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1 INTRODUCTION 

1.1 Product overview 

PendoTECH’s Single Use Pressure SensorsTM can be integrated virtually into any bioprocess. They are 

the alternative low-cost solution for use with tubing and bioprocess containers to the existing stainless 

steel pressure sensors on the market and are compatible with both gamma and ETO sterilization.  They 

can be integrated for pressure measurement and control with both a PendoTECH Process Control 

System and PressureMAT products. The data collected by the control systems can be output to a PC or 

another data monitoring device. The pressure sensors are very accurate in the pressure ranges typically 

used with flexible tubing and disposable process containers and are qualified for use to 75 psi. 

1.2 Purpose of this document 

The purpose of this document is to assist end users in qualifying the sensors for use in their process.  

Each prospective user must test the sensor for its proposed application to determine its suitability for 

the purpose intended prior to incorporating the sensor to any process or application.  The sensor is 

not intended for use as a component in life support. The sensor is not designed for any application 

in which the failure of the product could result in property damage, personal injury, or death. 

Proper safeguards must be put into place for the process in which the sensor is used. 

1.3 Qualification testing comments 

Testing was completed to qualify the product for use in bioprocess applications.  In the product 

manufacturing process, pressure sensing chips are affixed into molded product bodies.  Pre-existing 

specifications of the MEMS-HAP™ pressure sensing chips and specifications on certain materials used 

in the pressure sensor devices are as noted.  

 



 Validation Guide for PendoTECH Single Use Pressure Sensors      Revision 04 

CONFIDENTIAL- NOT FOR GENERAL DISTRIBUTION 

Page 6 of 109 

2 PRODUCT CATALOG NUMBERS 

PendoTECH Product Catalog Numbers Covered in this Document 

Part Number* Description 

PRESS-S-000 Single Use Pressure Sensor, Sterile, polycarbonate, luer inlet/outlet 

PRESS-N-025 Single Use Pressure Sensor, non-sterile, polycarbonate, 1/4 inch hose barb 

PRESS-N-038 Single Use Pressure Sensor, non-sterile, polycarbonate, 3/8  inch hose barb 

PRESS-N-050 Single Use Pressure Sensor, non-sterile, polycarbonate, 1/2 inch hose barb 

PRESS-N-075 Single Use Pressure Sensor, non-sterile, polycarbonate, 3/4 inch hose barb 

PRESS-N-100 Single Use Pressure Sensor, non-sterile, polycarbonate, 1 inch hose barb 

PTPL-PRESS Single Use Pressure Sensor Insert for Port Plate, non-sterile, polycarbonate 

PREPS-N-000 Single Use Pressure Sensor, non-sterile, polysulfone, luer inlet/outlet 

PREPS-N-012 Single Use Pressure Sensor, non-sterile, polysulfone, 1/8 inch hose barb 

PREPS-N-025 Single Use Pressure Sensor, non-sterile, polysulfone, 1/4 inch hose barb 

PREPS-N-038 Single Use Pressure Sensor, non-sterile, polysulfone, 3/8 inch hose barb 

PREPS-N-050 Single Use Pressure Sensor, non-sterile, polysulfone, 1/2 inch hose barb 

PREPS-N-075 Single Use Pressure Sensor, non-sterile, polysulfone, 3/4 inch hose barb 

PREPS-N-100 Single Use Pressure Sensor, non-sterile, polysulfone, 1 inch hose barb 

 
PREPS-N-100ST Single Use Pressure Sensor, non-sterile, polysulfone, 1 inch hose barb for soft tubing 

 
PREPS-N-1-1 Single Use Pressure Sensor, non-sterile, polysulfone,  1 inch Sanitary Flange Inlet/Outlet 

PREPS-N-5-5 Single Use Pressure Sensor, non-sterile, polysulfone,  3/4 inch Sanitary Flange Inlet/Outlet 

PREPS-N-15-15 Single Use Pressure Sensor, non-sterile, polysulfone,  1.5 inch Sanitary Flange Inlet/Outlet 

PREPS-N-5-038 Single Use Pressure Sensor, non-sterile, polysulfone, 3/4 inch Sanitary Flange to 3/8 hose barb 

PREPS-N-5-050 Single Use Pressure Sensor, non-sterile, polysulfone, 3/4 inch Sanitary Flange to 1/2 hose barb 

PREPS-N-1-100 Single Use Pressure Sensor, non-sterile, polysulfone,  1 inch Sanitary Flange to 1” hose barb 

PTPL-PREPS Single Use Pressure Sensor Insert for Port Plate, non-sterile, polysulfone 

*  This Guide also applies to part numbers listed with suffix identifiers (such as -B or -30, -60 or -75 added to the part number 

for individual serial numbers and individual NIST Certificates; or –W  added to the part number for sensors with a IP-67 Binder 

electrical connector; or V added to the part number for sensors with a vented cap) 

 

 

3  MANUFACTURING INFORMATION 

3.1 Product is manufactured in an FDA Registered, ISO 13485:2016 certified facility 

3.2 Product manufacturing environment 

3.2.1 Product is manufactured is a clean/controlled environment internally monitored to ensure less than 10,000 

0.5 micron particles per cubic foot (ISO Class 7). 

3.3 Product is manufactured with the proprietary 100% tested MEMs High Accuracy Pressure Chips 

(MEMS-HAP chips) 

3.3.1 Each pressure sensing chip is 100% tested to be within ±2% of reading at 30psi and ±5% of reading at 60 

psi.   
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3.4 Each product is tested during manufacturing to verify proper performance: 

3.4.1 Leak-tested on the product contact side to confirm integral assembly at 5.8 psi 

3.4.2 Each product is tested electrically to confirm proper electrical performance 

3.4.3 Each product is tested to be within +/- 2% of the sensor output specification of  0.2584 mV/psi/V within the 

range of 0 psi to 5.8 psi 

3.5 Polycarbonate (PRESS) molded product body- 100% visual inspection 

3.5.1 Embedded Particulate- Maximum 2 allowed per part. Maximum size of 0.08 mm2 in the fluid path. 

Maximum size of 0.2 mm2 anywhere else. 

3.5.2 Embedded Bubbles- Maximum 2 allowed per part. Maximum size of 0.08 mm2 in the fluid path. Maximum 

size of 0.2 mm2 anywhere else. 

3.5.3 Additional Inspection Criteria- Proprietary information on file at PendoTECH 

3.6 Polysulfone (PREPS) molded product body- 100% visual inspection 

3.6.1 Embedded Particulate- Maximum 2 allowed per part. Maximum size of 0.08 mm2 in the fluid path. 

Maximum size of 0.2 mm2 anywhere else. 

