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Introduction


Rapid prototyping refers to the fabrication of a physical, three-dimensional part of arbitrary shape directly from 3D computer-aided design (CAD) data. RP technology is an additive process that can generate free-form fabricated parts using powdered metals, polymers, paper, and other materials. RP machines fabricate 3-dimensional objects by depositing these materials layer by layer based on thin horizontal cross sections taken from a computer model.

Scope


Fabricate tensile test samples on Fused Deposition Modeler (FDM) and Stereolithography (SLA) rapid prototyping machines. Tensile test samples that have been exposed to ionizing radiation and compare the results with control samples that have not been exposed to radiation.

Description


Make 10 samples of each desired material. Irradiate 5 samples from each material. Tensile test all samples to failure per ASTM Designation: D-638-97 “Standard Test Method for Tensile Properties of Plastics” and report the following:

Stress at Failure,MPa

Yield Strength,MPa

Elastic Modulus,MPa

Ultimate Strength,Mpa

Sample geometry   
Compliant with ASTM D-638:
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Materials

1.) SLA -  
Photo Epoxy Resin # 5170. Samples run in flat orientation where sample

thickness is parallel to build platform. Built at LBNL RP lab.
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2.) FDM – 
ABS plastic # P-400. Samples run in flat orientation where sample

thickness is parallel to build platform. Built at LBNL RP lab.
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3.) FDM – 
PC (polycarbonate). Samples run in flat orientation where sample

thickness is parallel to build platform. Built at Stratasys Inc. RP lab.
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4.) FDM –
PPSF (polyphenylsulfone). Samples run in flat orientation where sample

thickness is parallel to build platform. Built at Stratasys Inc. RP lab.

[image: image5.jpg]



5.) FDM – 
PPSF (polyphenylsulfone). Samples run on “edge orientation” where

sample thickness is normal to build platform. Built at Stratasys Inc. RP

lab.
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Radiation


Ionizing radiation from a Cesium source. Sample exposure rate is 

4.9 kRad/minute to a total of 50MRad.
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Tensile test facility and parameters

Tensile test apparatus: Dillon Model: DTM serial #97028 with floating grips.

Load cell: Dillon “Weight-Tronix Inc.” Model #0155, serial #98121, capacity -  5000lbs.

Extensometer:  
MTS Model #634.25E-24, serial #0388516 – 2.0” extension.

Control Software: 
Labview – Custom V.I. “Dillon DAQ two-axis 7.vi”




Scan rate: 100Hz




Pull Velocity: 0.204 in./min.
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Tensile test results

See summary charts:

“elongation.xls”, “failure.xls”, “modulus.xls”, “ultimate.xls”,  “yield.xls”

Observations / Comments

None of the samples show a significant change in material mechanical properties or physical dimensions at this level of radiation exposure. There was a significant change in material color on all samples except the PPSF material. It should be noted that the SLA epoxy and FDM ABS materials broke at or within the sample gauge length. The FDM PC, PPSF, and PPSF “edge” all broke outside of the sample gauge length near the “gauge / radius” transition.
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_1115006804.xls
Chart1

		SLA 5170 virgin		SLA 5170 virgin		SLA 5170 virgin

		SLA 5170 irradiated		SLA 5170 irradiated		SLA 5170 irradiated

		FDM ABS virgin		FDM ABS virgin		FDM ABS virgin

		FDM ABS irradiated		FDM ABS irradiated		FDM ABS irradiated

		FDM PPSF virgin		FDM PPSF virgin		FDM PPSF virgin

		FDM PPSF irradiated		FDM PPSF irradiated		FDM PPSF irradiated

		FDM PC virgin		FDM PC virgin		FDM PC virgin

		FDM PC irradiated		FDM PC irradiated		FDM PC irradiated

		FDM PPSF_edge virgin		FDM PPSF_edge virgin		FDM PPSF_edge virgin

		FDM PPSF_edge irradiated		FDM PPSF_edge irradiated		FDM PPSF_edge irradiated



Bars represent "+" or "-" 1 standard deviation.

low

mid

high

Elastic Modulus (MPa)

Summary Chart: Elastic Modulus
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1996.175929877
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Data

