IXechanica1

1. The eff~ect. of heat-un tire (4to cm-e te=--e:-at-ure) on meel aid 500F
2W.- Shear strength is shown in Figures I and 2. The sinvie (1/2
inch overlap) shear smeci=ens vere made foim 2G21-T3 clad alwzixnm
0.06;3 inch thick. The peel specimens vere 5052 alloy abmin~i core
(perforated), 3/1l6 inchý cel !in-ze x .002 inch foil x 5/8 inch thick
with 20224-113 clad aluminum skins,, O.02 gage bo!Aded toget~her %dth
H17-1,2 4 . Peel testing was done witih a ctlir-berm peel tester per-
~I-M-A-254663.

Varying the hea&---m tizm between 20 and 60 rdnutes to cure ter~era-
t~ur-e had no am-r-ecziable effectt on =-eel st-rpength. Lap shear
strength apoeared to be lo-uer -.imen the assemb'ly wa-s heated up be-

CO ~~twoen 20 and U) mut-.,-es to cure ter-zeraz.ue co~,a.rd to a slowe-r
1heat ti=-e of !40 to 60 miultes.,

2. The effect of ro=-- tenrerature exposm-e of xuncamed ~-2~on subse-
quent. bond strengths is shom -- ~ rinFigre 3. Bond =ateerials and test
:ýetto-ds were the sar~ as SDmcified 37n (1) above. CZure- condlitions
were also the saem - 325 to 350'F- flor 15 minutes.

3. 7The effect of glue line thickne.ss on 530PF lap shear streng.-th of
ii0-422, adme-si-ie in clad clzdn=-. jaints is slhoucn in Figurre 4. -

Aarenty,--hee is a considem-ble differ-ence in strength due to
bondthicnes derndig upn te degree of porosity of thse glue

line. ?-.o effort. ics zzade in the Boein.z bond=ed -nel to rest.rai:n
t.he adhe-sive :Ln the- join't, and thereb7 ina-LnA=Ze vorosity. The
Bloccirm~a-le oondedpanel were banded in suach. a mann-er as to res-
traln Lme aonesive irs the Joint, t-erb- rovidinr a =ore ene glue
line. 14. is tihoughtt tlat a thlckr dense glue li~ne would be more
remresenvtative of actual assezbiies.

,L. Figmre 5 s:how&s tl- re'latiovzmhi of ezrau and rressure on am-
=xred" lr4-1,2 adhesive (a.:d rtw--':--s) in a closed container. The test.
data a.-e designed to give ifozr-ation- on the aromf. of bonding
rxessuare recidred $to bond a 5/F, inch tdick non-merflo.ated sandwich. -

these data do not. take into accoun. mrzessure leak-off throuigh the
c~loth carrier during cure. Th-erefore., the da.=- rezmsents maid=
pressture that co-aid ever be exrerienced. in cur.Ling s-ach as assembly.

AUTHWN: K. xethi B~iATE. 8-2-1--&1 PAGE 2
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5AAERONAUTICAL SYSTES DIVISION•-_ jAWmFA AAW&WAA~MW" -A"Nes,.,AAs 6
Contract No. Ai33(616)-8141i
Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid ar. Semi-Solid ,"dgh P!yimers CODE: 7-6-1

II. !&TERM NAME: Adhesive, Struct••ral, HT-ia

* V. I o2:IPAL PF3PErII:

A. lechanical (continaed)

5. Table 1 and Figures 6 through 10 give the effects of variables in
the 50OPF lap shear test on shear stre-ngth of H7-42-4 in clad
alumin= bonds. All pnels were bonded at 32?? for 15 minutes on

the same -day from the same batch of F. -424 adhesive. This parti-
"cular batch hawjened to be about 150 psi lower in shear strength
than the average zaterial received over the mst two years.

The data indicates that variations in heat-up tire between 3 and 20
iznmtes to 500&? do not significantly afe--et-t o F lan sear strength.

Theare is a significant difference (azmwvximtely 60 psi) between
bonds aged 60 minutes at 5009F and those unaged (bat tested) at
500"?. There is a significant differ~nce in 5X-7- shear values With
a 25PF change in t atre fro= 500 F. TMe test -as not adeojately
controlled to detezrnin conclusively whether there was a significant
difference bet-seen bonds tested in an air circating ove-n and those
tested in a (radiant heat) Karsha:U furnace. Hcwever, it is believed
that tie difference is not significant.

AUTH: K. .ethvin W" DAT- -24-61 PAGE
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~AW WPLAW UA*FAERONAUTICAL SYSTEMS DIVISION
MIDContract No. AF33 (616)-f8i1#

Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Seii-Solid High Polym~ers CODE: 7-6&1

3f1. NA71ERIAL NAME: Adhesive, Structural, H1'-.l24

V. RINZIPAL FRCP-=:77IS: (Continued)

A. echanmical (continued)

X 7- 1

1 X

*~F -?-

-- ~~~ P - f

z- z . - s , -- 2 . - i 1 Zz - - .- ; V

4 z-

-lb Z. -

1, Zr :7 -' --

a ~ ~ ~ ~ ~ ~ ~~7. Lrzl' 1LQ~IU1.J

AUTlH(B: K. Hethvin DKIM: &-24-61 PAGE 4
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AWM94W AWWWAAW NNOWAW ERONAUT~ICAL S3MTE1MS DIVISION
81WUU AtWLEMMOUW~ Contract No. AF33 (6i6)-8iii

- ~Projeet No.1(8-7381):Taak No.7312

I. CATEGORY: Liquid and Semii-Solid High Poly=ers CODE: 7-6-1

3I1. MATIELIAL NAME: Adhesive, Struct-ural, HT-4a2

v. p?.Dcip-AL PR E:(Continued)

A. -echzn--ca1 (continued)

jZs r-j-w ____

41A z~

__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ S S i

AL

-~ ~ ~.~~1 _ _ _ _ _

44 T S

I - - -mi -OFM ALL..:

F*V 0 -t.es7r10 p4&A.Dr:

__ _ _ -- z A- ~

AUTImI: LIeiinDAIM 8-24-61 -PAGE 5
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AERONAUTICAL SYSTEMS DIVISION
- m ~~Contract No. AF33 (6i6)8ii

ProJect No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Semi-Solid High Fbymr CODE:7-1

II. II&TEILM NAME: A~hesivees, Structural, irr-i 42

V. cI-UMPa.4 Ri0OFETHEZ: (Continued)

A. Kectianical (con-tinued)

- - t - .4fa- 'got
air________-Za~u~~. 744 A V v

___ __ ___ __ ___ __ r.R lA vD W aa3 -

* 5~~~~.ru ~ F I A. j 4a I*M

4 771

:- -

-f -- Zwzj

*~~~~~~- f__ _ _ _ T1 _ _

- Lr; -- ~ - . I
-- T f ?-- - l - _ --

z. f

.- z.

AUTHOR: F. F-:eth v n D)ATE: 8-2!,1-61 PAGE 6
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AMPA" AAPACMAL'Am"A~wrAERONAUTICAL SYSTEMS DIVISION
flAW W EAF £*6P4AFContract No. AF331 616) -8i141

Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Semi-Solid High Po\,-me,-s CODE: 7-6-1

II. MATERIAL NAME: Adhesives, Structumal, Hfr- 1214

V. FPjKCIR;L PF1OPET7IES: (Continued)

A. IKechanica3. (co.t.ud

-7.w M Ei 7-: edA .. e'O
- - 4- -b UWA*M~LC Pamaw_

A.~~~ ~ ~ z tg .S L ~ f ~ .

7--*07 ý ---

~Itorss s
T_____ +Z___ T vv v a.a

f -4-

___ = ---l

- IL tV wi

-- --- 1-.--

,Z - .Z

AUTHOR: DAT j. z)A-.:. PAGE 7
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W~lA AtLE~f ~gpqyAERONAUTICAL SYSTEMS DIVISION
, ~~~contract No. AF33 61)-il

Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Smii-Solid High Po3lvmers CODE.: 7-6-1

II. M4ATERIAL NAME: Adh-_zires, Structura:1, 19-424.

V. I. ý-ZIC7PA~L PRPTE:(Contiined)

A.1-:'echanical (conintzed) ..-

- TIOTAL PRCSSURE -

-~~ 7 T

2Z 2

J J. f i

:5S
le : .

zo" Aan- asa~um -Jug~ut -o1Uf4W~t- m bmad -ma

--- cg : x.r Let-. DRS: e-2.a-cut6i a PAGE
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&&"W AAFA"AVL' AMNMAWAERONAUTICAL SYSTMS DIVISION

froject, No.1(8-7381):Task NO.73812

I. CATEGORY: siquid and Seri-Solid High ?olymers CODE: 7-6-1

3I. MATERIA NAME: Adhesives, Structural, 111424

V. PJ!ZC.IPA-L FRCP-7'UES: (Continued) -

A. Yfechanricaal Ccontiivraed)
-TrF-T 7FmP~rxPlJr.E-

447385 .5 ý7 = - 's Z o or

CICHULcUUGt AIR 6Yrpj-

211isJ nur cý,a ovjrsj
-ro Sees- 65CC. go E-5060F 51N&AR(ps.) 1555 1.545

*Average of 9 speecir-ens. All other values are averages WE' 10 specizens.

-TABIX

I>I'T/C clamped to center of lower
nraif of ill. teest speecirens with-

1in 1/t inch of adh'esive flash.
* I Calibration h'ork -@as done with

t1his --/C plus a TIC em~bedded
in the bond. (a-beedded TIC

* ~read 50? low.er than ext. T/C).

FIGUR3 6 - Pbsition of T/C on
Test Szecimen

AUE : K. Yethvin DA0 M: 8-2L-6A1 PAGE 9
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~S~W AIAERh5 UPIMAL SYSTEMS DIVISION
- -WW VAW Contract No. AF33(6i6)-81&1

ProJect No.1 -31):Task NO.73812

1. CATEGOY:. Liqui mdSei-Slid Hih by=rr CODE:7-6-

Isom

I LI
IS"I

Maa.

ingIC iJda losst a^-a s

?IQJR ZA7_-

* ~ ~~~~~~~~~ .SHR .!~tv~ AT -LlpGE0

J MATRIAL B POCES UNI



AERONAUTICAL SYSTEMS DIVISION
..- W AAfJFP•W " AKP~ Contract No. Al33(616)-81431

-"-Project No.1(8-7T3l):Tasic No.73812

"I. CATEGCRY: Liquid and Semi-Solid High Poymers COID: 7-6-1

op

": IX.NAMEh : 'Alhesives, Structural., If-r- 24

=6016

AS=~U.* . 1!"

•F- . . -- t' ;•r:I..4.

1w I

liet
4.- •ii I ; 54

-.--X 7 1J Me

"a " " i . . . . t -- t i _ I ~ • i I t
-• a II +Z*

Efect of t _ers~rs Bio=Lngdale HZ-Za bo.s rade wctn x63 clad
al, "L1 iaD sbear in a~sna",1 fulnace (Jaws out of furnace
60 seconds).

FIGUE8

X. I

AUMAERI: +LS 8- -- UNITf
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AEiIONMfLICAL SYSTEMS DIVISION
awEMF -~p r cnp'qW Contract No. AF33 6160-8i141

ProectNo.1(8-TA1):Task No.T3812

'rowec

J-4

MZV4 1751

=a izllp: o6-

'3 5~z -NOW --

Air-- V
- -..-. ~ 2S ~ -- -

2~- ~

A .2.

Effect of tire at 5-re:F on ==.oigZke iHT-L-2&bon..
=-mewt-7- 0.053 Clad aa -M teStted L- lap Slery'

e., 5M- Fý in a 1ashall fu.-r~ace. (J~x ito
60 se=o.is).

F--'GL 9

AMWBG: DAT* 9-21-6 PAGE 2
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W AWPWZ ~AERONAUTICAL SYSTEMS DIVISION
-WFAM Contract No. AF33 (616) -8i14

Project No.1(8-7381) :Task N6.73812

I. CATEGCFYe. liquid andi Semi-Solid High Po]ym-rs COM 7-.6-1

II. MIATERIAL NAME: Adhesives, Structural, 1.0- 4R24

TEST W~~2iV~b4~ S2£14F LAP CA(i)

M+3

;p33

1561 -14

JIMA.

1140

-~~ -4-£I *

f7-f

i 3&

Blngae !0-V2L4 bones nade vcith 0.063 clad
al-;---- tested in 3-- she at. CCz in a

circ-2atr.aroen efc of heat-up rat.

flGUs 10

AUTIUI: K- Kethvin" D)ZE 8,21,6! PAGE 13
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Aggjsw A*WO49WW AINWAA AEONAUTI[CAL SYSTEM DIVIION
-emw -WWA Contract No. A?33 (616)-8i14i

- - Project No.1(8-7381):Task No.73812

I. CATEGYORY Liquid and~ emi-Solid !Ugh roly~ers CE 7-,6,1

3I1. MATERIA NAME: Ad~nesiye, Structural, HT-l.24

V.P?.ICIPAL PDOIES- :

B. Therzorpr&siqa1
In-forzation not avail~able due to Jack of need for Boeixig-Vicbita's
investigaInmg t-his property.

AtflMM: Dt Mt~i a-E e-24-51 PAGE 3
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auwn APLAW ~lUP4A FAERONAUTIICAL SYSTEMS DIVISION
- - Contract No. AF'33 (616) -8141i

ProJect No.1(8-81 :Ts o73812

I. CATEGCIIY:o Liquid and Semi-Soid, Hdigh lbbmers CO: 7-6-1

- II. XRAIERIAL NWM: Adheive., Structur-a, irTi42

*V. F.R.C-IPAL P-IFETIES:

C.Electrical.
Info--aticn not a~aiialbbe azie to lack of need-a for Boeig-*;Wi-ita's
investigating thinspoer.

A=M Ki37:E2-7 AE1
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AAAERONAUTICAL SYSTEMS DIVISION
- ,,,. Contract No. AP33(616)-8141

Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Semi-Solid High Polyers CODE: 7-6-1

II. MLERIAL NAME: Ad•esive, Structural, HT-Il

V. P.MIGD.---.CU :

D. Chemical
inforn-ation not avail•.-be dLue to lack of need for Bo-eing-Irchita's
invest•ig-ating, this property.

AUTHCI: K. ve~vnDATE: 8-24--Si PAGE 16
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AMAW AAFPZA"AERONAIRICAL SYSTEMS DIVISION
WAW A~PL m~b~**FContract No. AP33 (6i6)-8141i

Project No.1(8-731):Task No.73812

1. CATEORY: Litpid an=Q Scemi-3--ud Hg Poymr CODE: 7-64

II. YATERIAL NAME: Adhesive,, Strruc-&Wal., Hr-"6 1

IET-ta9 is used extensivek-. in bonding- nn-perfobrated alu~inum sa-n-dwich for
mhe B-52. It is recomen-mred t;.,a-t ti&e data obta-ined in thids n.-og-ra= be used

zz. .teials and Pe--rocess Unit -Ekineers as a guide in advising Design
- mersommel. and subcontractors.

Vii. SUPPFLIM AM MIM NAM~ W~

A. -T4,24 Adhesive is the trade nam~e o' this natemial. I. is supplied by
Blom~ingdl Rubber Compapy. of Aberdeen, I1arylando

E. HT-"I21 is available in continuous tape form-, anproximtely -39 inches wide
and .M2 to .014 inch thick. It. is also aalbai te hcnse
supported on a g.Lass; clot.h car-rier. Reefrigeraltionn at 021- is recozmended. -

C. liT-I.214 costs ap roxiratel,- $0).65/sq.ft. in large production quant-ities.

A. 3 lnestiga-tion of W-S 5-17 Adhes:e Cre ceJbeorAP27
(Boeing- ichita) dated 6-21-591, by- L EePth.V3in.

5. w~lom Te~ex.tmre Bxmosure or rV3 5-17 Adhesivew3 , Job Revort AP-2-31
(Boeing-Wichita) dated 6-2-5-59,,b K. M-ethlvin.-

C. ~ue-I-ne Thi-ckness versus Shear Streng&thm, Job Rem art s&-2-169
(Boeing,-Wi-chita) dateed 10-22-58,p b7- C. B1iuards.

D. whniestigation of Variables in 50&fFln hma Test.-, job Re_=ort. AP-2-174
(FBeing ichita) dated 8-30-61, by. K. ~Ethvin.

AUTHO: K. X-ethvin ~ aT-- S-2"4-6G1217
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-" PAERONAUTICAL SYSTM DIVISION
-m - Contract No. A133(616)-8i4i

Project No.1(8-7381):Task No.73812

"- I. CATEGORY: Liquid and Sad-Solid High ljme CODE: 7-6-1

II. MATERIAL NAME: Adhesive, Structural, AF-30

"The objective of this program was to determine the effect of certain
variables on cured adhesive bonds made with AF-30 adhesive and EC-1593

IV. DF'U.OIEMM L CKRN

AV-30 tape and W-1593 primer adhesives have been approved by Boeing for
l use as a strQCt bnding system for aliuxa and mnageaim on flight
vedicles. -ne adhesive system is qualified vnder Xnh--5090.

Boeing's specifications Vverming the use of this adhesive systm specify
the winidum. r qI P 11ts in BE 5-Q2 and BAC 5462. Threm are uuv comitiou
specified by design that cannot be reasonably covered by Eeneral usage
specifications. Eamples of such conditions are use of varying skin
gages and difference in curing facilities througbout the industry., It
was felt advisable to deteraine the effect of same of these variablm on
Joint stremth so that advice could be given to subcontractors and
"desi•p groups when needed.

AlUMcI: K. Yzurvin 4.DM-E: 12 July 1941 PAWE 1.
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A ff AFR"r AAV AERONAUTICAL SYSTEMS DIVISION
""- 4�" Contract No. AF33(616)-8i14i

"Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Semi-Solid High Polymers CODE: 7-6-1

"II. NAN&ER NAME: Adhesive, Structural, AP-30

V. EPMCIPAL PR•ET• St

A. Y!echaninal

1. The relatiombip between pee strength and lap shear stre
for various bond line thicknesses is given in Figure 1. It
appears that it is possible to tailor a band for the optio
coinatia of shear and peel strength by controlling the thcmems
of the AF-30 adhesive.

2. The effect of width of overlap and uetal thickness on lap shear
stre th of AF-30 (with and witbout 3-l593 1rine) is shm
in figares 2 and 3.

3. The effect of bond line pressure on one-half inch overlap shear
bonds with Dow 7 nagoesims coated with zinc chramate primer

4i •is shmmn in Fig-ure 4. An option bonding pressure was not found.
Bonding nay be acco lished with equal results on test panels
betwen 20 and 320 psi.

A. The effect cf using positive pressure only and vacum pressure
in curing A--30 bonds is sham in Figure 5. There appears to be
no difference in one-half inch overlap bonds whether vacuu is
used or not. In areas as large as one square foot use of vacuum
during cure results in higher strengths than when no vacuuu is
used. A cure pressure of 40 psi was used.

5. The effect of cure te-perature and cure tire on one-half inch
overlap bond strength is shoun in Figure 6. Data presented was
taken with AF-30 adhesive an clad .063 alvdimn .

AUTHait: K. F}etbvin .S',. I 1.T': 12 July 1961 PAGE 2
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AA- - W 4W AERONAUTICAL SYSTEMS DIVISION
Contract No. AF33(616)-8141
Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Sa-Solid High Polymrs CODE: 7-6-1

"3II. MATERIAL NAME: Adhesive, Structural, AF-30

V v. IMJ!CIPAL 1EV:

A. Mechanical

C L--*A '. W _-"CW VAL'JL--

*E3000 Z IAL. 5.'!-=.E.- vQ" VALU

I-3

OS

ad

030

• I • I

nr 0z
t2-

o Z

-a t S-4lQW.E 1

"AUT-O: K. Dethwin BM-' i : 12 July 1961 PAGE 3
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WAYWAtUPLEAW £UPNAkP ARNATIA SYSTMN DIVISION
- . - - Contract No. AF33 (616) -8i14i

ProJect No.1(8-7381) :Task No.73812

I. CATEORY: Liquid and Seci-Solid High P1jzmers CODE: 7-6-1

UI. MATERIA NAME: Adhesive, Structural, AF-30

V. 1PJECIPAL HIOIEWT]ES:

At. M~echanical

3&'

00
4.

