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FOREWORD { 1
¢
! i
This repcrt was prepared by the Rohm and Hass Company, under ‘ }
. USAF Contract No. AF 33(038)-22945. The contract was initiated ¥
] under Resserch and Development Order No., 616-12, "Transparent Materials", §
: and was administered under the direction of the Materiais Laboratcry, 1
i Directorates of Research, Wright Air Development Center, with Lt W, :
i K, Stemple acting as project engineer. %
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ABSTRACT

Develupment of -a test procedure and apparatus for use in
qualification testing of transparcnt plastic sheet material under
military speeifications is deserited, The procedure was used to
differentiste the formirg charzeteristics of five transparent

-plastic sheet materlals that are supplied under five different
Government Specifications for use in aircraft enclosures.

The plastic materials were found to be sufficiently different
in characteristice at high temperatures tc bave alstinctly —- -
different moduli of elasticity and to rejuire different conditions
of temperstures and pressures for forming, The. forming parameters
{thickness, pressure, time and iemperature)-which will permit
qualification testing to differentiate %he maLeria}s are_given, .
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INTRODUCTION

Various types of plsstic materlsls are usable ag transparent
sections in aircraft enclosures. In general, these matsriasls are
manufactured as flat sheets which can be subsequently formed intc
mers useful shapes for aivereft by the application of heat and a
deforming load, However, not ail such materlals are formable into
shapes involving compound curvature and certain of those materials
which mey be formed into compound curves are not sg easily formable
ag others, Hence; there is s need for a method of test which will
differentiate between the formsbility characteristics of the avail-
sble transparent plastic materials for purposes of qualifi-ation
testing under military specifications, which may bs useful in the
svaluation of nsw plastic materials and which will provide enginears
with design criteria or limite of formability and extensibility.

In addition, it 1s well known that inherent limitstions of practical
MAnUl ac LUr' g LeCRUIGUSE ouuss vallabivad Lo ell products. Thus,
ibere is the possibilily thal (he Coruabllililty characteristics of a
given type of transparent plastic material may vary with differences
in manufacturing techniques,

The rasearch reported herein is Intended to dovize a method
of test ¢! the formability charscteristics of five plastic materials
currently manufactured for uss as transparent sections in aircraft
enciosurss. The method of test developed from this resssrchs

1. Measures differences in the extensibility of the
various materials under forming ccnditions.

ny

o Measures differences in the formability of the
various types of plastic materials.,

3. 1Is useful for specifying the foruwabllity of each
type ~f plastic material.

AFTR 6684 viii
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OBJECT OF RETSEARCH

THE #7t%Z FEDT OF THIS SFSEARCH WAS TO DEVISE A RELATIVELY SIMPLE

PROCEDUPE TO JERMIT QUALIFEITATION TESTING OF THE FORMABILITY CHARACTERISTICS
C SHTET MATERIALS CGURRENTLY MANUFACTURED FOR USE AS TRANSPARENT

OF FivE P 7t &
SEGTYIONS i A!BURAFT ENCLOSURES,

TH: vIvOKDARY, CORRELATED OBUECTS OF THIS RESEARCH WERES

A, TO DETERMINE THE FLEXURAL DEFORMATION VS, TEMPERATURE
CHARACTERISTICS OF STANDARD SPECIMERS OF THE PLASTICS
SUBJECTED TC VARIQUS STRESSBES,

B, 10 DETERMINE THE TENSILE MODULUS OF ELASTICITY VS,
TEMPERATURE CHARACTERISTICS OF THE PLASTICS,

Co TO DETERMINE THE FORMING PARAMETERS {THE TIME, TEMPERATURE,
LOAD, THICKNESS AND DEFORMATION RELATIONSMIP) REQUIRED 1O
PRODUCE OFTICALLY SATISFACTORY, APPROXIMATELY SPHERICALLY

~ >
FED SICTIONS FRCH THE PLASTIC SMEET,

De TO INVESTIGATE THE LIMITATIONS OF FCRMABILITY OF THE

PLASTIC SHEET WHICH COULD NOT BE SPHERICALLY SHKAPED
AND DETERMINE FORMING PARAMEYERS §FOR SUCH HATER[AL,

THE THIRD CBJECT OF THIiS RESEARCH WAS TO DEVISE A SIMPLE TEST METHOD
OR METHODS WHICH WILL POSITIVELY DIFFERINTIATE BETWEEN THE FORMABILITY
CHARACTERISTICS OF THE SUBJECT PLASTIC MATERIALS,

SECTION 1!
APPARATUS USED

Yo AN EXPER!MENTAL, CONYROLLED TEMPERATURE, FORCED CIRCULATION, AIR
OVEN, ASSOCIATED EQUIPMENT AND A FIXTURE FOR SPHERICALLY FORMING 8" DA~
METER PLASTIC DOMES uUSINC 11" DIAMETER DiSCS.

Fi1Gure 1 1S A SCHEMATIC DIAGRAM OF THE EXFTERIMENTAL QOVEN
ARRANGED TC MEASURE THE ELONGATION RATE OF PLASTIC SFECIMERS MAINTAIMED AT
A CON3STANT TEMPERATURE. FIGURE 2 IS A PHOTYOGRAPH OF THE OVEN

SET~UP USED TO MEASURE THE ELONGATION RATE. THE REMOVABLE FLATFORM SUPFORTS
THE ENYIRE LOAD OF STRESSING WEIGHTS AND LOWER SPECIMEN TENSILE GRIPS UNTIL

THE SUPFPORTING LEGS OF THE PLATFORM ARE COLLAPSEL WITH TRE AJL OF STRINGSG,

AFTR 663U |
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A THE PLATFORM DROPS, 4 WMICROSWITCH ON ONE OF THE PLATFORM GU'IDES STARTS
7HE TIMER WHMICH 15 VIEWED 8Y THE 16 MM, CAMERA WITH THE AID OF THE MIRROR,.

FiGure 3 IS A PHOTOGRAFH OF THE TENSILE GRIPS MARE TO GLAM®
HARD OR BOFT PLASTIC SPECIMENS DURING ELONGAT !ON,

Fieure U I8 A SCHEMATIC DIAGRAM OF THE SAME OVEN ARRANGED
TO MEASURE THE DEFORMATION OF A PLASTIC DIBC WHILE BEiING FREE~SBLOWN [NTO A
SPHERICAL SECTION, THE DIAMETERS OF THE SKEAVES WERE CHOSEN TO PRODUCE A
MOVEMENT OF TNE ARMATURE OF THE MOT ION SENBOR OR TRANSMITTER (AN INDUCTANCE
colt, SEE REFERENCE 14) OF 1.2" FOR A U" VERTICAL MOVEMENT OF THE CENTER Of
THE TEST SPECIMEN, MOVEMENT OF THE ARMATURE IS RECORDED BY ONE OF THE PENS
OF THE REGORDER,

THE CONTROLLED AR PRESSURE USED TO DEFORM THE TEST SPECIMEN INTO A
SPHERICAL SECTION WAS MAINTAINED AT A CONBTANT VALUE BY A wapel H-10 ConorLow
Pressuns REGULATOR. TO AVOID ERRORS PRODUCED BY AiR LEAKAGE, A COMPLETELY
SEPARATE AIR LiNE (SEE FiSURE k,) WAS USED TO CONNECY THE PRESSURE
INDJCATORS AND RECORDER YO THE TEST J1G. FIGURE § IS A VIEW OF
TUE AlB SONTRAL QINE AF TUE EYRERIMENTAL aveM  THE Quail UALUE tAAFLEEN
TILAMP NG PRESBURE CONTROL® CORTROLS YTHE B0 10 100 PS1Ge SUPBLY TO THE GLAMP~
ING PISTONS OF THE FORMING FIXTURE. THE PRESSURE REGULATOR PROVIDES AIR AT
20 PSIG, TO CPERATE THE INDICATORS AND RECORDER AND ALSO JUPPLIES AIR TO THE
ConNOFLOW PRESSURE REGULATOR USED TO PROVIDE CONSTANT PRESSURE FOR FORMING
TEST EPECIMENS., TO OBTAIN AR PRESSURE AT THE CONOFLOW REGULATOR GREATER
YHAN 20 PSIG,, A BY-PASE WAS PROVIDED FROM THE QUPPLY LINE TO THE CoNoFLOW
REGULATOR, THIS LINE APPEARS BELOW THE FILTER N FIGURE B, A
PRAEZSUAE RANGE CMANGE SELECTOR SWITCH 18 USED VO DIREST THE UEASURED AR
PRESSURE FRAOM THE FORMING FIXTURE TO THE PROPER PRESSURE INDICATOR WHiCH,

{N TURN, OPERATES TWE FPISSUBE RCCOADER.

THE TEMPERATURE WITHIN TKE OVEN CAVITY 1S MEASURED 5Y THE TEMPERATURE
SENS IXG BuLe {eEe FIGun: 73 AND 15 RECORDED 8Y ONE OF THE PENS OF
THE RECOMDER,

THE FIXTUREZ OR JIG FOR FORMIMG SPHERICAL SECTIONS IS SHOWN DISASSEMBLED
tn FIGURE 6 WITH A FORMER TEST SPECIMEM iN PLACE., THE SPRINGS ON
THE GUIDE PINS ON THE LOWER PORTIONW OF THE JIG ARE USED YO SUPPORY THE WEIGHT
OF THE TOP RING, HINGED CLAMPS AND A FLAT PLASTIC TEST SPEGIMTN WHICH (S FiRST
ATTACHED TO THE TOP RING WITH SPRING-LOADED FPAPER LLamPS (NOT SHOWN iN THE
PHOTQGRAPH), THUS, AS THE FIXTURE I8 USED !N THE OVEN, THE HORIZORTIALLY
MOVING AIR BTREAM PAGSES ACRUSS 30DTH TOP AND BOYTOM OF THE TEST SPECIMEN
GURING THE PREYEAT ING PERIOD,

AFTR 668l 2
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THE AJR PRESSURE &CCUMULATOR, SNOWN [N THE OVEM GAVITY IN Figure 7,
SIS 0F AP AT THE OQVEN TEMPERATURE AND AT A
ANT PRESSURE DETERMIMED 8Y THE SETTING OF THE CONOFLOW REGULATOR. A
SOLENOID VALVE RELEASES THE AIR IN THE ACCUMULATOR TO THE SPACE ENCLOSED BY
THE TEST SPECIMEM AND THE SOTTOM PLATE OF THRE FiXTURE TO START THE FORMING

PROCESS, THE PRESSURE IS MAINTAIMED BY AIR FROM THE CONOFLOW REGULATOR.

