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FOREWORD 

> 

This report vas prepared by the Rohm and Haas Company, under 
USAF Contract No. AF 33(038)-22945. The contract was initiated 
undsr Research and Development Order No. 616-12, "Transparent Materials", 
and was administered under the direction of the Materials Laboratory, 
Directorate of Research, Wright Air Development Center, with Lt W. 
K, Stemple acting as project engineer. 
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ABSTRACT 

!£• 

1 

Development ol a test procedure and apparatus for use in 
qualification testing of transparent plastic sheet material under 
military specifications is described. The procedure was used to 
differentiate the forming characteristics of five transparent 
plastic sheet materials thai, are supplied under five different 
Government Specifications for use in aircraft enclosures. 

II 
if 

The plastic materials were found to be sufficiently different 
in characteristics at high temperatures tc have aistinctly—~  
different moduli of elasticity and to require different conditions 
of temperatures and pressures for farming,: The forming parameters 
(thickness, pressure, time and temperature) -which will permit 
qualification testing to differentiate the materials are given. 
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PUBLICATION REVIEW 

This report has been reviewed and is approved. 

FOR THE COMMAND öl* 
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INTRODUCTION 

Various types of plastic materials are usable ae transparent 
sections in aircraft enclosures. In general, these materials are 
manufactured as flat sheets which can be subsequently formed into 
more useful shapes for aircraft by the application of heat and a 
deforming load. However, not all such materials are fonaable into 
shapes involving compound curvature and certain of those materials 
whieh may be formed into compound curves are not as easily formable 
as others, Eenc9; there is a need for a method of test which will 
differentiate between the formability characteristics of the avail- 
able transparent plastic materials for purposes of qualification 
testing under mil'tary specifications» which may be useful in the 
evaluatloB of new plastic materials and which will provide engineers 
with design criteria or limits of formability and extensibility. 
In addition, it is well known that inherent limitations of practical 
manufactui iwg wiauwüuo» j/tuu«» vaj ioi.i.u.is in «11 piwduüts. Thus, 
there i« the possibility that the formability characteristics of a 
given type of transparent plastic material may vary with differences 
in manufacturing techniques. 

The research reported herein is Intended to devise a method 
of test of the formability ehsracterisiies of five plastic materials 
currently manufactured for xiss as transparent sections in aircraft 
enclosures. The method of test developed from this research» 

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

2. Ma&sures differences in the formability of the 
various types of plastic materials. 

3. Is useful for specifying the formability of each 
type of plastic material. 

' f 
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OBJECT OT RESEARCH 

k e 

I 
i 

THE P*> ««£ ».«•-.•eCT OF THfS SFSEARCH WAS TO DEVISE A RELATIVELY SiMPLE 

P«OCEDUPF TO ."fHMIT QVALirtfATtQM TESTING OF THE PORMABILITY CHARACTERISTICS 

OF FjVE Pu. '* C *^ET MATERIALS CURRENTLY MANUFACTURED FOR USE AS TRANSPARENT 

SECTIONS IN M!»V;R*FT ENCLOSURES. 

THE S££OKDARY, CORRELATED OBJECTS OF THIS RESEARCH WERE* 

A. TO DETERMINE THE FLEXURAL DEFORMATION VS. TEMPERATURE 

CHARACTERi3TICS OF STANDARD SPECIMENS OF THE PLASTICS 

Si'Sv'ECTED TO VARIOUS STRESSES. 

8.  TO DETERMINE THE TENSILE MODULUS OF ELASTICITY VS. 

TEMPERATURE CHARACTERISTICS OF THE PLASTICS. 

C. TO DETERMINE THE FORMING PARAMETERS (THE TIME, TEMPERATURE, 

LOAD, THICKNESS AND DEFORMATION RELATIONSHIP) REQUIRED TO 

PRODUCE OPTICALLY SATISFACTORY, APPROXIMATELY SPHERICALLY 

^c«*^c—v S^CT'C**** F'f^OM *H£ °f ÄST ' ** S'HSE1* 

D. TO INVESTIGATE THE LIMITATIONS OF F0RMA8ILJTY OF THE 

PLA8TIC SHEET WHICH COULD NOT 8E SPHERICALLY 8HAPED 

AND DETERMINE FORMING PARAMETERS FOR SUCH MATERIAL. 

THE THIRD OBJECT OF THIS RESEARCH WAS TO DEVISE A SIMPLE TEST METHOD 

OR METHODS WHICH WILL POSITIVELY DIFFERENTIATE BETWEEN THE F0RMA8ILITY 

CHARACTERISTICS OF THE SUBJECT PLASTIC MATERIALS. 

'•I- 

SECTION II 

APPARATUS USED 

1, AN EXPERIMENTAL* CONTROLLED TEMPERATURE, FORCED CIRCULATION, AIR 

OVEN. ASSOCIATED EQUIPMENT AND A FIXTURE FOR SPHERICALLY FORMING 6" DIA- 

METER PLA3TIC DOMES USING 11" DIAMETER DJSCS. 

FIGURE 1        is A SCHEMATIC DIAGRAM OF THE EXPERIMENTAL OVEN 

ARRANGED TO MEASURE THE ELONGATION RATE OF PLASTIC SPECIMENS MAINTAINED AT 

A CONSTANT TEMPERATURE.  FI CURE 2 IS A PHOTOGRAPH OF THE OVEN 

SET-Ur USED TO MEASURE THE ELONGATION RATE.  THE REMOVABLE PLATFORM SUPPORTS 

THE ENTIRE LOAD OF STRESSING WEIGHTS AND LOWER SPECIMEN TENSILE GRIPS UNTIL 

THE SUPPORTING LEGS OF THE PLATFORM ARE COLLAPSED WITH THE AiD OF STRINGS. 

AFTP. 668U 1 
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AS THE PLATFORM DROPS; A MfC»OSWITCH ON ONE OP THE PLATFORM GUIDES STARTS 

7«E TIMER WHICH IS VIEWED BY THE 16 MM. CAMERA WITH THE AID OF THE MIRROR» 

FIGURE 3        is A PHOTOGRAPH OF THE TENSILE GRIPS MADE TO CLAM« 

HARD OR SOFT PLASTIC SPECIMEN« DURING ELONGATION. 

FIGURE U        IS A SCHEMATIC DIAGRAM OF THE SAME OVEN ARRANGED 

TO MEASURE THE DEFORMATION OF A PLASTiC DISC WHILE BEING PREE-SLOWN INTO A 

SPHERICAL SECTION.  THE DIAMETERS OF THE SHEAVES WERE CHOSEN TO PRODUCE A 

MOVEMENT OF TNE ARMATURE OF THE MOTION SEN80R OR TRANSMITTER (AN INDUCTANCE 

COIL, SEE REFERENCE ill) OF 1.2" FOR A k" VERTICAL MOVEMENT OF THE CENTER OF 
THE TEST 8PECIMEN. MOVEMENT OF THE ARMATURE 18 RECORDED 8Y ONE OF THE PENS 

OF THE RECORDER. 

THE CONTROLLED AIR PRESSURE USED TO DEFORM THE TEST SPECIMEN INTO A 

SPHERICAL SECT»ON WAS MAINTAINED AT A CONSTANT VALUE BY A R&SDEL H»10 CONQFLOW 

PRESSURE REGULATOR» TO AVOID ERRORS PRODUCED SY AIR LEAKAGE, A COMPLETELY 

SEPARATE AIR LINE (SEE FIGURE TY,)      WAS USED TO CONNECT THE PRESSURE 

INDICATORS AND RECORDER TO THE TEST JIG. FJGURE 5        IS A VIEW OF 

TUJ »'o CONTROL SfO£ C^ TH? *?wp*'e""l?*fT*5. Oxte*'        TH* **•*• ' "•» wjr I *.•>*! ' *T4 

"CLAMPING ^MfcSöURe CONTHöL" CONTROLS THE 8ü 10 100 F*SIG, SUPPLY TO THE «L«MP~ 

ING PISTONS OF THE FORMING FIXTURE»  THE PRESSURE REGULATOR PROVIDES AIR AT 

20 PSIG. TO OPERATE THE INDICATORS AND RECORDER AND ALSO SUPPLIES AIR TO THE 

CONOFLOW PRESSURE REGULATO« USED TO PROVIDE CONSTANT PRESSURE FOR FORMING 

TEST SPECIMENS.  TO 08TAIN AiR PRESSURE AT THE CONOFLOW REGULATOR GREATER 

THAN 20 PS IG», A BY-PASS WAS PROVil>£D FROM THE SUPPL«1 LINE TO THE GONOFLOW 

REGULATOP.  THIS LINE APPEARS BELOW THE FtLTER IN FlGURE 5t, A 

PRESSURE RANGE CHANGE SELECTOR SWITCH IS USED TO DIRECT THE MEASURED AIR 

PRESSURE FROM THE FORMING FIXTURE TO THE PROPER PRESSURE INDICATOR WHICH, 

SN TURNj OPERATES THf PRESS»?** RSGOftDERs 

THE TEMPERATURE WITHIN THE OVLN CAVITY IS MEASURED SY THE TEMPERATURE 

SENSING SLILB (»BE FIGURE ?J AND 18 RECORDED SY ONE OF THE PENS OF 

THE RECORDER, 

THE FIXTURE OR UIG FOR FORMING SPHERICAL SECTIONS IS SHOWN DISASSEMBLED 

IN FIGURE 6       WITH A FORMED TEST SPECIMEN IN PLACE. THE SPRINGS ON 

THE GUIDE PINS ON THE LOWER PORTION OF THE JIG ARE USED TO SUPPORT THE WEIGHT 

OF  THE. TOP RING, HINGED CLAMPS AND A FLAT PLAST IC TEST SPECIMEN WHICH IS F(R8T 

ATTACHED TO THE TOP RING WITH SPR!NG-L0ADE5J PAPER CLAMPS (NOT SHOWN IN THE 

PHOTOGRAPH). THUS, AB THE FIXTURE IS USED IN THE OVEN, THE HORUONIALLY 

MOVING ASS STREAM PASSES ACROSS BOTH TOP AND BOTTOM OF THE TEST SPECIMEN 

DURING THE PREHEATiNG PcKIOD. 