3.6.2 Embedded Bubbles- Maximum 2 allowed per part. Maximum size of 0.08 mm2 in the fluid path. Maximum 

size of 0.2 mm2 anywhere else. 

3.6.3 Additional Inspection Criteria- Proprietary information on file at PendoTECH 

3.7 Luer molded product body by lot sampling 

3.7.1 Embedded Particulate - Maximum allowable size of 0.20mm2.  Total in .25 in2 area not to exceed 0.20mm2  

3.7.2 Embedded Bubbles - Maximum allowable of an estimated 1/3 wall thickness or 0.40mm2, whichever is less 
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4 PRODUCT CONTACT MATERIALS 
4.1 Wet Volume and Surface Areas 

Part Number Wet Volume Wet Surface 

PRESS-S-000 0.015 in3 0.55 in2 

 
PRESS-N-025 0.048 in3 

 

0.98 in2 

PRESS-N-038 0.113 in3 1.87 in2 

PRESS-N-050 0.269 in3 3.21 in2 

PRESS-N-075 0.890 in3 6.50 in2 

PRESS-N-100 2.011 in3 10.48 in2 

PTPL-PRESS N/A 0.39 in2 

PREPS-N-000 0.015 in3 0.55 in2 

PREPS-N-012 0.011 in3 0.45 in2 

 
PREPS-N-025 0.048 in3 

 

0.98 in2 

PREPS-N-038 0.113 in3 1.87 in2 

PREPS-N-050 0.269 in3 3.21 in2 

PREPS-N-075 0.890 in3 6.50 in2 

PREPS-N-100 2.011 in3 10.48 in2 

PREPS-N-100ST 2.560 in3 11.99 in2 

PREPS-N-1-1 1.850 in3 8.12 in2 

PREPS-N-5-5 0.220 in3 2.18 in2 

PREPS-N-15-15 4.350 in3 12.94 in2 

PREPS-N-5-038 0.200 in3 2.18 in2 

PREPS-N-5-050 0.240 in3 2.58 in2 

PREPS-N-1-100 2.020 in3 9.37 in2 

PTPL-PREPS N/A 0.39 in2 

4.2 Product body and pressure sensor housing 

4.2.1 Product body- Polycarbonate is Bayer Makrolon™ Rx1805 and Polysulfone  is Solvay Udel® P-1700 : 

Data provided by suppliers state that they meet USP Class VI; claimed to be animal derived component 

free by suppliers (letters on file at PendoTECH); Material testing by PendoTECH meets USP Class VI post 

40 kGy gamma irradiation (see Appendix A & B) 

4.2.2 Pressure Sensor Chip Housing-  Proprietary polycarbonate plastic formulation; Data provided by supplier 

states meets USP Class VI; claimed to be animal derived component free by suppliers (letters on file at 

PendoTECH); Material testing by PendoTECH meets USP Class VI post 40 kGy gamma irradiation (see 

Appendix A & B) 

4.3 Adhesive 

4.3.1 Proprietary formulation:  Data provided by supplier states meets USP Class VI; claimed to be animal 

derived component free by supplier (letter on file at PendoTECH); Material testing by PendoTECH meets 

USP Class VI post 40 kGy gamma irradiation (see Appendix A & B) 

4.4 Dielectric silicone 

4.4.1 Proprietary formulation:  Material testing by PendoTECH meets USP Class VI; claimed to be animal 

derived component free (letters on file at PendoTECH); Material testing by PendoTECH meets USP Class 

VI post 40 kGy gamma irradiation (see Appendix A & B) 
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4.5 Port Plate Exclusive Materials (PTPL-PRESS and PTPL-PREPS Only) 

4.5.1 O-Rings- Silicone, 70A, Translucent, Medical grade; Material testing by PendoTECH meets USP Class VI 

post 40kGy gamma irradiation (see Appendix B). Claimed to be animal derived component free by 

suppliers (letters on file at PendoTECH) 

4.5.2 Port Plates 

4.5.2.1 Dow HDPE DMDA-8007 Health+TM - Data provided by supplier state that they meet USP Class VI 

are animal derived component free, and REACH/RoHS compliant (letters on file at PendoTECH) 

 

 

5 ASSEMBLED SENSOR CERTIFICATIONS 

5.1 Class VI post gamma irradiation  

5.1.1 Fully assembled sensors and sensor components meet the acceptance criteria for Class VI Test-USP (with 

14 day subcutaneous implants) after exposure to 43-47 kGy (polycarbonate sensors) or 42-51 kGy 

(polysulfone sensors) of gamma irradiations.  Study Summaries are in Appendix A & B and full reports are 

on file at PendoTECH. 

 

5.2 USP 661 post gamma irradiation 

5.2.1 Fully assembled polycarbonate and polysulfone sensors meet the criteria of the USP Physicochemical Test 

for Plastics based upon Nonvolatile Residue, Residue on Ignition, Heavy Metals, and Buffering Capacity 

after exposure to 60-77 kGy of gamma irradiation.  The study was conducted based upon the following 

references: USP 38, National Formulary33, 2015.  Monograph <661> Containers, Physicochemical Tests-

Plastics.  Test Result Certificates are in Appendix C & D. 

 

5.3 ISO 10993-5 post irradiation (Gamma and X-ray) 

5.3.1 Fully assembled polycarbonate and polysulfone sensors were tested for cytotoxicity after exposure to 35-38 

kGy of gamma irradiation.  All sensors were determined to meet the requirements of ISO 10993-5, 

Biological Evaluation of Medical Devices – Part 5: Tests for In Vitro Cytotoxicity and are not considered 

to have a cytotoxic effect.  Test Result Certificates are in Appendix E & F and full reports are on file at 

PendoTECH. 

5.3.2 Fully assembled polycarbonate and polysulfone sensors were also tested for cytotoxicity after exposure to 

>50 kGy of X-ray Irradiation. All sensors were determined meet the requirements of ISO 10993-5, 

Biological Evaluation of Medical Devices – Part 5: Tests for In Vitro Cytotoxicity and are not considered 

to have a cytotoxic effect.  Test Result Certificates are in Appendix X and full reports are on file at 

PendoTECH. 

 

5.4 Particulates  

5.4.1 Fully assembled polysulfone sensors were tested for particulates according to Nelson Laboratories 

STP0011 Rev 07 (Lynx Non-Visible Particle Test Method).  All test method criteria were met.  Test Study 

Final Report is in Appendix G. 