THE CLOCK WORX MECHANISM OF THE RECORDER WA3 CHOSEN TO TURN THE CHART
AT A RATE OF 1 REVOLUTION EVERY & MINUTES, THE ELEGTRIC CURRENT ACTUATING

5 THE SOLENOID VALVE IN THE AIR LINE ALSO SIMULTANEOUSLY STARTS THE CLOCK
N MECHANSM OF TME RFCORDER,
.
= 2., BOLEX~PA{LLARD 16 MM, MOVIE CAMERA EQUIPPED WITH AN F1,9, 26 mM,
L
& FOCAL LENGTH LENS,

ik
=15

3« NECESSARY GENERAL EQUIPMENT FOR TAKING, DEVELOPING AND PROJECT ING
16 MM, FiLMm,

4. Bauscr AND LOMB MICROZCOPE EQUIPPED WITH A MICROMETER EYERIGCE
AND U8 mm,. 0BUECTIVE.

5. Preciston ScienTiric Cowpany "TIME=IT" TIMER NUVERICALLY NDICAT-
ING SECONDS AND 1/ 1U SECONDS .

6o FLEXURAL DEFORMATION {HEAT DISTORTION) TEMPERATURE TESTER (SEE
REFERENCE 10),

7. WMERCURY MANOMETER AND STANDARD GAGES,

8. N8S CertiFicate No. 73075 ~5°C. 70 360°C. (22@F. TG 680°F.)
THERMOMETER,

9. ALNOR PVELOMETER" AIR VECLOGCITY MEVER,

10. BROWN "ELECTRONIK" 8 POINT TEMPERATURE RECORDING POTENT JOMETER AND
THERMOCOUPLES,

11. Haze MeETER (SEE REFERENCE 11),

e e e, gk e P S ST

ik Sl i S o e e 10 T o p
ot AT g sl T VLR o B¢

~ . A ) 1 AN G L hs T A Yl 3

12, FLOGKEL~RUBBRER COVERED CYLINDRICAL SECTIONS FORMS OF SEVERAL RAD!!,

LT GRS PPN A L

SECTION {11
METERIALS ,
: %
THE FOLLOWING SHEET FLASTIC WAS OETAINED FROM YHE INDIGATED SAURCES, IN &
EACH CASE MATERIAL WAS ORDERED TO CONFORM 7O THE PERTINENT SPECIFICATION, EX- §
CEPTING FOR THE LUCITE, WHICH HAD BEEN PREVIOUSLY PURCHASED FOR OTHER PURPOSES, %
AND FNR SOME SHEETS OF PLEXIGLAS WHICH WERE NOT OF A TH]CKNESS APPEARING N _J
Ak
THE SPECIFIGATION, o
AFTR 5604 3 g
o
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TABLE 1

MATERLALS LSED LN RESEARCH
Not2 I NAL
APPLICABLE MATERIAL TH)ICKNESSES TRARE 5 ¥
SREC|FICATION  TYPE DBTA INED TRADE Nave  SOURCE OF SUPPL
MiL-P=-6887 ACETATE 0,060,0.125  LUMARITH CeLaness Corp, OF AMERICA
12 SOUTH 127TH STREET
PuiLapELPHIA, PENNA,
MiL=P-6887 ACETATE 0,125,0.250 PLASTACELE E. 1. DUPONT CoMPANY
WiLmiNGTON, DELAWARE
AFizols VinyL 0.060,0,125 ViNYLITE Baket ive Company
0,150 1649 N, Broap SYReeT
PriLADELPHIA, FrakA,
AFi2000 ALLYL 0,060,0.125 CR-39 THE HomaLiTe CORPORATION
0.250,0.500 13 DROOKS IDE DRIVE
WiLmiNGTON, DELAVWARE
MiL-P-SY425 ACRYLIC 0,250 Lucite HC202 E, . puPonr Company
ARLINGTCN, N, Jo
RiL=P=-SY25A ACRYLIC 0.250 Lwosve HC212 E. i. puPony Company
ARt INGTON, N.J.
T AL Acaviit ©0.080,0,12%  Piexiouas §1 Row & Hize Couramy
0.250,0.500 Purrangtentia, Peuua,

PLUS vARIOUS

MIL-P-6886 ACRYLIO N.060,0,.12% Prexiclas 1=A  Roums & Haas Company
0.,250,0,500 PHILADELPHIA, PENHA.
PLUS VARICUS

RN, 4 AT

e

SECTION 1V

FROCEDURE

CAMEHA GALIBEATON

LrNe REBOLUTION CHARTS WERE TAPED TO A VERTICAL WALL., ALONG A HOR| ZONTAL

AND OME DI{AGONAL LINE. THE SPACING OF THE CHARTS WAS SUCH AS TO SUBTYTEND ANGLES
OF 50, 10°, 150 AND 20° FROM THE INTERSEGTION OF THE TWG LINESe SINGLE FRAME
PICTURES OF THE CHARTS WERE TAKEN WITH THE BOLER CANMERA EQUITPED WiTH THT
26 WM, FOCAL LENGTH LENS, USING SUPER X FitM. EXPOSURES WERE tADE AT £ACH
DIAPHALOM OPENING {F1.9 YO F22) IN ACCORDANGE WiTH THE RECOMMENDATIONS OF
REFZRENCE 8. THE FILM WAS DEVELOPED WITHOUT REVERSAL. THE NUMBER OF LiNES
E3GLYED &Y THE LENS=FiLM SYSTEM WAS DETERWINED WiTH THE AID OF A 12X MAGNIFY~
ING GLASS AND TiE CONSTANGY OF SPAGING OF THE CHMARTS ON CERTAIN OF THE NETA~

AFTR £48% b
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TIVES WAS DETERMINED WITHM THE MICHOMETER ATTACHMENT ON THE BauscH AND Loue
M CROSCOFE o

A AT

THE AIR DEFLECTIN® VANES (SEE FIGURE 1) OF THE EXPERIMENTAL
OVEN WERE ADJUSTED WITH THE AID OF THE VELOMETER TO GIVE OPTIMUM UNIFORMITY
OF AIR FLOW ACROSS THZ OVEN CAVITY AT APPROXIMATELY ROOM TEMPERATURE, THE
BEST RESULTS WERE OBTAINED WITH THE OVEN BLOWER OPERATING AT THE MIGHEST
OBTAINABLE SPEED (750 RPM). THE MAXIMUM AJR VELOCITY OF APPROXIMATELY 275
FT/MINUTE WAS MEASURED NEAR THE DQOR OF THE OVEN, DECREASING T0 50 FT/MINUTE
NEAR THE REAR OVEN WALL, VARIATION FROM TOP TO BOTTOM OF THE OVEN WAS 27H
10 50 FT/MINUTE,

SEVERAL FINE WIRE THERMOCOUPLES WERE EMBEDDED IN THKE CENTER PLANE OF
0;125" x 1" x 15" SPECIMENS OF PLEXIGLAS WHICH WERE THEN HUNG IN THE TENSILE
GRIPS IN THE OVEN AND ORIENTED IN ACCORDANCE WITH THE PROPOSEDR TEST METKOD.
THE SIGNAL FROM THESE AND SEVERAL OTHER THERMOCOUPLES IN TME A|R STREAM WAS
RECORDED A8 THE OVEN TEMPERATURE WAS INCREASED TO ONE OF SEVERAL CONSTANT
TEMPERATUNES, THESE RECORDS WERE ANALYSED FOR OVEN HEATING TIME AND UN|FORM-

1Y OF TEmreher i URE.

THER/ORETER CALIBRATION

SEVERAL MERCURY THERMOMETERS WERE CAL(BRATED, TOTVALLY IMMERSED, WiTH
THE AID OF THE NBS CERTIFICD THERMOMETER.

AJR _PRESSURE CAI |BRAT ION

THRE AJR PRESSURE GAGES (SEE FIGURE 5, PAGE 32) USED 7O PRESET THE
DES IRED CONSTANT PRESSURE TO THE FORMING EQUIPMENT WERE CALIBRATED AGAINST
A PREGISION TYrEL PRESSURE GAGE, THE PRESSURE INDICAYURS AND THE PRESSURE
RECORDER WERE CALIBRATED FOR BOTH THE 0 TC 10 PSiG. AND THE O TG 100" MERCURY
RANGE IN ACCORDANCE wiTH REFgRENCES 12 anD 13.