-0§0 r"7

201--sa CAD kr-320ADHSIESTM
;'sTT-D ECAATIOS

Cc m m'L p :--rR 4 UF .S --:I CADAW"

LUY-F930LM

-'=9

A IM:l.MtnnD-=- 2Jl 91PG
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AWAWAAWFAWW CANWA~rAERONAUTICAL SYSTEMSi DI.VISIONU
~3~7Mua" AtWS dC*SPff Contract No. AP33(616)41141

Project No.1(8-7381):Task N6.73812

I. CATEGORY*. Licpiid and Semi-Solid High Pb3ymers CODE: ?-6-1

Il. MATERIAL NAME: Adhesive, Structual, AF-30

V. 1-MDCIPAL FRzuzRTBS:

A. iRecbanical

3180

; 75 -

-30

4U-

4.71&

>1V- 467

* METAL 'THICKNESS.* [S)

AUA3Y, *7-30 ALSISM

FIG35E 3

AUTHOR: X. IMettmin 1-- . D;ATE 12 ji4.y 1961. PAGE 5
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* gg7AW APL4W LPA*YAERONAUTICAIL SYSTEMS DIVISION
- - ~Contract No. AP33 (616) -8iJ4

froJeet No.1(8-7381):Task NO.73812

I. CATEGORY: Liquid and Semi-sold Higb pb1ymers CODE: 7-4-1

TI. MATERIAL NAME: Adhesive., Structural., AF-30

V. FJCINCPAL PROETIES:

A. eechazical

30 941m- C-URE:

PS0~40 GO- 80 I100 lAD I; 1: .0r. 000 kO1ko 20 .40 1'3 !30 1100 12
I nl an 1 zS 12f I 1--ss 12.1221 Z-.37 2.33117-721 213f.-33 Z_3.& Z7.V7 2:7-3 Z~b7IS5 Z 35

13QS$ 2%3 1~k9* 315-t 34jsZ337sx2i34 j3zo* 307q12-?flL 35q: 3val'Z507 23551 ZS,91 zi4 b i- 4
3 17i S 2-"aSz~f W* 32.403D 2 ,7 303'V 133zZ. zri5v I 3::sr. 30351 3IZ31?fl: zj3j3 2:41 0!

2.o4l -i j v 5~ 313-7 Z34?3~I1 35 ji-_3O 13-10 1.51 775 V z ssZ~ -- -1'1.

__________ ________40 MIlL C~URE _ _ _ __ _ _

31o 001F a) 0 57 ' 330 *F~.j33
]~4-0 1 0 S080 17. I0~2 12040 BID 1 100 101 a-0 s o10 z

2-T___ Z7V S Z- 12. 2"S _ U,.io5& -753 2S#52- 33.3 0 Zf3 JZ777 Z&&?,CS Z7cs7512S-37I 7-1

zzI j. 243 3719 11
2SX3I zt ?.s 3Ztso25 ~F:,cm721 0j ziqq 337213 Zq3Z :zqlr:a-?sd Z33-f mz'L 214 lilv

'0_Z_ .,_-_ ___ -Z -_ =-ihiz- I

:!Dvi! 40 -,0 80 jro' 220r;j 2.3 4Z-0 T 5 0 100 1 12) 23 140 1o 9Gi0 IoO1-
.3=: .3i&Z5 Z8333 "S31.2 a*3 !sf I3i ZB57 21"-? V-01 3131 IZ-07MISZ7S Z704a~. Z4-zl vi33o-sir 212..

s~q'~Z15 l55 ~O 2120 277Y -31,5 A 3. Z2L 31 3-7 Z;.y"sb2!3Z:vlB1Li 1  - -- -2_,
ib sivW AT 34s,= - CIA.&1styO AVtRA4Sz AS SHOWd!% U5s1) re AXADLYSIS.

NOM 3E: X wBR WRE4THSE.S :ORutspwD -To Rum MR .7IS". sECw4)-.4ito A-m 7j'RT

AVEtRAS-z PANML STREXTt~ - LA SHEXR, Psi

AUTHO: x. methwin DOTE: 12 July 1961 PAGE 63
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AGW"AM AIPWAW MNW AERONAUTICAL SYSTEMS DIVISION
- ag,,AegContract No. AF33 (616) -8141i

Project No. 1(8-7351): Taskc NO.73812

I* CATEM. : idquid and Semi-Sojiu High Fbr~ers 227D6E

32. MATERIAL NAME: Adheive Structural, AF-30

A. IReCh-mica - ZESULJLT

-s Z-i 4- 18 .1
3- 34-s1 4-Z

* 5-1 3451 7-1

AVERAGE~ AvrJCe344Z.

MwrxGc sr 4O (!-p.C. pxwL'L- ''TJ ~r cs,~

14 FA~ut J~w1 ACJJr pc

PASVL£0 ~ SA£(u~. d4.t zz 6dA ~t

3 1 7

* I PWrrz 'e,RE (C (zvp ."%*q 7o JA3 2

I 'U ~cCE~ut P;kJ6 1

4 j4p:o Z,,r q4 4JC -. IZ tZE

*-AUMliR: K. 3Metrmvn ; DAL 7-- 2 Jul~y 1961AG
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EWAWAA~L4N3gg~~qyA==RONAUTICAL SYSTEI1-1S DIVIION
Contract No. A?33 (616)-8i14i
Project NO.1V(8-7381):Taslc No.73812

1. CA1!ORy: Lim-ad and Sem-Solid High Polyzers CODE: ?-6&1I

3a. IkWIERIA NM~: Adbesive, Structur.1, AF-30

A. Blee-rical

IN

'724

~41,
L 1a

ce.1 aa %N 31"Cs

CURPE 6I., 4*WE

AUjTHfl: 1. Mettvin U23f~T: 12 JUly 1C6.1AG
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PWAWA PW LifPAAYAER03NAUTICAL SYSTEMS DIVISION
=WAIN AWNAWAWContract No. AF33 (616) -8i141

Project No.1(847381) :Task No.73812

I. CATEGOY:. Liquid and Semi-Solid High FobIzmer COD: ?,-I~

II. MATERIAL NAME: Adhesive., Structural,, AF-30

B. 7herap PIbysical

1nfW=&ticn Wot available due to lack of need for Boeing-Wichita's
investigatin2g this pZopefty.

A!JTHC: K. )ethvin iE 233i PAGE 9
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- AWP44W SPAWAERONAWKICAL SYSTEM DIVI'SION
jW~m A~~wZAW 000AAWContract No. AF33 (6i6)-8i4i

Project No.l(8-7381):Task No.73812

I. CkTEG(OIY: Liquid and Sent-Solid High Pa~yoffs CODw: 7 46-1

3I. MATERIA NAME: Adhesive, Structural, AF-30

C. ELecltrical

1nfomatfm maavailable du to lac& of need for Boeing-Wicbitals
investieatfrg this prmpft~y.

AUTB(1: 1. 1etbwin UTD&--- 12 July 1961 PAGE 10
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I - A2PtAW 63Ph7 JERONAWITICAL SYSTEMS DIVISION

@MVAAWMAWNWWAWContract No. AP33(6i6)-.814]i
Project NO.l(8-7381):Taak No.T3812

* I. CATEG(RY: Liquid and seci-solid. aitt Poyrer COE: 7-&l

* ~II. XATEHIA NAIKE: Adhesive, Structural AF-30

V. PDZC]PAL JRCPEý:

D. Cbaical

Iniformation not available due to lack of need for Boeing-Wichitals
- investipating this propefty.

AMIU: K. ysethvin WaS. 12 July 1%61 PAM 311
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a*AERONAUTICAL SYST S DIVISION
AFAWAAWContract No. A,3(616)-8i14i

Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Semi-Solid High Pboajers COIZ: 7-6-1

Ii. MATERIAL NAME: Adhesive, trtuaAF-30

It is recc:ened that t- a data obtained be used by YAteriah and Process
mgi.mers as a guide in advising design persarwel and Sub-Contractors.

SV31. SUMF AM TRA_.Is=
A. The supplier desigmation of te adhesive system vsed in these tests

"is AF-9330 adhesive by Hinoesota Yinin and .mufacturing CcmpqF.

= B. Availabflttr

W-,593 prier is availabl in a 10% solids fcrr. AF-30 tape is avail-
able in sheet form up to 30 inches wide and .010 to .011 inches thick.

C. costs

AF-30 costs apyrizat 1 $0.75/ft.2 . W-1593 ccsts appraiw
-5.60/gal. (depending an .uantity).

S~~VIII. B.•--,:

1. wluecbical Properties of Structural ldhesives3 , Job Report AP-1-22
(Boeina-Wichita),, dated 23 I~overber 1960, by Don Bramn.

2. 3Boentline Pressure for AF-30 Bcnded KEk.esii=, Job Report AP-2-68
(Boei•g-iicbita), dated 1 Septec.er 1959, by Dan Brw,.

3. aCure of AF-9330 Adsive itbt Vacauw, Job Report AP-2-119 (Boeing- -

Wicbita), dated 1 Juy.- 170, by K,. Methwin.

1. ,Joint Factors of YMetal Bonded Joints, Job Report AP-3-4C (Boeing-
° icita), dated 25 January 1960, by Don BroWm.

5. 3 Effect of Varicus Cure Cycles on AF-.30, Job Report S1-2-170 (Boeing
Wichita), dated 6 January 1959, by Don Brom.

"A"THC: K. Methvin i;-- DAT: 12 July 1961 PAGE 12
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" AWAWW AA Z AN KWPA•V AU20NAUTICAL SYSTUMS DIVISION

-" • - Contract No. AF33(616)-8141
i -Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Semi-Solid High Pobyners CODE: 7-7-9

-I. MAMERIAL NAME: Hi-Temperature Lubricants

The object of tnis progra= was to investigate the therr.ai capabilities of

various available experinental lubricants.

IV. DEVM-Or---TAL BACKGROJD:

"A considerable effort is currently being made by various i.ilitary and
Industrial groups to obtain, develop, synthesize and canp-md lubricants
that are suitable over a greater tenperature range than those covered by
present lalitary Specificatia.-

This report represents sme of the work presentk- being conducted by Boeing
toward tbe evaluation of a few of the ae exe.ntai high texperature
lubriuc-ts. Various ]aboratory bench tests were used to establish the sta-
bility, Wear characteristics, and p.-gsical and chezical properties of the

I Ii-
zateials

AWBOR: CpE. Fane - DAME 9-15461 PAGE 1.
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AERONAUTICAL SYSTEMS DIVISIONswmaPW UContract No. AF33(616)-8141"

Project No.1(8-7381):Task No.73812

*I. CATEGORY: Lqiqd and Sezd-Solid Zi&~ Polpmers SOD: 7-7-9

II. MATERIAL NAME: High ezerxWture labicants

V. FR-R-CIPAL 10.ItM:

A. Yecbanical

1 1. rivy Gear vLe Test IData (at rocs tmpertUre=)

"Wt. Less of Brass Geer
Code No. ZPA.000 rev.V 5 ]b vt .

*-" 299-56 27.9

316-57 5.1

317.57 10.41

318-57 3-3

319-57 1.3

32D-57 9.0

"321-57 1.2

395-57 3D.6

79-60 12.8

273-60 11.1

292-6D 16.9

293..60 1.3

AUTHWI: C. E. H.•lms .. -- DM: 9-15-61•E 2.
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AERONAUTICAL SYSTEMS DIVISION:7 e W •Contract No. A?33(616)-8141

Project No.1(8-7381) :Task No.73812

I. CATEGORY: Liquid and .3em.-Solld h Pc],zers CODE: 7-7-9

II. MATERIAL NAME: H& Lubricazts

V. F-WXFlAL Fh0IE[WHS: (cotned)

A. Hecbaical (cntinued)

2. Bearing Perf•rmnce Test

a. Method. 331.1 per PUS~ 791-
Fixed Load -3 lb Radial, 5 lb Mrust
Fixed Speed - 10,00o rp•
Bearing VAterial, - 5210 Tool Steel, Cage
"Cage Waterial - AM 1008 Pressed Steel

Tota Tomdi=tim BeariW
Co&e No. Hum Reason cm-Utitm

* 298-57 250 324 Excessive Temp. False Brinellfrg of rae.
- I ~.?Rise. Shaft out of -balance.

38757 300ExesiveT~p. Cage im-or, sligh diseolmza- -

rise. Grease tion frcn heat. Balls
j w~vs dry. - slighbtiy ru

"387-57 350 163.7 Excessive Tem-p. Cage vrn, broken.. eamey
rise. Grease .iscolmat•im ow- ball lath
vas dry. :frm beat.

387-57 325 15B Excessive Tbrqce Cage '-ornm. Bell path disý-
at start of colcred frm heat.
cycle.

AvnmO: C.E. afres I: -l-1PAGE 3
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A WAM AAfVPJ4[APWm~ w AERONLAU]PICAL SY.STLMS DIVISIONF
4ý- wwotormwContract No. A2F33(616)-81411

Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid. and secai-solmid Hig-t po3lyrrs CODE: 7-7-9

II. MATERIAL NAME: migft Leraue bricents

V. M.T AL ThOPFiM1S: (Ccuztiumd)

A. Mecbanca (continued)

2. b. Method 33_3 per FM 791
F-imed loead - 5 lbs Radial, 5 lb M-aust
Fizxed Speed - 1%0WCO --ap
Bearing M~terial - 1l-4-1 Ti o1 Steel
Cage Vztterial - Silver Plated Copper k

Beryll~i=z (Cir- I-355)
(For Graph of the follo-iing data see Fig-ure 1)

Bearring Toteai Ter-c'!Lation Bearing
Ccdei :-.:ezF ours ResnCcr-ditiori

316-57 1190 120 Excessive Torcte Case ---orn, 'l.skng off
incr-ease at, start. sil-.-er- olete. gema-. dis-
of cycle. Grease coloreticoa froa heat.
ran frm bearing.

315-57 1153 129 Excessive heat. Cegge -.. rn, of silvero
rise.- Grease --P- platte. Discolore& ftron

f bearing.

3J.--5-t hm~ 5113.5 Excessive beat Be-aring s iily~ rough, dfis-
rise, colored 4-"-= heat. Case c-

f 1 an off sillve= plalte.

318-571 150 157.5 Excessive heat& BPearing ja=~d -ba6Jy burned.

35Zir Be f '

AUTHOR: . . ': &: --- PAGE
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2#EJAZW Af2PLAWAfF AERONAUTICAL SYSTEISLS DIVISION
Contract No. AF33(616)-8141
Project No.1(8-7381):Task INo.73812

I. CATEGORY: Licuid and semi-solid Higoh ?o]ivmrs CODE: 7-.7-9 t

UI. kMATRILNAME-: High T--e.ert-.re lzbzicazits

V. F.M.-IPAL F.-OPE7-M-I-: (Cc~ntinued)

A. X-eehanical, (continued)

I; 1_____ ______LIH_1_.n. 1 WI1';5

-J ~I IT,664.!LWEI?

~j~j JLIA L LL~sits

447 ':' -

-I -Lii __

__7- I- It ....

4 1

~ LI:~jT-L
,v~~ IT01: i

AUTHOR: C. E. Hiaines B' ATE: 9-15-61 PAGE 5.
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" 4UAERONAUTICAL SYSTEMS DIVISION
.-- mm.. • Contract No. AF33(616)-8141U -"-:': Project No. 1(8-7381) .Task No.73812

I. CATEGORY: Liquid and Semi-Solid High Polymers !022__. 7-7-9

II. MATERIAL NAME: High Temperature Lubricants

V. PJMIEIPAL PROPERTIES:

B. Therm--o.h ca1

Oxddation
llesist-=nce Coo-TOs_.. Cu.

Oil Separation Evaporation lb. Drop 8tri•, 24 Hrs.
" CDroping % ,l. Loss 30 j-;t. Loss, 22 100 Hrs. p (AS1.

Ccd~o. Point, 0FF. Hours Z~22 r Hours 6L0Y0 . C-210o.- class)

299-56 524 0 1 a

316-57 504 4.62 0 2 c

317-57 482 4-74 1.82 0 None

318-57 530 5.54 2.67 0 1 a

319-57 652 3.16 -8.53 .2 1 b

320-57 501 3.37 3.62 15 Liq. ph - 4 a
"Vap. ph - 1 b

3 321-5-7 700 3.86 12 Iik. rh - None
"Vap. ph- 1 b

396-57 422 0

"79-6 362 3.04 6.03

273-60 .8 - --

29O---0 620

291-60 500 13.35

292-60 408 2.8 9.29

292-W0 500 51.-90

AUTHOR: EC. F.z- ines " -AZ: ,-.5-6! PAGE 6.
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AERONAUTVICAl. SYSTEMS DIVISION
NNEW~Af~PJA M WVAW P contract No. AF33 (6!6) -81)41

Project No.1(8-738i):-Task No.73812

I. CATEGORY: liquid and Semi-Solid HE~ig Polym~ers 2- * 7-7-9

II. !YATERIAL NAME: aiL emea urebzbicazits

V. --R-CIERAL FROMr=LZ.3: (Continued)

B. Then-=m 3-sical- (continued)

Resultts of Thin Fi~i Evatmoratticn Testus 24 Ers. at Tempr~ez-tle

Code N~o. 2,,Pý, -30c 35Of, 1h0OF 1150"ý? 500Ox

299-r57 a bc d 9 h

316-57 a a b b C d

317-57 a b c d e f -

318-57 a b c d e f

319-57 b g h hi hi

ie32D-57- a b a h h h

321-57 c f 9 g 9

396-57 a b C hi h hi

38-7b d f h

7.7-61, a b d

a _b C

292-COb c

293-60 c d hi h

IEating Code

a. Very : little change. e. Diried, thainn soft residum
~.Siig-3t2y hewwierr consiszemncy H. ard varnish lie esidxj-e

c. Defi~iteVy hea-ier --=sistency ~ .Dzr b-rittle resil~ue
m~~ ez-.v-Ier czns,_szenc" - Ash or 1xzvdery residue-

AF ROR: C. E. j~ Hane a-=-: 9-15-`1 PAGE f-
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AERONAUTICAL SYSTEMS DIVISION
aaY aw NGftm'g A P w5A " Contract No. AF33(616)-8141

Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and Semi-Solid High Poly-ers CODE: 7-7-9

II. MATERIAL NM: k Temperature Lubricants

V. Ii.JNCIPAL FIOPU0 I:

C. Electrical

•he electrical properties of these materials have not been determined
by Boeingc-Wichita since such information would be of little or no value
from a lubricant s~andpoint.

4-II

."