5.4.2 Fully assembled polysulfone port plate pressure sensors (PTPL-PREPS) were tested for particulates 

according to Nelson Laboratories STP0011 Rev 11. Testing was performed using the HIAC Royco Liquid 

Particle Counting System (LPC) Model #9703. Testing was also completed in compliance with U.S. FDA 

good manufacturing practices (GMP) regulations 21 CFR Parts 210, 211, and 820. All test method criteria 

were met.  Test Study Final Report is at the end of Appendix G. 
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5.5 Bioburden 

5.5.1 Three samples are randomly selected from production every quarter and tested for bioburden by Nelson 

Laboratories according to their Standard Test Protocol Number STP0036 Rev15. Testing is performed in 

accordance with ANSI/AAMI/ISO 11737-1:2018. Testing is performed in compliance with U.S. FDA good 

manufacturing practices (GMP) regulations 21 CFR Parts 210, 211, and 820. An example of a recent 

quarterly report and historical results from 2013 to Q2 2019 are in Appendix H. For the latest data please 

contact PendoTECH. 

5.6 Endotoxins  

5.6.1 Samples of polysulfone sensors that had been gamma irradiated between 42 and 51 kGy were submitted for 

Chromogenic Endotoxin Testing. The study was based upon the following references: USP 42 NF 37, 

2019. <85> Bacterial Endotoxin Test. ISO 10993-12, 2012. Following test validation, three test articles 

gave the following results: < 0.00500 EU/mL and < 0.6 EU/device of bacterial endotoxin and meets USP 

<85>, Bacterial Endotoxin Test. Study validation and sample testing reports are in Appendix I.  

5.6.2 Samples polycarbonate luer sensors sterilized with ethylene oxide (PRESS-S-000) were submitted to 

Nelson Laboratories for Bacterial Endotoxins Testing (Limulus Amebocyte Lysate (LAL) test). Testing was 

performed according to their Standard Test Protocol Number STP0046 Rev 15. The study was based on the 

following references: ANSI/AAMI DT72:2011(R)2016, USP <161>, and USP <85>. Additionally, the test 

was completed in compliance with the U.S. FDA good manufacturing practices (GMP) regulations 21 CFR 

Parts 210, 211, and 820. Study results can be found at the end of Appendix I. 

5.7 Bacteriostasis and Fungistasis (B&F)  

5.7.1 B&F testing was carried out by the method suitability test via membrane filtration – USP. The study was 

conducted with accordance to the following references: USP 41, NF 36, 2018. <71> Sterility Tests. 

ISO/IEC 17025, 2017, General Requirements for the Competence of Testing and Calibration Laboratories. 

Testing determined the sensors are considered non-bacteriostatic and non-fungistatic, according to the USP 

guidelines. Test reports are in Appendix J. 
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6 PERFORMANCE SPECIFICATIONS 

 

 

Attribute 

 

Specification 

 

Qualification Test Information 

Accuracy 

0 to 6 psi: ± 2% of reading 

6 to 30 psi: ± 3% of reading 

30 to 60 psi: ± 5% of reading 

Qualification Testing by PendoTECH 

Vacuum Accuracy 
0 to -7 psi: ± 3% of reading 

-7 to -10 psi:  ± 5% of reading  
Qualification Testing by PendoTECH 

Gamma Irradiation Up to 50 kiloGrays Qualification Testing by PendoTECH 

X-ray Irradiation Up to 50 kiloGrays Qualification Testing by PendoTECH 

Pressure Range -11.5 to 75 psi 
Qualification Testing by PendoTECH; 

Specifications of pressure sensing chip 

Shelf Life 5 Years Qualification Testing by PendoTECH 

Operating Temperature 2°C to 40°C 
Qualification Testing by PendoTECH; 

Specifications of pressure sensing chip 

Storage Temperature  -25°C to 65°C Specifications of pressure sensing chip 

Connector 
Custom molded water-tight 4 pin connector 

Rating: IP67 when connected to reusable cable  

Qualification Testing by certified test lab; 

Reports on file at PendoTECH  
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7 PENDOTECH TEST METHOD SUMMARY 

7.1 Accuracy 

7.1.1 The pressure sensing chips are manufactured in very large batch sizes in a highly automated 

semiconductor-type manufacturing process.  A manufacturing run of more than 5000 sensor chips 

(PendoTECH MEMS-HAP chips) was made using over 40 silicon wafers.  The chips from these wafers 

were aggregated to yield 7 wafer lots.  These sensor chips were each tested at the following 3 pressures to 

be within an accuracy of +/- 1% at 1.93 psi, 5.80 psi, and 29.00 psi (as is done with all MEMS-HAP sensor 

chips used in production).   Those sensor chips that pass the accuracy test are used in production of finished 

sensors.  From these 7 lots of chips, 200 finished sensors were produced and tested per the normal 

manufacturing process.  Then 100 were randomly selected for testing of measured pressure versus a 

calibrated pressure gauge at room temperature (72ºF).  Data was analyzed to confirm all finished sensors 

are well within the specifications from 0 to 30 psi. Graphs and summary statistics are presented below.  

7.1.2 PendoTECH's pressure sensor accuracy claim from 30-60 psi was previously based on a statistical analysis 

of the data collected in 7.1.1, which resulted in a specification of Typically better than ± 5% of reading. 

This original statistics can be found in Appendix Y. Following an improvement to the manufacturing 

procedure to include 100% testing at 60 psi, the accuracy claim from 30-60psi was re-evaluated. The new 

accuracy claim, ± 5% of reading is based on an analysis of the latest empirical data collected from 2624 

NIST traceable tested sensors across nine different lots. Data was analyzed to confirm all finished sensors 

are within ± 5% from 30 to 60 psi. Graphs and summary statistics are presented below.  

7.2 Vacuum Accuracy 

7.2.1 The performance of PendoTECH pressure sensors in a vacuum was evaluated in order to develop a vacuum 

accuracy claim. 120x PREPS-N-000P from 5 different lots were tested from -1 to -10 psi using a vacuum 

pump, special vacuum regulator, and a calibrated pressure gauge. Data was collected using a PendoTECH 

Normal Flow Filtration System (NFFSS). Statistical analysis was performed on the data to characterize the 

accuracy of PendoTECH sensors down to -10 psi.  

7.3 Gamma compatibility 

7.3.1 In order to qualify the gamma compatibility of the sensors to 50 kiloGrays to enable their use on disposable 

assemblies of bioprocess containers, tubing, fittings, filters etc., the sensors were exposed to two gamma 

radiation processing cycles which resulted in a minimum dose of >50 kiloGrays. Gamma Certificate can be 

found in Appendix K.  