OWEN M IEICAT 0N

AFTER COMPLETION OF THE TESTS TO OBTAIN THE MODULUS OF ELASTICITY OF
THE £LASTICS AT HIGH TEMPERATURE, THME EXPERIMENTAL OVEN WAS REVISED BY ADDING
YHE A!R=CONTROL AND IND|CATING SYSTEMS AND THE MOTION TRANSMITTING SYSTEM
SHOWM [N F [BURES 2, 5 AND 7. THE TEMPERATURE RECORDING PEN WAS CAL IBRATED
gvery 10%C. FROM 70 10 16070, AGAINST ONE OF THE CALIBRATED THERMOMETERS. THE
MOTION TRAMSHITTING SYSTEM AND RECORD!NG PEN WERE GALIRRATEN AGAINET MEASURED
MOVEMENTS OF THE M0TION TRANSMITTING Castd (Fiauwre T,
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SPEG INEN. CREPARATION

SPECIMENS WERE CUT FROM THE 1/8" aND 1/4" THICK PLASTIC SHEETS TO PROVIDE
1/8" or 1/4" x 1/2" x 5* SEGTIONS FOR FLEXUPAL DEFORMATION TESTS. THE LONG
EDGES OF THESE PIECE® WERE MILLED SMOOTH, TwWD SBECTIONS OF THE C.150" THIOCK
VINYL BASE PLAST!C WERE STACKED TOGETHER TO PROVIDE ONE TEST SPECIMEN,

NumMgerouS 0,125" x 1" x 5" SPECIMENS OF PLEXIGLAS WERE PREPARED FOR THE
HIGH TEMPERATURE MODULUS OF ELASTICITY TESYT 8Y HAND SCRAP|NG THE SAWED EDGES.
GAGE MARKS WERZ PLACED APPROXIMATELY 12" APART AND PERPENDICULAR TO THE LONG
AXIS ON OWE SURFACE OF THE SPECIMEN USING AN ACRYLIC BASE WHITE PAINT IN A
RULING PEN (SEE FIGURE 2), SIMILAR SPECIMENS OF VINYL AND ACETATE
Bii. PLASTICS WERE PREPARED, INASMUCH AS THE ALLYL BASE PLASTIC SHEEYTS WERE

12" x 12%, IT WAS NECESSARY TO USE 0.125" ® 1" X 12" SPECIMENS, BUT OTHER=
WISF THME PROCEDURE WAS THE SAME,

SPECIMENS OF EVERY AVAILABLE THIGKNESS OF EACH OF THE PLAST!C MATERIALS
WERE OUY TO APPROXIMATELY 12" DiAMEYER DISCS OR 11" SQUARES AND ®ERE IDENTIFED
BY SCRIBING NEAR THE EUGE. ONE 0,i25" X 7" DIAMETER AND ONE 0,125% x &
DIRMETER DISC WERE PREPARED FROM TME ALLYL BASE PLASTIC SHEETS,

Seveaail 112" x 12" SPECIMENS OF ALLYL PLASTIC WERE PREPAREN FOR AlLL
THICKNESSES OF THIS MATERIAL, THE EDGES OF THESE SPEGCIMENS WERE VERY CARE-
FULLY SMODTHED AND BEVELED TO ELIMINATE MINOR EDGE FRACTURES,

SECTION V

CONLCTY CF TEST

FLEXURAL DEFCRMAT ION VS, TEMPERATURE

TrE MEASURED WILTH AND THICKNESS OF THE MILLED SLEXURAL DEFCRMATION
SPECIMINS WERE USED YO CALCULATE THE DESIRED LOAD 70 BE USED ON THE APPARA~

i
Vo

<

neacrIBen v REFERFRCE 10. A CUAVE OF DEFLECTION VS8, BATH TEMPERATURE
WAS THEN OBTAINED A8 THE BATH TEMPLRATURE WAS RAIIED AT A RATE OF 200./
MINUYE, EACK SPECiMEN WAS TESTED WITH THE 1/&" LOKG 4%18 PARALLEL TO THE
DIREATION OF LOAD {(THE SPECIMEN RESTED OK ONE LONG MILLED EDPSE). Cnuy owE
[PEC IMEN WAS TESTEY PER STREES,
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SECTION VI

CONDUCT OF TEST

WRULLS OF ELASTICITY

THE THICKNESS OF EACH SPECIMEN WAS MEASURED ONCE AND THE WiDTH WAS
MEASURED AT THREE LGCATIONS TO THE NEAREST 0,001", wiTH A BENCH M) CROMETER
EQUIPPED WITH A O TO 1" FEDERAL DIAL GAGE, THE AVERAGE OF THE WIDTH MEASURE-
MENTS AND THE SiNGLE THICKNESS MEASUREMENT WERE USED TO CALCULATE THE LOAD
REQUIRED TO PRCDUCE THE DESIRED STRESS, THE LOWER TENSILE GRIP, THE BCTTOM
SUMPORT NG DISC AND SUFFICIENT LEAD WEIGHTS WERE THEN WE)GHED TO PRODUCE THE
REQUIRED LOAD., THE SUFPORTING DISC AND LEAD WE(GHTS WERE THEN PLACED IN PRO-
PER SEQUENGE ON THE MOVABLE PLATFORM BELOW THE OVEN CAVITY FLOOR (FIGURE 21,

THE UPPER A.LD LOWER TENSILE GRIPS WERE PLACED ON EACH OF FivE 1"
X 15" 8PECIMENS,

THREE CALIBRATED THERMOMSTERS WERE HUNG IN THE OVEN IN THE PLANE OF THE
SPECIMENS, THE EXPERIMENTAL OVEN WAS MAINTAINED AT A CONSTANT TEMPCRATURE
UNT L EQUILIBRiUM CONDITIONS WERE ESTABLISHED,

THE BOLEX CAMERA, LOADED WITH MICROCOPY FIiLM, WAS PLAGED ON THE TRIFOU,
AL{GNED AND FOCUSSED ON THE PLANE OF THE SPECIMENS WITHIN THE OVEN. THE
MIRROR AND TIMER WERE ADUUSTED SO THAT THE TIMER NUMERALS WOULD BE RECORDED
ON THE NEGATIVE,

THE OVEN BLOWER WAS TURNED OFF, THE DOOR QPENED ANKD THE 5 SPECIMENS AND
GRIPS WERE PLACED IN THE OVEN 8Y THREADING THE RODS ON EACK GRIP THROGUGH THE
PROPER HOLE IN THE FLOOR AND TOP OF THE CVEn. WING NUTS WERE SCREWED ON THE
UPPER ROD8 TO SUPPORT THE SPECIMENS IN THE OVEN, [THZ CYEN DOOR WAS CLOSED
IMMED I ATELY AND THZ BLOWER STARTED,

THE KOD ON EACH LOWER TENSILE GRIP %WAS COUPLED TO THE FROPER SUPPORT NG
DISC, TAKING CARE NOT TO STRETCH THE SPECIMEN IN THE OYEN, AppProximarely 25

L {64

MINUTES AFTER THE OVEN REGAINED TOMIIRATURe EQUILIBRIUM {CR U5 MINUTEZ FROM
CLOSING THE DOOR) THE WING NUTS SUPPORI iHG THE SPECIMENS WERE CAREFULLY
TIGHTENED OR 7O

THE LIGHTS WITHIN THE OVEN WER
WERE MADE OF A PLACARD DESCRIBING THE TEST. THE PLACARD WAS REMOVED AND THE

P OF The OVEN TO WAKT
0

TURNED ON AND SEVERAL SINGLE FRAME PICTURES

SRR o

= ¢

ORIGIMAL LENGTH OF THE SPECIMENS WAS RECORDED ON THE FIiM. THE STRING WAS
PULLED TO CCLLAPSE THE MOVABLE PLATFORM BELOW THE OVEN, TS ~PPLYING THE
LOADS AND SIMULTANEOUELY STARYING THE TIMER, SINGLE FRAME FICTURES WERE MADE

W‘ 2wy § ";..-‘..._ ShR I F o AR T e i) :» b
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AT APPROPRIATE INTERVALS AS THE SPECIMEND ZLONGATED,
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AFTER THE NEGATIVE WaAS DEVELOPED, THE [MmAGE WAS PROJECYED THROUGH THE
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16 M, PROJECTIR RT A MAGNIFIiCATION OF 1 7O t~1/2. THE PROJECTED LENGTH OF
EACH SPECIMEN AT ZERO TIME WAS RECORDED. THE PROJECTED LENGTH =T FERIODIG
INTERVALS AFYER LOADING WAS ALSO RECORDED, THE TIMER IN THE FIELD OF VIEW

OF THE CAMERA PROVIDED AN ACCURATE TiteE SCALE, TRUS, THE STRAIN AT ANY TIME
COULD BE CALCULATED BY DIVIDING THE CHANGE !N LENGTH 8Y THE ORIGINAL SPECIMEN
LENGTH. FROM THIS CALCULATION THE MODULUS OF ELAST:iCITY AT TIME = 30 SECONDS
WAS DETERMINED BY:

STREYS

Eiy = 5TRAIN AT 30 Seconds

(1 + 5TRAIN AT 30 SECONDS)

WHERE E30 = MODULUS OF ELASTICITY IN TENSION, 30 SECONDS

AFTER LOAD APPLICATION,.

INiTIAL STRESS = STRESS BASED CN ORIGINAL CROSS SECTION

Strain = SHAYE_IN_LENGIH OF SPECIMEN AT 30 SEGONDS
CRIGINAL LENGTH
THE TERM !N THE PARENTHESIS |S INTENDED TO APPROXIMATELY CORRECT TO THE TRUE
STRESS AT 30 SECONDS AND (S BASED ON THE ASSUMPTION THAT THE CROSB SECTION
OF THE SPECIMEN DECREASES PROFCRTIONALLY WITH THE iNCREASE OF STRAIN, NO
ATTEMPT WAS MADE TO INCLUDE POISSON'S RATIO IN THE GORRECTION.