I.=

AUTHOR: C. E. 1Eadnes - ~ DAT -: 9-15-61 PG
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' .... 2M 4OINAM ICAL SYSTMEMS DrISION:: 4WAr#AV AAA{PLW'AAAAW XVA.,i, 1WAA,•r V1)84
Contract No. AF33(616)-814.Project No.1(8-7381) :Task No.73812

I. CATZCFRY: Liid ar I Semi--Se-' d High Po2 irs _CO 7-7-9

- ¥. ?J:•3 P•L TI -

II WTEIA N!~: High Temperaturne Iabriza eis

II. YA~r tL NW

Classification of Fluid ard Thckeince7

Code Na. Fluid Type Thickenexr TYe

299-56 Silicone Lithium Soap

316-5? Silicone I;On Soap

317-57 Siliccne Aryl Urea

318-57 Silicone Aryl Urea,

319-57 Petroleum Clay ?y:

320-57 Silicone Carboew Black

321-57 Petroleum Clay Type

369-57 Silicone )kn Soap

79-60

273-60 Silicone Organic

291-50 o--re - , -arc

292-60

AED"

•~~~AU•hOR: •.. E. E-ai•es '" -- DkT=- 9-15-61 .C. ,
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NAYAAW 4WWAALW ANOWAVYAERONAWTCL 6 ".1EM DIVISiVNfl
NfAW AJFLAA~F aA9~#YContract No. j(1) 8 4

Project No.1(b-738l1)#:Taskc No.73812

1. CATEGORY: Liquid and1 se!mi-sa1id High rioyers COD.E: 7-.7-.9

131. M&TrIMM NM!4: High Tempe-reture ILubritants

VI. ~ USES:

These rnaterials are intendied for uzse inn idigh te2p-=ratir-e grease applications.
?robb~euppr ta~eat~re .i~tatonsforsatisfactoi~y bea~rinlg o-r~eraton. a-re:

Code rio. Temperat-are, !EL

299-57 300 (2)

316-57 3715()

317-57 300 (2)

318-57 300 (1)

319--57 250 (2%

320-57 300 (2)

321-5?200 (2)-

396-5-7 300 (2)

397-57 300 (1)

79-60 -350 (1)

273-60 450 (2)

2936 3550 (2)

293-60 300 (2)

(1) Te-7eraturre limit for 600. hou-s on aigh Te~,ezraturse Bea--rig Test per
FUZl- No. 791 lk-thod 333.

f2) Estizzeted fra-, Thermaplysical Properties.

AtIER: C. E. Hlaines -DATE. 9-15-61 PG )--
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A~rIWAAMIAOW nMKVAA~rAERONADTLICAL. SYSTEIM DIVISION
gg~ §~rAW AfP.W MMMMW Contract NIo. A?33(616)-8i1!i

Project o.i(8-738i1):Taskc No.73812

I* AMGMY- Liuidand Sezi-Solid Higli Pohymm-s CODE: 79

II. MIA~TEHAL INfME: iHigh Teaperature Lubricants

MI. SJP-11MUS DI. 12AE MUM:

Code No. Trade H~am Sutyojlier

299-5? U-es-lidbe G..300 C-e-nera3. 2ectri.: Co:ýani

316-57 2-U6 shell Oin Zzpamy

317-57AU-M Stindard OlCfa~

]313-65-7 Super=--a ASJ-MCf. Stan-lard Onl Company

319-57 Stazomelt. 321 Sftandard. 0a; Cozpany

32D-57 D.C. 141 Dow Corning Corporaticn

32-5 Cactuns Brand Sotol &autbeestern Netrole=r Co.

c 396-57 TG-3195 The Texas C=c.ziy

327-57 MIL-r-3545.vubiatn
Grease Sinclair Reffrsing Compami

79-60 ErHSnell Mi Compamy

273-60 HobiJtenp ;7 3=cny IWobi! Oil Ccopany, In:.-

290-60 Hri~ep 2409 E.F. Eou,-ghton and Cc~arz

134-0 ~59-5-09 -. F -Hou fhL -

20,2-60 Cse' 5-3 .F. -IIon and conapwy

293-60 Co~rolubee 520D S- F. Bug5 .on an omn

AUTHO: C. B. Faints L . ATS: 9-115-61 PG -
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AERONAUTICAL, SYSTEMS DIVISION
NaE @Now ARLAW CA SSPff Contract No. AF33 (616) -8141a

Project No.1(8-7381):ftasl No.73812

I- CATEGORY: Liquid and -Ses-Solid Eigh, Pblymers CODE: 7-7-9

II. !&TERIAL NAME: Migh Te~eratture labricants

A. HighL Tue~pf urve Bearing Lubricants, Boeing Document D33-1625, C.W. Dafur.,
0.R1. Spons2 - and 114L. ?inckn-ey., 23 June 1958.

B. Federal Test 1.eWnod Staniard EDo. 791, 15 Decem-ber 1956.

C. 3Developmmet and Evaluation off Highr Temperatture Grease-sx, WADC Technical _

Re-Dit 53-83, Part U., 5. Smkcn, Standard Oil Company (Indiana). Con-
tract No. iF33(0M,)-2368-7,, Project D~O. 30I4,. Skepte-mber 1956.

D). 67emmen-at-are iimitattions of Various Labricants3,Ben esac o
No. M-:-1-5 (in progress).BoigRsac 

b

AUTHOR: C. 3'. Haines AD DAý 9-15-61 PAGE 12.
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ABRONAUTICAiL SYSTEMS DIVISION
A~r*3EAv AfAr.L4A'5 ACIP.#AfF ontract No. AF33 (616) -8ilU

Project No.1(8-7381):Taslc No.T3812

1. CATEGOY: Liquid and Sini-Solid High Foly~xs CODE: 7-"-

3I. EMERIAL NAM~: F~-els and lacquers

A nu,-ber or er.ameLs and ]acauers; were in-.est-Agated to determine their
resist-ance to te~eratures -m to 4500? for a period of 30 mittes.

A. Mat~ef-als Tested

Gloss E-hzels, NIL-E--7729
1. M~A i502,, Insignia Blue
2. ANA i505, Ljigt Telkur
3. ANA Eý06., Orage Teflw
4. ANA i509, Insignia Red
5. ARA 511, Unite-
6. MNA b515, lc

Gloss lacquers, MIL-L-7178
7. -iAT- -f5M,TwI4 Ena Mme
S. AW 506, Oran~g Tll

a - 9 -AS? #509-, Insignia Red
10. M.I 0514, Whit;I11. MYA i5515, Black

12; M!A M64,Back

B. O~test -Procedure

The enanels and lacquers vere am-'-U- d ta cleami, ==~ rar els
,-ý--7 705ý or)&. ;lia,0 tairdIess stseel alloy,

~-S-76a, ;i 321)., aged a ~n~nof )8 hoirs at. -oom tteperatiire,
__ t~hen placed in an ove~n and held ait the designated mn~eature for

30 minuLes. AfLer c-oling, the2 7.-e--s wer~e exxmined.

A HOUR: L. R. * asam Date: 9-14-61 PAGE .1
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AggMW AA5 WA" AME ggp4 A AMERONAUTICAL5 SYSrt:-MS DIVISION
- Contract No. AF33(616)-8141

Project N~o.i(8-7381):Task No.73812

I. CATEGORY: Liquid and Semi-Solid Higii ?okyzer C-ODE: 7-"-

3:1. MAT7ERIAL NAME: En,,o ' and Laqur

V. F.M."CIPAL MFR~TIMS:

A. 1'echanical

Wnor=-ticn ims nDi- obtained due to lack of need for Boeing-Wichita

Investigation of this property.

AUTHOR: L. R mson Date: 9,-14-,61 PAGE 2
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5wfIPW A "APW3 AUPArf AEROIAUTICAL SYSTPEIS DI-ISION
Contract No. AF33(616)-8141-
Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid and said s iigh Pers COD: 7-8-6

3:II. MTERIAL NAWE: ganas and Lacquer

B. Cal

The theromp1sica properties of these eamel and lacquers are shn--
in Table 1.

The inconsistencies in the results of tie tests on Sanple No. 12
at 400F and 450-F are attributed to Tariations in the materIA and/or
variations in the test conditions.

I I

AUTi: L. R. Mason Date: 9-4-& PAGE3
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AERONAUTICAL SYSTMNS DIVISION
~ ~ ~ Contract No. AP33(616)-81it1

.1 ~Project No. 1(-31 :Task Hio.73812

I. CATEGORY: Liquid and smi-solid jiig~i poly-rm--s COE 7-"-

II. FATERIAL NAME: miamels and Lacquer

A B. 7%ermphusical

L300 350 4w0 450

1 Eha=13 InsigpUa Blue S S S CISSCLGSI

2 Light Iellm S S IG,5 CLG,S C.JIGS -

3 * ange Yellow S S LGxS CLGS CGS

-i4 3 Insignia Red S S S Cv1GvS CIL-,S

co5 Wlite APv- APJC.S C,'S CI,irS CsLG,s

6 Black a*I S S IG.,S W.;s

7- lacouer Insiznia Blue ApI' S LGjS CtWIGS CI&,S

8 * range Tellow ApI' S LG.,S CLGS C,LG-,Ss

9 3 Insignia Red S S S CAS CS
10 i~hite AP' !-,S LC-,S CLIGS Ws

21 Mlack ApI' S S LGS CIO,3S

*32 Black ApI' - jS tPJU APS

Ae ' es__ Poor * 2,-- 1e -o poor init1 aF-esim
C - Co 1 rx =-.g ~ng --i to laŽof =etal s=rface -

is - loss of cziý-'-- "Gloss tree-ment.

S - Usatisfae.=7r

Efee o 30 ..LZAUIs Exrasire at -Va-l%-us ~~rta

RAUTHOR: L. R. Mason Date: 9-11-.61 PAGE 1MATERIALS 8 PROCESS UNITýý



ARONAUTICAL SYSTEMS DIVISION
•AW 4f2L*A £flMPAA' Contract No. A933 616)-8141

"Project No.1(8-3&)70 :Task No.73812

I. CATEGORY: Liquid and Sei-Solid High Po1ymers ODE_.: 7-8-6

---

- IU. FATERIAL NME: Enaze-a and lacquers

- V. W ,CIPAL .I RTIES:

C. Electrical

Inforxtion was not obtained due to lack of need for Boeilg-Vichita

investigation of this property.

I°.

AUTHOR: L.. F. &son Date: PAGE
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-W AIAPAWAAL AMNPA;.4r AERONAUTICAL SYSVTE4S DIVISION
-a •Contract No. AF33(616)-8141

Project No.1(8-7381):Task No.73812

I. CATEGORY: Liquid amd Sei-Soid iih Pol,.-rs CODE: 7-8-6

32. MATMEIAL NAME: Enames and lacquer

D. Cedical

Inforration was not obtained due to lack of n-eed for Boeing-WiCiita
investiEation of this property.

-S

fl AWfHOR: L. R. Y-ason Date: 9-14-61 PAGE 6
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2-a ~A AAtFPA"Ar C* AVr AERIONAUTICAL SYSTEMIS DIVISION
Contract No. AF33(616)-8141
"Project No.1(8-7381):Task No.73812

I. CATEGORY: Liaud and Sei-Solid aigh Pojers CODE_: 7-8-6

3M. MTMM. NAME: Enazl and lac•uers

VI. BCa-!EMZD USES:

It is reccaended that the infoiration in Table I be used as a guide in
predicting the prodable temperature li7itations of the enanels and lacquers
tested.

V]I. SuF-FL1ES, AVIA~ ITY ND COSTS:

A. Suplers-

Ea•ial No. 5: Einshed-Yason, Incorporated
IdIford at Epworth

Detroit iq Mchigan

FLwazmel No. 3, 4, and 6;- and lacquer No. lb-
Andrew Rromi Cvqpazmy
5113 South District Blvd. --
Los Angeles, California

Euha-el No. 1: Wi. P. Fbller Company
ISission and Beale Streets
San Francisco, California ,. -

Ra=0 Nio. 2: The Glidden Compey
1099 Nadiso Avezu-
Cleveland 2, (hto

l.cq.ers No. 7, 8, "., 10, and 12:
*F•ar, Incorporated (Fornerly Titanine, Incorporated) -
1424 Eas-. zth Street
Wichita, Kansas

B. Availabilit~y

All these enarels and lacauers are currently available frca their
ranufacturers.

C. cost

These enagels and lacquers are all in the -medium price range.

AUWHOR: L. R. Eason Date: 9-14-61 PAGE 7
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£O~f'U ARPLE'F £fOUPA'FAERONAUTICAL SYSTMI'S DIVISION
U7A Contract ND. AF33(616)-81141

Project No.1(8-7381):Task No.73812

I. CA7WORY: Liquid and Se~i-Solid H 4g Polymers 2_DE 7-&-6

II. MATERIAL NAME: Fm=rels and Lacquers

1. Boeing Co any M5;terli-? s. and Process Unit Document D3-1598,
uTemperatiure Ll mitat5- of IYarking Materials (Phase I)0.

AWLHOR: L. F.. 1Yasozi Date: 9-14--51 PAGE 8

MA;TRlALS a PROCESS UNITý
ZvI



*ffEA'5~AWPAA'F£3 PlAFAIRONAUT'ICAL SYSTEMS DIVISION
8UVWM AVVdWOWContract No. AF33(6l6)-8l4l

Project No.1(8-7381):Task No.73812

I, CATEGORY-. Liquid and Semi-solid Highi Fol2yers CODE: 7-8-6

TI, MATERIA NAME: 2-zcx:__z_-~t~r-

Mn. G-MZER-L, LESMUTl'icM:

7,!- "'--ic coeti¶ws are use~d for ro~c-te -ve an-_-decoret-.-e sa-osa

the ex-.eri-or or mnterior of aircraft. M he organic coatings consists of
a i=it-i and; an eal.For inteI.ricr armoses t :h mriner alone is used
and. for ext~erior yurpose both thIriner and- erianel are used as a syst-en.

7rhe ratterisis for the organic coating arre controlled by Boeing Materiall
S~icit~n 1-15.The cn2,y restricion on =eateriazs is thate eil

used in the fcrzmuletion of the -nriner and enearel shall be oE a tvo con-
rnent ezoxy type . The color of! the wrrr a bee either off-i~iite, lIg

yellew or green- The color of the enar-el. is untintted -ifite conformaing to-
;7 511 of AJU. Bulletin 1651. Exact Di6-rents to be used eithaer for th-;e mrimer --

or ena=-l is not restricted. In geenerall, the for-maletion and specific
worpeerties viUl vary f~rcm =anufactiure to manufacture.

- -Tne epo-v organic coatings a : kplied bay conventional spray equipmient.

C. plnhcation oay oruanh or air-less spray equilment is not reco=endez..

The euoi7 organic coatings waeree develo-ned undper Boeing Cc=,eny Engineer-
ing Deelopment.1 RroPosal 3C6i, Flight Test E-WalUatIon of Light Und~ercoat
Ex~terior Finishes.

AUTHOR: C. D Czroc~z- DAP: -11-6,1 PAGE1
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ggg 7 A/mAE cffg~w~r AERCKAVIVICAL SYSTEMS DIVISO
IUMV"* AWXMWWContract No. A:F33(616)-8141f

Project Nc.1(8-7381):Task No.073812

I.mATERIAL ME1E: z-ýpworgaCnic coetings

V. FI.CLFRDMFEAýI 1-CIMM:

Since Vo sof I these eojcrapmsic :oai.-s e gi-.em a-te
~~ ~ert~e s are =I-n* i--V-atae cA-

n~~r' --cuc- -c ~ - -- i s - a aselt e - Zi S t Ciý = c

1. A~s~ -excell2ent

2H~~er s mii= _____ien-'c2 hardess of

3. Glass -ii*-" of~e

!* eather- Res'stene - exce-Ilent

5. Hi~Li7:y Resistance exce'-~ ent

SAUTHOR: C. ~) ~ -i-~PAGE 2
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ii -E~WAMPA.4' C~U~qFContract No. AF33(6i6)-81*U.

11. !FAMULAL NW4: £p~Orgenle Ccetings

-. at Resistance - cpr eratla!na1 evet is 35Ocý?.

-. 2.I~ Te~atiReiesistaui.ce - nz ovperticna1 ter-Dera+ture is

T-h*-a.-=1 la - loss off aiies= lx a r

4-



I EhMW AAVAWZ" wuANfWfr AERONAINICAL SYSTEMS DIVISION

P roject Ni8-31:akKo.73812

1 . CATEGORY: T4-T.-id andL seri-saolad Ei~i po-iymmers CODE: y-B--6

* II. MATERIA 1i.ME: ~oy rsem~c Ccmtigs

~ai~ zo a.-ai~1 zeto iac, of~ need l~r Boeing- vi

A -LHR C. D. WEE 9---6 
A0r

.--- MAEIL 8 PRC5 JNTmp



-AERONATICAL SYSse'S DIVISION
in'Os, WW AWSOUM" Contract No. AM33(616)-8141

. Pro-. oject No.l(8-7381).Taek No.73832

LqI. : Lid and Semi-solid HUgi oiopers CODE: 7-.-P6

I !-'PN Mi:. L aV: Organic Ccat ngi•s

-D. Ci cIPezl L

1. -- uid Res•is•tzce - " o - -"er,

F--; I4L-S-313ý TýYe :':]a

2. Pat Life mini_=-- cf 16 hars-

TO

AU.HHR 
-_D PG

WTEI-L 8-RCSSUI



AFMMONAUTIMA SYSIEMS DIVISION
EIAFA APAWARA" .ACVNWA~r

* -~ -Contract No. A?33(61L6) -8i41
Projei't No.1(8-73131) :T-ask No.73812 1

.CkTEGMY0 Liquid anid Sen-solia Riga CODE:s 71-M

II. ?FATER NAME-- Empoy cr,-5,eic co-stings

Sirce e~oay arganlc cca-tings aF-e more exlemnsive thzn th.e usul y-e
cf argaic coating, usee is only~e~ f'- cx otcinasalnst severe
envir~enrlts.

Cost of the zrimer en-1 enar.-ei is týhe same amaL is eýro3at.y~ 5Z per
Mimed (basee Cccponeent -plus cetalyst) gallcn.

Eý=7y orgmzic ccatfrgs confarmixing to Boeing Metermia1 Sipecificeticm 1.0-15
azre cvami:eble fr.- t~he fo12.ouing medint mnufacturers:

Los,= Angeles, California

2. mnrew Brown
irving, Texas

v. . Fuller .==m

Lozs lxge3les, California

A. Boeimng !-%te~rials Specificeticn 10-15

B- -~i -n 306 -v~ - Test

AUTHOR: C. B. C=ý1- W-TE: ,-L-~1, PG 6

MATfERIALS 8 PROCESS UNITMME~



AERONAUTICAL SYSTEVS DIVISION.-- AV • Contract No. AF33(616)-8141

Project No.1(8-.7381):Task No.T3812

I. CATEGORY: Liquid and Semi-Solid High Po]zers CODE: 7-8-9

II. MATELTAL NME: 'Neoprene rga-nic Coating

The neoprene cwating described herein is ccntrolled by =-C-27315 which
specifies a Priner and w'.hite rain erosion resista-t coating of a solvent
dispersed elastomeric tpe suitable for brush or spray application to -

plastic lazin-tes. The pupose of the coating s ___ is to protect
aircraft and nissil exterior plastic parts from rain erosion and therml
radiation.

g n ange Proposal 939 czanged the rain erosion resistant coating
for B-52 exterier plastic parts from the non-ther--- reflective KLC-7439
coating to the thermal reflective I:]-C-,27315 coating. The topcoat of
the sole oualified source was unsatisfactory for spray apul;icaticn due to
excessive viscosity redaction of the package rnterial to elhicnate cob-

6 webing. Prelixinary work indicated trat an entirely different type of
thinner was required from that recoeended by t-he maimfacturer. Thus,,-
it was necessary that an appropriate thinuer be found and also that the
performnce of the system not be ipaired as a result of deviating frm
the -ranfacturers r viscosity redaction procedure. This mark
vas done under Boeing-Wichita Job Report F-2-189, Investigation of
)UL-C-273315 Ther-v337 Reflective Rain Erosion Resistant Coating.