AFTR 668H 
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THE AIR PRESSURE ACCUMULATOR, SHOWN IN THE OVEN CAVITY IN FIGURE 7, 

?pcv;n£s A r.cccnvs.'s or M?  AT THE OVEN TEMPERATURE AND AT A 

CONSTANT PRESSURE ""T£3W!WEC 8Y THE SETTING Of THE CONOFLO* REGULATOR-  A 

SOLENOID VALVE RELEASES THE AIR IN THE ACCUMULATOR TO THE SPACE ENCLOSED BY 

THE TEST SPECIMEN AND THE BOTTOM PLATE OF THE FiXTURE TO START THE FORMING 

PROCESS. THE PRESSURE IS MAINTAINED BY AIR FROM THE CONOFLQW REGULATOR. 

SB 

1 

I 

THE CLOCK WORK MECHANISM OF THE RECORDER WAS CHOSEN TO TURN THE CHART 

AT A RATE OF 1 REVOLUTION EVERY 6 MINUTES,. THE ELECTRIC CURRENT ACTUATING 

THE SOLENOID VALVE IN THE AIR LINE ALSO SIMULTANEOUSLY STARTS THE CLOCK 

MECHANISM OF THE RECORDER. 

2» BOLEX-PAJLLARD 16 MM, MOVIE CAMERA EQUIPPED WITH AN F1,9P 26 MM. 

EOCAL LENGTH LENS, 

3. NECESSARY GENERAL EQUIPMENT FOR TAKING, DEVELOPING AND PROJECTING 

16 MM. FILM. 

k*    BAUSCH AND LOMB MICROSCOPE EQUIPPED WITH A MICROMETER EYEPIECE 

AND U8 MM. OBJECTIVE. 

5. PRECISION SCIENTIFIC COMPANY *
?
TIME-IT" TIMER NUMERICALLY ;NDICAT- 

ING   SECONDS   AND   l/lÖ   Sfc'JUNüö. 

6. FLEXURAL DEFORMATION (HEAT DISTORTION) TEMPERATURE TESTER (^EE 

REFERENCE 10), 

7* MERCURY MANOMETER AND STANDARD GAGES. 

8, NBS CERTIFICATE NO. 73075 -5°C TO 36O°C. (22r'F. TO 68O°F.) 

THERMOMETER, 

9, ALNOR "VELOMETER" AIR VELOCITY METER. 

10, BROWN "ELECTRONIK" 8 POINT TEMPERATURE RECORDING POTENTIOMETER AND 

THERMOCOUfLES. 

11, HAZE METER (SEE REFERENCE 11). 

12, FLOCKED-'RUBBER COVERED CYLINDRICAL SECTIONS FORMS OF SEVERAL RADS;, 

SECTION Ml 

WATER!ALS 

THE FOLLOWING SHEET PLASTIC WAS OBTAINED FROM THE INDICATED SOURCES, !N 

EACH CASE MATERIAL WAS ORDERED TO CONFORM TO THE PERTINENT SPECIFICATION, EX- 

CEPTING FOR THE LUCITE, WHICH HAD BEEN PREVIOUSLY PURCHASED FOR OTHER PURPOSES, 

AND FOR SOME SHEETS OF PLEXIGLAS WHICH WERE NOT OF A THICKNESS APPEARING IN 

THC SPECIFICATION. 

AF7R Cou4 3 
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APPLICABLE 
Spec|?iCATiOH      TYPE 

MiL-P-6887 

MIL-P-6887 

AF120U1 

AF120MO 

MIL-P-5U25 

MIL-P-5^5A 

»*«I     »>   fr'»-'»»? 

MIL-P-6886 

NOMINAL 
MATERIAL THICKNESSES 

OBTAINED 
TRADE NäWE 

ACETATE 

VINYL 

ALLYL 

ACRYLIC 

ACRYLIC 

ACRYL!0 

ACETATE  0,060,0*125  LUMARITH 

0,125,0,250  PLASTACELE 

0.060,0,125       VlNYLiTE 
0.150 

0,060,0,125     CR-39 
0,250,0.500 

0,250 

0,250 

L'JCITE HC202 

LwOITE HC212 

A   >»*4.n    t+    4*>«r ^ rarest  »0     *  » 

-> $ <» ,• ** *** * v** ** 
PLUS   VARIOUS 

0,060,0,125   PLEXIGLAS  ]-A 
0,250,0.500 
PLUS   VARIOUS 

SOURCE OF SUPPLY 

CELANESE CORP, OF AMERICA 
12 SOUTH 12TH STREET 
PHILADELPHIA, PENNA, 

E. L »UPONT COMPANY 
WILMINGTON, DELAWARE 

BAKELITE COMPANY 
16M.9 N. BROAS STREET 
PHILADELPHIA, PENKA. 

THE HOMALITE CORPORATION 
13 BROOKStse DRIVE 
WILMINGTON, DELAWARE 

E» !» DUPONT COMPANY 
ARLINGTON, N, J. 
E. i. DUPONT COMPANY 
ARLINGTON, N.J. 

PH ILADELPK!Aj PEWNA« 

ROHM 4 HAAS COMPANY 
PHILADELPHIA, PENNA« 

SECTION IV 

PROCEDURE i   *> 

CMfiMjailBEttllttl 

.FNS RfSOUJTION CHARTS WERE TAPED TO A VERTICAL ILL« ALOWG A HORIZONTAL 

AND ONE DIAGONAL LINE,  TH£ SPACING OF   THE CHARTS »AS SUCH AS TO 3U8TEND ANGLES 

OF 5°, 10°, 15° AND 20° FROM THE INTERSECTION OF TH£ TWO LINES, SJNGLC FRAME 

PICTURES OF THE CHARTS WERF: TAKEN WITH THE GOLEX CAMERA EQUIPPED WITM TH* 

26 MM. FOCAL LENGTH LENS, USING SUPER X FILM, EXPOSURES WERE MADE AT EACH 

DIAPMRAOM OFENING (F1»9 TO F22) IN ACCORDANCE WITH THE RECOMMENDATIONS OF 

REFERENCE 8. IKE FILM WAS DEVELOPED WITHOUT REVERSAL. THE NUMBER OF LINES 

RESOLVED BY THE LENS-FILM SYSTEM WAS DETER?* I HZT>  WITH THE AID OF A 12X MAGNIFY- 

ING GLASS AND THT CONSTANCY OF SPACING OF THE CHARTS ON CERTAIN OR THE NR.TA- 

AFTR &68H 
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II 

«!. 

TfVES WAS DtTERM(NED WITH THE MlCR0METER ATTACHMENT ON THE BAUSCH AND LOME 

MICROSCOPE. 

Q^NQALlgPATiQM 

THE AIR DEFLECTING VANES (SEE FIGURE 1)       OF THE EXPERIMENTAL 
OVEN WERE ADJUSTED WITH THE AID OF THE VELOMETER TO GIVE OPTIMUM UNIFORMITY 

OF AIR FLOW ACROSS THE OVEN CAVITY AT APPROXIMATELY ROOM TEMPERATURE. THE 

BEST RESULTS WERE OBTAINED WITH THE OVEN BLOWER OPERATING AT THE HIGHEST 

OBTAINABLE SPEED (750 RFM), THE MAXIMUM A!R VELOCITY OF APPROXIMATELY 2?5 

FT/MINUTE WAS MEASURED NEAR THE DOOR Of  THE OVEN, DECREASING TO 50 FT/MINUTE 

NEAR THE REAR OVEN WALL,  VARIATION FROM TOP TO BOTTOM OF THE OVEN WAS 275 

TO 50 FT/MtNUTE. 

SEVERAL FINE »IRE THERMOCOUPLES WERE EMBEDDED IN THE CENTER PLANE OF 

0,125" X 1" X 15" SPECIMENS OF PLEXIGLAS WHICH WERE THEN HUMG IN THE TENSILE 

GRIPS IN THE OVEN AND ORIENTED IN ACCORDANCE WITH THE PROPOSED TEST METHOD, 

THE SIGNAL FROM THESE AND SEVERAL OTHER THERMOCOUPLES IN THE AIR STREAM WAS 

RECORDED AS THE OVEN TEMPERATURE WAS INCREASED TO ONE OF SEVERAL CONSTANT 

TEMPERATURES, THESE RECORDS WERE ANALYSED FOR OVEN HEATI KG  TIME AND UNIFORM» 

lit OF TEMPERATURE» 

1 
4 

SEVERAL MERCURY THERMOMETERS WERE CALIBRATED, TOTALLY IMMERSED, WITH 

THE AID OF THE NBS CERTIFIED THERMOMETER. 