TM18 PROCEDURE WAS REPEATED AT YEVERAL TEMPERATURES FON THE UIKER TYFES
OF PLASTICS TO PROVIDE DATA FOR A MODULUS OF ELASTICITY ¥S, TEMPERATURE GRAPH.
THI8 GRAPH WAS USEDR A8 A BAS!S FOR CHOOSING THE OVEN TEMPERATURE FOR THE
FORMING TESTS.

SECTION VI
CORDUCT OF TEST

AFHERICALLY BLON FORMING

PLEXIGLAS |1 OF & NOMINAL THIGKNESS OF 1/8" WAS USED DURING THE INITIAL
TESYS OF THE BLOW FORMING JiGs THE OVEN WAS MAINTAINED AT A CONSTANT TEMPERA-
TLRE ok ?BEOC; {2?505;} UNT L THE JIG [N THE OVEN; 25 WELL .. fHE OVFN ITSELF
WERE !N EQUILIGRIUM, THE OVEN BLOWER WAS STOPPED, THE DOOR OPENED AND TwO OF
THE "C" CLAMPS HWINGED 7O THE YOP RING OF THE FIXTURE WERE RAISED. THE FRONT
BPRING WaS TEMPORARILY REMOVED (SEE FIGURE T)e THE SPECIMEN WAS
THEN CLIPPED 70 THE FLANGE CM THE PGRIPHERY OF THE TOP RING WITH THE AID OF
§ 3PRING-LOADED FAPER CLAMPS, THE "C" CLAMPS WERE LOWERED, THE FlXTURE WAS
CENTERED UMDER THE MOT!ION TRANSM{TTING CABLE, THE DOOR WAS CLOSED AND THE
OVEN 8LOWER 3TARTED,

AFTR 668Y4 8

O e

© At

R ol Sk K B - A 0 R P AIIETDOI W L

Y 2-‘7&\-—(.&*

LT K

ko
2.

W

B g B N A

s 44 DB A B3 a6 e

R




gk |

THE Titg OF iNSERTION OF THE 1/87 THIOK SPECIMEN N THE COVEN WAS NOTED

Sl
.S

B

ON THE CHAPT OF THE THREE-PEN RECORDER, MHEN MECESSARY, THE CONOFLOW PRESSURE
REGULATOR WAS PRESET W!ITH THE AID OF ONE OF THE PRESSURE GAGES SHOWN IN
Figure 5) Wi THOUT DELIVERINSG AR TO THE FORMING FIXTURE BY TEMPORAR{LY
CONNEGTING TOSETHER THE INLEY AND OUTLEY LINES 7O THE FIXTURE. AFTER 15
MINUTES OF HEATING, THE SPECIMEN HAD SAGGED TO THE BOTTOM PLATE. THE AIR

g | 1 t

g 091 ¢
&

,
;i-' L%

4
.,

CLAMPS WERE TURNED ON AND THE ZERO ADJUBTMENT WAS MADE IN THE MOT|ON TRANS~ 'ég
MITTING CASBLE SO THAT THE MOTION RECORDING PEN iNDICATED ZERQO AS THE CABLE o

e
WEIGHT RESTED ON THE YOP CENTER OF THE SPECIMEN, ;

3 ‘,-;néztr RITER

THE SWITCH WAS TURKED ON TO START THE RECORDER AND TO OPEN THE SOLENQID
VALVE YO DELIVER AR FROM THE ACCUMULATOR AND SUPPLY LINE TO THME SPACE RELOW
THE TEST SPECIMEN. THE SEPARATE AR LINE BETWEEN THIS SPACE AND THE PRESSURE
INDICATOR AND RECORDER TRAMSMITTED THE PRESSURE INGREASE IN THE JIG YO THESE
INSTRUMENTS ., THUS, A RECORD OF AIR PRESSURE USED TO BLOW THE DOME, OVEN
TEMPERATURE AND THE DEFLECTION OF THE APEX OF THE DOME WERE RECORDED VS, TiMmE,.
OOGAS!ONALLY, # JNOR ADJUSTMENTS IN THE AIR PRESSURE WERE NECESSARY DURING THE
FIRST MINUTE OF THE FORMING OPERATION,

LRl B e v an Santl i L E Bashie 11 A7 Ot

vt
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NUMERQUS SiMILAR TESTS WERE MADE ¥ITH PLEXIGLAS || TO ESTABLISH THE

. CONSTANT #ift PRESSURE REQUIRED TO PRODUCE A DEFLECTION OF APPROXIMATELY 4"
OF THE APEX OF A TEGT OFECININ oF A THICMNZSS oF 9 _190% {vuF wiMmivuM PER-
MITTED FOR NOMINAL 0,129" THICK PLEXIGLAS {i 8Y REFERENCE 3} TO VEST THE
VALIDITY OF THE RESULTS, SPECIMENS OF COMMERCIALLY AVAILABLE MATERJAL OF
THICKNESSES OTHER THAH THOSE PERMiTTED &Y NEFERENCE J WERE TESTED, THESE TESTS
ALSO SERVED TO ESTABLISH THE REPRODUCIBILITY OF TEST RESULTS AND TO PROVIDE
DATA ON THE EFFECT OF PROLONGED (30-U5 MINUTES) MEATING ON THE DEFLECTION

OF THE DOME.

S U
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SiMILAR TESTS AT 13500. {275°F.) WiTH APPROPRIATE PREHEATING TIMES WERE
MADE OF 0.060%, 0.250", 0.,500" THick PLexicuas |1, ALL PERTINENT THICKNESSES
OF PLEXIGLAS i=A AND OF THE 0,250" T4iCk LuriTE, UNFORTUNATELY; MATERIAL OF

SUFFICIERTLY DIFFERENT THICKRESS %AS NOY AVAILABLE TO PERMIT aN EXHAUSTIVE
STUDY OF THE §.500" THICK PLEX!GLAS In A MAMNER 8IMiLAR TO THAT DESCRIBED FOR

o

0,125" THICK MATER[AL,

IN GENERAL, THE TESY SPECIMENS WERE PERMITTED YO RETURN TO THE FLAT STATE
AFYER THE RECORD WAS ODTAINED, [N SOME FEW CASES, THE FORMIHG FIXTURE WAS
REMDVED FRAOM THE OVEN, COWNNECTED TO THE AIR LINES WITH RUBBER ROBES AND THE
DOME HEBLOWN AND COOLED AS EXHIBIYS,

RIS ST A 337 0 oo o

VINYLITE CONFORMING TO REFERENCE 5 WAS SIMILARLY TESTED AT 135°C. (275%,). %{"
THE SURFACE OF THE SPEGIMEN BECAME ROUGHENED AS If |T WERE UMMOLDING ARD THE ,g
CVEN TEMPERATURE WAS LOWERED TO 86°C, (187°F¢). TESTS WERE CONDUCTED ON THE .?; «
0.060%, 0.,125" aND 0.150" THICK MATERIAL TO DETERMINE THE AIR PRESSURES RE- ;EH
AETR 66814 9 4
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QUIRED TO PRODUCE APPRONIMATELY A& U" DEFLECY 1O,

S|M!LAR TESTS AT 135°b° (275°F.) WERE MADE WiTH THE 0,125™ AND 0.,250¢
THICK ACETATE SHEETS, WHITENING AND CRACKING OF THESE MATERIALS WERE QOBSERVED
AND THE TEST TEMPERATURE WA® CHANGED 10 11H9C. (237°F.}. AT THAT TEMPERATURE,
SPHER ICAL FORMING TESTS WERE CONDUCYED ON THE 0,060", 0.125" AND 0,25C" THiCK
SHEETIMG TO DETERMINE THE AIR PRESSURES REQUIRED TO PRODUCE CLEAR, SPHERICAL
SECTIONS OF MAXIMUM HEIGHT, THE POSSIBLE HEIGHT AS LIMITED BY THE TENDENCY

OF TME MATERIAL TC WHITEN.

DURING ATTEMPTS TO MAKE MODULUR OF ELASTICITY TESYTS, IT WAS DETERMINED
TKAT THE ALLYL BASE RESIN COULD NOT BE HEATED AND GR!PPED WITHOUT FRACTURING,
CONSEQUENTLY AN ATTEMPY WAS MADE YO "BLOW=FORM"™ THE MATERIAL WHILE ENGLOSED
IN PROTEGT!IVE RUBBER SKEETS. A 0.125" x 7" DIAMETER DISC OF THIS MATERIAL
WAS HEATED FOR 15 MINUTES AT 135°b. (275°F.) IN THE EXPERIMENTAL OVEN TOGETKER
WiTH A THIN 10" x 20" RUBBER SHEET. THE OVEN DOOR WAS TYHEN OFENED AND THE
DiSC QUICKLY COVERED ON BOTH SIDES WITH THE RUBBER SHEET, THIS SANDWICH WAS
CENTERED IN THE FORMING FIXTURE SO THAT THE CLAMFING RING WOULD ENGAGE THE
LOUBLED RUBBER ONLY, AN ADDITIONAL HEATING PERIOD OF 20 MINUTES WAS USED,
THE CLAMPING RING WAS LOWERED AND THE FORMING AIR AND RECORDER TURNED ON.
CONT iNUOUS OBSERVATION OF THE SPECIMEN AND MANUAL ADJUSTMENT OF THE AIR
FREGSURE WAD mAIRTAIREDe TAE FRESSUNE WAC (RURZASED SLOWLY FROWM ZERC UNTIL
A SUDDEK MOVEMENT OF THE SANDWIOK AND & SHARP CHANGE IN MOTION RECORD |N-
DICATED FRACTURE OF THE ALLYL HAD OCCURRED, THE 0.125" x 6" DIAMETER DISC
WAS SIMILARLY TREATED EXCEPT THAT THE AIR PRESSURE WAS RAISED MORE SLOWLY
FROM 2ERO, THE TOTAL TIME TO ATTAIN A FRESSURE OF 0.5 PSi. WAS 5§ MINUTES,

SECTION Vit

CONWCT OF TEST

RYLINORICAL_FORMING

SEVERAL 0,125" x 1-1/2" X 12" SPECIMENS OF THE ALLYL GASE PLASTIC WERE
HEATED TO 13090. (266°F.) FOR 195 MINUTES, REMOVED FROM THE OVEN TO A FLOCKED~
RUBBER COVERED CYLINDER OF 3,1" RADIUS OF CURVATURE AND ATTEMPTS WERE MADE YO
SLOWLY MANUALLY BENS THESE BEANS OVER THE FORM.