AUTHOR: C. D. C-roek Date: %-13-M" PAGE I
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-WASEW AMARA" ANURAWAV EONAUTICAL SYS• DIVISION- rA-L £Contract No. Ai33(616)-814l

Project No.1(8-7381):Task No.73812

-. I. CATGORY: Lia.-d and Sei-Solid Hig& Pa._ers CODE: 7-&-9

- I

II. IMArIERI NAME: Feoprene cr-anic Coating

- .
V. Mr-•CIP-..L FRCP M : -

. Adhesion - Exce1lent.

2. bitter resistance - Excelleat except for yellowvng.

3. W-eather resistance - Exce!!ent except for yellowing.

4.. Visccsity reduction - There is no kno m tocoat ti=-er that vifl
prcvide both cobiwebb elimination and
ado-,upte film build v-itboum sags. The most
satisfacto-.7 kmab viscosity reduction
prccedure is a 1:4 RpD to 1:6 reduction of
topcoat at package viscositqy vith met1l~
etnyl ketor.;. At. this reimction =rmdmtýy
125 coats ar re•-•ired to obtain a 10 mil,
coating free of sags.

-AUTHlORi: C. D. C~o'Date: 9-33-61 PAGE 2
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AMWONAUFTICAL MIBBIFIS DIVISION
3NEI~ AUPAA~F UM P WYContract No. k'233(616)-8141

Project No.1(8-7381):Task No.73812

I. CATEGORY: ILqU.d and Smi-Solid M~ih Polymrers CODE: 7-8-'9

II. )XATEIRI AM WE: Neprn Orpade Coating

B. MTher-mmlyksical,

J* Ther=-Zl Snaock R~esistance - Ta-coaing system suffers no lo)ss of
adheionupon rapid cooling from 140OF

to -650F.

AUMHOR: c. D., -roc:':'y, T!,,te: 9-13-61 PAGE 3
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-I.
,A-" EONAIIJCAL SYST!'!S DIVISION
fffEIAvU , 4A'5 £WA, iP.,,e Contract No. AF33(616)-81i41

Project No. (8-7381):Task No.73812

I. CATEGORY: Licuid and Serfi-Solid Hi& Polymers CODE: 7-8-9

II. ATERM-AL ,NAE: ecprene Organic Coating

V. FFMICIPAL PRMTE:

C. Electrical

Information not available due to lack of need for Boein&Wicbita
investig-tion of this property.

co

- I
t

AMTOR: C. D. Croori.4 Date: 9-!3-61 PAGE i+I MATERIALS 8 PROCESS UNIT



AER0NAUTICAL SYSTEWIS DIVISION

-" - Nff�EiiAW ''-VM. Contract No. AF33(616)-8141
Project No.1(8-7381):Task No.73812

-I. CATýGORY: Liquid and Sad-Solid High P',-vn-ers CODE: 7-8-9

"Il. MATERAL NM: Neoprene Organic Coating

D. Cheica!

-.. Aramtic Fuel Resistance - The coatiug system is resistant to
aromtic fuel.

o'

AUTR(I: C. D. Czoký, Date: 9-a-3-61 PAGE 5
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EY~Ar~jA 4 F RAA AERONAUTICAL SYSTEMS DIVISION
- - ~Contract No. AF33 (616) -8141lPrjct No.1(8-7381):TaskC No.73812

I. CATTEGORY: Liquid and Semi-Solid, High Polymers _CODE: 7-

Ii. mATERIAL NAYAE: rieoprene Organic coating

Vi. BLEWDI) MSE

Nonne other than that specified by iffl-C-2M35.

VII. Si~l~,AVAUýMM1T ANT COST:

1.. The supplier of the neoprene coating investigated by The Boeing Cozmpamy

is given below. This neoprene coating is curenr-)7 available.

Gates Engineering CoqpaW -7

Wilnington 99, Delzaure

Gaco 11-l8 Priner (Red Color)

Gaco N-5-5 White Ineoprene Topce.-a;

2. Cost:

a. Primer $14.00 per gaflora.

b. Topc.2st $11-.50 per galloni.

1. ~L-~2315,Coating S-.ste=-. Elast-meric 7her-afl.y Reflective, Rain

Bros~ic Rezsta~t and- Antis.ttatic, ?or Aic aftmd 1-assile Exterior
Plastic Faets.

2. YI-M--74-393, Coating Sy-st~e=, Blastozeric, Rain BrOsimw Resistaft- and
~~~F ~ eatn ib;e-ttcTet , for Exterior

-Airz.-f and Missile P=Lastic pae,.s.

3.Boeing-Wichita Job Re~tot -- 2-18e, Investij.,aticn of MII-C-273l5
Ther~al- Reane&cti7e Rain z,_os~in Resistant CcatiLg.

AUmijR: C. D. Dz~' ~ Iate: 9-13-61. PAGE 6
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AVA"MA AAFJWAV~ 4CUMAAAWAEROAU~lVTICAL SYSTEMS DIVISION
jftvW-AContract No. AF331(616) -8141

ProJect No.1(8-73831):Taskc No.73812

I- CATEGOY: F'ibrous and Filaxientary !aterials CD: 8-8-0

I.I. KAPTERIAL NAME: Investirmtion of Fabrics f-or Lint-F-ree Condition

T?:e object-'- of th-is nrog-ram- was to investigate 1methzdIs to decrease tshe a-mount
'1 1- '-hi e -ntrn- tuhe fuel :system byr controlling lint ro-euction of uniform-s

- - izrn y t-ersornnel.

-t -as f oun- trieat Un'- accounted fo- !a -ge- anount. of the fuel con'taninattion
2-n the 2-2.This ,rogra, h-kas in~..±-atLed in an effort to dete-rumin the lint
sheddfing cln-racter-2stics of cotton and s~ynthetic gax-ments,, and to deternine
means of decreasing ;-the anitof lint produced by t-hese3 ga=.ents.L

I-

AUTHOR: Y. P. massi-ons XATE: 9-13-61i PAGE 1.
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IEONAVUTICAL SYSTEM'S DIVISION
2#fi'~ A~FLM5 £meePA'FContract No. AF33 (616) -8i14

Project No.1(8-7383l):Task No.73812

I.* CATEGORY: Fibrous zund Fila-menrta-rv iaterials; CODE: 8-8-0

TI. PIATERI AM WE: Investigation of Fabrics for Lin't-F-ree Condition

V. PRUD21IPAL P201H.i""U:

A. Ke~z~hics'

I-e fo-lo-ring mat-erials tabula'ed in '-heir order of lin't suppression
effectiveness:

Strxength Method of
Trade Chemical of Ap:)lying

Order K=---e aZm 1auacir e r Sdhution 1Katerial

A EŽvanol Polyvinyl DuDont L~ by ti--t. Test raterial
..=Ger i--aersedi in

solution

B Revlon Frot=;ietary Revlon, Ass R-cgd. Meteria1 app--
HEzi SDr8a CceicIn. N.Y. lIIed by ra

from nressur-,
ized container

C Y~thoel ewhy1 Dow Ch. 1% by l~. est mate ial
Cellulose by -. wt er i~ersed in

P riali:: Acetylated solution

-7-esuppnorting data is sh~o-,n in Ta~ble I arr: II as weU assh-
igu~res 1, 2, 3 and 4.

AUTHOR: ~.P. '--assion-- DATE: 9-13-61 PAGE 2.
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a~w~r A PLA'J ~AERONAUTICAL SYSTMI4S DIVIION
~ ~ Contract NfO. AF33(616)-81411

Project No.1(8-7381):Taslc No.73812

I- CATEGORY: FiTbrous and Filamentary !1aterials CCU&E 9-8-0

II. MATERIA NAM: Thveetization of Fabrics for idnt-Free Condition

V. FRUJ2-IPAL PQETl:(Continued)

A. Keeranicsi (Continued)

0o~ .0= 0J=S Avwev wevi Awz.Uid VmI
(See - uAs rm fc (So tst Tm for

l~s 1mm 1, bigi soigt ,mZ
psiticiss Of uXI~ apv-oil

Nenwbeal% 35GZ D.JU% usterlo I~re

__ moee-21 %t. 1stm be to., stiff for
Letbocal. 5% 0-M"& teete far Peiswis to pesuri to ~

Pblj'm Ow 3M) O.03R 0.0=1 ast 31s±il1- ispo11, MW1 vw!*
so porticies or G4in 1AZ

stc Uaiiti) 21 D.W7 0.0=7 F-ty 2!L- iapiasdt, Newsty 211. depost
wdpaticl.., of t~usa-46 CC es

u12- mtoa!41L42 ple. in no-ao

G~~g ~~ steiont32. Nvmateel laay
3lw==i is o-MD2 0.001? zoa =fsiel is-=. *&!W-a1 -' ox-

sela=-&r Sxw 0.1025s omae~ mizz do=*agod, seen lint do= =@4
Portia" CC iss

ustee.a1 peio.w - of ad- mtine-ai

zr- VU-Mf

-SO A SiIz2* v.64w s21#22 leow

0!a E -cdO.2 0.0= the- wear . zb ww .

C~ wt.t suap ye =eI - -x tesSte 4!2 to
Z- 0.c167 om Tsted WLbd *s wicm .

6 - ew =ee-s! absod 3meI~t~ d=e to -C== C: the S!1 m..r--ai
-vs, w.rti 0"" esbm was ew to the 0!e~ o~fr 3! t1 .b -*-

QL-.7r]. to tbe !--- depmrsi?.a mse zeeSt a e=& Sb=M a =e. r~eu '1

z!=a~s to -rz"Zuto be cmte=d fro M =0 a: ithe 2L- X7aIxx= miazaas.
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AERONAUTICAL SYSTEMS DIVISIONAvWAMW AAUJPW3 £N PVAWAAY Contract No. A?33 (6i6)-8i14i
7AW - -M

Project No.1(8-73851):Task No.T3812

14CATEGORY: Fibrous and FiLaetr tril COIDE: 8-.o-o

nI. MASTRIAL NAME: -Inve-stigation of Fabric for Lint-Free Condition

V. ~ifBMPAL PROP3RTIES:. (Continued)

A. lx-chwicancl (contlimed)

RELATIVE LINT PRODUC.iON -

OF SPECIAL FABRICS

z-

0~

z

:3-4

hi

FIGURE1

A~flI W: V.P. Kassions 1?:9-13-61 PAGE .

mwýMATERIALS a PROO'7TS UNIT
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AERONAUTICAL SYS7EM4 DIVISONN
~SW AfL~ffE R~hW ontract No. AP33 (6i6)-8iZ#1

Prc~~ec~ NO.1(8-73811:Task N.31

I. CATEGORY: Fibmus an Filta'-entwry xater-ials CODE: 8-s-i,

II. ~T~IALNAME Inestgation of Fzab--ics fer Idn't-Free Conmiiion

A. eeh--cal (continued)

FABRIC CONDUCTIVITY 'COMPARED
WITH COTTON

0

a amNA

4 6

0 A~

DACRON 1601 BLEND 1600 BLEND DYNEL_

FIME 2

AUTBI: ;. P.sssons 9 c1'c PAGE
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AERONAUTICAL SYSTEMS D)IVISION
ugamw WMAW ~ ',,Contract No. AF33 (6i6)-8i1&i

- ~Project No.1(8-7381) :Taslc No.73812

I. CATEGOY: Fibrous ard ?ilammentary iLterials COWD: 5-8-0

3:1. K&TEtIIA NAME: Investigation of !c of i5Fe Condition

V. If= APJL P TE:(Continmed)

* ~~A, ~caia (continued)

CHANGE OF CONDUCT1VIY WfTH WASHMS

IIAL. SIRSM REPRESENT

COMMO DINEL DACORf DAMRO Off.*=

AUTHIW:- V. P. Ia-s~ions 3~~~ -61. PAGE 6.

MATERIALS 8 PROCESS UNIT



AMZPAWIPPZA4W Xg~&Ar AEROIRAITICAL SYSVEM DIIION
avmWJWcontract No. A?33 j616) -81Al

f-roject; No.l(8-M3a):Task No.73812

I. CkhEGCPtY:. fitbres a;4 Filamfllt-=7 X~ft--ia-- CowE:880

11. OffiERIAL NAM~: luvestigtion of Rabries for Lixgi-Free Cnwditiora

V. PEOUIrcIAL ?O~?3 ~±&ud

P 'RCE,%"T (#W TREATMENT LOST
IN FIRST AND SECOND WWAZN6

Ii .

AST'*ON NEUTROSTAT NURSA
106 A

Aflk~iO: V. ?.isi~:D=~ PAGE-e

MATERIALS 8 PROCESS uirn -
12 -L.



4WMW .ENWCALW Ue ' AERONJA1TICAL SYSTEMS DIMIION
- - ~Contract No. AF33 (616) -8141&

Vi Froject No.1(8-73481):Taslc No.73812

I- CATEM~YO: Fibrous and Fflam~ntary baterials COD: 8-8ý.0

II. ¶ATMIAM NAMF: Investigaticm of Fabrics for Lint-F-ree Condition

* - 7. I2~ZF 1LTO~7~S:(Continued)

I A. Keeczaics-l (continued)4ba oA2d wdlwm wsaep es uwas
so ENS~~ma ~

- In

3 --ud "On-

331 sbmhqdm go

35 m 4*8 in m S .

an;S~~ ~*30A oi i
23 3w Udas

39 is in I"~~
30 ~1 30 8wa~fs

0 * m.1MI s) afgm
In sm .. at-a bw1aIao .1Ld mc l m

AUflHM1: V. P. ý:assions . 9-i3-614 PAGE B

MATERIALS 8 PROCESS UNfIT



AWinRW AAW~A*WA AEHONwr CA SYSTMS DIVISION
- - ~Contract No. AF33 (616) -8i141

Project No.1(8-7381) :Task ND.73812

I. CATEGORY: Fibrouis and Fi1 azntary iYate-rizas COM: 848-0

.U. MAT!ERIAL NAME: Investigation of Fabrics for Lint-free CondAition

F. P3DIPAL HRU0?.27M:

r. he0Dp-!vsi cal

In-'o=-Ucn nao. av.-dable due to ]ac-k of m-ee4 for Boein&-,ýichzitals

imveetigaticn of t bis pr-operty.

AUTCN: .P.rass51ons 9-3 PAGE 9.
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a~a~in AERONAUTICAL SYSTEI'S DIVIION
- -Contract No.- AP33 616) -8141

Project, No.1(8-7381):Tank No.73812

1. CATEGQIY: Fibrms and Filmaxmtar,7 Laerials COME: 8.-"

11. MATERIAL NAME: Investigation of Fibrics -for Lint-Frse Cmrhition

V. Rf~PLPP~IS

C. Electrical

In.-ormt'on not available due to lack of need for Boeing-l-icbitals

investipatio!3 off this property.

AUTBGR: V. 30. Xassians 7 Z: 9-i3 ~ PAGE 12-.
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AMAAW ~ AERON&I7IICAL SYSTEMS DIVISION
* - - Contract No. AP33(616) -8iJ~i

Project No.1(8-7381): Task No.73812

I. CkfflGQItY: Fibrovis and Film~neritz 1laterrials COIDE: 8-g.-O

II1. NAMMIA NAME: bive-stigatiorn of Fabrics ..o.- Linnt-Freae Condition

D. Chetdca1

Infoi-mtion no'. availab1e- due to lack of need- for Boe-in&-4'chita's
invesetigation of thiis property.

AUTBOI . ' isin M-~ 1-: PAC

MATERIALS 6 PROCESS lr-
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ArEI4YW AIANWA4' £URPARAWY AERO'NAUTICAL SYSTEl-lS DIVISION
Contract No. AF33 (6i6)-8141
Project No.1 (8-7381):Tasc VNo-73812

I.* CATEGORY: Fibrous sund ?ilamrzentary !:aterialis CODE: 9-3-0

II. IMATERIA NAVE: Inveestigaio of Fabrics for Lint-7Free Con1dition

E~xnoG rade 50-,2., recaoended feur addition to cotton ~rcte=tive el-o-t-him,
.he strengl-h olF tz sohftion be-i-n orze --erc:!t by meitt Ln -e=-7er, ap;:lied by
-'tersjon in th-e solution. It was furth-e ro-ne tat. when newc urniforms

are ordered, that tUe cotton oye-a- be replaced b7 stntettic dacron.
blen-d ;FL60C( f~ambics. This remoe,.ation IS SU~r'ort-e-a by Table UI ani Figre
1, 2, 3., and 4.

VII. SUPT!EE'.S Jf)TZRAiE HAIMS:

Dacron 16001 Fabri-cs .'ram l~or-klon, In~c. aleutlrostat 3fl
6253 ii.est 28th Street Thm Simnco Company

Niew York 1, IFew York Lansaalle, Pennsylvania.

Dacron Blen2d- f1600 - !i.F. Cgd~en Co. ?oyvn --coolm
ERnire State Biildingg Elv7.anol Grade 50-4-2
New YorkI iei York: Z. ... duPont de1Zemurs Co.

A. 3oeidng-'`ichita Krmffacturiin -Research Report 67.5, 'Idn'tiess Fab-ric
Clothing vs- Present Protective Cllothing., Gaoprative Evalluation.'

AUMhOR: V. P. Kassions 3-E 1-36.PAE32
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N3ff,&MAW AUAAWAR 'F XVI.,~ AEROINAUTICAL SYSTEM~S DIVISION
in~ Contract No. AF33 (6i6)-81411

Project No.1(8-7381):Task NO.73812

I.* CATEGOY: Composite M~aterials CODE: 9-2-1

II. MATERIAL NAM~E: Cer.-=-ic Z-a.ze

The dl~ztv of thi 2rosrs vas- .o-ez.-ae za p~z=2,- c it ofs0
cer~--:-:c ~slyniv7-es Emd brz a 'lloys for metz! ro metzl -o. su-:t,-- le

~f I -Ar S -e t. elevetec. ter=pertues.

The - hi I ezC:rht %I use orf cexazic zztueriells for iarmous a1cations res
cezaac zd'--sives a logical retz~ai- of bcri,,; struetures subj-:eed -vo servi-ce-

tev-eratures in exccess of the 4309o-. =axid use teeaueoz- or adi -
hesi-ves.L

Ufmortummately, the ste~hand ductti"'lty of exist~ing cerez~ic aThesives wxe
rot, cc==,eble vibth the co--etztiv-e =e-hod of bonding -umica -is brazing.

A disadvantage in the use of brazinfrg lies in the fact that- protectiv.e atros-
ubrzu-st be uased to ureventt the metpal fron cioedazimng.L

it v'as uroucsed. tnat br-azzin; zallys lbe ccorbined v.ith ce-ran-ic adhL-esives.
1-t was felt taet, t--e cerami ieie -w-.' 1 -'-w~ei-ent. oxidation of the basee
=etal, zzmr. the b&ndong chparactteristics of the thei- coumled jith- the
c-~-m= abf-'t amd ___ilt -,- trhe -,-aze raterial 'muldd mrowice a han-
ihen fired 3n -airiich -im-u l su-mriar to tte cer2=--c ad-hesives rpre
in the ituerature.

AUFTHOR: j. B. laitney kllt; muuZ: 9-21- PAGE1

MATERIALS 43 PROCESS UNIT



I.________ostex-tria CODE: a-2-1

II. .A-TEPRIAL NAME: ceranic Braze

FRMlCIAL FROFEESI:

A. N~ecbsnical

1. -Roam tAer.--euw~ie lap sheer s-----bis of cer-a-ic Saffisive- Sibvaloy
1-afterz IM) ntb-s emios=-e to saz.t siraj;ý test (1MSTDi-2D23,

M~ethod 102IA)

Sit~.(~ Salt S~je- Ez Mpossure) 100 3C.Ur sSalt spra

Smeeimm Ro,= -xe=.. lap Smecimen Room- Tezp. Lan
4 Shar rreýtý (psi) E.-e-= Sctren- (psi)

1Z4,300 1 2,ý4
223,125 2 2S,107

3 2,4, 3 C-,30
Aeae25,51=30 Av. ragge 24,916

2. S-ee Section B for- 4 tanl=eba-al ro ties.

AUTHOR: j. B. vaitaneyV~ "M: PAGE
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ArARM0 IAWFAAV£rAVPANAAA AERONAUTICAL SYMMES DIV7ISION
3#Et'imf"PA NEWVA Contract No. AF33 (6i6)-Bi4i

Project Wo.1(8-7351):Task No.73812

I, CATEGORY: Cc -. s±itve Rateria-ls - CODE: c-2-1

HI. MArTERIA NAME: ceremAc 2-raze

_-E:vae~e tereratire-- ie271,e str-embttns o-- A-ý allay bandel~i~

ce~i di-Msi'l-SiValoY =d m-6.,; alloy co tion.

Ter (S.)Sa=Dle L= SGiear Strength (p3si)

Roc~1 f4~,000

2 26,LJ70
3 2S, f-9

250 i 20, 411
2 21,-70
3 n-

A---ex a e 22,9103

500 1 P 1
2 22.612

750 1 91,718
2
3

A-er~P ,932

3

AMTOR: J .ty p- 2: 1' PAGE
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ArAMMK9 EAFA 5A CA hP'AA AERONAUTTICAL. SYSTEMS DIVISION
-- 24~UContract No. AF33 (6i6)-8i43.

Project No.1(8-7381):-Task No.73812

I. CATEGOY: Cc~posite Meteriais CODE: 9-2-i

II. 1FATERIAL NAME: cerz~ic Braze

V. YFMA II-CIP! =F-&EES:

Mafcr--:ic --t ela12P- rble du~e to acl off need for Boeing -Wid'nita' s

- I nveti~a~ngthis 2roverty.

Au -h: J. s. zatm2;'-,r~ P--~AGE -

MATERIALS 8 PROCESS UNIT:ý
~ 2&9



ff357VI AXIWPLEMF 4CV~ A if AEONAUTICAL SYSTEI4 DIVIION
9.WA,* AwWO Contract No. AF33 (616)-8i141

Project No.1(8-7381):Taslc No.73812

CATEGMORY: Compo-,sit~e I'ateriais CODE: 9-2-1

II. M4ATERIAL NMAN: Cera-mic, Braze

V. lFflKCr-AL ~~Is

D. -Iemidcal

1. Ce-rpmic Adbes~ie C~sto

a. fpit Rav. aatch CompoJsition

Powered Quartz 68
Sodium 1Uitrate 6
Sodimr Carbonate 17
Calcium Caitbonate 2
Boric Acid 185
Sodi=u Silico Fluoride 5

Sneited. at 23100 0F.

Frit 100

cr Oxide 41
Water V

0.2 01

2.4

AUVhOR: J. B. iiPG
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AERONAUTICAL SYSTEM'S DIVISION
NREI'U A2PLA'~ ~Contract No. AF33 (6l6)-.8i14

Project No.1(8-7383l):Taskc NO.73812

I. CATEGORY: Ccmwsite 11fate-rials CODE: 9-2-1

II. MATERIAL NAME: Ceramic Braze

Tis method-ý of bondin iol be ussed for honeyccrb sanawich larbrZ~~
sruces,4 &n thez- metal .oximig 1problems iiere st.r-uctural. aihesives

c-r brazing6 vould be suitablIe. Mie ;present stat.e of the reseaea-c m this
~r-oje-ct does not mke it ready for r~easEýe as a pi1ot plt or cato
rpooess.

'17I. SUFF'1 =- AMD TRAI !it}:

A.Brazing Alloys

1. Silver-Base Alloys

Mmlny anid BHer-m Emgemlbard Industries, Inc.
~~~5~ Fltc Steet231 rien; jersey R.R. Ave.