THE AIR PRESSURE GAGES (SEE FIGURE 5, PAGE 32) USED TO PRESET THE 
DESIRED CONSTANT PRESSURE TO THE FORMING EQUIPMENT WERE CALIBRATED AGAINST 

A PRECISION TYPE PRESSURE GAGE. THE PRESSURE INDICATORS AMD THE PRESSURE 

RECORDER WERE CALIBRATED FOR BOTH THE 0 TO 10 P5IG. AND THE 0 TO 100" MERCURY 

RANGE IN' ACCORDANCE WITH REFERENCES 12 AND 13« 

I rwrw MmiriCATinN 

i.p 

A-FTES COMPLETION OF THE TESTS TO OSTMIN THE MODULUS OF ELASTICITY OF 

THE PLASTICS AT HI G'A  TEMPERATURE, THE EXPERIMENTAL OVEN WAS REUSED BY ADD I WS 

!'HE AIR-CONTROL AND IND| GATING SYSTEMS AND THE MOTION TRANSMITTING SYSTEM 

SHOWN IN FIGURES 2, 5 AND 7. THE TEMPERATURE RECORDING PEN WAS CALIBRATED 

EVERY 10°C FROM 70 TO 160°C»  AGAINST OWE OF THE CALIBRATED THERMOMETERS«, THE 

MOTION TRANSMITTJNG SYSTEM AND RECORDING PEN WERE CALIBRATED AGAINST MEASURED 

MOVEMENTS OF THE MOTION TRANSMITTING CASLS (FIGURE 1%. 
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SPECIMENS *ERE CUT FROM THE l/8H AND 1/U" THICK PLASTIC SHEETS TO PROVIDE 

l/8" OR 1A" * 1/2" X 5" SECTIONS FOR FLEXU*.*L DEFORMATION TESTS.  THE LONS 

EDGES OF THESE PIECES WERE MILLED SMOOTH,  TWO SECTIONS OF THE 0.1501* THICK 

VINYL BASE PLASTIC WERE STACKED TOGETHER TO PROVIDE ONE TEST SPECIMEN. 

-Ä 

I 

NUMEROUS 0.125*' x V x 15" SPECIMENS OF PLEXIGLAS WERE PREPARED FOR THE 

HIGH TEMPERATURE MODULUS OF ELASTICITY TEST 8Y HAND SCRAPING THE SAWED EDGES. 

GASE MARKS WERE PLACED APPROXIMATELY 12
M
 APART AND PERPENDICULAR TO THE LONG 

A/US ON ONE SURFACE OF THE SPECIMEN USING AN ACRYLIC SA8E WHITE PAINT IN A 

RULING PEN (SEE FIGURE 2)„ SIMILAR SPECIMENS OF VINYL AND ACETATE 

BAX« PLASTICS WERE PREPARED.  INASMUCH AS THE ALLYL BASE PLASTIC SHEETS WERE 

12" X 12t:, IT WAS NECESSARY TO USE 0.125" It 1" X 12" SPECIMENS» BUT OTHER- 

WISE THE PROCEDURE WAS THE SAME. 

OPECIMENS OF EVERY AVAILABLE THICKNESS OF EACH OF THE PLASTIC MATERIALS 

WERE <MJT TO APPROXIMATELY 12" DIAMETER DISCS OR 11H SQUARES AND WERE IDENTIFIED 

BY SCRIBING NEAR THE EUGE.  ONE 0.125" X ?M DIAMETER AND ONE 0.125" X 6" 

DIAMETER DISC WERE PREPARED FROM THE ALLYL BASE PLASTIC SHEETS, 

SEVERAL 1-1/2" x 12" SPECIMENS or ALLYL PLASTIC WERE PREPARED FOR ALL 

THICKNE8SE8 OF THIS MATERIAL.  THE EDGES OF THESE SPECIMENS WERE VERY CARE- 

FULLY SMOOTHED AND BEVELED TO ELIMINATE MINOR EDGE FRACTURES. 

SECTION V 

CCMAJCT OF TEST 

THE MEASURED WIDTH AND THICKNESS OF THE MSLLCD FLESURAL DEFORMATION 

SPECIMENS WERE USED TO CALCULATE THE DESIRED LOAD TO BE USED ON THE APPARA- 

TUS DESCO. !5EI'' IN RFFE«E«EF 10- A CURVE OF DEFLECT (ON VS. BATH TEMPERATURE 

WAS THEN OBTAINED AS THE BATH TEMPERATURE WAS RAISED AT A RATE OF 2 C,/ 

MINUTE, EACH SPECIMEN WAS TESTED WITH THE L/2" LONG AXIS PARALLEL TO THE 

DIRECTION OF LOAD (THE SPECIMEN RESTED 01«' ONE LONG M'LLED EDGE),  OKLY OKE 

SPECIMEN WAS TESTED PER STRESS. 

AFT!"; ufc-SM 
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SECTION VI 

CONDUCT OF TEST 

MGWLys OP ELASTICiTY 

THC THICKNESS OF EACH SPECIMEN WAS MEASURED ONCE AND THE WIDTH WAS 

MEASURED AT THREE LOCATIONS TO THE NEAREST 0,001 % WITH A BENCH MICROMETER 

EQUIPPED WITH A 0 TO 1" FEDERAL DIAL GAGE. THE AVERAGE OF THE WIDTH MEASURE- 

MENTS AND THE SINGLE THICKNESS MEASUREMENT WERE U6ED TO CALCULATE THE LOAD 

REQUIRED TO PRODUCE THE DESIRED STRESS. THE LOWER TENSILE GRIP, THE BOTTOM 

SUPPORTING DISC AND SUFFICIENT LEAD WEIGHTS WERE THEN WEIGHED TO PRODUCE THE 

REQUIRED LOAD. THE SUPPORTING DISC AND LEAD WEIGHTS WERE THEN PLACED IN PRO- 

PER 8E0UENCE ON THE MOVABLE PLATFORM BELOW THE OVEN CAVITY FLOOR (FIGURE 2 I« 

THE UPPER A..D UOWER TENSILE GRIPS WERE PLACED ON EACH OF FIVE 1" 

X 15" SPECIMENS, 

THREE CALIBRATED THERMOMETERS WERE HUNG IN THE OVEN IN THE PLANE OF THE 

SPECIMENS. THE EXPERIMENTAL OVEN WAS MAINTAINED AT A CONSTANT TEMFCRATURE 

UNTIL EQUILIBRIUM CONDITIONS WERE ESTABLISHED, 

m THE BOLEX CAMERA, LOADED WITH MICROCOPY FILM, WAS PLACED ON THE IH»POI>, 

AL1GWED AND FOCUSSED ON THE PLANE OF THE SPECIMENS WITHIN THE OVEN, THE 

MIRROR AND TIMER WERE ADJUSTED 90 THAT T«E TIMER NUMERALS WOULD BE RECORDED 

ON THE NEGATIVE. 

i 

THE OVEN BLOWER WAS TURNED OFF, THE DOOR OPENED AND THE 5 SPECIMENS AND 

GRIP8 WERE PLACED IN THE OVEN BY THREADING THE RODS ON EACH GRIP THROUGH THE 

PROPER HOLE IN THE FLOOR AND TOP OF THE OVEN.  WlNG NUTS WERE SCREWED ON THE 

UPPER R0D8 TO SUPPORT THE SPECIMENS »N TWf. OVEN.  THE OVEN DOOR WAS CLOSED 

IMMEDIATELY AND THE BLOWER 3TARTED, 

i 

t 

THE ftOD ON EACH LOWER TENSILE GRIP *AS COUPLED TO THE PROPER SUPPORTING 

DI3C, TAKING CARE NOT TO STRETCH THE SPECIMEN IN THE OVEN.  APPROXIMATELY 2y 

MINUTES AFTER THE OVEN REGAINED TC^.~sSATURft EQUILIBRIUM (OR k5  MIMUTE3 FROM 

CLOSING THE DOOR) THE WING NUTS SUPPORTING THE SPECIMENS WERE CAREFULLY 

T iÜMi fcNfcö ON TOP OF The OVErr 70 ViAKC 7H£ SPECIMEN TAUT AiT'lCUT ST°ETG!:! KG, 

THE LIGHTS WITHIN THE OVEN WERK TURNED ON AND SEVERAL SINGLE FRAME PICTURES 

WERE MADE OF A PLACARD DESCRIBING THE TEST. THE PLACARD WAS REMOVED AND THE 

ORIGINAL LENGTH OF THE SPECIMENS WAS RECORDED ON THE FILM« THE STRING WAS 

PULLED TO COLLAPSE THE MOVABLE PLATFORM BELOW THE OVEN, THUS APPLYING THE 

LOADS AND SIMULTANEOUSLY START8 NG THE TIMER. SINGLE FRAME PICTURES WERE MADE 

AT APPROPP.IATE INTERVALS AS THE SPECIMENS ELONGATED. 

AFTER THE NEGATIVE WAS DEVELOPED, THE ITOAGT WAS PROJECTED THROUGH THE 

AFTR 668^ 7 
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SECTION VI 

PLEXIGLAS i I OF A NOMINAL THICKNESS or 1/8" WAS USED CURING THE INITIAL 

TESTS OF   THE BLOW FORMING OSG.  THE OVEN WAS MAINTAINED AT A CONSTANT TEMPERA- 
TUR.E OF "5 0 f2*!Tf*) iMj-,1! THF JIR IM TWP owpN. &S wen iö rue  OVFN ITSFIF 

WEKE IN equiLiaRK'M. THE OVEN BLOWER WAS STOPPED, THE DOOR OPENED AND TWO OF 

THE "C** CLAMP& HINGED TO THE TOP RING OF THE FIXTURE WERE RAISED»  THS FRONT 

SPRING W*S TfMPORAeHLV REMOVED (SEE FIGURE 7)« TKE SPECIMEN WAS 

THEN CLIPPED TO THE FLANGE CM THE PERIPHERY OF THE TOP RING WITH THE AID OF 

ti SPRING-LOADED PAPER CLAMPS.  THE "C" CLAMPS WERE LOWERED, THE FIXTURE WAS 

CENTERED UNDER THE MOTION TRANSMITTING CABLE, THE DOOR WAS CLOSED AND THE 

OVEN BLOWER 3TARTED. 