7.4 Sensor reading performance 53 months post gamma 

7.4.1  In order to qualify the gamma compatibility of the sensors to 50 kiloGrays to enable their use on 

disposable assemblies of bioprocess containers, tubing, fittings, filters etc., the sensors were exposed to two 

gamma radiation processing cycles which resulted in a minimum dose of >50 kiloGrays.  Sensors were 

tested for accuracy, stored at ambient conditions for 53 months, and then tested again for accuracy. Gamma 

Certificate can be found in Appendix K. 

7.5 Pressure limit of 75 psi 

7.5.1 In order to qualify the products to be physically compatible with a pressure of 75 psi, 9 pressure sensors 

from 3 different lots, (1 lot of PRESS-N-050, 1 lot of PRESS-N-100, and 1 lot of PREPS-N-000) were 

tested for leaks or burst upon exposure to 150 psi.  These specific sensor types were chosen to cover both 

material options and a range of sizes. 

7.6 Lower pressure limit of -11.5 psi 

7.6.1  In order to qualify the products to be physically compatible with a lower pressure limit of -11.5 psi, 

gamma treated luer style pressure sensors were used for the following experiment. A manifold of 4 sensors 

from 3 different lots (12 total) was connected to a PendoTECH Filter Screening System, which accepts 12 

pressure inputs. Using a vacuum pump, all 12 sensors were exposed to -11.5 psi for 6 hours.  These sensors 

were then taken to 60 psi and isolated to check for leaks.   The sensors were also tested for functionality at 

60 psi. 
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7.7 Temperature range to 2°C 

7.7.1 In order to qualify the accuracy of pressure readings to a lower temperature limit of 2 ºC, 12 gamma treated 

luer pressure sensors, four each from three lots, were assembled end to end (Luer male to female) in a 

manifold configuration and connected to a PendoTECH Filter Screening System.  Baseline pressure data 

was recorded at room temperature with a calibrated pressure gauge at 0, 5, 10, 20, 30, 50, and 60 psi.  After 

recording pressure values at room temperature, these sensors were then placed in a freezer (approximately    

-18 ºC) for 3 hours.  To keep the sensors cold during further testing, an ice water bath was created and a 

temperature sensor was attached in line with the pressure sensors to monitor the flow path temperature 

during the experiment.  The sensor manifold was then submerged into the ice water bath, and pressure 

readings were recorded at the same pressure test points as before. 

7.8 Five Year shelf life: Sensor Integrity- Burst Testing 

7.8.1 The sensor Tyvek packaging has previously been qualified for 5 year performance to maintain integrity.  In 

order to verify product integrity for a minimum of 5 years, PendoTECH carried out leak and burst testing 

using twelve polysulfone sensors from a total of six different lots.  Acceptance criteria is no burst upon 

exposure to 150 psi and a leak rate less than 0.01 psi per second.   

7.9 Five Year shelf life: Sensor Accuracy- Performance after 5 years storage, and following gamma radiation 

7.9.1  In order to qualify the accuracy of pressure sensors after 5 years of storage, 12 pressure sensors from 6 

different lots were kept in storage for 5 years at room temperature. Then, the sensors were retested using a 

calibrated pressure gauge and a PendoTECH Filter Screening System every 10 psi from 0 – 60 psi. NIST 

traceable certificates were used to gather time zero data for each of the 12 sensors. Furthermore, to qualify 

the accuracy of pressure sensors after receiving gamma irradiation treatment after 5 years of storage, the 

same 12 sensors received 40 kiloGrays of gamma and then were retested. Gamma certificate can be found 

in Appendix L. 

7.10  Sensor Use in Continuous Bioprocessing 

7.10.1 Two experiments were performed in order to validate the robustness of PendoTECH’s single use pressure 

sensors and qualify them for use in continuous bioprocesses. In the first experiment, gamma irradiated 

pressure sensors were checked for accuracy during and after continuous exposure to 3.5 bar (50.76 psi) for 

7 days. In a second experiment, the same pressure sensors were kept under a constant pressure of 10 psi 

(0.69 bar) for 93 consecutive days. Afterwards, the performance and accuracy of the sensors was evaluated. 

The results of the accuracy tests are reported here. Gamma Certificate can be found in Appendix T. 

7.11  X-ray Compatibility 

7.11.1 In order to qualify PendoTECH Pressure sensors for compatibility with X-ray Irradiation up to 50 

KiloGrays, post X-ray functionality and physical testing was conducted. Three different lots of 

Polycarbonate (PRESS) and Polysulfone (PREPS) pressure sensors were evaluated after exposure to 

>50kGy of X-ray irradiation. These sensors were subject to leak and burst testing to validate sensor 

integrity and accuracy testing confirm proper functionality post X-ray Irradiation. X-ray certificate can be 

found in Appendix V. 
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8 PENDOTECH TEST RESULTS 

8.1 Accuracy   

8.1.1 Accuracy from 0 to 30 psi 

8.1.1.1 Procedure- A manufacturing run of more than 5000 sensor chips (PendoTECH MEMS-HAP chips) 

was made using over 40 silicon wafers.  The chips from these wafers were aggregated to yield 7 

wafer lots.  These sensor chips were each tested at the following 3 pressures to be within an accuracy 

of +/- 1% at 1.93psi, 5.80psi, and 29.00psi (as is done with all MEMS-HAP sensor chips used in 

production).   Those sensor chips that pass the accuracy test are used in production of finished 

sensors.  From these 7 lots of chips, 200 finished sensors were produced and tested per the normal 

manufacturing process.  Then 100 were randomly selected for testing of measured pressure using a 

PendoTECH Filter Screening System versus a calibrated pressure gauge at room temperature (72ºF).  

8.1.1.2 Calibrated Pressure Gauge Used:  Model# Druck DPI 104, Serial #: 2936090 (Cert in Appendix M) 

8.1.1.3 Acceptance criteria:  

1. Each sensor reads within +/- 2% of gauge reading in the range of 0 to 6 psi; within +/- 3% of 

reading in the range of 6 - 30 psi  

8.1.1.4 Data Summary 

 Graph of 100 Random Sensors from 0 to 60 psi with MEMS-HAP Chips 
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Statistical Summary of 100 Random Sensors from 0 to 60 psi with MEMS-HAP Chips 

 

8.1.1.5 Conclusion- All sensors meet the acceptance criteria of better than +/- 2% of reading in the range of 

0 to 6 psi and better than +/- 3% of reading in the range of 6 - 30 psi 

 

8.1.2 Product Accuracy Verification in the range 30 to 60 psi following an improvement to the manufacturing 

procedure to include 100% sensor chip testing at 60 psi 

8.1.2.1 Procedure- Data was collected from 2624 NIST traceable sensors across 9 different lots that were all 

built following the latest manufacturing procedure with 100% testing at 60 psi.  