llew Trk 35, N~ew Y=-t, N~ewark, Irev Jersey
'Lihorae_25w 'Silvaloy Fd 645"

'%ilvaacy 12 iloon

B. Avmailaility

Silver-4base a3lloys- availablee as foil, strip and -p-meer. Ceramic
adFhesives vould h-ave to be smelted in own labaratory or byparcela-in
ezpanel frit. nsirafacturer-s.

1. BAC D-c~n D3-309-"Cerc-mic AT-esivwe Systems"

2. BC D mu~m-1 1,3-37'44 -ac Adhesive Svst e=s3

AUTHOR: j. 2. ,.ntumyvi'Duum: ?--~ AGE-
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RA VA C AVP& AF CE A WA WIM0 IEONIAUtIC L SYSTRM DIVISION
66 .p A A Contract No. AF33{616)-8141

Project No.1(8-738l):Tazs. No.73812

I. CAEG Y: C posite Material CODE: 9-7-1

II. •AE•RTIA NPE: Epon 828 and 1&3 ".ss Frabric a.minates

SILE. =-----ML DM 3MTI0.:

The data prtzented herein covers some fatigue prcperties of Epn 828 - Tonox,
Style W43V glass fabric laximtes.

IV. DMWE -METAL E&CKG1iD-

The fatigue data was developed soecitically for apnlication to design of
a 1/2 scale model. The scale model was desined idth all p -A construct-
ion to duplicate deE ecticris of a full-size all. metal desip.

A1UTi: J;. Kit= 34 A.•--st is.1 PAGE 1
P" " • U MA•TER'ALS 8 PROCESSU/T



S"AC ~A~i10WAUTIC.L SYSTS DIVISION
"2M' Contract• No. AF33(616)-8IQ

Project No.1(8-7381):Task No.73812

I. CATEGORY: Ccw~posite Yaterial CO"E: 9--1

II. .XATE.R-A4L NAME: Epon 828 and 143 Mass Fabric Laminates

F-V. iP3.ECIP4 L .-- ,TI•S:

A. Yechanical Properties - Fatige

lazina-te Preparation

AU -lamnates were preared by vacwmz mg void-free techoiques and
post-cured three hours at 4I00F. tesin composition was 26.5 parts

* ~by weight of Tonox to 1.0D parts Bpon 828 by weight. Each Uniniuate
cc•sisted of nine nries of parallel larated 143V glass fabric and
two plies co !0. glass fabric en each face. The 108 glass fabric
was laid up as semm belo

Warp of 9 plies 143 Fabric

WarD of 2 mlies 108 Fabric c; each Face

j ~Test Proc~edams

- Static abysical strenghs were det-ermird per LP-46b. Fatigue
-- specinews were tested in Sorntag SF-1-U fatigne -- chines. Photo-

4C I FJA.-14566 and BA-14567 show iriecs of the test set-vp,. The
first fatigue smecimen (ito. 1) had a test section width of 2.0) inches
and a grip section width of 5.0 inches while the second spe -i
(No. 2) had a prip width of 3.5 inches. A two inch radius was used
for trazsition from the test sectdcn to grip Thscticn. T e s.- -iws
are show in .hrtograph FBQ-19762. The re-aininE speci'.rens contained
an ellimtical test section having a znin-= width of 1.0 inch and a
grip section width of 1.998 inches. These specimens are sb in
"photoeographs ZI±-1,L.29 and Rh-190763. 3.zim. stress levels used in

S--cncucting the tests ranged frcm 30,850 psi to 55,500 psi idth a
=a~xiV to minim stress ratio of 0.62,

AU'THOR: 3. Ejtjp 14 Augast 1961 PAGE 2

-~MATERIALS a PROCESS UNITý
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MEM, U AWP W Czr~AAr AiB0,1,A;UICAL SYS'MS DIVISION
VWW, A M Contract No. A?33(6".S)-81il

Project No.1(8-7381):Task No.73812

I. CA,,--GMOiY Ccosite Materba CODE: 9-7-1

--- •!I. F4A1 L NAIM: E= 828 and 1W Glass Fabric La-inates

, V. FP_•CINCIPAL_ 1-,-U ý- : (Contim ed)

A. Ynechncal Properties (continued)

rest Results

Specimn n=s*er 1 and nczber 2 failed in sbear beginning in twe
radius and extendinE into the aid fi.ting. These failures are sbo•
in photograph 4-1 i7762.

Failw-e of the elliptical test speciUms apeared to begin as tensile
failur in the test secticm and tnen Dmogress as shar into thE end
section. Tnese failures are sowna in photographs Bi&-lA129 and
St-19763.

Failures varied frmc 1000 cycles at a wvnnm stress level of
55,500 psi to no failuree after 50,,000,000 cycles at a mximam stress
level of 30,850 psi.

All data is presented in figures I t•rough 5.

AUTHOR: J. Eltcn14i Auhst 1•61 PAGE 3
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ANNOW AWJAAIW &ISIW&VAERONAUTICAIJ SYSTEM~S DIVISION
AP&EW £~~~rContract No. AF33(616)-8.1i$

Project Nlo.1(-7383.):-Task No.73812

I. CATEGORY: Com~sit~e H~aterip-3 CODE: V-7-3

II, NATERIA -N&VIE: '-` .2o an~d U0~'.- Fabric ijte

AIYTHOX: 14~ ~ Aus-wit 1~961 PAGE i

7 4?MATERIALS 49 PROCESS UNITm



AWNRW AWPSA~rlesWA"AMOMAWICAL SYSTEMS DIVIIOII
~~ Con'act No. AF33(616)-814i1
- ~ProJect No.1(8-73A-1):Task NO.73812

I. CA¶TNMY:. Ce~oq ite maerial CODE: ~-

It. MATERIAL NME: E-m 828 and iik3 Mlass Fabric L~ammtes

'TOR J.aton14 usms 19PAGE 5

MATMMALS 8 PROCESS UNIT
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wý AAV*WAA AL ANIONA1YIICATL SYSTEM DIVISION
~~ Contract. No. M 33(616)-8il14

'Project *No.1(8-T3&1)-:Task I'O.73812

I.CAI!EG(Yt Composite Material COLE.- 9-7-1L

TII, 3IATEIRT NMJ: Epon M2 and 1143 GlAss Fabric iamdnates

AUTBC~I: J ~1 4mJT H5..17 4  PAE
214CCL S~t16

MAEIL41POESUI



W E~4A 6 AF A~ONUTCAL SYSTEMi DIVISION4
- - ~Contract No, AP33 (616) -81Iii

Project No.'1(84T38!)e.Tazk NO.73812

I . CATEGMY Cmo~psito Natrial Cma~9--

11. I1kTERIAL NWiE Epoul W and 143 Mlass Fabric tmk"I-tes

14kt11
MoToRIAS 41 PRO CESZS UNrIT J



AWWM AAWWAW AWNAWA~rAERONAUJTICAL SYSTEMS DIVISION
A6W ~tAA £SPff~' contract No. AF33 (616)-81'41

Project No.1(8-7381):Task No-73812

1. CATEOCEY: Compsite Material CODE- 9-7-1

lid, MATERMh NAME: Ewn m2 and 143 Glams Fabric Lamidats

-tzI

AUTH1r- -4 Etor.J 14 Alugust, !)61 PAGE 8
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ArAWAVP fAPAAVA MAUAAWAERONAU-TICAL2 SYSEMSM DI VISION
fffZY~AA~PLA~5 ~Contract No. M133 (6516)-8141

Project- No.1(8-7381):Task No.73812

I.AT CATEGORY: Composite IHateria1 CODEE: 9ý-7-1.

II. F-ATERIKu NMA: Epon M2 and 11.3 Ma ss Fab~ric L~znate~s

1 12n5 2.00 A0 25,00 i 5,85D 5,6CL2,000b

2 im2.0Z sun 25I(:t %65 5,8IO

*-3 32D9 0.58 X"'? 25,000 i 5,83D 5D00O0600 valsw

5 161.15 350M !, 419 =j=

6~~X 3%155 *3 4U~ ~ 293D 3,G&,0

1.2215 1.00 1 9,=W0 2W

a 2M9 1.16 V*% AtC,00 it 9,W 22V0=

2= . ADSC0D ± 9AW0 65,00

3=.15 .0f 45,=0 i !D,53D 1,00

u1 2=t 1.15 sm 45,000 1 10.5'm 1L,0

lm.ltia tle us temainUa =d Um tpnsad ansb iet the ma Z ttl~e we.U

AUPTHOR: j. -- t Ff-11 Augu~st 196! PAGE 9,

MATERIALS a PROCESS umr-ITý



5gEIAW AWPAMAR F AC~W~PAAY AEMONAUTIICAI 5 SYZ-TEMS DIVISION
surga" ANRAWIAWContract No. AR-33 (616) -8!1i

ProectNo,1(8-7381):Tiask N-31

I. CATEGOY: Cmoapsite Ihaterial CODE: 9-7-1

1-. XWEMM NALMAiE: Eon. M2 and 14-3 Glass Fabric Laminates

L:

-f 1

I- uiIi

I __ ~ .

!Ml I I

AUTHOR:_J F Mr- iH ~121 P AGE 10

14 kifust 1961
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ArAFZfW ./PP A ME" £W&APAVY MOATI SYSTMS DIVIION
Contract No. AF33 (6i6)-Sil4i
Project No.1(8-:381) :Task Ko.T3812

I. CATEGRY: Com~posite YAterial CODE: 9-7-1

II. MATERiAL N&A!E: Epon 828 and 143 Glas ?-abric Leardates

M I

4J

ce- z

4L4!

+H4i

AUMORI: J. Mu l ~u ,Sst 1c,61 PAGE 11

MATERIALS C PROCESS UANIT:J t



ggWyvP *AAR"r p q. BNeeWew AEROIRAUTICAL SYST-EM-S DIVISION
7A S contract No. AI?33(616)-81141

Project No.1(8-7381):Taslc No.73812

1 . CATEGORY: Cornposite Material CODE: 9-7-1

II. yATERIjAL NAM: Epofl 828 and 3.43 Mlass Fabric Laninates

il M I ! i J! 1!

ili 'Ii

rI -:. 1 ~ * .

Cif 4~; 4 U 7 ~It

___ ___ __ __ ___ __

HiGE 4g
AI~hOR: . E~4~nJ 14 ~ustl9&IIRVG

ZS3~~~~~ MATERIA RCS ~I~



Ar m AAERONAUTICAL SYSTEMS DIVISIONol AARPzAA'B •O•'U.' Contract No. AF33(616)-8141

Project No.1(8-7381):Task No.T3812

I. CATEGORY: Co-posite •aterial CODE: 9-7-1

"II. KATERIAL NIL-E: Epon 82B End 143 Glass Fabric Iar,ýinates
II

miXn cuw~

spc C=. . "pm l• u C, Tw• icu- °d
F-0•. U0. Q) Q" has•r I unne

iS

22..16 1 317 :1-.2:Z=- :!16-63M 2-5728 1--1,26 :).7_0 0.2M 28.4,
-~~ 1 23 z.. A--:le.-'76 2.61.6,18.8313 0.7519 0.M3 28.8

ii

- -

12xi=A4 1216

75

69

73 L___
73
73
75

I75

Ei-ce FICiRE 5

AUTHOR: J. E.ten 14 A.gust I961 PAGE 13
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Arf",W A4AFAfAWr MKOWAWAERONAUTICAL SYSTEM~L DIVISION
*0E1V AWPAM3 P~kVContract No. AF33 (616) -8141

Proaect No.1(8-73851):Taskc NO.73812

I. CATEGORY: C=zPosite IMateria1 CODE: 9-7-1

n.* MATERIA NAME: Eron M2 and 143 Glass Fabric Leninates

V. HIDZCIPAI PRPERTIM:

B. Thersop1bysica1:

Iraorimation not availeble due to lack of need for Boeing-Wichita

Uvestigating this proerty.

AUTHOR: J. Eltoujlc 14 August 1961 'P'AGE 14
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"V." HF'IA FO=

4-

-- UW•APJW ANIONIAUT•ICAL SYSTEMS DIVISION
"-_] I- re~m.,, •Contract No. AF33 (616)-8111
;--=i [:Project Nlo.1(8-7381):Task Nio.T3812

'. I * CATEGRY: comosite hlte1ilL COD: 9-7-1

. C. ectrical:

Inforuiation ot available due to lack of need for Boeing-Wichita
investigating this property.

'II

. AUTHOR: j. EltcnjC 14 August 1961 PAGE 15

MATERIALS 8 PROCESS UNIT



*NEMIC AAI"&4AWF &AMOAAr AMIOANIAWYICAIL SSTENS DIVISION
88WAUMAAWSWVAWContract No. AF33 (6i6)-8141i

Project No.1(8q7381) :Task No.73812

I. CATEGOY: Coposite 1maerial CODE: 9-7-1

II. MAIMEMIA NAME: Euon M2 and 143 Mlass Frabric Latinates

D. CbsiicaW

Infrinionnot available dae to lack of need for Boeing-lichita
inve-tigating this property.

A7THOR: i. nutn 34 km-s 19a PAGE 1.6

MATERIALS a PROCESS UNITý



AERONA"UTaCAL SYSTEMS DIVISION
!E-. W7o 3 Contract No. AF33(616)-8141 _

Project ,o.1(8-7381)::Task No.73812

I. CATEGORY: Carposite Material CODE: 9-7-1

II. MATMEI NAME: Epon 828 and 143 Glass Fabric Laninates

4V[ •EO-M U D, • I)ISES:

1. 4aplications reqiring the properties of this caterial.

-MI. SUHPL1E. I±!ND SUM1 NAM~:

1. Epon 828, Shell Checical Corporation.

2. Tonox, Naugatuck Chemical CipumW

-- i- •VIII. •-:

1. Boeing-iWicbita Jo'b Report, !o. AP-1-18; Deter-dnatian of The Fatig-

Properties of ED=m M2 Reinforced Wm-th 11.3 Glass Fabric.

AUTHOR: J. EltonJ 14 Aum-gst 1961 PAGE 17

* IIMATERIALS 8 PROCESS UNITNý



A~iONAi1CA 7YSES D,:IVSION
*RELV AAULAA'5£~A9~ffFContract No. AF33(616)-8141f

Project %No.1(8-7381) :Task 11o.73812

I. CATEGORY: co-st aei~ CODE:

UI. ?!ATEMI NAM~E: 181 Vol=., ard 1S1-iDD~ Sl~ ?zs Fab

7he cbje-Ct4E._- of' thsrog.raz was todete=-in te feasili&:t of us-im-UX

si;!=-c-_ finish fabric -..dtz- epoxy resins.

*a -- z i" ~nz . TheA

A vriety- of far2; iise a-re available for rass co= -4.aas Th
erfkdash =st be sellected to use -. zmn the =or:rect, resin to obtain the
ax -o_--t=Z.ies fro- th-e fir5nish-e zauz-t'.. Xo_-st faL-,c is-.,hes falls

i.nto :hraee ce--ate-ores, L aC cea-ned, ---- 0me ani Si~~finish-ed.

v6oian A., a c~r_-e-,-p riist ffabric is tlm =sat, =im-wrsa~lT used, w.itnh e-Pmd-es
an a17esters_ A-21100 a Si-lame :ar-nash1rze dev-l'eoped fruse ~ith

erxe Ztdrhnlcs a been reported t ý:Jc'- :e s e~

1.1 - - -- -- o t e

.ate retentioan sten i -at~es -sn -- ic is. st~o t-oZo' e
rin~~~~snes~~& oeas ft`b- bli-o n abric (his ias iudto be

iuntr-e).

Rt -azs felt t~ht, an. _ a-uation of, the Sil-an-e fif sh-d' fabric was medede to
V-raify teda-ta rel.eased b:.- cwoe--iaJ. sources. Th-erefore, thds Job -ess
initiated.