16 MM, PROJECT'IR AT A MAGNIFICATION OF 1 TO 1-1/2.  THE PROJECTED LENGTH OF 

EACH SPECIMEN AT JERO TIME WAS RECORDED,  THE PROJECTED LENGTH AT PEKfODIC 

INTERVALS AFTER LOADING WAS ALSO RECORDED.  THE TIMER tN THE FIELD OF VIEW 

OF THE CAMERA PRCviDEB A* ACCURATE TIME CCALE,  THUS, THE STRAIN AT ANY TIME 

COÜL» BE CALCULATED BY DIVIDING THE CHANGE IN LENGTH BY THE ORIGINAL SPECIMEN 
5 

LENGTH*  FROM THIS CALCULATION THE MODULUS OF ELASTICITY AT TJME • 30 SECONDS 

WAS DETERMINED BY: \ 

E30 = gTftl^iTSo^lcONbB'  <1 + 3TRA,N AT 3° SEC0NDS) | 

WHERE E^0 = MODULUS OF ELASTICITY IN TENSION, 30 SECONDS | 
3    AFTER LOAD APPLICATION. 1 

JNiTiAL STRESS = STRESS BASED ON ORIGINAL CROSS SECTION 1 
ft 

STRAIN _ cjaay^iMjJMfflLil-flC 9PEglMEMJ^L30.-SEfiflMBa I 
ORIGINAL LENGTH * 

I 
THE TERM IN THE PARENTHESIS IS INTENDED TO APPRQXIMA1ELY CORRECT TO THE TRUE 

STRESS AT 30 SECONDS AND IS BASED ON THE ASSUMPTION THAT THE CROSS SECTION | 

OF THE SPECIMEN DECREASES PROPORTIONALLY WITH THE INCREASE OF STRAIN.  NO '  j 

ATTEMPT WAS MADE TO INCLUDE POISSON's RATIO IN THE CORRECTION. I 
i 

I HIS   PROCEDURE   WAS   REPEATED   AT   SEVERAL   TEMPfcrtATUHES   FOH   TMt   OIKtH   Mlffe'to 

OF PLASTICS TO PROVIDE DATA FOR A MODULUS OF ELASTICITY VS. TEMPERATURE GRAPH. 

THIS GRAPH WAS USED AS A BASIS FOR CHOOSING THE OVEN TEMPERATURE FOR THE 

FORMING TESTS,, 

C0M3UCT OF TEST 

L 
SPHEPWU.Y glW FORMING \ 

-I 
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THE -rjtoc Or  INSERT!ON OF THE 1/£r   TK;CK SPECIMEN  JN THE OVEN WAS NOTPD 

ON THE CHART OF THE THPEE-PEN RECORDER.  MHEN NfcCESSARY, THE CONOFLOW PRESSURE 

REGULATOR WAS PRESET WITH THE AID OR ONE OF THE PRESSURE GAGES SHOWN IN 

FIGURE 5)      WITHOUT DELIVERING AIR TO THE FORMING FIXTURE BY TEMPORARILY 

CONNECTING TOGETHER THE INLET AND OUTLET LINES TO THE FUTURE* AFTER 15 

MINUTES OF HEATING, THE SPECIMEN HAD SAGGED TO THE BOTTOM PLATE. THE AIR 

CLAMPS WERE TURNED ON AND THE ZERO ADJUSTMENT WAS MADE IN THE MOTION TRANS- 

MITTING CABLE SO THAT THE MOTION RECORDING PEN INDICATED ZERO AS THE CABLE 

WEIGHT RESTED ON THE TOP CENTER OF THE SPECIMEN. 

THE SWITCH WAS TURNED ON TO START THE RECORDER AND TO OPEN THE SOLENOID 

VALVE TO DELIVER AIR FROM THE ACCUMULATOR AND SUPPLY LINE TO THE SPACE BELOW 

THE TEST SPECIMEN. THE »EPARATE AIR LINE BETWEEN THIS SPACE AND THE PRESSURE 

INDICATOR AND RECORDER TRANSMITTED THE PRES8URE INCREASE IN THE »I!G TO 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. TIME. 

OCCASIONALLY, MINOR ADJUSTMENTS IN THE AIR PRESSURE WERE NECESSARY DURING THE 

FIRST MINUTE OF THE FORMING OPERATION. 

NUMEROUS SSMILAR TESTS WERE MADE WITH PLEXIGLAS II TO ESTABLISH THE 

CONSTANT A »8 PRESSURE REQUJRED TO PRODUCE A DEFLECTION OF APPROXIMATELY W 

OS- THä «Pfcj; Or A TEST SPECIMEN Of A TM:C*N£?S Of 0„<10" (TM* MINIMUM PER- 

MITTED FOR NOMINAL 0.725" THICK PLEXIGLAS }| BY REFERENCE 3).  To TES1 THE 

VALIDITY OF THE RESULTS, SPEC5MENS OF COMMERCIALLY AVAILABLE MATERIAL OF 

THICKNESSES OTHER THAN THOSE PERMITTED BY REFERENCE 3 WERE TESTED.  THESE TESTS 

ALSO SERVED TO ESTABLISH THE REPRODUCISILSTY OF TEST RESULTS AND TO PROVIDE 

DATA ON THE EFFECT OF PROLONGED (30-U5 MINUTES) HEATING ON THE DEFLECTION 

OF THE DOME. 

SIMILAR, TESTS AT 135°G. (2?5°F«) WITH APPROPRIATE PREHEATING TIMES WERE 
MA3C OF 0.060", 0.250", 0.500" THICK PLEXIGLAS II, ALL PERTINENT THICKNESSES 

OF PLEXIGLAS J-A AND OF THE 0.250" TMSCK LUCITE. UNFORTUNATELY, MATERIAL OF 

SUFFICIENTLY DIFFERENT THICKNESS WAS NOt AVAILABLE TO PERMIT AN EXHAUSTIVE 

STUDY OF THE 0.500" THICK PLEXIGLAS IN A MANNER SIMILAR TO THAT DESCRIBED FOR 

0.1?5" THICK MATERIAL. 

m 

|N GENERAL, THE TEST SPECIMENS WERE PERMITTED TO HtTURN TO THE FLAT STATE 

AFTER THE RECORD WAS OBTAINED,  IN SOME FEW CASES, THE FORMING FIXTURE WAS 

REMOVED FROM THE OVEN, CONNECTED TO THE AIR LINES WITH RUBBER H08E3 AND THE 

DOME REBLOWN AND COOLED AS EXHIBITS» 

ViNYLITE CONFORMING TO REFERENCE 5 WAS SIMILARLY TESTED AT 135 0.   (275 ?»)• 

THE SURFACE OF THE SPECIMEN BECAME ROUGHENED AS If IT WERE UNMOLDIMG AND THE 

OVEN TEMPERATURE WAS LOWERED TO 86°C. (187°F„).  TESTS WERE CONDUCTED ON THE 

COfcO", 0.125" AND 0*150" THICK MATERIAL TO DETERMINE THE AIR PRESSURES RE- 
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QUIRED TO PRODUCE APPROÄIMATELY A 4" DEFLECTION« 

SIMILAR TESTS AT 135*^. (2?5°F.) WERE MADE WITH THE 0.125'" *ND 0.250" 

THICK ACETATE SHEETS,  WHITENING AND CRACKSNG OF THESE MATERIALS WERE OBSERVES 

AND THE TEST TEMPERATURE WA» CHäMSED TO MU^C« (237 F.).  AT THAT TEMPERATURE, 

SPHERICAL FORMING TESTS WERE CONDUCTED ON THE 0.060*, 0.125" AND 0*250" THICK 

SHEETING TO DETERMINE THE AIR PRESSURES REQUIRED TO PRODUCE CLEAR, SPHERICAL 

SECTIONS OP MAXIMUM HEIGHT.  THE POSSIBLE HEIGHT »AS LIMITED BY THE TENDENCY 

OP THE MATERIAL TO »HI TEN. 

DURING ATTEMPTS TO MAKE MODULI» OF ELASTICITY TESTS, IT WAS DETERMINED 

THAT THE ALLYL BASE RE8IN COULD NOT BE HEATED AND GRIPPED WITHOUT FRACTURING. 

CONSEQUENTLY AN ATTEMPT WAS MADE TO "BLOW-FORM* THE MATERIAL WHILE ENCLOSED 

IN PROTECTIVE RUBBER SHEETS. A 0.125* X 7" DIAMETER DISC OF THIS MATERIAL 

WAS HEATED FOR 15 MINUTES AT 135°C. (275°F.) IN THE EXPERIMENTAL OVEN TOGETHER 

WITH A THIN 10" X 20" RUBBER SHEET. THE OVEN DOOR WAS THEN OPENED AND THE 

DISC QUICKLY COVERED ON BOTH SIDES WITH THE RUBBER SHEET. THIS SANDWICH WAS 

CENTERED TN THE FORMING FIXTURE SO THAT THE CLAMPING RING WOULD ENGAGE THE 

DOUBLED RUBBER ONLY. AN ADDITIONAL HEATING PERIOD OF 20 MINUTES WAS USED, 

THE CLAMPING RING WAS LöWERED AND THE FORMING AIR AND RECORDER TURNED ON. 

CONTINUOUS OBSERVATION OF THE SPECIMEN AND MANUAL ADJUSTMENT OF THE AIR 

i-A£üawAi tiff-s  nvtiitiMihkU«  <HE t~n£C3«j"& n*>C iKwKSASED SLOWLY FRC&S ZERO UNTIL 

A 8ÜÖMW MOVEMENT OF THE SANDWIOK AND A SHARP CHANGE IN MOTION RECORD IN- 

DICATED FRACTURE OF THE ALLYL HAD OCCURRED»  THE 0.125" X 6W DIAMETER DISC 

WAS SIMILARLY TREATED EXCEPT THAT THE AIR PRESSURE WAS RAISED MORE SLOWLY 

FROM IERO*  THE TOTAL TIME TO ATTAIN A FR ES8URE OF 0.5 PS I. WAS 5 MINUTES. 