A FORM, MADE OF TwO HALF DiSCS OF PLYWOOD CUT YO A RADIUS OF 3,.1" amp
PART{ALLY COVERED WiTH A 6" #IDE SYRIP OF THIN STEEL, WAS PLACED IN THE OVEN
ar 130%. (266°F.) WITH YHE FLAY, OPEN SiDE UP, AFTER EQUILIBRIUM WAS
ESTABLISHED ONE OF THE 0.125" 7HICK SPECIMENS OF ALLYL BASE PLASTIC WAS PLAZED
IN THIS FEMALE FORM AND LIGHTLY AND UNIFORMLY LOADED #WITH A HEATED SANDBAG.

AFTR 6684 10

PL AP e i e )




oompgeEey

o
PRSRSPTIPTIE SR - -

o e e ey s

i mamieate st

B

-

e ey P

R S

DESERVATION OF THE DEFDRMATION OF THE SEAM WAS MAINTAINED,

SIMILAR 0.2%50" AND 0,50C" THiCK SPECIMENS WERE HEATEDR FOR APPROPRIATE
TIMES AT 1777C. !350°F.), REMOVED FROM THE OVEN AND BENT OVER FLOCKED=-

\
RUBBER COVERED FOPMS OF APPROPRIATE RADIUS,

-ry

THE OVEN TEMPERATURE WAS THEN REDUCED TO 95°C. (203°F.), SEVERAL OF THE
0.125" THICK SPECIMENS OF THIS PLAST{C WERE HEATED 15 MINUTES, REMOVED AND
SLOWLY MANUALLY FORMED OVER A CYL|NDER OF 3.1" RADIUS, SiMILARLY, 0.,060%,
0.,250" AND 0.500% THICK BEAMS WERE FORMED OVER CYLINDERS OF 1,5", 6.3" AnD
12.5" RAD!}!, RESPECTiVELYs THE RADI| OF CURVATURE OF THE RESPECT!VE FORMS
WERE GCALCULATED TO PRODUCE 2% STRAIN AT THE SURFAGE OF EACH OF THE BEAMS,

SECTION 1X

CONDUCT OF TEST

QETICAL HAZE WEASURENENTS

LUMINOUS TRANSWMITTANCE AND HAZE MEASUREMENTS (SEE REFERENCE 1) WERE MADE
TRE AFEX OF ONE SPRERICAL SEUTION FURMEL FRUM EALN PRESURIBED UKIGINAL
THICKNESS OF ALL PLASTIC MATER[ALS AND ON THE PARTIAL GYLINDERS OF THE FOUR
THICKNESSES OF ALLYL BASE PLASTIC, SiMILAR MEASUREMENTS WERE MADE OF THE FLAT
SHEET STOCK OF EAGH MATERIAL,

0

&

SECTION X

RESULTS

Figurgs 8 70 16, INCLUSIVE (PAGES 35 TO W3}, SHOW THE FLEXURAL DEFORMATION

V5. TEMPERATURE AT VARIGUS APPLIED STRESSES FOR COMPOSITE {TwWO 1/ " x 1/2" x
5") AnD soLid (14" X 1/2" X 5") SPEGIMENS OF THE VAR{OUS PLASTIC MATERIALS,
THE TESTS WERE MADE IN ACCORDANCE WiTH REFERENCE 10 EXCEPT AS NOTED ON THE
GRAPHS .  INASMIIEH AS THE TEMPERATURE AT WHICH A FLEXIRAAL NEFORAMATION OF 10
MILS OCCURS |3 DEFINED AS THE HEAT DISTORTION Temperature (ReEFeRENCE 10),

THIS TEMPERATURE WAS PLOTTED AGAINST THE APPLIED eTRESS N FiguRe 17, pace Y,

Fieure 18 SHOWS THE MODULMS OF ELASYICITY IN TENSION OF 0,125"
THICK PLASTIC SPEGIMENS AT CONSTANT TEMPERATURE THIRTY SECONDS AFTER A LOAD
WAS APPLIED, APPRECIABLE ELONGATI(OK {APPROXIMATELY 10%) OF THE CELLULOSE

ACETATE {LUMAR}IN) WAY NUTED PRIDR YO STRETGHING, APPARENTLY DUE YO THE WE|GHT
OF TRE SPECIMEN ITSELF.,

AFTR 6681
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THE THIATY SECOND MODULUS OF ELASTICITY OF THE HomaLiTE CR-39 (ALivl
BASE PLASTIC, AF120UG) COULD NGT BE DETERMINED. THE SPECIMENS TORE AT THE
CLAMPS AS THE LOAD WAS APPLIED.

FIGURES 19 TO 26, INCLUSIVE,
BY ACRYLIC SPECIMENS WHEN BLOWN INTO SPHERICAL SECTIONS THROUGH AN 8" DIAMETER
RING BY CONSTANT AiR PRESSURE AT 135°C. (275°F.) FORMING TEMPERATURE. THE
DEFLECTIONS NOTED ON THE GRAPHS WERE TAKEN FROM THE RECORDED DEFLECTIONS AT
AN ARBiTRARY ELAPSED TIME OF THREE MINUTES AFTER THE APPLICATION OF THE AIR
PRESSURE. AT THIS TIME, THE TINT RATE OF CHANGE OF DEFLECTION MAD BECOME
APPROXIMATELY CONSTANT, A RAPID TIME RATE OF CHANGE OF DEFLECTION OF THE
ACRYLIC SPECIMENS WAS NOTED WHEN THE DEFLECTION AT 3 MINUTES WAS APPROXIMATE-
LY 100X OF A HEMISPHERE OR U", APPARENTLY THE GREATER CREEP RATE OF THIS
MATERJAL AT HIGH DEFLECTIONS 18 DUE TO THE HIGH STRESSES PRODUCED BY THINNING
AT THE APEX,

THE €FFECT ON 1/8" THICX PLEXIGLAS l=~A OF SLOWLY INCREASING THE INTERNAL
PRESSURE 18 SHOw: ON FiGumre 3U4,

WHEN SIMILARLY TESTED, THE FEW SPECIMENS OF Lucive HC202 anp HC212
{FiGure 23% DEFORMED YO TME SAME EXTENT AS PrexicLas jl.

FIGurRes 27 aup 28, PAGE 50. SHOW THE TEST RESULTS ON SCPHERICAL SECTIONS
FORMED FROM THE AVAiLABLE THiCKNESSES OF WINYLITE AT A CONSTANT TEMPERATURE
or 86%. (187°Fo) AND CONSTANT PRESSURE.,

FiGURES 29 TO 32, INCLUSIVE, SHOW THE RESULTS OF
SIMILAR TESTS ON THE ACETATE BASE SHEETS. LUMARITH WAS OBSERVED TO BECOME
WHITE OR FROSTY DURING FORMIMG, THIS DEFECT STARTED AT THE APEX, BUT SPREAD
OYER THE SURFACE WITH A TENDENCY TOWARD PARALLEL STAIATIONS, PLASTACELE WAS
OBSERVED TO FISSURE OR CRACK, GENERALLY IN PARALLEL LINES., TO REDUCE WHiTEN-
ING OF THE LumariTH OB TEARING CF THE PLASTASELE, IT WAS NECESSARY YO LIMIT
THE MAXIMUM HE[GHTS OF THE DOMES TO APPROXIMATELY 60 TO 70X OF A HEMISPHERI~
OAL SEGTION, EVEN WHEN THE OVEN WAS MAINTAINED AT A fEMPERaTURe oF 114°C,
(237°F.), 1T WAS EVIDENT, BY THE ODOR, THAY THE PLAST|CIZER WAS BEING DRJVEN
FROM THE TESY SPEGIMENS, [N THE CASE OF LUMARITH THE ODOR WAS VERY STRONG,
THE EFFESCT OF HEATING TIME 16 sHOwm ON Fisure 33, sase 53,

THE FORMING TESTS ON ACETATE SHEETS AT 135°C. (275°F.), anp At 114°C,
(237=F.) DO NOT CORRELATE WITH THME MODULUS OF ELASTICITY MEASUREMENTS, THE
AIR PRESSURES REQUIRED TG FORM HEM{SFHERES AT THESE TEMPERATURES DO NOT
APPROXIMATE THOSE TC 3€ E£XPECTED FHOM THE MODULUS MEASUREMEHYS OR THE RESULTS
OBTAINED FROM THE ACRYLIC AND VINYL SPECIMENS, T wAS DBSERVED THAT iNCREAS-
'NG THE DEFORMING AIR PRESBSURE DID NOT PRODUCE A CORRESPOND NG I1NCREASE OF
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DEFLECTION ALTHOUGH THE MATERIAL WAS BLOWN TO & HEMISPHERE AND RELD AT A
CONSTANT TEMPERATURE, |T AFPEARS THAT THIS MATERIA! REACHES A LIMIT CF
EXTENSIBILITY AT APPROXIMATELY THE HEMISPHER|CAL SKAPE, THE RESULTS OF IN=
CREAS ING THE FORMING AIR PRESSURE ON A& 0.135" THICK ACETATE SHEET ARE ShOWN
onN FiGurRe 3l

|T WAS OBSERVED THAT THE ACRYLIC AND VINYL SPECIMENS WOULD RETURN
APPROX IMATELY TO THE FLAT SHEET STATE WHEN THE DEFORMING AIR PRESSURE WAS
REMOVED, HOWEVER, REDUCING THE AIR PRESSURE TO 2ERO UNDER ACETATE DOMES
PRODUCED LITTLE CHANGE OF HEIGHT., THIS MATERI AL APPARENTLY HAS LITTLE
ELASTIC MEMORY OR TENDENCY TO FLATTEN,

THE RELATION BETWEEN FORMING PRESSURE AND ORIGINAL THICKNESS OF THE
SPHERICALLY FORMED ACRYL{C AND yINYL SPECIMENS IS swowN IN FIGURE 35,

THIS GRAPH WAS MADE BY PLOTTING THE PRESSURES USED DURING FORMNG EACH
MATERIAL ¥S, NOMINAL THICKNESS. THUS, THIS GRAPH SHOWS THE PRESSURE REQUIRED
TO PRODUCE APPROXIMATELY 8" DIAMETER HEMISPHERES AT THE INDICATED TEMPERA=~
TURES, THREE MINUTES AFTER APPLICATION OF PRESSURE, FOR VARIOUS THICKNESSES
OF PLASTIC SHEET,.