8.1.2.2 Acceptance Criteria: 

6 to 30 psi: ± 3% of reading 

30 to 60 psi: ± 5% of reading 

8.1.2.3 Data Summary: 

Summary Graph of all 2624 NIST Traceable Sensors from 0 to 60 psi 

 
 

All in PSI

Std. Dev. Average 6 SDs/Avg Gauge Pressure

0 0.00

0.01        5.02        1.48% 5.00

0.02        10.08      0.94% 10.00

0.02        15.16      0.81% 15.00

0.02        20.19      0.72% 20.00

0.04        25.19      1.03% 25.00

0.06        30.07      1.24% 30.00

0.10        34.98      1.67% 35.00

0.14        39.99      2.16% 40.00

0.21        45.00      2.86% 45.00

0.28        50.01      3.41% 50.00

0.37        55.01      4.00% 55.00

0.46        59.97      4.60% 60.00

0

10

20

30

40

50

60

70

0 10 20 30 40 50 60 70

A
ve

ra
ge

 S
en

so
r 

R
ea

d
in

g 
(p

si
)

Gauge Pressure (psi)

Average Reading Max Reading Min Reading Maximum Tolerance Mininum Tolerance



 Validation Guide for PendoTECH Single Use Pressure Sensors      Revision 04 

CONFIDENTIAL- NOT FOR GENERAL DISTRIBUTION 

Page 16 of 109 

Statistical Summary of all NIST Traceable Sensors from 0 to 60 psi 

Gauge Pressure (psi) Min Max Average % Error 
Std. 
Dev. 

10 9.93 10.12 10.03 0.31% 0.019 

20 19.92 20.27 20.09 0.47% 0.050 

30 29.55 30.19 29.91 -0.30% 0.119 

40 39.10 40.54 39.88 -0.29% 0.280 

50 48.55 51.33 49.93 -0.13% 0.528 

60 57.80 62.34 59.93 -0.11% 0.854 

 

8.1.2.1 Conclusion- 100% of sensors meet the acceptance criteria of ± 3% of reading in the range of 6 - 30 

psi and ± 5% in the range of 30 to 60 psi, thus validating the new accuracy claim. 

8.2 Vacuum Accuracy 

8.2.1 Procedure- 120x PREPS-N-000P from Lot #’s 1190285, 1190183, 1190774, 1190285, and 1190935, were 

connected to a high vacuum pump. Using a Tescom vacuum regulator, the sensors were exposed to 

pressures ranging from -1 to -10 psi. Data was collected using a PendoTECH Normal Flow Filtration 

System (NFFSS). Statistical analysis was performed on the data to characterize the accuracy of 

PendoTECH sensors down to -10 psi.  

8.2.1.1 Calibrated Pressure Gauge-  Model: Crystal XP2i  S/N: 692233 (Cert in Appendix P) 

8.2.2 Data Summary: 

Statistical Analysis of all 120 sensors 

Gauge Pressure -1.00 -2.00 -3.00 -4.00 -5.00 -6.00 -7.00 -8.00 -9.00 -10.00 

Average -1.00 -1.99 -2.99 -3.98 -4.98 -5.97 -6.96 -7.94 -8.91 -9.88 

Standard Deviation 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.03 
All readings in PSI 
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8.2.3 Raw Data: 

Lot # Sensor 

 Pressure Reading (psi) 