I 

SECTION VIM 

CONDUCT OF TEST 

SEVERAL 0,125" x 1~l/2n x 12" SPECIMENS OF THE ALLYL BASE PLASTIC WERE 

HFAfED TO 130X. (2 66°F.) FOR 1? MINUTES» REMOVED FROM THE OVEN TO A FLOCKED- 

RU88ER COVERED CYLINDER OF 3,1" RADIUS OF CURVATURE AND ATTEMPTS WERE MADE TO 

3L0WLY MANUALLY BENS THESE BEAMS OVER THE FORM» 

A FORM. MADE OF TWO HALF DISCS OF PLYWOOD CUT TO A RAD t US OF 3.1*' AND 

PARTIALLY COVERED WiTH A 6s' WIDE STRIP OF TMiN STEEL, WAS PLACED IN THE OVEN 

AT 130 C. (266 F.) WITH THE FLAT, Ot'EM SIDE UP*  AFTER EQUILIBRIUM WAS 

ESTABLISHED ONE OF THE 0.125" THICK SPECIMENS OF ALLYL BASE PLASTIC WAS PLACED 

iN THI3 FEMALE FORM AND LIGHTLY AND UNIFORMLY LOADED WI7H A HEATED SANDBAG. 

AKTR 6684 10 
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OBSERVATION OF THE DEFORMATION OF THt 3EAV WAS MAINTAINED. 

I 
SIMILAR 0.250" AND 0,500" THICK SPECIMENS WERE HEATED FOR APPROPRIATE | 

TIMES AT 177°C. (350°F.)> REMOVES FROM THE OVEN AND BENT OVER FLOCKED- 
1 

RUBBER   COVERED   FORMS   OF   A^SüPRJATfc   RADiüS. j 

THE OVEN TEMPERATURE WAS THEN REDUCED TO 95°C. (203°F.), SEVERAL OF THE 
0.125" THICK SPECIMENS OF THIS PLASTIC WERE HEATED 15 MINUTES, REMOVED AND 

SLOWLY MANUALLY FORMED OVER A CYLINDER OF 3.1" RADIUS. SIMILARLY, 0.06O", 

0.250" AND 0.500* THICK BEAMS WERE FORMED OVER CYLINDERS OF 1.5", 6.3" AND 

12.5" RADII, RESPECTIVELY. THE RADII OF CURVATURE OF THE RESPECTSVE FORM8 

WERE CALCULATED TO PRODUCE 2%   STRAIN AT THE SURFACE OF EACH OF THE BEAMS. 

SECTION JX 

COfDUCT OF TEST 

LUMINOUS TRANSMITTANCE AND HAZE MEASUREMENTS (SEE REFERENCE 1) WERE MADE 
AT THE A?tX OF CtniL   irntniCHi. bcOTiON t\>HtÄi.u   FROM fe*WH t"n£sCH t «*fcii OHlviiNAL 

THICKNESS OF ALL PLASTIC MATERIALS AND ON THE PARTIAL CYLINDERS OF THE FOUR 

THICKNESSES OF ALLYL BASE PLASTIC.  SIMILAR MEASUREMENTS WERE MADE OF THE FLAT 

SHEET STOCK OF EACH MATERIAL, 

SECTION X r 

RESULTS ! 

r 
FIGURES 8 TO 16, INCLUSIVE (PAGES 35 TO 43), SHOW THE FLESURAL DEFORMATION 

V,» TEMPeftATUftE At VARIOUS APPLIED STRESSES FOR COMPOSITE (TWO l/8" X l/2H X 

5") AND SOLID ("5/U" X l/2" X 5"} SPECIMENS OF THE VARIOUS PLASTIC MATERIALS, 

THE TESTS WERE MADE IN ACCORDANCE WITH REFERENCE 10 EXCEPT AS NOTED ON THE » 

fisaPMS.  INASMUCH ** THE T^MPEHAT'-'15
'? AT WMSCH A FLEX'JRA.L REFORMATION Cr 10 

MILS OCCURS 13 DEFINED AS THE HE AT DISTORT JON TEMPERATURE (REFERENCE 10), | 

THIS TEMPERATURE WAS PLOTTED AGAINST THE APPLIED STRESS |M FIGURE 17, PAGE 44. 

FIGURE 18       SHOWS THE MODULUS OF ELASTICITY IN TENSION or 0.125" 
THICK PLASTIC SPECIMENS AT CONSTANT TEMPERATURE THIRTY SECONDS AFTER A LOAD \ 
WAS APPLIED. APPRECIABLE ELONGATION (APPROXIMATELY 10/?) OF THE CELLULOSE j 
ACETATt v'-ÜMARifH/ «A» IW>T€C PRIOR TO STRETCHING, APPARENTLY DUE TO THE WEIGHT 
OF THE SPECIMEN ITSELF. I 

j 
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THE- THIRTY SECOND MODULUS or ELASTICIT* or THE HOMAUTE CR-3« (ALLVL 

BASE   P-ASTIC,   AF120I4C)   COULD  NOT   BE  DETERMINED.     TM£   SPECIMENS   TORE  AT   TrtE 

CLAMPS AS THE LOAD WAS APPLIED. 

FIGURES 19 TO 26, INCLUSIVE, SNOW THE AP£>: HEIGHT ATTA***«£D 

BY ACRYLIC SPECIMENS WHEN BLOWN INTO SPHERICAL SECTIONS THROUGH AN 8" DL AMETER 

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 

i AN ARBITRARY ELAPSED TIME OF THREE MINUTES AFTER THE APPLICATION OF THE AIR 

• | PRESSURE. AT THIS TIME, THE TI*" RATE OF CHANGE OF DEFLECTION HAD BECOME 

j I APPROXIMATELY CONSTANT. A RAPID TIME RATE OF CHANGE OF DEFLECTION OF THE 

j  i        ACRYLIC SPECIMEN3 WAS NOTED WHEN THE DEFLECTION AT 3 MINUTES WAS APPROXIMATE- 
i '• 

i 

if 

• 

i 

LY 100j£ OF A HEMISPHERE OR U".  APPARENTLY THE GREATER CREEP RATE OF THIS 

MATERIAL AT HIGH DEFLECTIONS IS DUE TO THE HIGH STRESSES PRODUCED 8Y THINNING 

AT THE APEX. I 

AFTR 66811 12 

I THE EFFECT ON 1/8" THICK PLEXIGLAS !-A OF SLOWLY INCREASING THE INTERNAL 

PRESSURE IS 9H09H  ON FIGURE 34-, 

WHEN SIMILARLY TESTED,, THE FEW SPECIMENS OF LUCIT£ HC202 AND HC212 

(FIGURE 23a      REFORMED TO THE SAME EXTENT AS PLEXIGLAS It. 

FIGURES 27 At© 28? PAGE 50. SHOW THE TEST RESULTS ON SPHERICAL SECTIONS 

FORMED FROM THE AVAILABLE THICKNESSES OF VLNYLITE AT A CONSTANT TEMPERATURE 

OF 86^. (187°F.5 AND CONSTANT PRF8SURE, 

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 FORMING.  THIS DEFECT STARTED AT THE APEX, BUT SPREAD j 

i  , 

OVER THE SURfacr WITH A TENDENCY TOWARD PARALLEL STRIATiONS,  PLASTACELE WAS j, 

OBSERVED TO FISSURE OR CRACK, GENERALLY IN PARALLEL LINES,  TO REDUCE WHITEN- ? 
j 

ING OF THE LU'MAKiTM 0* TEARING CF THE PLASTACELE, IT WAS NECESSARY 10   LIMIT i 
THE MAXIMUM HEIGHTS OF YH£ DOMES TO APPROXIMATELY 60 TO ?«$ OF A HEMISPHERE \< 
OAL SECTION. EVEN WHEN THE üY«^ WAS MAINTAINED AT A TEMPERATURE OF tlH°C. \ 

|        (237 F.)s !T WAS EVIDENT, 8Y THE ODOR, THAT THE PLASTICUER WAS BEING DRIVEN 

FROM THE TEST SPECIMENS,  !N THE CASE OF LUMARITH THE ODOR WAS VERY STRONG. 

THE EFFECT or HEATING TIME IS SHOWN ON FIGURE 33, PAGE 53. 
I 

THE FORMING TESTS ON ACETATE SHEETS AT 135°&. (275°F.), AND AT 1154-°C. I 

(237"F„) DO NOT CORRELATE WITH THE MODULUS OF ELASTICITY MEASUREMENTS. THE 

AIR PRESSURES REQUiRED TO FORM HEMISPHERES AT THESE TEMPERATURES DO NOT [ 

APPROXIMATE THOSE TC 3E EXPECTED FROM THE MODULUS MEASUREMENTS OR THE RESULTS 

OBTAINED FROM THE ACRYLIC AND VlNYL SPECIMENS. IT WAS OBSERVED THAT INCREAS- 

ING THE DEFORMING AiR PRESSURE DID NOT PRODUCE A CORRESPONDING INCREASE OF § 

1   t 
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DEFLECTION ALTHOUGH THE MATER iAL WAS BLOW* TO A HEMISPHERE AMD HELD AT A 

COfiSTANT TEMPERATURE.  Il AFFEAPS THAT THIS MATERIAL REACHES A LIMIT OF 

EXTENSIBILITY AT APPROXIMATELY THE HEMISPHERICAL SHAPE.,  THE RESULTS OF IN- 

CREASING THE FORMING AIR PRESSURE ON A 0.135" THICK ACETATE SHEET ARE SHOWN 

ON FIGURE Ik, 

--*•• 

m 
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II 
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\J  WAS 03SERVED THAT THE ACRYLIC AND VINYL SPECIMENS WOULD RETURN 

APPROXIMATELY TO THE FLAT SHEET STATE WHEN THE DEFORMING AIR PRESSURE WAS 

REMOVED, HOWEVER, REDUCING THE AIR PRESSURE TO ZERO UNDER ACETATE DOMES 

PRODUCED LITTLE CHANGE OF HEIGHT. THIS MATERIAL APPARENTLY HAS LITTLE 

ELASTIC MEMORY OR TENDENCY TO FLATTEN. 