DURING THE ATTEMPT TO SPHERICALLY FORM THE 0.125" x 7" DIAMETER DiBC OF
Homat 1Te CR~39 IN THE RUBBER BLANKET, THE DEFLECTION WAS NEGLIGIBLE UNTIL
FRACTURE, THE RUBSER BLANXET SURROUNDING THE 0.125% x 6" DIAMEYER DISC OF
HomaL1Te CR-39 DEFLECTED APPRGXIMATELY 3/8" BY STRETCHING BETWEEN THE EDGE
OF THE DISC AND THE CLAMPING RING OF THE SPHERICAL FORMING FIXTURE, THE

LASTIC DISC iTSELF APPEARED TO HAVE DEFORMED [NTO A SPHERICAL SECTION OF
APPROXIMATELY 0,1" HEIGHT PRIOR TO FRACTURE.

THE 0125 x 1=1/2% x 12% Bzams OF HomaLitE CR~39 HEATED TO 130°b.
(266°F.) BROKE DURING MANUAL FORMING OVER THE MALE CYLI!NDRIGAL FORM OF 3,%"
RADIUS AND WHEN UNIFORMLY LOADED 1IN A FEMALE CYLINDRICAL CORM OF THE SAME
RADIUS,

THE THERMALLY INDUCEPR STRESSES IN THE 0.250% ann C.5C00" THICK HOMALITE
BEAMS DURING HEATING 7O CR COOLING FAOM 177°C, (350°F.) WERE SUFFIGIENT TO
PRODUGE FRACTURE OF THE MATERIAL %ITHOUT APPLICATION OF EXTERNAL LOAD,

faY Xaill N g s
AV AN ’ Vet g ] -
Fe} 17 waS POSSIBLE TO REMCVE THE MATERIAL FAOM THE PREw-
MEATING OVEN AND FORM PARTAL CYLIMDERS OVER THE RESPECTIVE 1.5", 3,1", 6,3"

AND 12.,5" RADIUS CYLINDRICAL FORMS. [ME SUCCESS OF THiS FORMING OPERAY!ON

Z50% awm 0 B00" tuinok Houmat 1ve CR-30Q

»

o 50
@ £

APPEARS TO BE DEPENDENT OM THE SMOJTHNESE OF THE SURFACE AN EDGE FINISH OF
THE BEAM AND OK AN EXTREMERLY SLOW APPLICATION OF DEFORMING LOAD. VYV iSUaAL
OBSERVATION OF THE COCLED, CYLINDRICALLY FORMED ALLYL SPECIMENS BHOKED THAT
LITTLE OR HO DIISTORTION OR HAZF RESULTED FRCOM THE FORMING CPERATION.
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(MEASUREMENTS WADE i ACLHNDA 3
AeS.ToMe Merren Dafz-usT)

AVERAGE CENTER THICKMESS

TANCE

THANMSMITT e
SFEC IMEN TYFE OF MATERIAL FRIGR TO FORMING TCTAL PARALLEL *"}‘:.:‘“5

{ INCHES ) %) (4} =

PLexigLas |1-A Domes 0.062 93 92 2
«120 93 9% A

245 93 91 2

+505 83 9N 2

PLexicrLae ' Dowes 0.057 93 91 2
.116 93 90 3

2U6 a3 & 2

JL51 93 91 3

ViINYLITE Domes 0.061 87 84 3
:135 8 17 y

J5¢6 78 76 3

AcevaTeE Domes G.061 90 8% &
126 87 82 &

#25¢C 85 TE 5%

HomaL ITe Cyi iNDEYS 0,125 93 52 2
.21}" Q3 91 2

508 R 90 2

PLEX1GLAS FLAT SHEET 0.503 92 Q0 2
VINYLITE FLAT SHEET .154 74 T S
ACETATE FLAT SHEET 244 87 §o 8
HomALITE FLAT SKEET L83 91 89 2

SECT It X

DISCUSSION OF RESULTS

HEAT DSTCRTION TEMPERATURE NETRCD

THE MAXIMUM PROBABLL ERROR OF TWE HEAT DiSTORTiON TEMFERATURE MEASURE~

AFTR A6BU

MENTS 18 OF THE ORDER of +1%C, (5%F.),
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MCDULLS _OF ELASTICITY METHD

MEASUREMENTS MADE WITH THE MICROMETER EYEPIECE OF THE WMiCROSCOPE OF THE
LENS RESOLUTION CHARY IMAGES ON THE 16 MM, NEGATIVES SHOW THAT ANY LINEAR
DISYORTION OF THE LENS-F!LM~DEVELOPING SVSTEM S LESS THAN THE FRORABLE ERROR
OF LOCATING THE CHARTS PRIOR TO PHOTQGRAPHING,

THE ERROR OF MEASURING THE CHANGE OF LENGTH OF THE PROJECTED IMAGE OF THE
MODULUS OF ELASTICITY SPECIMENS 1S APPROXIMATELY +2%, THUS, YHE CAaLCULATED
STRAIN MAY BE iN ERROR BY THIS AMOUNT., THE LOWER GLAMPS, SUPPORT RODS AND
ADDITIONAL STRESSING WEIGHTS WERE MEASURED TO WITHIN 40,01 POUND AND THE WIDTH
AND THICKNESS. OF THE SPECIMENS TO +0,001", THEREFORE, THE INIT!AL STRESS ON
THE MODULUS OF ELASTICITY SPECIMENS MAY BE IN ERROR BY +2%. AS A CONSEQUENCE
OF THESE ERRORS THE CALCULATED MODULUS OF ELASTICITY MAY BE |N ERROR BY +4%,

SEVERAL TESTS W{TH THERMOMETERS AND THE RECORDING POTENTIOMETER SHOWED
THAT THE TEMPERATURE OF THE AIR IN THE VERTICAL CENTER PLANE OF THE OVEN
PARALLEL TO THE AIR STREAM DROPPED ONLY 2°C. (u°r ) FROM INLET YO OUTLET OF
THE OVEN CAVITY AND THAT ANY POINT WITHIN THIS PLANE WAS AT CONSTANT TEMPERA™-
TURE ®ITHIN tj°b. (2°F). T WAS ALSO DETERMINED THAT THE RECORDED TEMPERATURE
OF THE OVEN CAVITY WAS WITHIN o.§cb. (1°F.) OF THE AIR TEMPERATURE AT THE
SINTER 2F Tue Avewm,  Inacamicu AS £A1IRRATED THERMOMETERS WERE HUNG NEAR THE
MODULUS OF ELASTICIYY SPECIMENS DURING THE YESTS, THE TEMPERATURE 27 ANY
SPECIMEN WAS KNOWN TG BE WITHIN g1qc. (2°F,).

SEHER ICALLY FORMING VETHCD

TESTS BHOWED THAT THE RECORDED &JR PRESSURE WAS WITHIN +5% OF THAT OF
A PRECISION TYPE GAGE IKSERTED IN THE FORMING AIR LiNE, PROVIDED THE LINE WAS
SEALED AGAINST LEAKS. |8 PRACTICE LEAKAGE SOMETIMES OCCURRED AROUND THE
PLASTIC SPECIMEN WHILE BEING FORMED, BUT YHERE WAS NO FLOW OF AIR IN THE
INDEPENDENT LINE FROM THE ENTRAPPED AIR BPACE TO THE RECORDER, THEREFORE,
THE HECOSD WAS ROT INFLUEHTED 8Y LEAKAGE AT THE DOME. OBSERVATION OF THE
GAGES AND THE PRESSURE RECORD SHOW THAT THE CONOFLOW REGULATOR COMEINED WITH
FREQUENT MANUAL ADUUSTMERT HELD THE FORMING AIR PRESSURE TO wiTHIW 20,1 #si,
AND £0.% PSt, OF THE DESIRED VALUE FOR THE O 10 10 PS). AND O TO 52.5 P51,

CALIBRATION OF THE MOTION SENS ING AGSEMBLY SHOWED THAT THE PEN RECORDED
THE MOTION OF THE TRANSMITTING CABLE AND WEIGHT TO +1%2 OF THE U" max'uum
HEMISPHERICAL DOME HEIGHY, THE ZERD HE(GHT OF THE CABLE WAS SET PRICR TO
EACH TEST TO WITHIN +0,0U",

AFTR 6684 15
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CATA QN MATERIALS