		Summary of RP material testing												SLA_5170

		Irradiated and non-irradiated samples

														Number of samples =		8		8		8		8		8

		Elastic Modulus												Average value =		2784.5158503113		44.0110958897		62.4214253697		50.4815609861		0.074978351

				low		mid		high		average		std dev

		SLA 5170 virgin		2718.379385327		2784.5158503113		2850.6523152955		2784.5158503113		66.1364649842		Standard deviation =		66.1364649842		0.8594536066		0.9363969539		4.7326121764		0.0195464671

		SLA 5170 irradiated		2679.065387075		2939.0643607844		3199.0633344937		2939.0643607844		259.9989737094		SLA_5170, irradiated

		FDM ABS virgin		1260.1052910355		1320.3665035395		1380.6277160435		1320.3665035395		60.261212504

		FDM ABS irradiated		1251.906888123		1322.0985799952		1392.2902718674		1322.10		70.19		Number of samples =		5		5		5		5		5

		FDM PPSF virgin		2000.5991129987		2104.6324125111		2208.6657120235		2104.6324125111		104.0332995124		Average value =		2939.0643607844		40.8650721256		61.9203688239		54.7618804473		0.0571083972

		FDM PPSF irradiated		2060.5285837799		2105.2152297554		2149.9018757309		2105.2152297554		44.6866459755

		FDM PC virgin		1830.5455036058		1882.740331638		1934.9351596703		1882.740331638		52.1948280322

		FDM PC irradiated		1868.5732745745		2032.9136292476		2197.2539839205		2032.9136292476		164.340354673		Standard deviation =		259.9989737094		6.8387169121		1.0037529848		4.6118008522		0.0085508047

		FDM PPSF_edge virgin		1940.6929140431		2203.2417570292		2465.7906000153		2203.2417570292		262.5488429861		FDM ABS, not irradiated

		FDM PPSF_edge irradiated		1996.175929877		2114.4194360425		2232.662942208		2114.4194360425		118.2435061655

														Number of samples =		8		8		8		8		8

														Average value =		1320.3665035395		11.9637308533		15.7173961581		15.0756533084		0.0647216098

														Standard deviation =		60.261212504		0.3792633394		0.2887034429		0.3156712107		0.0104346049

														FDM ABS, irradiated

														Number of samples =		5		5		5		5		5

														Average value =		1322.10		13.77		16.85		15.72		0.04

														Standard deviation =		70.19		1.11		1.34		2.12		0.00

														FDM PPSF												FDM PPSF, irradiated

														Number of samples =		5		5		5		5		5		Number of samples =		5		5		5		5		5

														Average value =		2104.6324125111		23.3302846622		39.4130070895		39.4025255249		0.0270974512		Average value =		2105.2152297554		26.1162073066		41.1572327657		41.0421171393		0.0289299182

														Standard deviation =		104.0332995124		2.371396218		3.652765997		3.65676951		0.0047002588		Standard deviation =		44.6866459755		2.5133195928		4.5631631172		4.5061380989		0.0081041142

														FDM PC												FDM PC, irradiated

														Number of samples =		5		5		5		5		5		Number of samples =		5		5		5		5		5

														Average value =		1882.740331638		21.159862927		39.6468791882		39.6385060441		0.0339780976		Average value =		2032.9136292476		18.7647726263		32.6988351166		32.6946690997		0.0259090173

														Standard deviation =		52.1948280322		1.4245321748		0.5209577711		0.5247357463		0.0008409915		Standard deviation =		164.340354673		2.1888431643		3.3434316319		3.338762616		0.0046763564

														FDM PPSF Edge												FDM PPSF Edge, Irradiated

														Number of samples =		2		2		2		2		2		Number of samples =		2		2		2		2		2

														Average value =		2203.2417570292		31.7658691673		50.2294804162		50.1737877031		0.030203338		Average value =		2114.4194360425		34.2736190572		38.805254283		38.805254283		0.0214374689

														Standard deviation =		262.5488429861		6.9292283261		4.2291721157		4.1504107254		0.0019212752		Standard deviation =		118.2435061655		4.9382375429		1.0301100607		1.0301100607		0.0004397663
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_1115006839.xls
Chart1