-1 -2 -3 -4 -5 -6 -7 -8 -9 -10 

1190285-
A 

1A -1.01 -1.99 -2.99 -3.96 -4.95 -5.96 -6.94 -7.94 -8.89 -9.87 

1B -1.01 -2.00 -2.99 -3.97 -4.96 -5.96 -6.94 -7.94 -8.89 -9.89 

1C -1.02 -2.00 -3.00 -3.97 -4.96 -5.95 -6.95 -7.94 -8.90 -9.89 

2A -1.02 -1.99 -2.98 -3.98 -4.98 -5.98 -6.97 -7.97 -8.92 -9.91 

2B -1.02 -1.99 -3.00 -3.98 -4.98 -5.97 -6.96 -7.95 -8.89 -9.90 

2C -1.03 -2.02 -3.00 -3.99 -4.99 -5.98 -6.98 -7.97 -8.95 -9.93 

3A -1.01 -2.00 -2.99 -3.98 -4.97 -5.96 -6.97 -7.94 -8.90 -9.89 

3B -1.01 -1.99 -2.98 -3.97 -4.97 -5.95 -6.94 -7.93 -8.88 -9.87 

3C -1.01 -1.99 -3.00 -3.97 -4.98 -5.97 -6.98 -7.96 -8.93 -9.91 

4A -1.01 -2.00 -3.00 -4.00 -4.99 -5.98 -6.98 -7.97 -8.94 -9.93 

4B -1.01 -1.99 -2.99 -3.98 -4.98 -5.98 -6.97 -7.96 -8.92 -9.91 

4C -1.02 -1.99 -3.00 -3.99 -4.99 -5.98 -7.00 -7.97 -8.95 -9.94 

1190183-
A 

1A -1.00 -2.00 -3.00 -3.98 -5.01 -5.99 -6.99 -7.97 -8.94 -9.91 

1B -1.01 -2.01 -3.00 -4.00 -5.02 -5.99 -6.99 -7.98 -8.95 -9.93 

1C -1.00 -1.99 -2.99 -3.98 -4.99 -5.97 -6.96 -7.94 -8.89 -9.87 

2A -1.00 -1.99 -2.98 -3.98 -4.98 -5.96 -6.97 -7.92 -8.89 -9.86 

2B -1.01 -2.00 -3.00 -3.99 -4.99 -5.98 -6.98 -7.95 -8.91 -9.89 

2C -1.01 -2.00 -2.99 -4.00 -4.98 -5.97 -6.96 -7.92 -8.91 -9.88 

3A -0.99 -1.98 -2.99 -3.98 -4.97 -5.97 -6.97 -7.93 -8.89 -9.87 

3B -1.00 -1.99 -2.99 -4.00 -4.97 -5.97 -6.97 -7.93 -8.91 -9.89 

3C -0.99 -1.98 -2.99 -3.98 -4.96 -5.97 -6.98 -7.93 -8.92 -9.90 

4A -1.00 -1.99 -2.99 -3.98 -4.98 -5.98 -6.97 -7.92 -8.90 -9.86 

4B -0.99 -1.99 -3.00 -4.01 -4.99 -6.01 -7.01 -7.98 -8.95 -9.94 

4C -0.98 -1.97 -2.97 -3.96 -4.94 -5.94 -6.94 -7.90 -8.88 -9.84 

1190183-
B 

1A -1.00 -1.99 -3.01 -3.99 -5.00 -5.99 -6.98 -7.97 -8.95 -9.93 

1B -1.01 -1.99 -3.00 -3.99 -4.97 -5.97 -6.97 -7.94 -8.91 -9.89 

1C -1.01 -2.00 -3.00 -3.99 -4.98 -5.99 -6.97 -7.97 -8.96 -9.93 

2A -1.01 -2.00 -3.02 -4.01 -4.99 -5.98 -6.98 -7.97 -8.93 -9.91 

2B -0.98 -1.98 -2.98 -3.98 -4.97 -5.95 -6.95 -7.93 -8.91 -9.88 

2C -1.01 -1.99 -2.99 -3.98 -4.99 -5.97 -6.97 -7.94 -8.93 -9.90 

3A -1.01 -1.99 -3.00 -3.98 -4.98 -5.98 -6.98 -7.96 -8.94 -9.92 

3B -1.01 -2.00 -2.99 -3.99 -4.99 -5.99 -6.97 -7.97 -8.95 -9.92 

3C -0.99 -1.99 -2.98 -3.98 -4.99 -5.98 -6.95 -7.95 -8.92 -9.88 

4A -1.00 -1.99 -2.99 -3.98 -4.98 -5.96 -6.95 -7.93 -8.91 -9.88 

4B -0.99 -1.98 -2.99 -3.98 -4.98 -5.98 -6.98 -7.96 -8.95 -9.92 

4C -1.00 -1.99 -2.99 -3.99 -4.98 -5.97 -6.96 -7.94 -8.92 -9.88 

1190774-
A 

1A -0.99 -1.98 -2.98 -3.97 -4.96 -5.96 -6.94 -7.93 -8.89 -9.86 

1B -1.01 -1.98 -2.99 -3.98 -4.98 -5.96 -6.95 -7.91 -8.90 -9.86 
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1C -1.00 -1.99 -2.99 -3.97 -4.97 -5.96 -6.94 -7.92 -8.90 -9.86 

2A -1.01 -1.99 -3.00 -3.98 -4.98 -5.98 -6.98 -7.95 -8.93 -9.92 

2B -1.01 -1.98 -2.97 -3.97 -4.96 -5.95 -6.94 -7.93 -8.91 -9.86 

2C -1.02 -1.99 -2.99 -3.98 -4.98 -5.97 -6.96 -7.94 -8.90 -9.86 

3A -1.01 -2.01 -3.00 -3.99 -5.00 -5.99 -6.97 -7.96 -8.93 -9.89 

3B -1.02 -2.01 -3.00 -4.01 -5.00 -5.98 -6.97 -7.96 -8.93 -9.90 

3C -1.01 -1.98 -3.00 -3.97 -4.98 -5.97 -6.96 -7.95 -8.92 -9.89 

4A -0.99 -1.98 -2.98 -3.97 -4.98 -5.97 -6.95 -7.93 -8.90 -9.88 

4B -1.01 -2.00 -2.97 -3.89 -4.96 -5.97 -6.82 -7.91 -8.88 -9.87 

4C -0.98 -1.99 -2.99 -3.99 -4.97 -5.98 -6.97 -7.94 -8.94 -9.92 

1190774-
B 

1A -1.01 -2.00 -2.99 -4.00 -5.00 -5.99 -6.98 -7.96 -8.92 -9.90 

1B -1.02 -2.00 -2.99 -4.00 -4.99 -5.98 -6.96 -7.91 -8.89 -9.86 

1C -1.02 -2.00 -2.99 -3.98 -4.98 -5.97 -6.95 -7.94 -8.91 -9.88 

2A -1.01 -1.98 -3.00 -3.99 -4.99 -5.98 -6.98 -7.96 -8.92 -9.91 

2B -1.00 -1.99 -2.98 -3.97 -4.97 -5.96 -6.93 -7.91 -8.88 -9.85 

2C -0.99 -1.98 -2.99 -4.00 -4.98 -5.99 -6.98 -7.96 -8.94 -9.93 

3A -1.00 -1.99 -2.98 -3.97 -4.97 -5.96 -6.95 -7.91 -8.90 -9.86 

3B -1.01 -2.00 -3.00 -4.01 -5.00 -5.98 -6.97 -7.96 -8.93 -9.90 

3C -1.01 -2.00 -2.98 -4.00 -4.99 -5.99 -6.98 -7.94 -8.92 -9.89 

4A -1.00 -2.00 -2.99 -3.99 -4.99 -5.98 -6.97 -7.96 -8.93 -9.91 

4B -1.01 -2.01 -3.00 -3.99 -4.98 -5.98 -6.96 -7.93 -8.90 -9.88 

4C -1.00 -2.00 -3.00 -4.00 -5.01 -6.00 -6.99 -7.97 -8.95 -9.95 

1190285-
B 

1A -1.00 -1.98 -2.99 -3.98 -4.99 -5.99 -6.97 -7.95 -8.91 -9.93 

1B -1.00 -1.98 -2.97 -3.95 -4.95 -5.95 -6.93 -7.89 -8.84 -9.86 

1C -0.99 -1.99 -2.98 -3.98 -4.97 -5.97 -6.96 -7.92 -8.88 -9.91 

2A -0.99 -1.98 -2.98 -3.96 -4.95 -5.95 -6.93 -7.90 -8.86 -9.86 

2B -1.00 -1.99 -2.99 -3.98 -4.98 -5.97 -6.97 -7.95 -8.91 -9.90 

2C -0.99 -1.98 -2.98 -3.99 -4.96 -5.98 -6.96 -7.92 -8.90 -9.90 

3A -1.00 -1.99 -2.99 -3.98 -4.98 -5.98 -6.98 -7.94 -8.92 -9.92 

3B -1.00 -1.99 -2.98 -3.99 -4.98 -5.98 -6.96 -7.92 -8.89 -9.91 

3C -0.99 -1.96 -2.98 -3.97 -4.96 -5.96 -6.95 -7.91 -8.88 -9.88 

4A -0.99 -1.98 -2.99 -3.98 -4.98 -5.97 -6.95 -7.94 -8.91 -9.90 

4B -0.99 -1.99 -2.99 -3.98 -4.99 -5.98 -6.97 -7.96 -8.91 -9.91 

4C -0.99 -1.99 -2.98 -3.98 -4.97 -5.96 -6.94 -7.92 -8.88 -9.86 

1190935-
A 

1A -0.96 -1.99 -2.98 -3.97 -4.97 -5.96 -6.94 -7.93 -8.89 -9.87 

1B -0.98 -1.99 -2.99 -3.98 -4.97 -5.97 -6.95 -7.94 -8.91 -9.89 

1C -0.98 -2.00 -2.98 -3.97 -4.97 -5.95 -6.93 -7.92 -8.89 -9.86 

2A -0.98 -1.98 -2.97 -3.97 -4.97 -5.95 -6.94 -7.93 -8.89 -9.85 

2B -0.99 -2.00 -3.00 -3.98 -4.98 -5.96 -6.94 -7.94 -8.92 -9.88 

2C -0.97 -1.98 -2.97 -3.97 -4.97 -5.95 -6.93 -7.91 -8.88 -9.86 

3A -1.01 -2.01 -3.02 -4.01 -5.00 -6.00 -6.98 -7.98 -8.93 -9.91 
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3B -0.98 -1.98 -3.00 -3.99 -4.98 -5.98 -6.96 -7.94 -8.91 -9.88 