THE SRLPROLCUCIBILITY OF Trmk MODULUS OF ELASTICITY TEST RESULTS OK
ACRYLIC SPECIMENS 18 +507 AT THE LOWEST TEST TEMPERATURE DUE PRIMARILY TO
THE RAPID CHANGE OF MODULUS WITH MATERIAL TEMPERATURE, T[HE REPRODUCIBILITY
OF THE RESULTS 18 BEST {APPROXIMATELY +5K) AT INTERMEDIATE TEMPERATURER, AT
THE HIGHER TEST YEMPERATURES THE REPRODUCIBILITY BECOMES APPROXIMATELY #207.
IN THE CASE OF PLEXIGLAS ] SOME OF TM!S SCATTER MAY 8E DUE TO THE TEST SPEC|-~
MENS BEING TAKEN FROM SHEETS MADE AT TWO D!FFERENT PRODUCTION UNITS, NAMELY
THE BRISTOL, PENNA., AND KNOXVILLE, TENN., PLANTS OF THE Rosm & Haas Company,

THE REPRODUCIBILITY OF RESULTS OF SPHERICALLY FORMING ACRYLIC SHEETS
WAS FOUND TO BE APPROXIMATELY +5% OF THE HEMISPHERICAL HEIGHT OF 4* FOR THE
3AME TEMPERATURE, PRESSURE &ND THICKNESS OF SPECIMEN., A LACK OF REPRODUGI-
BiLITY WAS NOTED IF THE SAME SHEET WAE FLAYTENED WiTHOUT COOLING, AND RE=
BLOWN, THE SECOND DOME WAS HIGHER THAN THE FIRST., CONSEQUENTLY, NC DATA
WERE TAKEN ON SUCH REBLOWING,

THE REPRODUCIBILITY OF RESULTS OF 2PNERICALLY FORMING VINYLITE OF SIMILAR
THICKNESS WAS NOT A8 SATISFACTCRY. THE VARIATION OF HEIGHT WAS FOUND TO 8E
+8% OF TME HEMISPHERICAL KEIGHT OF §¥,

THE RESULTS OSTAIRED IN SPHER|CALLY FORMING SELLULOSE ACETATE SHEETING
A7 1940, (23705.) WERT RANDOM. NOT ONLY D!D HEAT!ING TI!ME PRIOR YO FORMING
SIGNIFICANTLY AFFECT THE MEIGHT OF THE SsCTION (SEE FIGURE 33,) BUT
PRESSURES DIFFERING BY A FACTOR OF 3 TO Y FRUDUCED DOMES OF APPROXIMATELY THE
SAME HEIGHY FROM SHERTS OF APFROKIMATELY THE SAME THICxNEZS {SEE FIGURES 29
AND 32, IT wAS FOUND THAT A PRESSURE OF 5 PSi, WOULD FORM
& 60 HEMISPHERE OF G.132% Titx LumariTH WHEREAS & PRESSURE OF 3/M psi, would
FORM & 50% HEMISPHERE OF 0.130" THiok PLASTACELE (SEE Figunes 2% ann 301

THIS DIFFERENCE 1S BELIEVED TC BE DUE TO A DIFFERENCE M THE HIGH TEMP=

ERATURE ELONGATION CHARACTERISTICS OF THE T#O MATER!ALS CAUSED 8Y A DIFFERENCE
IN COMPOBITION OR OF THE METHOD OF MANUFACTURE. [T WAS NOTED THAT THESE
MATERIALE HAD A DIFFERENCE 18 HEsT Disvontion TEMPERAYTURE.,

Txe ORIGINAL FORMING TEMPERATURE OF 130°C. (266°F.) FOR ALLYL BASE
PLASTICS WAS USED AFTER VERBAL CONVERSATIONS WITH TW) MANUFACTURERS OF THIS
uersntal . BEOAuRF AF THE  FAITURE OF GENTLY. UNIFORMLY LOADED DIfCS OF THE
MATERIAL YO SPMERICALLY FOPM AND THE ADVICE OF ONE OF THESE MANUFACTURERS
THAT THE MATERIAL 18 MOT FORMABLE p FUATHER EXPERIMENTS WITH
SPHERICALLY FORMED SHKAPES WERE DISCONTINUED, THE DISINYEGRATION OF SEVERAL
OF THE UNSTRESSED ALLYL 8ZAMS HEATED vo 177°C. (350°Fo) FROM THERMAL STRESSES
AND THE RUPTURE OF BEAMS it 130°C. {266°F,) SUGREITED LOWERING THE PREHEATING
remreraTERC 10 95°C. (203%F.).
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CONCLUS iONS

1. THE FLEXURAL DEFORMAT ION VS, TEMPERATURE AND THE HEAT DiSTORTION
TEMFERATURE (AT A DEFLECTION OF 10 MiLs, REFERENCE 10) OF THE SUBJECT PLASTIC
SPECIMENS S A FUNGCT!ON OF THE APPLIED STRESS, THICKNESS OF ORIGINAI UATERUA)
AND OF THE TYPE OF POLYMER {SEE FiGURES 8 TO 16, INCLUSIVE)

IT SHOLULD BE NOTED THAT THERE APPEARS TO BE A CORRELATION BETWEEN HEAT
DI1STORT{ON TEMPERATURE OF THE SEVERAL MATERIALS AND THE MODULUS OF ELASTICITY
(30 SECONDS) IN TENSIOM OF 150%, (302°F.). (Compare Figure 17

wiTH FIGURE 1@) HOWE¥ER, THERE |5 WO CORRELATION BEYWEEN HEAT
DiSTORTION TEMRERATURE AND PRESSURE REQUIRED TO FORM A HEMISPHERE AT THE

TEST TEMPERATURES USED, ~

THE RATE OF CHANGE OF FLEXURAL DEFORMATION WITH TEMPERATURE AT A CONSTANT
STRESS IS GREATER FOR VINYLITE (3€£€ FIGURE 10) THAN FOR ANY OF THE.
OTHER PLAST!C MATERIALS TESTED. THE RATE OF CHANGE OF HEAT DISTORTION TEMPERA«
TURE WITH APPLIED STRESS S LESS FOR VINYLITE THAN FOR ANY OF THE OTHER
MATEREAL TESTED (SEE FiGURE 1T), THE RATE OF GHANGE OF Heat DisTOR-
T10M TEMPERATURE WITH LOW APPLIED STRESS 18 GREATER FOR HomaLitTs CR-39 ThHawn
FOR ANY OTHER MATERIAL TESTED.

2, Bovu Pugxictas 1-8 anm Puzn:iaias ! okANGE MODULI OF ELASTICITY [AT
30 SECONDS) IN TENSION AT A RAPID RATE WITH TEMPERATURE WITHIN A NARROW TEMP-
ERATURE RANGE (8 Ficure 18} AS THE TEMPERATURE OF VHE ACRYLIC
MATERIALS 1S RAISED, THE MODULUS REDUCES RAPIDLY TO AM APPROXIMATE MINiMUMe
THEREAFTER, INCREASING TEWPERATURE FRODUCES RELATIVELY LITTLE REDUCTION OF
MODULUS. VINYLITE AND LUMARITH CHANGE MOPUL! MORE UNIFORMLY WITH TEMPERATURE
THE DATA SHOW THAT FORMING OF FLEXIGLAS (<A AND PLEXIGLAS || SHOULD BE COmM~
PLETED AT TEMPERATURES asove 130°C. (230°F.) AND ?3500, (275°F.), RESPECTIVELY,
TO KEEP RESIDUAL STRESGES N FORMED PARTS AT A MINIMuUM, ORLY MINOR REDUCT{ONS
OF RESIDUAL STRESSES IN FORMED PARTS MAY BE OSBTAINED 8Y INCREASING THESE

REJPECYIVE MINIMUM TEMRERATURES,

THE MEASUREMENTS GF THE MODULUS OF ELASTICITY OF THE ACETATE SPECIMENS
ARE LEAST ACCURAYE, THE SPECIMENS STREYCHED APPRECIASLY OF THEIR OWN WEIGHT
DURING HEATING AND PRIOR TO LOADING.

Figure 18 INDICATES AN ADVAMTAGE TO HEATING VINYLITE AND
ACETATE SHEETS TO HiGH TEMPERATURES PRIOR TO FORMING IN ORDER 7O AEDUCE THE
RESIDUAL STRESSES IN FORMED PARTS. HOWEVER, WHEN THESE MATERIALS ARE HEATED
16 135%C. (275°F.), THE VINYLITE SURFAGE BIUOMES ROUGH AND THE ACEYATE SHEETS
LOSE %iASTICIZER. THEREFORE, LOWER TEMPERAYURES MUST BE USED,
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5. THERE 1S A LINEAR RELATION BETWEEN THE LOG OF GENTER DEFLEC: ION OF
8" DIAMETER SFHERICAL SECT!ONS BLOWN AT CONSTANT TEMPERATURE AND PRESSURE AND
THE INIT!AL AVERAGE CENTER THICKNESS OF VINYL(TE AND BOTH TYPES OF ACRYLIC
sHEETS (SEE FIoures 19 10 28j. THE LIMITED DATA OBTAINED FOR
LuciTE HC202 aND HOZ12 SHOW NO DIFFERENCE BETWEEN THESE MATERIALS AND PLEX{-
clas | (see FiGure 23),

THE BATE OF CHAMGE OF THE LOG OF DEFLECTION OF THE SPHERICAL SECTIONS
DECREASES WITH LARGE CHANGES IN ORICINAL SHEET THICKNESS AKD THE NECESSARY
CHANGES OF FOAMING PRESSURE ( COMPARE FIGURE 19 WiTH 25,

i, TuERES 1S A LINEAR RELATIONSHIP BETWEEN THE CONSTANT PRESSURE USED TO
FORM APPROXIMATELY 8" DIAMETER MEMISPHERES AT CONSTANT TEMPERATURE AND THIGK-
NESS OF VINYL|TE AND BOTH TYPES OF ACSRYLIC SHEET (SEE FIGURE 35, PAGE 55},

5. EXCESSIVE HEATING TIMES LOWER THE CENTER DEFLECTION OBYAINED ON 8"
DIAMETER SPHERICAL SECTICONS OF LUMARITH HLOWN AT CONSTANT TEMPERATURE AND
PRESSURE (SEE FIGURE 33}, A SIMILAR EFFECT WAS NOTED WITH PLASTACELE
SHEETYS,

6. TKERE 1S NO CORRELATION BETWEEN THE CENTER DEFLECTION OF B" DiameETER
SPHERICAL SECTIONS FORMED GF ACETATE SHEFY AT CONSTANT TEMPV RATURF AND THE
FORMING PRESSURE (SEE FIGURES 29 10 32), Domes
OF 3IMILAR HE [GHT WERE FORMEDN FROM 0,127 anD 0. 1238Y puter Luvapite Ay §

AND 17 PS1i.