		SLA 5170 virgin		SLA 5170 virgin		SLA 5170 virgin

		SLA 5170 irradiated		SLA 5170 irradiated		SLA 5170 irradiated

		FDM ABS virgin		FDM ABS virgin		FDM ABS virgin

		FDM ABS irradiated		FDM ABS irradiated		FDM ABS irradiated

		FDM PPSF virgin		FDM PPSF virgin		FDM PPSF virgin

		FDM PPSF irradiated		FDM PPSF irradiated		FDM PPSF irradiated

		FDM PC virgin		FDM PC virgin		FDM PC virgin

		FDM PC irradiated		FDM PC irradiated		FDM PC irradiated

		FDM PPSF_edge virgin		FDM PPSF_edge virgin		FDM PPSF_edge virgin

		FDM PPSF_edge irradiated		FDM PPSF_edge irradiated		FDM PPSF_edge irradiated



Bars represent "+" or "-" 1 standard deviation.

low

mid

high

Ultimate Strength (MPa)

Summary Chart: Ultimate Strength
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Data

		Summary of RP material testing												SLA_5170

		Irradiated and non-irradiated samples

														Number of samples =						8		8		8

		Ultimate Strength												Average value =						62.4214253697		50.4815609861		0.074978351

				low		mid		high		average		std dev

		SLA 5170 virgin		61.4850284159		62.4214253697		63.3578223236		62.4214253697		0.9363969539		Standard deviation =						0.9363969539		4.7326121764		0.0195464671

		SLA 5170 irradiated		60.9166158391		61.9203688239		62.9241218087		61.9203688239		1.0037529848		SLA_5170, irradiated

		FDM ABS virgin		15.4286927152		15.7173961581		16.0060996011		15.7173961581		0.2887034429

		FDM ABS irradiated		15.5112633783		16.8499013786		18.188539379		16.85		1.34		Number of samples =						5		5		5

		FDM PPSF virgin		35.7602410924		39.4130070895		43.0657730865		39.4130070895		3.652765997		Average value =						61.9203688239		54.7618804473		0.0571083972

		FDM PPSF irradiated		36.5940696485		41.1572327657		45.7203958829		41.1572327657		4.5631631172

		FDM PC virgin		39.1259214171		39.6468791882		40.1678369594		39.6468791882		0.5209577711

		FDM PC irradiated		29.3554034846		32.6988351166		36.0422667485		32.6988351166		3.3434316319		Standard deviation =						1.0037529848		4.6118008522		0.0085508047

		FDM PPSF_edge virgin		46.0003083005		50.2294804162		54.458652532		50.2294804162		4.2291721157		FDM ABS, not irradiated

		FDM PPSF_edge irradiated		37.7751442223		38.805254283		39.8353643437		38.805254283		1.0301100607

														Number of samples =						8		8		8

														Average value =						15.7173961581		15.0756533084		0.0647216098

														Standard deviation =						0.2887034429		0.3156712107		0.0104346049

														FDM ABS, irradiated

														Number of samples =						5		5		5

														Average value =						16.85		15.72		0.04

														Standard deviation =						1.34		2.12		0.00

														FDM PPSF												FDM PPSF, irradiated

														Number of samples =						5		5		5		Number of samples =						5		5		5

														Average value =						39.4130070895		39.4025255249		0.0270974512		Average value =						41.1572327657		41.0421171393		0.0289299182

														Standard deviation =						3.652765997		3.65676951		0.0047002588		Standard deviation =						4.5631631172		4.5061380989		0.0081041142

														FDM PC												FDM PC, irradiated

														Number of samples =						5		5		5		Number of samples =						5		5		5

														Average value =						39.6468791882		39.6385060441		0.0339780976		Average value =						32.6988351166		32.6946690997		0.0259090173

														Standard deviation =						0.5209577711		0.5247357463		0.0008409915		Standard deviation =						3.3434316319		3.338762616		0.0046763564

														FDM PPSF Edge												FDM PPSF Edge, Irradiated

														Number of samples =						2		2		2		Number of samples =						2		2		2

														Average value =						50.2294804162		50.1737877031		0.030203338		Average value =						38.805254283		38.805254283		0.0214374689

														Standard deviation =						4.2291721157		4.1504107254		0.0019212752		Standard deviation =						1.0301100607		1.0301100607		0.0004397663
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Chart1