THE RELATION BETWEEN FORMING PRESSURE AND ORIGINAL THICKNESS OF THE 

SPHERICALLY FORMED ACRYLIC AND VINYL SPECIMENS IS SHOWN IN FIGURE 35, 

THIS GRAPH WAS MADE BT PLOTTING THE PRESSURES USED DURING FORMNG EACH 

MATERIAL VS. NOMINAL THICKNESS.  TH'IS, 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 THICKNESSE8 

OF PLASTIC SHEET. 

DURING THE ATTEMPT TO SPHERICALLY FORM THE 0.125" x 7" DIAMETER DISC OF 

HOMALITE CR-39 IN THE RUBBER BLANKET, THE DEFLECTION WAS NEGLIGIBLE UNTIL 

FRACTURE,  TMF. RUBBER BLANKET SURROUNDING THE 0.125" X 6" DIAMETER DISC OF 

HOMALITE CR-39 DEFLECTED APPROXIMATELY 3/8" BY STRETCHING BETWEEN THE EDGE 

OF THE DISC AND THE CLAMPING RING OF THE SPHERICAL FORMING FIXTURE.  THE 

PLASTIC DISC ITSELF APPEARED TO HAVE DEFORMED INTO A SPHERiCAL SECTION OF 

APPROXIMATELY 0.1" HEIGHT PHiQR TO FRACTURE. 

THE 0.125" x 1-1/2" x 12" BEAMS OF HOMALITE CR-39 HEATED TO 130°C. 

(266 F.) BROKE DURING MANUAL FORMING OVER THE MALE CYLINDRICAL FORM OF 3*tn 

RADIUS AND WHEN UNIFORMLY LOADED IN A FEMALE CYLINDRICAL rORM OF THE SAME 

RAD I US. 

- w 
THE THERMALLY INDUCED STRESSES IN'THE 0.250" ANt! 0,500" THICK HOMALITE 

BEAMS DURING HEATING TO OR COOLiNG FROM 177°C, (350°F.) WERE SUFFICIENT TO 

PRODUCE FRACTURE OF THE MATERIAL WITHOUT APPLICATION OF EXTERNAL LOAD. 

W 

ArTEK HEATING Q.06C-W, 0.125", 0.250" *HV  0*500* THICK HOMA.L (YF <*:R-39 
BEAMS AT 95°C. (203°F«} II WAS POSSIBLE TO REMOVE THE MATERIAL FROM THE PRE- 

HEATING OVEN AND FORM PARTIAL CYLINDERS OVE« THE RESPECTIVE 1.5'", 3.1", 6.3" 

AND 12.5" RADIUS CVLSNDR!CAL FORMS.  THE SUCCESS OF THIS FORMING OPERATION 

APPEARS TO BE DEPENDENT ON THE SMOOTHNESS OF THE SURFACE AMD EDGE FINISH OF 

THE BEAM AND ON AN EXTREMELY BLOW APPLICATION OF DEFORMING LOAD,  V'tSUAL 

OBSERVATION OF THE COOLED, C Yt. 1 NDR ICALLY FORMED ALLYL SPECIMENS «MOWED THAT 

LITTLE OP. NO DISTORTION OP. HAZE RESULTED FROM THE FORMING OPERATION. 
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THE RESULT?  . 
ENC6   115      FOR   ALt 

u^iü^.i£a^in^aLii^i^j^eLa£u^ 
(MEASUREMENTS ^AüS  IM ACCORDANCE 

A.S.T.M. KfeTHOD D6T 

I 

SPEC INEN TYPE 

PLEXIGLAS  I-A DOMES 

PLEXIGLAS  I.' DOMES 

VINYDTE DOMES 

ACETATE DOMES 

HOMAUTE CYLINDERS 

PLEXIGLAS FLAT SHEET 

VINYLITE PLAT SHEET 

ACETATE FLAT SHEET 

HOMALSTE FLAT SHEET 

AVERAGE CENTER THICKNESS 
OF MATERIAL PRIOR TO FORMING 
 HMOHES) ., 

0.062 
.120 
.245 
.505 

0.057 
.116 
.21*6 
.451 

0.061 
,135 
«15fc 

0,061 
,126 
.250 

0,125 

.508 

0.503 

.154 

.244 

.483 

jRATiSMiXT^*: 
rCTAL    PAflAUl 
ii)     _ji\ 

93 
93 
93 
93 

93 
93 
93 
93 

87 
60 
78 

40 
87 
es 

93 
93 
92 

92 

74 

67 

91 

92 
91 
91 
91 

91 
90 
91 
91 

84 
77 
76 

8*» 
82 

92 
91 
90 

90 

71 

80 

89 

HAZE 
(JO 

2 
2 
2 
2 

2 
3 
2 
3 

3 

3 

6 

2 
2 
2 

2 

6 

2 

SECTION XI 

DISCUSSION OF RESULTS 

THE MAXIMUM P«08ABLC EP.KOR or THE HEAT DISTORTION TEMPERATURE MEASURE- 

MENTS  IS or THE ORDER or + 3°C. (5°F.). 

AFTR  6684 14 
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i i 

MEASUREMENTS MADE WITH THE MICROMETER EYEPIECE OF THE MICROSCOPE Of THE 

!FIMS RESOLUTION CHART IMAGES ON THE 16 MM, NEGATIVES SHOW THAT ANY LINEAR 

DISTORTION OF THE LENS-FILM-DEVELOPING SYSTEM IS LESS THAN THE PROBABLE ERROR 

OF LOCATING THE CHARTS PRIOR TO PHOTOGRAPHING, 

ThE ERROR OF MEASURING THE CHANGE OF LENGTH OF THE PROJECTED IMAGE OF THE 

MODULUS OF ELASTICITY SPECIMENS IS APPROXIMATELY ±2%,     THUS , THE CALCULATED 

STRAIN MAY 3E IN ERROR BY THIS AMOUNT. THE LOWER CLAMPS, SUPPORT RODS AND 

ADDITIONAL STRESSING WEIGHTS WERE MEASURED TO WITHIN 10,01 POUND AND THE WIDTH 

AND THICKNESS. OF THE SPECIMENS TOIP.OOL", THEREFORE, THE INITIAL 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 IN ERROR BY +J$. 

SEVERAL TESTS WITH 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°F.) FROM INLET TO OUTLET OF 

THE OVEN CAVITY AND THAT ANY POINT WITHIN THIS PLANE WAS AT CONSTANT TEMPERA- 

TURE WITHIN +1^. (2°F), IT WAS ALSO DETERMINED THAT THE RECORDED TEMPERATURE 

OF THE OVEN CAVITY WAS WITHIN 0«5°C» 0°? •)  OF THE AIR TEMPERATURE AT THE 

zz'i~zr,  or THE 0¥EH* {»ASMUCH AS C*I 'p**ATFt) THERMOMETERS WERE HUNG NEAR THE 

MODULUS OF ELASTICITY SPECIMENS DURING IHt TESTS, THE TEMPERATURE OF AN¥ 

SPECIMEN WAS KNOWN TO BE WITHIN t1°C, (2°F,). 

SMaiCAgy FjaüfigygBffi 

TESTS SHOWED THAT THE RECORDED AIR PRESSURE WAS WITHIN *3% OF  THAT OF 

A PRECISION TYPE GAGE INSERTED IN THE FORMING AIR LINE, PROVIDED THE LINE WAS 

SEALED AGAINST LEAKS. !N PRACTICE LEAKAGE SOMETIMES OCCURRED AROUND THE 

PLASTIC SPECIMEN WHILE BEING FORMED, BUT THERE WAS NO FLOW OF AIR IN THE 

INDEPENDENT LINE FROM THE ENTRAPPED AIR SPACE TO THE RECORDER» THEREFORE, 

THE RECORD WAS NOT INFLUENCED SY LEAKAGE AT THE DOME. OBSERVATION OK THE 

GAGES AND THE PRESSURE RECORD SHOW THAT THE CONOFLO« REGULATOR COMBINED WITH 

FREQUENT MANUAL ADuUSTMSNT HELD THE FORMING Aift FrtESSUPE TO WITH It«! +0,1 PS I „ 

AND +0.5 PS I. OF THE DESIRED VALUE FOR THE 0 TO 10 PS I, AND 0 TO 52,5 PS'• 

H 

1 
CALIBRATION OF THE MOTION SENSING ASSEMBLY SHOWED THAT THE PEN RECORDED 

THE MOTION or  THE TRANSMITTING CASLE AND WEIGHT TO +l£ OF THE k"  MAXIMUM 
HEMISPHERICAL DOME HEIGHT. THE ZERO HEIGHT OF THE CABLE WAS SET PRIOR TO 

EACH TEST TO WITHIN S.O.OU"» 

AFTR 668U 15 
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THE SEPRODUCIÖlLiTY OF ?Hf MODULUS OF ELASTICITY TEST RESULTS ON 

ACRYLIC SPECIMENS IS +50f AT THE LOWEST TEST TEMPERATURE DUE PRIMARILY TO 

THE RAPID CHANGE OF MODULUS WITH MATERIAL TEMPERATURE*  THE REPRODUCIBiLITY 

OF THE RESULTS IS BEST (APPROXIMATELY +5^) AT INTERMEDIATE TEMPERATUR», AT 

I THE HIGHER TE8T TEMPERATURES THE REPRODUCIBILfTY BECOMES APPROXIMATELY i?0£. 