It /
AUTMOR: E. Lo-ft~on AW i-' PAGE~

-MATERIALS 8 PROCESS UNIý



ME7A~~ ~ ~OU~C~L SYS'J DVSO
£~APAMYContract No. Az-j3(616) -8

ProJectl, NO.1-(8-7381):Task 1?0.73812

J6 CATEGOR: Ccmz,-site Raterials CODE:

II. YATERIL 1h-E 11 ol=n. _, --an -2OSe :iinshl Fabric

R~ecnacal

i~~Nt O. 123129913230
;vesin Co-'tent 25.2 27.5 33.3 27.9,
:inishn of raxinric 131 Vo1=ai A 1131 761-m A xq110K) Do~i A-11) pae
Direction Ofr~e a~-~e

?ýT a~D Nested ism-mopic L50 I-sotro-vic .- 0 Kl1:ý

POSI I1,~ 78,20D 53Q I 0

Axv. F

PSI -L-.5.6aOP 3.76x-10 -0aO

z-v. Flexuall
Stenz. th R.,T.

diation!e for 300
F-inmites at mbp0

'ci~~at ?F..7.

Afte ~en~Boil

F-odlu =-,- - 3oi
a 2 -I---i

in ai-usatz R

-XI
AUTEOR: F AGE 2.I

=MATERIALS a PROCESS UHITWMA



AW"AM1 AfARVPL*AV' "A~ AMEROAIRIC AJ SYSrTeMS DIVISION
SIVAMd OVW Con'tractNo. AF33(616)-8141

Proaect P-n.1(-7381):t-ask No.73812

I. ATE*GtORY: Gco~wsite Materials CO DE: 9-7-1

IU * 'M~IITMT- NAM~E: 181 ol and A13)sij-=ne Fns- :-ab.-4

*V. THMECIAIL, RROEM3,1S:

M.!echardca1l (ccitiinzed-)

12903 12050 1302 1.30

Stre:zgtn at i?.T.

ditioned1 for 192

1~dsat P.35 .

afte- bi;a
L.Loned for 19217.4 ~ Z:rS. at33 ý

CSI ... ao 3.L- 3.2.1 3 5d't

Tv Temisile
Strength. at -11.T.
PSI i3,3X -,33 3-9,630 59,733

A~. Tensile
ti~s at?.T

'PS1 a~:2Y ~ y ~ 28xzal1

z-.-- a 2--n .B:

in )st:.e~ a-ter
PSI '7z0 LF,~. 3 46961202

!.iulu lat R.T.

in)i&4. c.aer -Z1Hz.Bi

-k. L..~ Bei. o

~ntsat
PSI ~~' - 2, 1co L.7,CO i- Cj 1E~

AUTH~OR: . otn3A -1- PAGE 3.

AMATERIA LS 8 PhAO'CESS UNIT



grWLYMA AMMi'AAP XVAWAyy AERO±1ALJTICAL SYSSTEXS DIVISION
~ Contract No. AF733(616)-81l41

Project No.i(8-7381):Task 110.73812

I.* CA4TEGORY: Co=-osite Raterials CODE: 9r-

III. FMT~IIAL NAME: 181l ioihn. A at -11C0 ilan Finish Iabric

V. pall0 PAL =.0FartTES: (Continmed)

12c,3 1290, 1302 1303

Av. Tensil' e
modulius Cat& it.T.
A'..e. being Con-
dilioned for 30

*PSI 4.7-7xl06 3o510 2.813W106 3 9 x1OD^:

A.Edaevis-e
Comressive Stremn-
gth at t.4 T.
PSI 68,9W0 52,600 1.6,30D 61j,500

C=-m-essive Ibd-I

pbsi at50d 6,!xL 3.16z10 6-.3d

Av. Edgewds
co==reSsive Srnh
at iL?. After a 2 I-r

3olin -Distilled w-;aterl,
'PSI 317:L" L933 62, 5tk
A~v. Edgewise Cozv-ressmv-ee

odusAfter a 2 ~:
Boill in Dist~ii2l.ledr

* S 5ZxlP L.9d 2.93xl'IZ0 ý11

A.. maei-.se Ca=zressive
Stregthet R.?. A-*fter-

,92 sirs. of Condition..c
3,50ol-F. -S 65, 3 3 513,600 53,2W0 o6,7LX

Av. Edgewise Cop-ressive
Kodulus at. 11T.. After
192 iirs. of C.onditIonizig. 6

AUTHOR: 3.Lofton DAE -u-61 PAGE 4~.

ýMATERIALS a PRCOCESS UNITBNM~



A M W CA 4 WW"A VF C~fWW*~ AERONAUTICAL SYSTYEMIS DIVISION
Contract No. AF33 (616') -8141
Project No.l(8-7381):-Task No.73812

I*CATEGORy: Co=- osite Xateriaus CODE: --

II.* MATERIA NAM~E: I~iVolan. A and A-UOCO Si1 =mre Fjinsh Fabric

B. Ther-noplaysica1l

120, 12099 1302 1303

at2530?r After -Being-
Co~tio~edfor 192

-Hrs. a-t 3507?, PSI 93.,9300 65,600 506,030 76,3400

* A~v.. Fl ra' Iduls

a- 2500?. Alfter Being
CG,- J-0nedi for 1926
lks. a=t 3500F, PSI 4.16Y-10P 3.02x106  2. &b,106  3.7&.--10

A. Fnlemcurall Strength
et 3 500 AfU1.e r B e ingF
CmdidtioneE1!o 192
:-rs. at350,0F., FSI 60,000O 1464,300 147,000 65,1400

'v. Rlxza -od3ulus
at -:5JP.- After Being
C-ondi~tiomed for 19,26

-, 3.6x 2.53-L0 2.50, 106  -4y(

Ed &g-ex~ise C=Zriuessire
=-t Z9&irA

30 oXii d i .-%odr

50:0, 52,1200 s4530 61500

Av. z`--ewise Cccmressive
~-:odu:,.s vat i&'?After

S' Of Cm.4ZAtioning,

-c .1 2.58ya-Gý2.05x106 0d

A'. Edgewise oZr*,reSsive
Strengz~ =-t 2500?r After

""ein; oni:ioned, for
HC irs. at6 359-

PSI 57,000 900143,000 59,4.00

AUTHOR: E. Lofto.n DAM.: 9,-K-61 PAGE 5.

ýMATERIALS 8 PROCESS 1/NiT:



W"A V" A, M PAX f A a MWA AERONAUTICAL, SYSTEM'S DfIVISION
Contract No. AF33(616)-8141
Project Nlo.1(8-738i) :Task No.73812

I *CATEGORY: Comosit'e Yaterials CODE: --

II- FMATERAL NIME: 181 Volawn A and A-11-00 Silane F-inish Fabric

77 -- :TP.'iiiA ?iOP3E *ES: (Cnued)

3.! Th-n !J .ISiHa (Continued

12973 1293' 1332 1303

sY e-Eise Ci=.ress;--e
::orulus at "5~?Ater

~en~C i4tione-: for 10.2

=irs. Cart 35ZPýF, PSI 3-i&x0 6  2.51-a30  4.lxt 3.L1O

* v.E~dgewise 3C---ressive
Stren zth at 3500F After
Beeing Conddiz.iJoned for 192
:;rs. at 350SF-, PS.I L6.,&00 -33,100 32,3CC) C 600

W'. Ed&ge.ise Go~nressive
Btrenth at, 5 0 ck After
Being Conditioned for 192 6 2.7a0

.s.az. 3500F.. ?PSI 3.OR~r10P 063y.0 2.685x±10

AUTHOR: E.Lofton WITZ: 9-11>61 PAGE 6.

MATERIALS 8 PROCESS UNITNý



AERONAUTIC AL SYSTEIAS DIVISION&
ggiyAICZ Af2PZAW~ af AM Contract No. AF33(616)-8141f

Project No.1(8-7381):Task No .73812

I. CA'TGORY: Comnposite Faterials CODE:9-1

*II. !IAATERIAL NAM.: 161 Vol an. A and A-l100 Silanre Firish Fabric

V. ?~IA ~ŽEiiS

C.Electrical

rso~t.o ot av,--llabzle due Ito lac'.k of need f!or Soe2v:-Wi~chita's

meest.4gati.:ný t psroperty.

AUTEOjI: E. izfto~n J7:9-11-6l AG

MJATERIALS 8 PROCESS UNITýý



~7 '~AIIWAOMAVVAW~AW A Contract No. AF33 (616) -8i14
Project No.1(8-7381):Task No.73812

I.* CATEGORY: Comnositte lzteriaJls CODE:9-1

II. MAT~ERIAL NANE: -181 Vo).-an A4 zAd A-1100 S~ilane- Finish Fabric

FMN??JXPAL FROFIES:

D. hjcJ

* I1foimalt"ion not availa~ble diue 4Eo lackr of need for Boeinzg-Wý-ichita's

investidgating this property.

AUTHOR: E. Lofton DAME: 9-11--62AG 8

MATERIALS 8 PROCESS UNITJ



W7A4~4AQ~A'FLSMPAYrAEROINAUTPIC.AL1 SYSTEMS DIVISION
~ Contract No. AF33(616)-814i

Project No.1(8-7381) :Task No.73812

I. CATEGORY: Cormositte 1aterials CODE: 9-7-1

II. MOTERIAL INTME: 181 Vola-n A andi A-1100 Silane Finish Fabric

Vi. ~4:-DEDUSES:

Due tIo the results obtairmd in thids investiga-tion, showL- 'Uat.n 'the zpropertdes
Obtane witnz 181'l 20 used as a reinfor-ce=--nt, are not -equalI to thee ones
ob-tatied using Volan A fini'sh fabric, it is reco=ended that where epoxy,
resins are to lb- used as a binder thlat Volan A finish labr-ic bee used as a
reinforcement.

VII. SPLI*.-D~ T.RADE !i-*:S:

!~.Vendors for 182. Voal:n AI finish- fabric and 181 Aý-110 finish fabri--c --ic ude
* ~the followidng:

Coast anPurfacturwing Conpany
Unite i Iercients
i. P. Stevens & C-szzpay, Inc.
Hess-Goldsn~ith and Company

Qc~ens Cornin Fierglhas Corporation

B. A-mailabi-lity

Sta-nda-rd rolls- 125 yards lonmg and 38 inches wide. Polls with less anyd

greater wits~yb bandfor an additional- cost.

C. Co st S

Standarý-d rol. 12c yar-ds long, and 36 inches wide pe.e3 einea yard.

A. L-ee and~ 'EzzOxy Resins'".

-. r~' Cabi~e, t VC r~d A-172 Si~zan G'z1!s IFinishles".

ALMHOR: L. ioetn DATE: 9-11PAGE 95.

MATERIALS 8 PROCZESS UNITýý
z 97



APAWVO AAFA"AK =ffIJW~frAERONAUTICAL SYSTEMS DIVISION
~ -~ Contract No. AF33 (616)-8141

Project No.1(8-7381) :Tasc No0.7-'812

I. CATEGORY: Ccmposite Materials CODEE: 9-7-2

II. MATMA NAVMEr: Rein-for-ced P'lastics for Rad1czes

The data preseeted herein careers dielectric properT-Lies of sme mater-Jal~s
used for radoe con itructjci.

!:his infoz-mation -.--s devel~oped ',or use in ccrqputation of raftme ira]] and

san-&icich thickness aELoirables and tolerances.

AUTPHOR: J. Elton JX 15 Au~gust 1961 PAGE 1

AMATRIALS 8 PROCESS UNIT:ý



AWSM AfPLW"AVE CA~6PAA'r AM0.24AUTIC.AI SYS7EMS DIVISION
itvw z' vra Contract No. AF33(616)-8141

Project Nfo.l(8-7381):7al o.73812

I. CATEGOY: Coiposite INaterial CODE: 9-7-2

11 FaWIj(AL HAV'E: Rejinforced Plastics for Radmes

v- ITZIri-?ýLJ PROP ETES:

#'-~ et nfozation not. a'.-ailable due to lack- of need for
-,eig-acm~alsinvuestigating ti rpry

AUHR-.tIo215Ags 91PG

MAEIL 8 RCES1NTý



AAWA7"A AWARA"Ar &&tflAS AERON~IX10,CA.L SYSTEI'AS DIVISION
q@VMTA WSWUMVContract No. AF33(6i6)-81lfl

Project No.1(8-7381):Task No.73812

I. CATEGORY: Ccziposite Mater-al CODE: 9-7-2

Il MTERIAL NAM~E: Reinforced Plast-ics for Rado~mes

B. Tgmryia

Info-r-ption not available du~e to lack of need for Boe-ing-iwichita's
inve-st~igating this property.

AUWHOR: J. Et4=JE 15 -ourst 1961 PAGE 3
0 - - -MATERIALS 8 PROCESS UNIT



AERONAUTICAL SYTEMS DIVISION
88EIAtr W,.SREM••F Contract No. AF33 (616) -8141

Project No.1(8-7381):Task ho.73812

I. CATEGORY: Composite Yaterial CODE: 9-7-2

II. MATEI NAME: Reinforced Plastics for Radoas

V. F *,.;LEXTRA- FRICC :

C. Electrical Prc•erties

The fofl-king table and graph presents data on a few thernosetting
resins la=-in-ted with 181V (-JL-F--908 4 ) &Lass fabric rmless othermdse

noted. Dielectric properties were deterzdned per JdC W-4.

To obtain the greatest speci~en umifor=ity, la=nates were prepared
to i/8s thick shi=s ard resin content varied by varying the n=ber
of •dies of fabric. The czred larinates were then bonded together
with the sae resin to fox= the c =.lete speci=en. This specimen
WES then n-achined to form the dielect-ric specie. All polyester
type resins were cataly-zed with benzoyl peroxde. Epon 828 resinw-s catalyzed in the ratio of 28.5 parts by weih of Tonox to

100 parts resdn.

(Ic

AwiiO0R: J. Eltenj 15 Aus-ast 1961 PAGE 4
MATERIALS 8 PROCESS UNIT J

V..%



R3E7NG~ AIRPAME £RAIP4NFA W~OUIWAL SYSTE!4S DIVISION
Arg"WP MWAAKE ~ff~ A~rContract No. AF33(6lo6)-8141

Project N-o.1(8-7381) :T-ask No.-73812

I. CATEGORIY: Commosite )Yaterials CODE: 9-7-2

II. ykrTMRIAL NIL~E Reinforced Pl.astics for Radores

A.E~etrlCJ- ±oDextties

La~.z~e o. f P3ys y~e f Xele~txic Sý-e-4!lc la~~tc !ss
!~. 181 7oia ~ Resin C~n ~ -:~C~~ n-~

~226 ni~ 982 - Ul..5 2-7L. 131 2
117 1623 37r. S 1.51 L.1. .01

336 15 m2 - 32.6 1.S 0015

113zi 10 1.3d-zz 42a - 33.7 1.6 1. L37 .1
213 2 U .28 32-9 34.1 1.83 1..

1U35 11. U 228 20-4 2-.6 19. &33 .3
3133 3A. 1.1 - 32.3 1..50 .3 £2

"13? 10. F22ag1ex X-1.3 - I.S.0 1.71. 1.C9 -We0
i242 12 F-!.3 - 3-9.3 .1.2 L.27 .0a0
224.5 11. P-43 - 2-81.6 1.1.1. C3

~iI~3RC F~IE3 ~ A~9,3,75 Z!3
119 22 U~a .28 35.9 34 12-33 12 .,V056

iiw 3 1.12 L22 C s -t 2 2-72 1..CL Coe~.,
2175 34 Q .23 33.2 3r-'6 1.2 1.51 .0cIS,

13 3.2 Se.zi5M16 36.2 3s--, 1?-, -8. 3. & .00?S
116 4L 5(06, 235 --A. .0101 ,.5 ol

3-197 390 5G16 1.3.8 "-3 1.73 1..G .0209

3256- 10 828 I .5.-3 !&66 - L~ii m
22m 1228 37.9 3.3.6 -1 r -4 .-T
i206 9 67823 50-.7 52.6 1.6F*a

Fr-97Sc-m1. - - 50-.6 2 -7- -=5

LZOcas Zs Received

CA41--s? i? 9r,575

Ltr Q .28 2-51 .01r5

5e'3e±t- 5016 2 .011=5

AUTPHOR: _. 1.tor. 15 hAi~st 1961- PAGCE 5
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AVAWAVAPAMPAAAAWCAMNWA~rAEROYMY-ICAL SYSTE-2-: DIVISION
RgJ~f~ AUPEAT ~Contract 11o. AF33 (616)-8i'fl

Project No.1(8-7381):fi-ask F-o.73812

I.* CAWGORY: Co-.posite Ysterials CODE: 9-7-2

II. EATERNAY&-.1': R.einforced Flast es fcr Pladames

c. mectrical Properties

i-Ill------- Jr - =- --

I - ---- - -- ------- 4

36 J! - - - r_- e. 1 22

M Ex

AUFT-,O3,: j. Mtm15 zmr-uZst 1S61 GE

MATERIALS 8 PROCESS NIlTA~m



Aff"W AA~kWZA,-r 4VPMARAVYAERONAIUMto _L SYS-Im-MS DIVISION
Con~tract No. A-F33(6106)-8141
Project N.1(8-1-7381) :rask No.73812

I. CATIEGORY: Cc~osite M~aterials CODE: 91-7-2

II. !'AkEERIA NA!IE: Reinforced Plastics for ?Radom-es

V. fTlDXIPAL ?C~

D. C-h-e-da1

!=:ormetion not at'ailble due to lar-1, of need f~or Boin-Uichi7ta' s
2inevestigting this pOroperty._V

0UO:J lt 5;vs

MAEIASa P?.SUNTý



3~EA~ ~PAA' £6PA'FAE3~ZjTC= SYSTE-2-IS DIV1ISION
Con-tract No. A?733(0*16)-8141
Project No,.1(8-7381):T~ask No.73812

I. CATEGRY: Camposite 1Haterial. CODE: 9--7-2

TI. INIATELRAIA NXEMF: Rein-for-ced Plastics for Radc-es

VI. MCC~D1 US3S

V!aterial, propeerties govern usagee for snecific am--lications.

V -I-.5- SUPFIIRS -0-D TRAM nWI2MES:I

1. Epon M2, SineU Cnemical Corporation.

2. 7----nac 41328, A=ericzan C_-ana=-d Cccpany.

3. Parap-lex P-43., Rolm & Haas.

4. Select-ron 5016, Pittsburgb Plate Glass.I

-5. B-97-,-, Blocringda-le -Rub-ber Cumpany.

6. :-;ocast H991A, vEurane Plastics Cccany.

7. Toncox, Kaugatuck Crhe--ical. Corporation.I

1. Boein n-4itb~a Mletere a' and roesUriit Remort No. I~-P--63,RE-LE Raa=-eMateial

AMERHO: i. Bitcajcf 2.5 Atu~st 1 101 PAGE~

MAiFRIALS a PROCESS UNIT:J



ME~AL~L4A~ ~ ,,AERDN.AUTTCA SY DTVI.TSTO
IOAZA AWAWA C00-4tr.-ac-t INo. AF33(61!6) -8141

Project N0.18-.7381):T1ask Nlo.73812

I.* CATEGORY: Ccnxosite Materials CODE: 9--

II. NMATERIAL NAFIE: Decals

1ifl. GENEMAL DESCRUMTON:

mmurber of decals were investigated to -et4ernxe t4ei reit~amceo
'-; e =eratunres; up to 82C-F for periods of 30 minnu:es a-nd 100 hours.

!Ihree t.yi~es of decals -kere included in th-is i~nvestization:

1. Pai~nt, fi-im decals.
2. Plastic fii ii decals,
3. M etal-Ca~ls (~ a trade raefor decals nDro~iuced on thin alulridnum foil).

A. Sarnes tested

(This is a uressure sensitive, cellophane backed adhesive.)

2. Xletal-Zall silve-r letters on a red ackgrn ,P- adhesi~ve.

(This is a pressure sensitive., cellomhane bac-ked adheie.