		SLA 5170 virgin		SLA 5170 virgin		SLA 5170 virgin

		SLA 5170 irradiated		SLA 5170 irradiated		SLA 5170 irradiated

		FDM ABS virgin		FDM ABS virgin		FDM ABS virgin

		FDM ABS irradiated		FDM ABS irradiated		FDM ABS irradiated

		FDM PPSF virgin		FDM PPSF virgin		FDM PPSF virgin

		FDM PPSF irradiated		FDM PPSF irradiated		FDM PPSF irradiated

		FDM PC virgin		FDM PC virgin		FDM PC virgin

		FDM PC irradiated		FDM PC irradiated		FDM PC irradiated

		FDM PPSF_edge virgin		FDM PPSF_edge virgin		FDM PPSF_edge virgin

		FDM PPSF_edge irradiated		FDM PPSF_edge irradiated		FDM PPSF_edge irradiated



Bars represent "+" or "-" 1 standard deviation.
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Yield Strength (MPa)

Summary Chart: Yield Strength
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Data

		Summary of RP material testing												SLA_5170

		Irradiated and non-irradiated samples														Elastic Modulus (MPa)		Yield Strength (MPa)		Ultimate Strength (MPa)		Strength at Failure (MPa)		Elongation at break (%)

														Number of samples =		8		8		8		8		8

		Yield Strength												Average value =		2784.5158503113		44.0110958897		62.4214253697		50.4815609861		0.074978351

				low		mid		high		average		std dev

		SLA 5170 virgin		43.1516422832		44.0110958897		44.8705494963		44.0110958897		0.8594536066		Standard deviation =		66.1364649842		0.8594536066		0.9363969539		4.7326121764		0.0195464671

		SLA 5170 irradiated		34.0263552135		40.8650721256		47.7037890377		40.8650721256		6.8387169121		SLA_5170, irradiated

		FDM ABS virgin		11.5844675139		11.9637308533		12.3429941927		11.9637308533		0.3792633394

		FDM ABS irradiated		12.6652637204		13.7746758235		14.8840879265		13.77		1.11		Number of samples =		5		5		5		5		5

		FDM PPSF virgin		20.9588884441		23.3302846622		25.7016808802		23.3302846622		2.371396218		Average value =		2939.0643607844		40.8650721256		61.9203688239		54.7618804473		0.0571083972

		FDM PPSF irradiated		23.6028877138		26.1162073066		28.6295268993		26.1162073066		2.5133195928

		FDM PC virgin		19.7353307521		21.159862927		22.5843951018		21.159862927		1.4245321748

		FDM PC irradiated		16.575929462		18.7647726263		20.9536157905		18.7647726263		2.1888431643		Standard deviation =		259.9989737094		6.8387169121		1.0037529848		4.6118008522		0.0085508047

		FDM PPSF_edge virgin		24.8366408413		31.7658691673		38.6950974934		31.7658691673		6.9292283261		FDM ABS, not irradiated

		FDM PPSF_edge irradiated		29.3353815143		34.2736190572		39.2118566002		34.2736190572		4.9382375429

														Number of samples =		8		8		8		8		8

														Average value =		1320.3665035395		11.9637308533		15.7173961581		15.0756533084		0.0647216098

														Standard deviation =		60.261212504		0.3792633394		0.2887034429		0.3156712107		0.0104346049

														FDM ABS, irradiated

														Number of samples =		5		5		5		5		5

														Average value =		1322.10		13.77		16.85		15.72		0.04

														Standard deviation =		70.19		1.11		1.34		2.12		0.00

														FDM PPSF												FDM PPSF, irradiated

														Number of samples =		5		5		5		5		5		Number of samples =		5		5		5		5		5

														Average value =		2104.6324125111		23.3302846622		39.4130070895		39.4025255249		0.0270974512		Average value =		2105.2152297554		26.1162073066		41.1572327657		41.0421171393		0.0289299182

														Standard deviation =		104.0332995124		2.371396218		3.652765997		3.65676951		0.0047002588		Standard deviation =		44.6866459755		2.5133195928		4.5631631172		4.5061380989		0.0081041142

														FDM PC												FDM PC, irradiated

														Number of samples =		5		5		5		5		5		Number of samples =		5		5		5		5		5

														Average value =		1882.740331638		21.159862927		39.6468791882		39.6385060441		0.0339780976		Average value =		2032.9136292476		18.7647726263		32.6988351166		32.6946690997		0.0259090173