IN THE CASE or PLEXIGLAS ?S SOME OF THIS SCATTER MAY BE DUE TO THE TEST SPECI- 

MENS BEING TAKEN FROM SHEETS MADE AT TWO DIFFERENT PRODUCTION UNITS, NAMELY 

\ THE BRISTOL, PENNA*, AND KNOXVILLE, TENN., PLANTS OF THE ROHM * HAAS COMPANY, 

I  I 
j THE REPRODUCIBILITY OF RESULTS OF 8PHERICALLV FORMING ACRYLIC SHEETS 

»AS FOUND TO BE APPROXIMATELY +5$  OF THE HEMISPHERICAL HEIGHT OF V FOR THE 
;    I 

SAME TEMPERATURE, PRESSURE AND THICKNESS OF SPECIMEN«  A LACK OF REPRODUCI- 

BSLITY WAS NOTED IF THE SAME SHEET »AS FLATTENED WITHOUT COOLING, AND RE- 
i 

BLOWN, THE SFCONB DOME »AS HIGHER THAN THE FIRST» CONSEQUENTLY, NO DATA 

|      WERE TAKEN ON SUCH REBLOWING. 

THE REPRODUCIBILITY OF RESULTS OF SPHERICALLY FORMING VINYLSTE OF SIMILAR 

I S      THICKNESS WAS NOT AS SATISFACTORY. THE VARIATION OF HEIGHT WAS FOUND TO BE 1 

I •* 

i$S OF THE HEMISPHERICAL HSSGHT or Hw» 

THE RESULTS OBTAINED IN SPHERICALLY FORMING CELLULOSE ACETATE SHEETING 

äT lliÄ. (237°F.) WERE RANDOM«,    fteT QttLi sra HEATING TIM£ PR:O?? TO ramaim 

SIGNIFICANTLY AFFECT THE HEIGHT OF THE SECTION (SEE FIGURE 33,) BUT 

j PRESSURES DIFFERING BY A FACTOR OF I   TO !| PRODUCED DOMES OF APPROXIMATELY THE 

SAME HEIGHT ?RGM SHEETS OF APPROXIMATELY THE SAME THICKNESS (SEE FIGURES 2$ 

j        AND 3?, IT WAS FOUND THAT A PRESSURE OF 5 PSI. WOULD FORM 
A &$ HEMISPHERE OF G.IJ2* THICK LUMARITH WHEREAS A PRESSURE OF 3A PS»» WOULD 
FORM A 505J HEMISPHERE OF 0»130M THICK PLASTACELE (SEE FIGURES 2$ AND 2,Q\ 

•j THIS DIFFERENCE IS BELIEVED TC BE  DUE TO A DIFFERENCE IN THE HIGH TEMP- 

ERATURE ELONGATION CHARACTER I STSCS OF THE TWO MATERIALS CAUSED SY A DIFFERENCE 

IN COMPOSITION OR OF THE METHOD OF MANUFACTURE,  IT »A3 NOTED THAT THESE 

r MATERIALS HAD A DIFFERENCE lW BEAT DISTORTION TEMPERATURE* 

THE ORIGINAL FORMING TEMPERATURE OF 130 C. (2 66 F«) FOR ALLYL BASE 

PLAST?CS WAS USED AFTER VERBAL C0NVER8ATSONS WITH TWO MANUFACTURERS OF THIS 

*«AT£»»al _  RpriAtfHP ftr TMF  S-AittiRF OF GENTLY. UN5F0RMLY LOADED DISCS OF THE 

MATERIAL TO SPHERICALLY FORM AND THE ADVICE OF ONE OF THESE MANUFACTURERS 

THAT THE MATERIAL IS NOT FORMABLEr  FURTHER EXPERIMENTS WITH 
SPHERICALLY FORMED SHAPES WERE DISCONTINUED»  THE DISINTEGRATION OF SEVERAL 

OF THE UNSTRESSED ALLYL SEAMS HEATED TO 1??°C. C35©°Fe) FROM THERMAL STRESSES 

AND THE RUPTURE OF BEAMS AT 130°C« (266°f9) SUGGESTED LOWERING THE PREHEATING 

|' TEMPERATUR fO $5°C. (2030?'«)» 
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CONCLUSIONS 

1» THE FLEXURAL DEFORMATION VS.TEMPERATURE AND THE HEAT DISTORTION 

TEMPERATURE (AT A DEFLECTION OF 10 MILS, REFERENCE 10) OF THE SUBJECT PLASTIC 
SPECIMENS IS A FUNCTION OF THE APPLIED STRESS, THICKNESS OF r>R«filNAt UATCBI*I 

AND OF THE TYPE OF POLYMER (SEE FIGURES 8 TO 16, INCLUSIVE^ 

IT SHOULD BE NOTED THAT THERE APPEARS TO BE A CORRELATION BETWEEN HEAT 

DISTORTION TEMPERATURE OF THE SEVERAL MATERIALS AND THE MODULUS OF ELASTICITY 

(30 SECONDS) IN TENSION OF 15Q°C. (302°F.), (COMPARE FIGURE 17 

WITH FIGURE ^S)^ HOWEVER, THERE IS NO CORRELATION BETWEEN HEAT 

DISTORTION TEMPERATURE 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 (SEE FIGURE 1O)       THAN FOR ANY OF THE 

OTHER PLASTIC MATERIALS TESTED. THE RATE OF CHANGE OF HEAT DISTORTION TEMPERA- 

TURE WITH APPLIED STRESS (S LESS FOR VLNYLITE THAN FOP ANY OF THE OTHER 

MATERIAL TESTED (SEE FIGURE 17^»        THE RATE OF CHANGE OF HEAT DISTOR- 

TION TEMPERATURE WITH LOW APPLIED STRESS IS GREATER FOR HOMALITE CR-39 THAN 

FOP. ANY OTHER MATERIAL TESTED, 

2S Bor;-! PLEXIGLAS l-A AND PLEXIGLAS !! OHA«GE MODULI OF ELASTICITY (AT 

30 SECONDS) IN TENSION AT A RAPID RATE WITH, TEMPERATURE WITHIN A NARROW TEMP- 

ERATURE RANGE (SEC FIGURE 18),        AS THE TEMPERATURE OF THE ACRYLIC 

MATERIALS IS RAISED, THE MODULUS RTöüCES RAPIDLY TO AH  APPROXIMATE MINIMUM, 

THEREAFTER, INCREASING TEMPERATURE PRODUCES RELATIVELY LITTLE REDUCTION OF 

MODULUS, VINYLITE AND LUMARITH CHANGE MODUL; MORE UNIFORMLY WITH TEMPERATURE* 

THE DATA SHOW THAT FORMING OF PLEXIGLAS |~A AND PLEXIGLAS !i SHOULD ae COM- 

PLETED AT TEMPERATURES ABOVE 110°C. (230°f,) AND 135°C. (275°F,), RESPECT IVELY, 

TO KEEP RE3IDUAL STRESSES IN FORMED PARTS AT A MINIMUM*  ONLY MINOR REDUCTIONS 

OF RESIDUAL STRESSES IN FCRM^D PARTS MAY BE OBTAINED 6Y INCREASING THESE 

RESPECTIVE MINIMUM TEMPERATURES* 

THE MEASUREMENTS OF THE MODULUS OF ELASTICITY OF THE ACETATE SPECIMENS 

ARE LEAST ACCURATE;.  THE SPECIMENS STRETCHED APPRECIABLY OF THEIR OWN WEIGHT 

DURING HEATING AND PRIOR TO LOADING. 

fiOURg 18 INDICATES AN ADVANTAGE TO HF.ATING VlNYLITE AND 

ACETATE SHEETS TO HIGH TEMPERATURES PRIOR TO FORMING IN ORDER TO REDUCE THE 

RESIDUAL STRF.S8SS IN FORMED TARTS»  HOWEVER, WHEN THESE MATERIALS ARE HEATED 

TO 135 t» (275 f*)s THE VlNYLITE SURFACE BECOMES ROUGH AMD THE ACETATE SHEETS 

LOSE PLASTICIZER.  THEREFORE, LOWER TEMPERATURES MUST BE USED. 

9$M 

:K 
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3,  THERE IS Ä LINEAR RELATION BETWEEN THE LOG Of CENTER DEFLEC. iON OF 

8" DIAMETER SPHERICAL SECTIONS BLO*N AT CONSTANT T£MPER^TI"RE AND PRESSURE Am 

THE INITIAL AVERAGE CENTER THICKNESS OF VLNYLITE AND BOTH TYPES OF ACRYLIC 

SHEETS (SEE FIGURES 19 TO 28)» THE LIMITED DATA OBTAINED FOR 

LUCITE HC202 AND HC212 SHOW NO DIFFERENCE BETWEEN THESE MATERIALS AND PLEXI- 

GLAS II (SEE FIGURE 23)« 

THE RATE OF CHANGE OF THE LOG OF DEFLECTION OF THE SPHERICAL SECTIONS 

DECREASES WITM LARGE CHANGES IN ORIGINAL SHEET THICKNESS AND THE NECESSARY 

CHANGES OF FORMING PRESSURE (COMPARE FiGURE 19 WiTK 25, 

I H. THERE IS A LINEAR RELATIONSHIP SETWEEN THE CONSTANT PRESSURE USED TO 

FORM APPROXIMATELY 8" DIAMETER HEMISPHERES AT CONSTANT TEMPERATURE AND THICK- 
NESS OF VINYLITE AND SOTH TYPES OF ACRYLIC SHEET (SEE FIGURE 35, PAGE 55). .* 

5. EXCESSIVE HEATING TIMES LOWER THE CENTER DEFLECTION OBTAINED ON 8" I 
DIAMETER SPHEPICAL SECTIONS OF LUMARITH BLOWN AT CONSTANT TEMPERATURE AND I 
PRESSURE (SEE FIGURE 33)*       A SIMILAR EFFECT WAS NOTED WITH PLASTACELE 
SHEETS. 1 

' t 
6. THERE IS NO CORRELATION BETWEEN THE CENTER DEFLECTION OF 8" DIAMETER 1 

SPHERICAL SECTIONS FORMED OF ACETATE SHEFT AT CONSTANT TFMP» RATilRP AND THE | 

FORMING PRESSURE (SEE FIGURES 29 TO 32), DOMES 

OP  3IMKAR HEIGHT WGRE FORMET? FROM 0,13?" «ND 0.135" THICK LUMARITH AT 5 

AND 17 PS I. 