3. Metal-Cal, P3-9 adhesive. (This adhesive is paper baeked, and
acti-vated by heat or solvents.)

4. Metal-Cal, FS-310 adhesive. (This adhesive is paper backed,
and activated by b-eat or solvents.)

5. Metal-Cal, Alumiimm letters on a red backrz-ound, PS-l; adhesive.
(This is a nressure sensitive, paper backedz ar'he-sive.)

6. Me-tal-CEl, aluminum letters on a black backrgro md, Fs-14 adhesive..
(This is a press-are sensitive, paper backed' ad~heesive.)

7t Paint fila decal., 1-iite letters =a a black baeground, water
applied, slide-off.

B. Pafint f;--- decal, black lteson a gz-ay bakgramid, faqce down,
cezr..et-applied.

9. Paint_ film decal, white lertters on a bz -aokn rou-nd, uate'r

aonlied slice-.ofr.

AUTHOR: -T. q. 1Mason. Datte: 9-15-61' PA ME 1 1
MATERaL8 PROCESS UNIT~~



Arff"AVV A1,'PLAMA' £ArMARAWY LTCALI SYTEIS DIVISTION
A@. w Contract No. A?33(6J.6-814i

Project No.1(8-7381):T-ask No.73812

1.* CATEGORY: Connosite Yateriais CODE: 9-"..

II MM NTE IA NA1.: Decals

IV. u=r -. TL3ACRQ.C2ZD: (Continued)

A. Sa~.n2es tested (continued)

10. Paint filr- decal, white letters on a brownm backgroind, water
a-azlied, slide-off.

n. Paint film decal, -White letters on a red backgrou-nd, water
=zzaied, slide-offl.

* ~12. Painft fil- decal, .white letters on. a black bcgonface
down, ce=ment-applied.

13. Paint Mmi-~ decal, black letters on a- lig~ht gU.-akgoud
Lace doxwn, ce~ent-kpplied.

14. Pitfilzr deca, typeR"S' (sustained heat resist+m"ce),
watter applied, slide-off.

15. Faint ffM1-i decal, type u-MW (higeh beat resistance), water
applied, slide-off.

16. ?asic -- decal, Scotchcal SSE-133, uside-doiftn constructtion,
eces Seal~ed C- Edge Sealer.