														Standard deviation =		52.1948280322		1.4245321748		0.5209577711		0.5247357463		0.0008409915		Standard deviation =		164.340354673		2.1888431643		3.3434316319		3.338762616		0.0046763564

														FDM PPSF Edge												FDM PPSF Edge, Irradiated

														Number of samples =		2		2		2		2		2		Number of samples =		2		2		2		2		2

														Average value =		2203.2417570292		31.7658691673		50.2294804162		50.1737877031		0.030203338		Average value =		2114.4194360425		34.2736190572		38.805254283		38.805254283		0.0214374689

														Standard deviation =		262.5488429861		6.9292283261		4.2291721157		4.1504107254		0.0019212752		Standard deviation =		118.2435061655		4.9382375429		1.0301100607		1.0301100607		0.0004397663
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		FDM PPSF_edge virgin		FDM PPSF_edge virgin		FDM PPSF_edge virgin

		FDM PPSF_edge irradiated		FDM PPSF_edge irradiated		FDM PPSF_edge irradiated



Bars represent "+" or "-" 1 standard deviation.
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Data

		Summary of RP material testing												SLA_5170

		Irradiated and non-irradiated samples

														Number of samples =						8		8		8

		Elongation at Break												Average value =						0.074978351		50.4815609861		0.074978351

				low		mid		high		average		std dev

		SLA 5170 virgin		0.055431884		0.074978351		0.0945248181		0.074978351		0.0195464671		Standard deviation =						0.0195464671		4.7326121764		0.0195464671

		SLA 5170 irradiated		0.0485575925		0.0571083972		0.0656592019		0.0571083972		0.0085508047		SLA_5170, irradiated

		FDM ABS virgin		0.0542870048		0.0647216098		0.0751562147		0.0647216098		0.0104346049

		FDM ABS irradiated		0.0388137931		0.042873209		0.0469326249		0.04		0.00		Number of samples =						5		5		5

		FDM PPSF virgin		0.0223971925		0.0270974512		0.03179771		0.0270974512		0.0047002588		Average value =						0.0571083972		54.7618804473		0.0571083972

		FDM PPSF irradiated		0.0208258039		0.0289299182		0.0370340324		0.0289299182		0.0081041142

		FDM PC virgin		0.0331371061		0.0339780976		0.0348190891		0.0339780976		0.0008409915

		FDM PC irradiated		0.0212326608		0.0259090173		0.0305853737		0.0259090173		0.0046763564		Standard deviation =						0.0085508047		4.6118008522		0.0085508047

		FDM PPSF_edge virgin		0.0282820628		0.030203338		0.0321246132		0.030203338		0.0019212752		FDM ABS, not irradiated

		FDM PPSF_edge irradiated		0.0209977026		0.0214374689		0.0218772353		0.0214374689		0.0004397663

														Number of samples =						8		8		8

														Average value =						0.0647216098		15.0756533084		0.0647216098

														Standard deviation =						0.0104346049		0.3156712107		0.0104346049

														FDM ABS, irradiated

														Number of samples =						5		5		5

														Average value =						0.04		15.72		0.04

														Standard deviation =						0.00		2.12		0.00

														FDM PPSF												FDM PPSF, irradiated

														Number of samples =						5		5		5		Number of samples =						5		5		5

														Average value =						0.0270974512		39.4025255249		0.0270974512		Average value =						0.0289299182		41.0421171393		0.0289299182

														Standard deviation =						0.0047002588		3.65676951		0.0047002588		Standard deviation =						0.0081041142		4.5061380989		0.0081041142

														FDM PC												FDM PC, irradiated

														Number of samples =						5		5		5		Number of samples =						5		5		5

														Average value =						0.0339780976		39.6385060441		0.0339780976		Average value =						0.0259090173		32.6946690997		0.0259090173

														Standard deviation =						0.0008409915		0.5247357463		0.0008409915		Standard deviation =						0.0046763564		3.338762616		0.0046763564

														FDM PPSF Edge												FDM PPSF Edge, Irradiated

														Number of samples =						2		2		2		Number of samples =						2		2		2

														Average value =						0.030203338		50.1737877031		0.030203338		Average value =						0.0214374689		38.805254283		0.0214374689

														Standard deviation =						0.0019212752		4.1504107254		0.0019212752		Standard deviation =						0.0004397663		1.0301100607		0.0004397663
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