3C -0.94 -1.95 -2.95 -3.94 -4.96 -5.94 -6.92 -7.93 -8.88 -9.86 

4A -0.99 -2.00 -2.99 -3.99 -4.99 -5.98 -6.97 -7.96 -8.92 -9.90 

4B -0.99 -1.99 -2.98 -3.98 -4.98 -5.97 -6.95 -7.93 -8.91 -9.87 

4C -0.97 -1.97 -2.97 -3.95 -4.95 -5.95 -6.95 -7.93 -8.88 -9.85 

1190526-
A 

1A -0.98 -1.98 -2.98 -3.98 -4.97 -5.96 -6.92 -7.91 -8.88 -9.84 

1B -0.99 -1.99 -2.99 -3.99 -4.98 -5.97 -6.96 -7.94 -8.91 -9.88 

1C -0.99 -1.98 -2.99 -3.97 -4.98 -5.97 -6.95 -7.94 -8.92 -9.89 

2A -1.01 -2.00 -2.99 -3.99 -4.96 -5.96 -6.93 -7.91 -8.88 -9.86 

2B -0.97 -1.96 -2.96 -3.97 -4.97 -5.95 -6.94 -7.94 -8.93 -9.90 

2C -0.99 -1.97 -2.97 -3.96 -4.95 -5.95 -6.93 -7.92 -8.89 -9.86 

3A -1.00 -2.00 -2.99 -4.00 -4.99 -5.99 -6.97 -7.95 -8.93 -9.92 

3B -1.01 -1.99 -2.99 -3.99 -4.99 -5.98 -6.96 -7.95 -8.91 -9.89 

3C -1.00 -2.00 -2.99 -3.97 -4.95 -5.94 -6.88 -7.85 -8.79 -9.70 

4A -0.99 -1.97 -2.98 -3.98 -4.96 -5.95 -6.93 -7.93 -8.89 -9.87 

4B -1.00 -1.98 -2.99 -4.00 -4.99 -5.98 -6.97 -7.96 -8.92 -9.92 

4C -1.00 -2.00 -3.00 -4.00 -4.99 -6.00 -6.98 -7.96 -8.95 -9.92 

1190935-
B 

1A -1.01 -1.98 -2.96 -3.95 -4.94 -5.93 -6.93 -7.93 -8.85 -9.82 

1B -1.01 -1.97 -2.98 -3.96 -4.95 -5.95 -6.97 -7.97 -8.89 -9.86 

1C -1.01 -1.98 -2.97 -3.98 -4.96 -5.96 -7.00 -8.00 -8.89 -9.89 

2A -0.99 -1.96 -2.94 -3.95 -4.92 -5.91 -6.95 -7.92 -8.88 -9.85 

2B -1.01 -1.98 -2.97 -3.96 -4.95 -5.92 -6.95 -7.94 -8.87 -9.85 

2C -1.01 -1.98 -2.97 -3.96 -4.95 -5.91 -6.96 -7.93 -8.89 -9.85 

3A -1.02 -1.99 -2.98 -3.97 -4.97 -5.95 -6.98 -7.93 -8.91 -9.90 

3B -1.00 -1.98 -2.97 -3.95 -4.97 -5.94 -6.96 -7.91 -8.90 -9.88 

3C -1.04 -2.00 -3.01 -4.00 -5.01 -5.99 -7.02 -7.96 -8.96 -9.93 

4A -1.01 -1.99 -2.96 -3.96 -4.95 -5.93 -6.93 -7.92 -8.89 -9.87 

4B -1.00 -1.98 -2.96 -3.96 -4.96 -5.94 -6.92 -7.91 -8.87 -9.85 

4C -1.00 -1.99 -2.98 -3.97 -4.96 -5.94 -6.97 -7.90 -8.91 -9.88 

1190526-
B 

1A -1.00 -2.00 -2.99 -3.98 -4.97 -5.97 -6.94 -7.93 -8.91 -9.87 

1B -1.00 -1.99 -2.98 -3.97 -4.97 -5.97 -6.92 -7.93 -8.89 -9.86 

1C -1.00 -1.99 -2.98 -3.98 -4.97 -5.96 -6.95 -7.94 -8.91 -9.87 

2A -1.00 -2.00 -2.98 -3.98 -4.99 -5.98 -6.95 -7.96 -8.93 -9.89 

2B -1.00 -1.99 -2.99 -3.97 -4.97 -5.97 -6.95 -7.94 -8.93 -9.89 

2C -1.00 -1.97 -2.98 -3.97 -4.97 -5.96 -6.95 -7.94 -8.91 -9.88 

3A -1.00 -2.02 -3.00 -3.99 -4.98 -5.97 -6.95 -7.94 -8.92 -9.88 

3B -1.00 -2.00 -3.00 -3.97 -4.97 -5.97 -6.94 -7.93 -8.89 -9.87 

3C -0.99 -1.99 -2.97 -3.98 -4.97 -5.95 -6.92 -7.90 -8.88 -9.83 

4A -1.00 -2.00 -2.99 -3.98 -4.99 -5.99 -6.97 -7.97 -8.94 -9.91 

4B -0.99 -1.99 -2.99 -3.97 -4.96 -5.97 -6.94 -7.94 -8.91 -9.86 

4C -1.00 -2.00 -2.98 -3.97 -4.97 -5.97 -6.94 -7.93 -8.90 -9.86 
8.2.4 Conclusion- PendoTECH sensors can accurately measure pressure down to -10 psi 
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8.3 Gamma compatibility 

8.3.1 Procedure- 16 sensors from 4 different lots were tested with a high accuracy gauge.  Each sensor was 

connected to the PendoTECH TFF Process Control System and after at least 10 minutes, the sensor 

readings were taken as compared to the gauge pressure at pressures up to 75 psi.  All of the sensors were 

then exposed to a minimum gamma radiation dose of 25 kGy and then the pressure readings were measured 

again.  The two actual doses were minimum of 30.6 and 27.9 kGy for a cumulative exposure of minimum 

of 58.5 kGy. 