T SHOULD 8& NOTED THAT THE 1,/8" THICK PLASTACELE SHMEETS WERE DEFORM-
ABLE AT LOWER PRESSURES THAN THE 1/8" THiIck LUMARITH SHEETS,

7. THERE 1S A SIMILARITY BETWEEN THE FORMABILITY CHARACTERISTICS OF
VINYLITE AND BOTH TYPES OF ACRYLIC SHEETS (S€€ FiGURE 34), INCREAS~
ING PRESSURES PRODUCE A LARGE INCREASE OF DEFLECTION OF 8" DiAMETER SPHERICAL
SEGTIONS FORMED AY CONSTANT TEMPERATURE.,

CONVERSELY, THE FORMABILiTY CHARACTERISTICS OF ACETATE SHEETS ARE GUITE
DIFFERENT FROM THOSE OF ACRYLIC. INCREASING PFESSURES PRODUCE A SMALL INCREASE
OF DEFLECTION OF THE CPHERICAL SECY!ONS. THERE APPEARS TO BE A MAXIMUM HEIGHT
TO WHIGH THE AGETATE DOMES MAY BE BLOWH (SEE F!GURE 3&},

d. THERE 1S AN ELASTIC MEMORY {ABILITY TO RETURN TO THE FLAT STATE U#CN
REHEAT ING A FORMED SHEET) OF VINYLITE AND BOTH TYPES OF ACRYLIC SHEEY. DOmES
FORMED FROM ALL THREE MATER|ALS RETURNED YO THE APPROXIMTELY FLAT STATE WHEN
THE FORMING AIR PRESSURE WAS RELEASED AND THE MATERIALS WERE MAINTAINED AT AN
ELEVATED TEMPERATURE.

DOMES FORMED OF ACEYTATE RETRACTED VERY LITTLE WHEN TRE AIR PRESSUAE WAS
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REMOVED AND THE MATCRIAL WAS MAINTAINED AT 2M ELEVATLD TEMPERATURE.

9. THERE IS A FUNDAMENTAL DIFFERENCE IN THE BEHAVIOR OF ACETATE SHEET
SUBJECTED TO HIGH TEMPERATURE AND STREVCHING FORCES AND S IMILARLY TREATED
VINYLITE AND ACAYLIC SHEET. THE FAILURE OF THE FORMER WATERIAL TO STRETCH
SIGNIFICANTLY WITH LARGE INCREASES OF FORMING PRESSURE A8 WELL AS THE LOW
ELASTIC MEMORY |LLUSTRATE THIS DIFFERENCE,

-

10, HomaliTe CR-39 SHEETS CANNOT BE SPHERICALLY FORMED, THIS MATERIAL
CAN BE CYLINDRICALLY FORMED TO 27 OUTER FiBER STRAIN PROVIDED CARE IS EXER=
CISED TO APPLY THE DEFORMING LOAD SLOWLY AND THE INTERNAL STRESSES PRODUCED
BY DIFFERENTIAL COOLING ARE KEPT AT A MIMIMUM,

19, T 18 POSSIBLE TO DIFFERENTIATE BETWEEN THE FORMABILITY CHARACTER-
ISTIGS OF THE FIVE SUBJECT PLASTIC SHEET MATER]|ALS WHEN THME MATERIALS ARE
HEATED TO CONSTANT YEMPERATURES AND FORMED INTO 8" DIAMETER SPHER|CAL
SECTIONS BY APPLYING COMSTANT AIR PRESSURES,

A. HomaLiTE CR=39 SHEET (SPECIFtCATION AF12040) CANNOT BE SIGNI-
FICANTLY SPHERICALLY FORMED WITHOUT RUPTURE, IRRESPECT!VE OF TEMPERATURE AND
PRESSURE .

B, THE CENTER DEFLECTION OF 8" DIAMETER SPHER{CAL SECTIONS OF
CELLULOSE ACETATE SHEETS (SPECIFICATION MIL-F=5607) wiLL BE BEYWEEN 50 AND
1002 OF A HEMISPHERE WHEN THE MATERIAL IS HEATED 1O 114°C, (237°F.) AND SUB-
JECTED TO A CONSTANT AIR PRESSURE OF 5 PSI, THE DEFLECTION MUST BE MEASURED
3 MINUTES AFYER TME PRESSURE IS APPLIED, FORMING MUSY START AS THE PLASTIC
ATTAINS EQUILIBRIUM TEMPERATURE CONDITIONS, THE SPECIMEN MUST BE TESTED ONLY
ONCE AND THE HEIGHT OF THE DOME WILL NOT BE RELATED TO OR{GINAL SHEEY THICK-~
NESS, THE FORVED SHEEYS WiILL NOT RETURN YO THE ORIGINAL PLANE STATE IF THE
AIR PRESSURE |9 RELEASED AND THE TEMPERATURE 1S MAINTAINED AT 1149C, (23?°F.).

¢ THE CENTER DEFLECTION OF 8" LIAMETER SPHERICAL SECTiONMI OF
VINYLITE (SPECIFICATION AF120U1) FORMED AT A& CONSTANT TEMPERATURE of 86°C.
(18?°F°) wiLL BE IN AGCORDANCE WiTH THE FOLLOWING TABLE,

NosmiNatL CONSTANT
THICKNESS AR FRESSURE Cewrer DEFLECT ION
(IngHES) iPsi) (£ OF HeMISPHERE)
0.060 2.0 & 10 100
L1258 u.5 60 10 100
<150 L5 50 To 100

THE GENTER DEFLECTION OF THE DOMES MUST BE MEASURED 3 MINUTES AFTER THE
FRESSURE IS APPLIED, A SPECIMEN MUST BE TESTED ONLY ONCE AND FORMING MUSY BE
STARTED SHORTLY AFTER EQUILIBRIUM YEMPERATURE CCOCNDITIONS ARE ESTABLISMED,

2FTR 6684 19
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De THE CENTER DEFLECTION of & DIAMETER SPHERICAL SECTIONS CF
PLEXIGLAS [-4 (SPeciFicAT{ON MIL~P-6886, TRICKNESS TOLERANCEZ OF TABLE )
FORMED AT A CONSTANT TEMPEPATURE OF 135°C. (2?505.) WILL BE !N ACCORBANGE

WITH THE FOLLCOWING TABLE.

Now iNAL CoNsTANT ¢
ENTER DeFLECT ION
THICKNESS Air PResiuae (% oF HemisPHERE)
0.060 1.75 50 vo 100
+500 15,2 50 10 100

THE CENTER DEFLECTION OF THE DOMES MUST BE MEASURED 3 MINUTES AFTER THE
PRESBURE IS APPLIED, A GPECIMEN MUST BE TEBTED OMLY ONCE AND FORMING MUSY BE
STARTED SHORTLY AFTER EQUILIBRIUM TEMPERATURE CONDITIONS ARE ESTABLISHED,

€. THE OENTER DEFLECTION OF 8" DIAMETER SPHERIGAL SESCTIONS OF
PLExiGLAs {1 (SPeCIFICATION MIL-P=5L25, THICKNESS TOLERANCES OF Ta8LE 1)
FORMED AT A CONSTANT TEMPERATURE OF 135°C. (275°F.) WilL BE IR ACCURBANGE

WiTH THE FOLLOWING TABLE,

Nom ! NAL CONSTANT -
THICKNESS  Aim PREGSURE  g"ishDEFLECT O
uEs s j ]
0,060 2.75 56 10 110
<125 6,75 €0 to 11,
250 13.5 %0 1o 100
<500 27 e t0 120

THE CENTER DEFLECTION OF THE DOMES MUST BE MEASURED 3 MINUTES AFTER THE
PREBSURE 1€ APPLIED, A SPECIMEM MUST BE TESTED ONLY ONCE ARD FORMING MUST BE
STARTED BHORTLY AFTER EQUILIBRIUM TEMPERATURE CONDIT{ONS ARE E£STABLISHED.

12, SIMPLIFIED EQUiPMENT SIMILAR TO THE SPHERICAL FORMING FiXTURE AND
CYLINDR|GAL FORMS DESCF IBED HEREIN CAN BE USED FOR QUALIFICATION TESTING OF
THE FORMABILITY CHARACTERISTICS OF THE SUBJEGT PLASTIC MATERIALS, TME TEST
METHOD DESCRIBED HERE!N WILL PHODUCE OFTICALLY SATIEZFACTORY SPECIMENS (SEE
TasLE 1) WILL INDICATE GERYAIN LIMITATIONS OF THE FORWMASILITY OF
THE MATERJALS AND WilL DIFFERENTIATE BETWEEN THE FORMABILITY CHARACTERIST 66

OfF THESE MAYERIALS,
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