IT SHOULD SE NOTED THAT THE 1/8" THICK PLASTACELE SHEETS WERE DEFORM- 
A3LE AT LOWER PRESSURES THAN THE 1/'8

M
 THICK LUMARITH SHEETS, 

7. THERE IS A SIMILARITY BETWEEN THE FORMABILITY CHARACTERISTICS OF 

VLNYLITE AND BOTH TYPES OR  ACRYLIC SHEETS (SEE FIGURE 3*|).        INCREAS- 

ING PRESSURES PRODUCE A LARGE INCREASE OF DEFLECTION OF 8" DI AMETER SPHERICAL 

SECTIONS FORMED AS CONSTANT TEMPERATURE. 

CONVERSELY, THE FORMABILITY CHARACTERISTICS OF ACETATE SHEETS ARC QUITE 

DIFFERENT FROM THOSE OF ACRYLIC. INCREASING PRESSURES PRODUCE A SMALL INCREASE 

OF DEFLECTICRT OF THE SPHERICAL SECTIONS. THERE APPEARS TO BE A MAXIMUM HEIGHT 

TO WHICH THE ACETATE DOMES MAY BE BLOWN (SEE F!GUR£ IK}, | 

"• 
8. THERE IS AN ELASTIC MEMORY (ABILITY TO RETURN TO THE FLAT STATE UPON 

REHEATING A FORMED SHEET) OF VLNYLITE AND BOTK TYPES OF ACRYLIC SHEET* DöMES 

TCRMED FROM ALL THREE MATERIALS RETURNED TO THE APPROXIMTELY FLAT STATE WHEN % 

THE FORMING AIR PRESSURE WAö RELEASED AND TH£ MATERIALS WERE MAINTAINED AT AN 

ELEVATED TEMPERATURE, | 

i 
D0ME3 FORMED OF ACETATE RETRACTED VERY LITTLE WHEN THE AIR PRESSURE WAS '•* 
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REMOVED AND THE MATERIAL WAS MAiNTAINED AT A« ELEVATED TEMPERATURE. 

9. THERE IS A FUNDAMENTAL DIFFERENCE IN THE BEHAVIOR OF ACETATE SHEET 

SUBJECTED TO HIGH TEMPERATüRE AND STRETCHING FORCES AND SIMILARLY TREATED 

VINYLITE AND ACRYLIC SHEET. THE FA ILL-RE OF THE FORMER MATERIAL TO STRETCH 

SIGNIFICANTLY WITH LARGE INCREASES OF FORMING PRESSURE AS WELL AS THE LOW 

ELASTIC MEMORY ILLUSTRATE THIS DIFFERENCE, 

10. HOMALITE CR-39 SHEETS CANNOT BE SPHERICALLY FORMED. THIS MATERIAL 

CAN 8E CYLINDRICALLY FORMED TO 7%  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 MINIMUM. 

11. IT 18 POSSIBLE TO DIFFERENTIATE BETWEEN THE F0RMA8ILITV CHARACTER- 

ISTICS OF THE FIVE SUBJECT PLASTIC SHEET MATERIALS WHEN THE MATERIALS «RE 

HEATED TO CONSTANT >EMPERATURES AND FORMED INTO 8" DIAMETER SPHERICAL 

SECTIONS BY APPLYING CONSTANT AIR PRESSURES. 

A, HOMALITE CR-39 SHEET (SPECIFICATION AF120^0) CANNOT BE SIGNI- 

FICANTLY SPHERICALLY FORMED WITHOUT RUPTURE, IRRESPECTIVE OF TEMPERATURE AND 

PRESSURE. 

I 

B. THE CENTER DEFLECTION OF 8" DIAMETER SPHERICAL SECTIONS OF 

CELLULOSE ACETATE SHEETS (SPECIFICATION (viIL-F-666?) WILL BE BETWEEN 50 AND 

100^ OF A HEMISPHERE WHEN THE MATERIAL IS HEATED TO 11U°C. (237°F.) AND SUB- 

JECTED TO A CONSTANT AIR PRESSURE OF 5 PS I•  THE DEFLECTION MUST BE MEASURED 

3 MINUTES AFTER THE PRESSURE IS APPLIED, FORMING MUST START AS THE PLAST!C 

ATTAINS EQUILIBRIUM TEMPERATURE CONDITIONS, THE SPECIMEN MUST BE TESTED ONLY 

ONCE AND THE HEIGHT OF THE DOME WILL NOT BE RELATED TO ORIGINAL SHEET THICK- 

NESS. THE FORMED SHEETS WILL NOT RETURN TO THE ORIGINAL PLANE STATE IF THE 

AiR PRESSURE IS RELEASED AND THE TEMPERATURE IS MAINTAINED AT 1lty°C. (23?°F,), 

C. THE CENTER DEFLECTION OF 8" DIAMETER SPHERICAL SECTIONS OF 

VINYL ITS (SPECIFICATION AF120M-1) FORMED AT A CONSTANT TEMPERATURE OF 86°C. 

(18?°F.) WILL BE IN ACCORDANCE WITH THE FOLLOWING TABLE» 

NOMINAL 
THICKNESS 

JJaeyxs.l 

0.060 
.•525 
.150 

CONSTANT 
AIR PRESSURE 

LP§ 

2.0 
U.5 
fc.5 

CENTER DEFLECTION 
(%  OF HEMISPHERE) 

60 TO 100 
60 TO 100 
50 TO 100 

1 

< 

-I 

THE CENTER DEFLECTION OF THE DOMES MUST BE MEASURED 3 MINUTES AFTER THE 

PRESSURE IS APPLIED, A SPECIMEN MUST BE TESTED ONLY ONCE AND FORMING MUST BE 

STARTED SHORTLY AFTER EQUILIBRIUM TEMPERATURE CONDITIONS ARE ESTABLISHED. 

"FTf< 668U 19 



I 5 

I I 

w. THE CENTER DEFLECTION or  8" DIAMETER SPHERICAL SECTIONS or 
PLEXIGLAS i'-A (SPECIFICATION MiL-P-6886« THICKNESS TOLERANCES or TABLE i) 

FORMED AT A CONSTANT TEMPERATURE OF 135^« (2?5°F.) WILL BE !N ACCORDANCE 

*ITH THE FOLLOWING TABLE. 

NOMINAL 
THICKNESS 

0«060 
.125 
.250 
.500 

CONSTANT 
AIR PRESSURE 

—IE? It)  

1.75 
3.?5 
7.5 

15.2 

CENTER DEFLECTION 
{$  OF HEMISPHERE) 

50 TO 100 
50 TO 100 
50 TO 100 
50 TO 100 

THE CENTER DEFLECTION OF THE DOMES MUST BE MEASURED 3 MINUTES AFTER THE 

PRESSURE IS APPLIED, A SPECIMEN MUST BE TESTED ONLY ONCE AND FORMING MUST BE 

STARTED SHORTLY AFTER EQUILIBRIUM TEMPERATURE CONDITIONS ARE ESTABLISHED. 

E. THE CENTER DEFLECTION OF 8" DIAMETER SPHERICAL SECTIONS OF 

PLEXIGLAS II (SPECIFICATION MIL-P-5U25, THICKNESS TOLERANCES OF TABLE !) 

FORMED AT A CONSTANT TEMPERATURE OF 135°C. (275°^*) * I *-*- «E IN ACCORDANCE 

WITH THE FOLLOWING TABLE. 

NOMINAL 
THICKNESS 

0,060 
.125 
.250 
*500 

CONSTANT 
AIR PRESSURE 

- i it1?ik),  

2.75 
6.75 

13-5 
27 

CENTER DEFLECTION 
(%  OF HEMISPHERE) 

50 TO 110 
60 TO IV 
50 TO too 
70 TO 120 

THE CENTER DEFLECTION OF THE DOMES MUST BE MEASURED 3 MINUTES AFTER THE 

PRESSURE IS APPLIED, A SPECIMEN MUST BE TESTED ONLY ONCE AND FORMING MUST BE 

STARTED SHORTLY AFTER EQUILIBRIUM TEMPERATURE CONDITIONS AFTR E8TA3LISHED. 

12. SIMPLIFIED EQUIPMENT SIMILAR TO THE SPHERICAL FORMING FFXTURE AND 

CYLINDRICAL FORMS DESCRIBED HEREIN CAN BE USED FOR QUALIFICATION TESTING OF 

THE FORMABILITY CHARACTER I ST ICS OF THE SUBJECT PLASTIC MATERIALS. THE VEST 

METHOD DESCRIBED HEREIN WILL PRODUCE OPTICALLY SATISFACTORY SPECIMENS (SEE 

TABLE i!j       WILL INDICATE CERTAIN LIMITATIONS OF THE FCRMASILITY OF 

THE MATERIALS AND WILL DIFFERENTI ATE BETWEEN THE FORMABILITY CHARACTERISTICS 

OF THESE MATERIALS» 

m 

4. 
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FIGURE 10  SCHEMATIC DIAGRAM OF EXPERIMENTAL OVEN 

SHEWING PLASTIC SPECIMEN TO BE MEASURED FDR ELONGATION RATE 
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Figure 2 SET-DP USED TO MEASURE UNlAXIAL ELONGATION 
RATE 07 FLA5TIC SPECIMENS IN EXPERIMENTAL OVEN 
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Figure 3    TENSILE GRIP FOR PLASTIC SPECIMENS 
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