17. FI-stc fLila rde-ý. . 3`5 1la1- Sccthc;l Lila pnintoed
~~~~~tfl~~~~ 5O 3xT (e. Fc 2 w-ieSc-..- Pste,

and oe~rcoated with N'a. 392C) Gloss Clear.

18. Pla=szti;c fil= decal1, 'No. 3650-3White Scot ncza fila,- mr-imted
--i4' 1 o. 3z,-5 (2A "-o. 515r) black Sctc~-..c cri-roe
Pasete, and overcoa-ted with NZo. 39220 Gloss Clear.

19.. Flast-i'-c~ decal, N-0. 3651 red Scoitch-al Li-am, printed with
2:o. 31?03 -NA o. 51-1) white Scozzhcaa Scr-een- Process Patste,
&-a cmercoated with 0o. 392-0 Gloss Clear.

203. F-azstf ic ' decal, No. 365-1~niu colored Scotvba Mflm
Z-7In:*: S--i NO. 3'ý135 --A o. 515) Iblack Scotchrcal Screen
frocess Paint. (No edZ-e sealing or overcoatting.)

AUIMOR: L. R. ison Date: 9-15-611 PAGE 2
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A,.ClA," AM4ZPO A" €A.FAMAW'JýAACONArTiCAL SYSTEMS DIVISION

B URVO AOW4 Contract No. A.33(616)-8141
Project No.I(8-7381):Task No.73812

I. CAEGORY: Composite materials CODE: 9-8-6

"Ii. MATERIAL NAYS: Decals

V. DE Kk7YýTAL BACKUY•: (Continmed)

A. Sa=-les tested (continmed)

21. P1.astic filn decal, No. 3667 IMnsigia Blue Scotchcal. filzm,
Sprinted with No. 30,03 (.'A No. 521) White Scotchoal Screen

Process Paste and overccated with No. 3920 Gloss Clear.

22. Plrastic f ilIm decal, No. 659 al!•inm colored Scotchcal film,
overcoated with No. 39,20 G-oss Clear.

23. Plastic film decal, No. 659 aluminum colored Scotchcal fi'lt,
printed with No. 3905 (ALA No. 515) black Scotchcal Screen
Process Paste, and ove-rcoated with No. 3920 Gloss Clear.

24. Plastic film- decal, No. 667 Ins-; gia Blue Scotcheal film,
overcoated with No. 3920 Gloss Clear.

25- Plastic film decal, No. 667 insig•ia Blue Scotch-cl- film,
printed with No. 3903 (A3•A No. 511) white Scotchcal Screen
Process Paste and overcoated with No. 3920 Gloss Clear.

N 0 M : Flastic film decals 16-21 mve a i-ressure se-nsitive adhesive;
deca-Ls 22-25 have a solvent activated adh-sive. No. 659
Scotchcal film is identical to No. 3659 except for the adaesive.
Nc. 667 S5cotchc! fl- is identical to No. 3667 exce-t for the

S.'•sve.

B. Proce-dure

Sch decal was apz-lie;d z>-r the manufacturer's instructions to a
cl.ean -etal panel (a u• alloy -- O, 77- T-6 aic.ad. or stain-
less steel allioy A-S-766-, e 321) aged a nird of 1-S h-urs
at roo-m tcz-ýrature, and then pl-aced in an moen and held at the
desigratez Ten--perature for 30 -mintes or 100 hours. Affter cooling,
the decals were e3--ined.

AUTHOR: L. R. Yason Date: 9-15-61 PAGE 3
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afArNU A2PL"A MF A NW"AW AERONAUTICAL SYSTEMS DIVISION
O.4 A A Contract No. AF33(616)-8i4i

Project No.1(8-7381) :Task No.73812

I. CATEGORY: Ccmposite Itterials CODE: 9-8-6

II. MATERIAL NAME: Decals

V. P-ICIPAL PROP IES:

A. Iecbhanical

* Information was not obtained due to lack of need for Boeing-Wichita
investigaticn of this property.

AUTHOR: L. R. •ason Date: 9-15-61 PAGE 4
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Off"AlVf AlWP&AV'F AINDRA4MF PMNUI SYSTEMS DIVSIO
wA Contract No. AF33 (116)-8141foloc" Project No.1(8-7381):Task No.73812

I. CATEGORY: Compoite iterials CODE: 944

UI. MATERIAL NAME: Decals

"I V. Mt,-CnML PROIT•I:

B. 7her m-pIwsica1

The ther-moP1~sical properties of these decals arre shbwn in Tables
I -and IL

K .

AUTHOR: L. R. IMascm Date: 9-15-& PAGE 5
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wzv~ AUP~*'F ~g~4~ffy AERONAUTICAL SYSTEMS DIVISION
* - Contract No. AF33 (616) -8141

Project No.1(8-7381) :Taslr N6.73812

* I. CATEGORY: Ccoposite IMateriaUs CODE: 9-8-6

II. FATERIA!T NWJ~: D~ecal

V. MMlCIPAL lm m

B.Itmpksia (continued)

-T0 :x 35-- Z.50 m__ 600 -w -m g___7~ oo lE3E)

3__ S ALS -?,s lP~s A APrU- - -

1. S __ s 4LS AL,5 AI,S aLS C,CSS ;PC I.PC,U
5 -I - - - - AL. A?~u - I - -

6 -4-, - - -

7 ....... :.iL C's Is Is C'S .. F'A kz -~

S S Cs Cs C'S )L?,C

1l0 S CS C's! C's C'S - - - - -

U7~ i s -s .9c's Ic's C's C's L-p,c,B

I 13 S C' C C,.S Cs ' kp.L
11 - - - ,S C's A?-,C L-,U U -

16 - I-- - - j L.,ý2 - - --- z-- - I
17 s CS CI-f~x.Cv --

le S s z:,s c's - -- --

___Is IS jCS IC.S lA2,.C.3EU .

211. IS -..s C.S ,..?,C.71 1z E
I- s C.S C,LG,.S- _ _

____ C's _____ .------I I -

Effect of 30 YU-nute Exposure At Various Tenperataures

TAKE I

AUHO:L. Ri. !;@son -ate: 9-15.-61 PAGE 6
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AEiiON3 'AVTICAL SYSTEMS DIVISION
NaEICU WP~AVE ~ae6*wr Contract 'No. k3 (66) -8141

ProjIect No.1(8-7381):Tas1C No.73812

I 1,5y * AiG~com-posite Yzteria3.s CODE: 9-"-

II. yATERIAL NAM: Dec).s

I~~ ~ ~ c.T~D~a~ ntilmed)

2-01 L5. 5W &0_700 SW0

CIS_ 
_ ___ 

ALIC rCU J~p.L1U

2 SI Sj AL~:~u

12 S a-~jG, AP
S l DXX .D C -pt -U

(J1 -Oda&

7 6 S ICA C's C~IS - pe___ U____

~~1.' I _ _ JjIU-1 I - _ _ _

22S S, r c-s U ,

MAEIL 8 PROES IsNIT



AEO•ONAUTICAL SYSTE4S DIVISION
A7AWAMM mContract No. AF33(616)-8141

Project No.1(8-7381):Task No.73812

I. CATEGORY: Composite MatriaU CODE:_ 94

II. Y•TERIAL NAME: Decals

V. -_i C IP. I, PP-.O• :

Electrical

Informtion -eras not obtained dae to lack of need for Boeing-Wichita
investiggaton of this property.

AUTHiOR: I & PR. •s-m Date: 9-3-i-61 PAGE 8
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WIA~ APL4~5 AUP*r AERONAUTICAL SYST-E-1-S DIVISION
alwa"A wm ýContract No. AF33J N616)38iiProject No.1(8-7381) :T. - N 31

I.* CATGORY: Ca~osi+.e Materials -CODE: 9-"

nI. MATERI AM WE: Decals

*~ ~ V.-CIP-AL IROPM93ES:

D. Chmzical

Tnformation was not obta-ined Chem to lack of need for Boe-ing-Wichita

anvestiggation of this property.X

AUTHOR: L. RL Yao Date: a,-5-61 PAGE 9

ý ý ý ý ý ýýMATERIALS a6 PROCESS UNIT:J



2ffEPA,' AIRPAAV,. CUAPAWr AERONAUTICAL SYSTEM4S DIVISIONS•• Contract No. AF33(616)-8141

Project No.!(8-7381):Task No.73812

,I. CATEGORY: Co=posite yateri&s CODE_ - 9-8-6

II. MAVIIERMA NAME: Decals

VI[. • USES:

It is recoended that the infor~tion in Tables I and II be used as a
guide in predict•ing the probable te=-Dreate-ti-e li=-tations of the
decals tested. In case the operating conditions approach the liits
indicated in these tables, further tests shmild be nade.

'711. SUFFIý.o~, AVA01 A31;3=71w RIiD CS

*_ A. Suppliers

Decals 1 - 6 (heta:1-Cals): C & H SnUDDl COMMTy
1725 E. 2ad Street
Wichita, Kansas or

4 21E. Beach Avenue

InglE-1-3ood 3, Cali-foriiia or 1

Seattle, -Washingten

Decals 7 - 9 (Faint film decals)i War-ren Burdick CoapmV
1835 Northn Pr--ady
Wichita 4, Masas

2--.-3- 10• - 13 (=ant fii decals): .Wo=ds-Beeton e Caznany
.. :T10 1-nara-k--Anue

~]L1, 15 (paint f decals): Thre .=eye.e-rd ,any
5323 West La-:e Street
Chicapo 44, E1-i inois

Decals 16-25 (ulastic film decals): 15i-esota 215niun. & -1fg. Coany
St. u 6, •i•mesota

Edge Sealer No. ED-866: in.etsota Yninig & Mfig. Capany
St. Paul 6, Yana-esota

No. 3920 Gloss Clear (overcoating .inmesota Mi5n-ing & hf-fg. Co-pa•y
-aterial-l: St. Paul 6, Y-innesota

AUTHOR: L. R. .son Date: 9-1 110
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4drA"AVA AAWWZA'Ar CAMAAAWAERONAUTICALS SYSTMY~ DIVIESýION
~WA~ ~~IAA~ £~MAA'FContract No. A?33 (616) -8141

ProJect 20.l(8-11381):-Tasic Y-073812

I.* CATEGORY: Cam~posite ftterials CODE: 9,-!-6

II. MAITERIA NAM~E: Decals

via. s13?Fia.-v, KQJAI~l.~ CCS'&: (Continued)

A. Su~bliers (continued)'

Scct ch%-1- Screen PFrocess Pastes,, 1-W-mesota Ydinig & M~fg. Co~pery
1-0. 30905 (black) and 1Ro. 30,03 St. Paul 6, Minnesota
(-W~hite):

Adhesives 15-3, 15-9, PS-10., 1Yinnesota lanin2g & YMfg. Company
and 15-14:. St. Paul 6., 15ixmesota

B. Availability

All rnaterials listed are believedi to be currenatly available

__ ~from the ramzfectuers.

C. costs

T-he cost of Vie decals varies with a number of factors, such as size-,
prin'ting,6 n=---zer ordered etc., so that no estim-ate of cost can be

idven.

VIII. F-EFMEM:

1. Rce-ing Ccnanv 3eriaJ. and Process Unit )Dcunent D3-1598,
Uý -- -re Li-itain of -ainz 1]aterialls (Phazasi Ier ,A, tatn anMa:-md

AMMiOR: L. R. iY.son Date: 9-15-61 PAGE32
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AEROAUTIAL YSTE4S IVISION4
745~M~PEA' £~fffPA'YContract 'No. A;-33 (616) -8i14i

UWA Project No.i(8-7381):T~ask No.73812

I. CATEGORY: lisceflaneous and General CODE: 0-1.-4

II. MA-TERIAL NAFME: Chemical intezredite, Biphenyl Com;,wunds,
HeXahydr0IC-biphenyl

The obiective of thi.-s progra-m was to deve'lop, bizh---3_1 commmewds carrping
J.ncional groups thpat woUl ,eri =-Aztdio to be accozmpilisheed
The oinhe.'w nuc-leus is kno-sn to i=-zrt thea tabilitvto ca~pounis
that cm'tain it.

AIfter. three unsuccessful WAttemts to Dre are 2,2,1, 3,33 ,Ih, 42-
tetancirz~phey1by the C. *Harzriies method- describeed in P.eference (2),

a roiiainof the =ethod as vrot~osed in Reference (3) was successf-Uly
carried mut. An acueous solution oL ry-roganlol was =--d with a bari=

hyrxide so'lution, agitated, air exclluded and finaUy acidiffied witth
iM. Th -weiiae product was was ned with wat-er and recrystaflized

frmwater containing acetic acid.

AUTHOR: Chris -Henriksen (.3.17 August 1.961 PAGE1
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"Al"Arc AMPRE"AFACVANAA~rAERONAU~TICAL SYSr1E!161S DI-VISIONj
2ff ssAgmr A AWSMWA'f£APM Contract No. AF33(616)-8141

ProjectE No.1(8-738i):-Task No-73812

I.* CA =GORY: M~iscellaneous and General CODE: o-1-4

II. FIATERIA NAME: Ciie-ical Interm-ediate, Biphenyl Cmpounds,
iahydoz~iiph-eny1

V.1 P-4, PL 1 --CE - 1

A. IYechanical

As prevazred, Ithis =aterial is a -white, fineely di:vided powder.

AUTHOR: Chris 'Henrik.sen 17 AIrust 1961 PAGE 2
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AERONAUTICAL SYST'EMS DIVISION
3~E ~ A RPL~ F aH~ A'FContract No.- AF33 (616) -8141

Project No.l(8-7381):-Task No.73812

I.* CATEGORY: Hiscellanecii and General CODE: 0.-1-4

II. MWEETRIAL NAME: Che=-c2 l tce-.ediate, Bipbenyl COoupotmd,

Th-e dzcr -':ýen- at a~o~aev2WOC zard nelts at 3100-320*C..
a iti eco~positicn.

AXPTiOR: Cri=-'s Henrikiseni 17 Aurust 1961 PAGE 3
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AERONAWICAIJ SYSTENSS DIVISION
ffff7A'5 AZD4'LA~ £~PAAFContract No. AF33 (616) -8i41

Project No.l(8-738'1):T~ask 11o.73812

I. CAMWGRY: Miscellaneous and General, CODE: O--)

II. yATIERIA NAVIEZ: Chi~ical Inter!-adiate., Biphenyl Corqnouds,
Eexaydrx~tiiphenyl

C. Electrical

Inforzation not available dae to lack of need for Boeein&:Wichita

investigat-inm this prqperty.

AUTHOR: Clixis !Hen;-iksen 4.17 kutust 1961 PAGE 4
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3AAERONAUTICAL SYSTm DIVISION
@WWWP A•Contract No. AF33(616)-8141 _

Project No.1(8-7381) :Task No.73812

II. CATEGORY: Eiscellaneous and General CODE: o-1-4

II. MATERI NAME: Che=ical Interrediate, Biphenyl Compounds,
Hwm1W~droaybipheqy1

71;'. H-LPiCIPAL PRUMM:

D. Chpica1l

The forr1a for 2,2',3,3',4,4' hexakydroYbTipbefyl is:
Of oilo on oaw

The bydroayl groups perait wricus degrees of modification to form esters,
ethers and other cocnounds of interest. The epoxy substituted
material is expected to have desirable characteristics. After
cur-ing with a hardening agent such as an mmi or an an1•dride, the
resulting polymer shomld be hieblh cross-linked; this fact, together
with the biphemyl back-bone structare should provide good therzal
and chemical stability.

AUThOR: Chris Eenriksen 1., 1?-kug-ist 1961 PAGE 5
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AW~fAO fWr"V~ AFAAWAWAERONAUTICAL SYSTEM'SDVSO
* 5_" ~k •A~2 M CContract No. AF33(616) -8141

r JV-W "Project No.1(8-7381):Task No.73812

I. CATEGORY: Yisceflneous and General CODE: o-1-4

II. NflTERI ALMAE: Chemical Intermediate, Biphenyl Com~pounds,
H-exalhydrooybiphenyl

VI. B3XM:9ED umS:

-Prepaation of po1yers. For exmazle, the nexaglycitivl ether can be
n repareaz and hardened with the usual e.oxy hardeners. New resins of this
tv.-e represent an unexlored field. The biPhen.y1 backbone structure is
exzmected to imart both therral and cherical stability to such resins.

* Nc•.
VIIL SUFFL3R:

(1) D3-2867, "Mfolecular Engineeringm, C. A. Henriksen, 9 February 1960.

(2) Berichte der Deutschen Gesellschafft. Ber. ý5 2951v-9 (1902).

(3) Harries Di-Pylroalo. Proc. Roy soc. (Lor- u) A143, 207-a (1933-4).

AUTHIOR: Ch-is Henrik.sen (. 17 Augst 1961 PAGE 6
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AWPLNE C 4AFAERI~.NIAiTIC AL SYSTEMS DIVISION
Contract No. AF33 (6i6)-8i4i
Project no.l(8-7381):Taslc No.T3812

*I, CATEGORY: I-1iscellei'eous and General CODE: 0-5-0

II. MATERIA NAME: -F-4 IN-el (KILJ-55124zE)

The~ object cf this :Program -as to establi~sh autoignition ter~erstures
(Ml) of J~-P- fuel over a Xwessure --ange of 500 r-. Erg to 2030 psi.

L-7. !E-zWP? -21MA BACERCOMi:

This Wercam v-as initiateed as a resullt of. considerable ccncern aboutt the
= oerating temperatunes of "Black Boxes" and air conpressors on

- -B-.52 aircraft tha miEht. contact conbustible concentrations elf fuel vapars.
A literature search for 1=? inforration at aispesusinctea
need for aý-iiticma xernnal data.

AltuhcughL staindard definittions and. ieltho-is of determination have been es-
teablisbe. f& or mamy of the _rbysical and chemical mroperties of JP-4 fuel,
there ha been no general agreement, on the definition, or determination of
ignittion terneratires, consequentlty, deterrminatians of this property by
iiffOerenit iwwvestigators ha-ve varied ividely both in Lnumerical value and
sipiificance, vith nuch resultiUng confusion and. difficultby in the inter-
pretation a-nd poractical aumplication of the informattion.-

It. ammerars that, althoughf the it-;ition characteristic off a material is
dzctbtless a- function of sor acttuall mroperty of the material, the meas*ure-
rent ofE that pro.-ert,-y by any means available is greatly affected byl the
arbient. ccrditi1,cons, therefore, any practuical defin~ition of Aff vb~ic1i mig2t.
be adozted =-st continue to be based on a careful def-Inittion sud standpardi-
zeaticn of teý -zest apmeratus and proce-dure.

The anurm-azus and test mrocedure used for AM? determ-inations at. simulated
altitudes = r those described in PUSMl4 D) 28-587 vith no-dificate. t allow.

deter.-, ations at reduced wessures.

T-he val-ae at 2203 psi- (1.l14 x 105 -.-g) as detter-minedl using a hig~i pressure
stainleess szeel bombo (1&) cc -:-olure) vith instrurentaticn t-o nemtthe r-e-

c= -ze~oer-ature and mressire vithin t~h 1o--nm1. The method. for determ-i-
ni'_ nz this bo-mb consisited- of placing a szecified.4 amvio't of fueel in
the ovrb. rress-uricZing the '--c= to the desired pressunre, and. heating the bm

intl -mitiLon -as 6u-ea--;ed. One temmperaturee at iVaich the ignition
occzarred- v: th;-e LU- of- the fu'Lel- at the mressure recorded jut rio

ij~iion.A r-essure riýse in excesso8tre *iiia sseys
esrmaedto hza-e occ-urr-ed upon ignition.

AUTMOR: j. R. Gibscn?' l~i. 9-U1-6* PAGE i
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aw# A~�IAPAZA AM pMF AERONAUTICAL SYSTEMS DIVISION•... •Contract No. AF33(616)-8141
Project No.1(8-7381) :Task No.73812

I, CATEGORY: VdsceeUaeous General CODE: 0-5-0

II. MATERIAL NAME: jp-4- Fuel (1-UM-J-562 1E)

V. =InAL PvROITU :

A. 4-iuchmic•!

* 1 hat kpplicable

AUTHOR: J.2. Gibsc2•V AM-: 9-11-2-1 PAGE 2
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AWW AV& ff&WAAV~r C&A#WAA AEROCNAUTEEC AI SYSTEMS DIXVISION
387%EA AISNA Conturact No. AF33(616)-811 fl

Project no.1(8-7381):Taslc No.73812

I. CATEGORY: ;stisceuen-ecus run General CODE: 0-5-0

V. FRINCTFAL M FRIS

3. Carot~hCale

The ai-.zicanition tenr.teesstali -sh-Z f~v- thae =ress~e- zrcne in-esti-
E-azea are -- esentet..a inn Figure i. Bat'a nr= other a are "e
sented for co=Tzrison.

AUTHOR: 0'. -R. c-i72snD ::2E P A-GŽ

MATRILS8 PROCESS UNITýý



ArgfE7#VA AAAAPZA:45W A 400A AMA -~~A±C jjSLSEIS DIVTISION
~,, ~,Contract No. AF33(616)-8i41

Project no.1(8-7381):Taslc '10-73812

I. CATEGORY: Miscefl- xmemuse and Get-er-al CVVE: 0-5-0

II. MATEMA NAME :jr 2 ? (9mLJ-S~

-f i

3 gI I.+

4 444 .

-I i t

AUH:j R. Gisol IMPE 9-1--;A

..... AMMAL 8-----. PRCS 4 -



AWASMW AIFA"N~rXUBMAAWAEROIAUTICA.. SYSTMZ DIVISION
N~7AGAWPL~fg £~ PAWCo&,:ract No. An33 (616) -8141

Project No.1(8-7381) :Task No.73812

I.* CATEGORY: Miscell=neous and Geaneral CODE: 0-5-0

II. M4fTERah 1AIMS: JP.4 Fue (,%rL-j-562z)

.. lCPAL !20FýrIES:

C. , Eetica!

inforw-ctjon ne -' m1 dme to lim of need. for Boeizj - 1Vjchime'

imestiU-etfrn ztbiS x~mc

AUMiOR: . Gyibsam1 I:9iP~ PA.GE5
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A-EMONAUTICAL SYSTEMS DIVISION
*aEMW ~2PW~ APAAFContract No. A2F33 (616) -8141

Project wo.i(8-T351):Taslc No-T3812

I. CATEGORY: miscfmueous ena General CODE: 0-5-0

II. MATERIAL NA1!IE: "j.r -ue (KrLj-562ýE)

D. Menical

!E;- iLe use-adin t-- m'a~~stgtc t MLJ32Esvecif-ications.

AUTHOR: w". 34. "::,;ck 1."l 9-1:.1 PAGE
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gAg7" - AIMM"AVA & pAWAY AERONAUTICAL SYSTEMS DIVISION
- - Contract No. AF33(616) -8i141

Project No.i(8-7381'):Taskc No.73812

1. CATEGORY: !iuseeflmzous end General CODE: 0-5-0

*II. YMAERIAL WIE: 'P-h F-ae1 '-!-J-562ýS)

It. is re~ - .-d the-t tZe -ic dzat3 5 ~ r o ccnsiae-red
c-_-na the dre - m of TS"Black Boxims"., air cc ressoms, etc., -ien the possi-
bil:t~y of fue- ctemntal exists.

.711 SM-Iur-I 5 MW~ MAM RAM:

Ra11c= retroleumm ecpenies

*1. AMSfl1 Stez1dards 1953, TFezt 7, Test I~etboid D,23-58f

2. Boeing - WiebIta. Mte~-tals end Prozess tnit, job N~o. SK-2-58

3. 0TN-:1, C1e-.e1and Jr., =-feet of Dressure an the ScteosIguition

(Jo Maiie off Lictid Fuiels. XAiC;A 1X 382=

!.ZareteK-mis, sz". G., ?Urrmo, L- L., mmni james, G'. V.: Spcmtadnec-as
flztimm lv~e=eatr_._s of Ccrbstibles i-n 1.5r. Ind:. a--; --tgr. Caen3.,

AUZROR: 'j. 10. -Ui-:scanq ZO: If- PAGE-

-MATERIALS ef PROCESS UNITAMM



AWASW AIAP&" M-A AEROIIAWIjiCAL SYSTEMS DIVISION
a Sf•FA Contract No. AF33(616)-8141

-Project No.1(8-7381) :Task No.73812

I. CATEGORY: Kiscellaneous General CODE: 0-7-1

II. MATERIAL NAME: Establish I-axi_•-- Angular Limits 2024-0 Alamin, 7075-0
Al.r inin-, and 321-A Stainless Steel

The objective of the program -eas to establish =a•d angular shearturning

capabilities for stau-ard airframe xaterials, in var-ying thicknesses.

IV. DE O121TAL BA.C-M:

This zwogAam deals primarily with the extension ard detex-nation of shear-
tu--ning capabilities and its 1its. Essentially, this report discusses and
fixes ti- anjg!ies to which a given mterial may be sheartul,-ed vithout failure.

AUTHOR: F. W. Strattcn-_rLc, 6  :Am- 9-1"-6i PAGE 1.

MATERIALS 8 PROCESS UNIT
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04 W W I rAZ. M 'C06GANYAERONAUTICAL SYSTE!IS DIVISION
*~E~W ~L4AE 66~AFContract No. AF33 (616) -81141

Project No.1(8-73831) :Task No.738i2

I.* CATIEGORY: Miseellaneous General CODE: 0-7-1

II. VATMRAL NAyLE: Establish Kix-ýr Angular idmits 2024-0 AlumilDm, 7075-0

Ab=Lanir 321-A Stainless Steel

V. PREliCIPAL PROPEM=T:

A. Mechanical

-zmax angular ] its for shmearturn quality materials are:

321-1 150
7075-0 16-1/20

See Photograph1 BKA-234~73

The uTE its eA blish during testing are s.ciin in Tables I, H and III,
and seen in thee plotted graphs of Figures 1, 2, and 3. The -.- s sb---•
in the-se tazles swa-ers~eie the above maim anua 12j,--Z; at Zany 'ZiCkr-
ness thin .09'3" or grester than .190".

Thae above angles aree :1e-ineed as 1j/2 t-me incl-Zedi anl of thepat

AU7 OR: ac. ~.S-tratton DA?/ . 9o-1861 PAGE 2.

MATERIALS a PROCESS UNITJ
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amw wpg~w aU~A'rAERONAUTICAL SYSTEM6DIVIION

- ~Project NO.1(8-73F31) :Ta!'k No.13812

*I. CATEGORY: miscellaneous General CODE: 0-7-1

11. IIATI'RI NKAE: Establish maxim= wAguar Llimits 2024-0 Altinimm, 7CT7-O

Abminum, 321-A Stainless Steel

V. RIINOIAL EIRD2TIS: (Conitimied)

A, Mechanical (continued)

&0,-23473

AUBMM: F. w. st~rattoh1-F/ 2  DATE: 9-18-61 PAGE 30
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Aff"ArC AAW*PAVA' £AMOA Yr AERONAUTICAL SYSTEMS DIVISION
snuxmA AVMAFAWcontract No. AF33(616)-8141

Project No.l(8-7381):-Taslc No.73812

I.* CATEGORY: Mscefllmeous General CODE:0-1

I.NATERIAL NAM~E: Establish Yairum An-gular Lidits 202L~-0 A4l-in-, -7075-3

Aluzminu, 321-A Stai-nless Steel

V. Rm!CIPAL Ir.O0zTIES=_: (Continued)

A. edmanical (continued)

fXXOD *PZ £,LF ~9gP.A# J#Ari CAW4 ~AIW"
~~ Iva"~ AT g

.2 e- fizz T. -At _M0 _W 74

* I24 U ~ Z& .5.7a FT- -.'a .0".-o,7
-VaI a .A-. 114 450. X 7 '- .071 _.271 :f*

~4 a g -VI 12so IL .5W z IA.

115'- -'b7. _± t'3 5 -.-

7 22-0 /a1i A&~ Z 4.550 7. OI.W1

ATl V_ 40 _0 2 3

-.PC/ I lz gr

AD-A _0 I/ -Z ff---I. - a~A' J5 - VI 2 I s 
-

.i . -r ýZZ1- IA 316 ..- Z# 6
__1 .2IZ " 7

- H-a 1j r. -A _ _2_

AhO: .. Statton _ _z sAsE 9-,so 1_& PAG I ,&

MzMATERIso A LS 8a' PRCS. U I.



04047MO AMPWAALEF 4CA4*JAAy AERONAUTICAL SYSPIEMS DIVISION
Con'tract No. AF33 (616) -81411
Project No.1(8-7381):Taslc No.73812

I. CAISGORY: !miscemanno us General CODE: 0-7-1

II. MAErALM NAM: Establish Mpax i--.- Angplar idmits 2002L-0 A3hrirni-, 7075-0

Alumini-~z, 321-A Stainless Steel

V. F.-XCIPAL Pi0FOE.T-Ls: (Continued)

A. IYechanical (continued)

#a~t~*Ac-rmr Srru' rasr Pag.,tv ' Ca4i~, rffNfw".S

_- I /,&- - -I - Us

27 5054 114 275L 'Y s.so r, is'- Act _24s i3W.
2AS , 21 _%r, 0 r- 15* -.oss _2&J~ '6S

~~.25. 1 31&2YZ/0 . ,o-00 2A 4027 -121 1 J/,& - 1 5 -1 S _Q -931 .245 ' M
-z - -31 -213010% -3 --JZ *--- -

28 Jp z 'A. 2' so I F.w -',F -CU -262 1&--

.2s 2- 'rev Z-050 -,e' Z.o9 28'3
.31, 1= - -0 1 //J 2A J-70 . -. =' --ass .44 z6 - A,bU. - SM~

2, W //I I Z 3l -. £59 .1/ lb C947 .34 20' ". -I

32 A 5- -~f Cs e-&. 1X 1. .2S -:Z-92 00-

4z1~4 2 9 z wo* .CS& -. & .ozz ..X2. mZ

45.f 7075-A 4I 01 '/,g 'A 1s 3 T0Z. I -I.z -OZZ 1 .249 If-
441 1- I - -'M1; zSgaT - 0~,3-=&

-:r - _ _z1-2____ 35 T ce &j-2 22i

47 4'1 2.'Y2 &500 T,5 "6; -DI .s2 of-1T 1.__7.z sso
i~~~7TBL U ~ _

AMHOR:~~~~~~ W. Stato____9--41PGE5
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*ffEIAg AIAPARAAW ==.fARAVY AEONA1RICE YTM DIVISION
- Contract No., AF33(616)-8lI1iProject No.1(8-78) s No73812

I. CATE:GOIRY: Miscellaneous Genera CODE: oq-7-

II. Y-ATERIAL NAM~E: Establish Xaxi-un Angular Limits 2O21-0 Alumrinun, 7075-0

Almirnnw,- 321-k Stainiless Steel

V. FR2-XIAL FMCHzzlIES.: (Continued)

A. vl-ecnanical (continued)

Asp - IM .- - - -Aila

22"~ V .00 e2 YL 350 ..g7 -,,S S.92 .244 E--
yeo I T -W 330s .070 t~s ".S7 - -a4 - -
1la 2- M 3$0 -07V rs' .029 -in '3- -

£57 l~ -C&' '15 .2 a .3D -C -1? 0 01fo. 2 62 z5-0

-478- 2 9" "D~ T. No-,DS* eS- .2". 14.-1( A'S 2 A2.33'o T. -xH oj:s 2.1-
s * - '/& 27 SS0 7r . -,S o .CS -244 ,4 -0-

sip?=z__~ -.-1/z ----..-. 03ro - __

57 if' -5s VaIzDJS g.s - ---

1- Li 9A'2 .350 .09 40 I r& 1 -27SI A - -

-SyI I~L•z - Iss 17 .1016401 -1.7 . -0J9D 1.2

I.z -- Iv -.

I Zz 13S 1 20'1-7 " 3

£e4I I - . IZ&I =Y I RLSo- is ,cs 1~ -0 1 vl zo-i1
S 7 1 .Iz i 3S-toLo/ I 2o' 1 offf -.FA#- I Z. I
I. T I I -I

AUMhOR: F. W.Stratt-1-6 PAGE 6.
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AAAFAWAVAFAERONAU TICAL SYSTEMS DIVISION
30 E7'3 ARPLA5 £.Contract No. AF33(616)-8141

Project No.l(8-7381):Task No.73812

I. CATEGORY: U~scellaneous General CODE: 0-7-1

II. FMATERIA NAM~E: Establish Ia,-iru Angdar Limitus 2024-0 AlumLizrm, 705-0
Alumin-., 321-A Stainldess Steel

_______ (Cotntinued

A. ________za (contL-me

7L2 ___ -Z.

L L

-. Z



",FWAAP AMAZAA Cff AA~rAERONAUTICAL SYSTENS DIVISION
=191= AMnYW Contract No. AF33 (6i6)-8i4i

Project No.1(8-7381) :Task No.73812

I.* CATEORY: Miscellaneous General CODE: 0-7-1

II. MATERIAL NAME: Bstablish AaArEngular Linitts 2024-0 Alu~minum, 77075-CD

Alumbiimz, 321-A Stainless Steel

V. P?.M.ZCIPA1. -=CrzR.TIES: (Continued)

*A. r.ehanic~al (cont.i'ued)

--A -

'4

VFý IZ.

:j:_
Z= 44

N V

0 20

*FIT G U FZ 2

AUTHOR: F.i. Stratton DAUS: 9-18-61 PAGE e.
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AffEM'Wl AIAPARAA'F £AWAff AERONAUTICAL SYSTMIS DI1VISION
Contract No. AF33(616)-81411
Project No.1(8-7'381):Task ho.73812

I, CATEGORY: Miscellaneou~s General CODE o-7-1

II. MATERIA NAME: Establish 1Maxiimum Anggular Lirit-,s 22024-0 Alminrmrn, 7075-0

Al=a-4nim, 321-ýA Stainless Steel

V. =MICI?1 ?ROERTIE:. (Con~tinued)

A* .]chandcal. (continued)

.4V-

1 K

./o .200 O

*AUTHOR: F. W". Stratton -p DA.-z: 9-18,4). PAG

MATERIAL$' a PROCESS UNIT
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- A-ONAUTICAL SYSTEM•S DIVISION
3 A AU-A E CAMA ., Contract No., -33(616)-811l

Project No.1(8-7381):Task No.73812

I - CATEGORY: 'sc-eou G CODE: o-7-1

II. WITERIAL NAF : stablish Y Angalar Limits 2024-0 AJi• cnu_, 70-5-0
A•im, 321-A Stainless Steel

B. Tnhermo-, -ical

This troperty has rot been dte:ned by Boeing-Wichita since such
Lnfor=tioA. %-as not needed under the scope of this program.

AUTHOR: F. W. Stratton DAME: 9-318-61 PAGE 10.

MATERIALS 8 PROCESS UNIT:3,-



2DEAff" AAPAAM F =ffA1JW,4 A~ AERONAUTICAL SYSTEMS DIVISION
w,,VAVr & ...A... Contract No. AF33(616)-8141

Project No.1(8-7381 :Task No.73812

I. CATEGORY: Mliscellaneous General CODE: 0-7-1

II. MATERIAL NAME: Establish Maximum Angular Limits 2024-0 Aluminum, 7075-0
Aluminum, 321-A Stainless Steel

V. PRINCIPAL PROPERTIES:

C. Electrical

This property has not been determined by Boeing-Wichita since such
information was not needed under the scope of this program.

AUTHOR: F. W. Stratton DATE: 9-18-61 PAGE 11.

MATERIALS a PROCess UNIT



e47"Mg AAWAZA r Cffoff -,4WVr AERONAUTICAL SYSTEMS DIVISION
,A C AAd 0.1MMAW Contract No. AF33(616)-8141

Project No.1(8-7381):Task No.73812

I. CATEGORY: ýascellaneous General CODE: 0-7-1

II. MATERIAL NAME: Establish ,-aximum Angular Limits 2024-0 Aluminum, 7075-0
Aluminum, 321-A Stainless Steel

V. PRINCIPAL PROPERTIES:

D. Chemical

This property has not been determined by Boeing-Wichita since such
information was not needed under the scope of this program.

AUTHOR: F. W. Stratton DATE: 9-18-61 PAGE 12.

AUTHOR:Ir!17F111 '



AERONAUTICAL SYSTEMS DIVISION
WVA,'SA o,*,, Contract No. AF33(616)-8141

Project No.1(8-7381): Task No.73812

I. CATEGORY: Miscellaneous General CODE: 0-7-1

II. MATERIAL NAME: -Establish Maximum Angular Limits 2024-0 Aluminum, 7075-0
Aluminum, 321-A Stainless Steel

VI. REC0O4,NDED USES:

Since Boeing-Wichita is primarily an airframe manufacturer, this material
was reviewed with thin end usage in mind and the test procedure derived to
make poss-Ibl the determination of the property of new materials, should
such materials call for the process of shearturning.

VII. SUPPLIERS AND TRADE NAMES:

Available from all standard Metal suppliers..

VIII. REFFRENCES:

A, Boeing-Wichita Manufacturing Research Report 645.5, "Angular Shear Dis-
placement Limits for Shearturned Metals".

AUTHOR: F. W. Stratton DATE: 9-18-61 PAGE 13.
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