8.3.1.1 Calibrated Pressure Gauge Used:  Model# Druck DPI104, Serial #: 2460830 (Cert in Appendix N) 

8.3.1.2 Acceptance criteria- Repeatability target was less than 0.5psi 

8.3.2 Data Summary (raw data on file at PendoTECH). 

 

Sensor Pressure Difference After 1X and 2X Gamma Exposure at Set Gauge Pressure 
 Lot #1- sensor #1 Lot #1- sensor #2 Lot #1- sensor #3 Lot #1- sensor #4 
Gauge 
Pressure 

(psi) 

 1 X 
Gamma 

(psi) 

2X 
Gamma 

(psi) 

 1 X 
Gamma 

(psi) 

2X 
Gamma 

(psi) 

 1 X 
Gamma 

(psi) 

2X 
Gamma 

(psi) 

 1 X 
Gamma 

(psi) 

2X 
Gamma 

(psi) 
 
0.00  

         
0.0     0.0  0.0 0.0   0.0  0.0  0.0 0.00  

 
5.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 0.0 

 
6.00  0.0 -0.1  0.0 0.0  0.0 -0.1  0.0 0.0 

 
10.00  0.0 0.0  0.0 0.0  0.0 -0.1  0.0 0.0 

 
15.00  -0.1 0.0  0.0 0.0  0.0 0.0  0.0 -0.1 

 
20.00  -0.1 -0.1  0.0 0.0  -0.1 -0.1  0.0 -0.1 

 
22.00  -0.1 0.1  0.0 -0.1  -0.1 -0.1  0.0 -0.1 

 
25.00  0.0 -0.1  0.0 -0.1  0.0 -0.1  -0.1 -0.2 

 
30.00  0.0 -0.1  0.0 -0.1  0.0 -0.1  0.0 -0.1 

 
35.00  -0.1 -0.1  0.0 -0.1  -0.1 -0.2  -0.1 -0.1 

 
40.00  0.0 -0.2  0.0 -0.1  0.0 -0.1  0.0 -0.1 

 
45.00  0.0 -0.1  0.0 -0.1  0.0 -0.1  0.0 -0.1 

 
50.00  -0.1 -0.2  -0.1 -0.2  -0.1 -0.1  0.0 -0.1 

 
55.00  0.0 -0.1  0.0 -0.1  0.0 -0.1  0.0 -0.1 

 
60.00  0.0 -0.1  0.0 -0.1  0.0 -0.1  0.0 -0.1 

 
65.00  -0.1 -0.1  -0.1 -0.1  0.0 0.0  0.0 -0.2 

 
70.00  0.0 -0.1  0.0 -0.1  0.0 -0.1  0.0 -0.2 

 
75.00  -0.1 -0.1  0.0 -0.1  0.0 -0.1  0.0 -0.1 
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Sensor Pressure Difference After 1X and 2X Gamma Exposure at Set Gauge Pressure 
 Lot #2- sensor #1 Lot #2- sensor #2 Lot #2- sensor #3 Lot #2- sensor #4 
Gauge 

Pressure 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 
0.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 0.0 

 
5.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 0.0 

 
6.00  0.0 0.0  -0.1 0.0  0.0 0.0  0.0 0.0 

 
10.00  0.0 0.0  -0.1 0.0  0.0 0.0  0.0 0.0 

 
15.00  0.0 -0.1  -0.1 0.0  0.0 0.0  0.0 -0.1 

 
20.00  0.0 -0.1  0.0 0.0  0.0 0.0  0.0 0.0 

 
22.00  0.0 0.0  -0.1 0.0  0.0 0.0  0.0 -0.1 

 
25.00  0.0 -0.1  -0.1 0.0  0.0 0.0  0.0 -0.1 

 
30.00  0.0 0.0  -0.1 0.0  0.0 0.0  0.0 -0.1 

 
35.00  0.1 0.0  0.0 0.0  0.0 0.0  0.0 -0.1 

 
40.00  0.0 -0.1  0.0 0.0  0.0 0.0  0.0 -0.1 

 
45.00  0.0 -0.1  0.0 0.0  0.0 0.1  0.0 -0.1 

 
50.00  0.1 -0.1  0.0 -0.1  0.0 0.0  0.0 -0.1 

 
55.00  0.1 0.0  -0.1 0.0  0.1 0.0  0.1 -0.1 

 
60.00  0.1 0.0  0.0 0.0  0.1 0.0  0.0 -0.1 

 
65.00  0.1 0.0  0.0 0.0  0.1 0.0  0.0 -0.1 

 
70.00  0.1 -0.1  0.0 -0.1  0.1 0.1  0.0 -0.1 

 
75.00  0.1 0.1  0.0 0.0  0.1 0.1  0.0 -0.1 
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Sensor Pressure Difference After 1X and 2X Gamma Exposure at Set Gauge Pressure 
 Lot #3- sensor #1 Lot #3- sensor #2 Lot #3- sensor #3 Lot #3- sensor #4 
Gauge 

Pressure 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 
0.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 0.0 

 
5.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 0.0 

 
6.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 0.0 

 
10.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 0.0 

 
15.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 0.0 

 
20.00  0.0 -0.1  0.0 0.0  0.0 0.0  0.0 0.0 

 
22.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 0.0 

 
25.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 0.0 

 
30.00  0.0 0.0  0.1 0.0  0.0 0.0  0.0 0.0 

 
35.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 -0.1 

 
40.00  0.0 0.0  0.0 0.0  0.0 0.0  0.0 0.0 

 
45.00  0.0 0.0  0.0 -0.1  0.0 -0.1  0.1 0.0 

 
50.00  0.1 0.0  0.1 0.0  0.0 0.0  0.0 0.0 

 
55.00  0.0 0.0  0.1 -0.1  0.1 0.0  0.1 0.0 

 
60.00  0.0 -0.1  0.1 0.1  0.1 0.1  0.1 0.0 

 
65.00  0.1 0.0  0.1 0.0  0.1 0.0  0.1 0.0 

 
70.00  0.1 0.0  0.1 0.0  0.1 0.0  0.1 0.0 

 
75.00  0.1 0.0  0.1 0.0  0.1 0.0  0.1 0.0 



 Validation Guide for PendoTECH Single Use Pressure Sensors      Revision 04 

CONFIDENTIAL- NOT FOR GENERAL DISTRIBUTION 

Page 23 of 109 

Sensor Pressure Difference After 1X and 2X Gamma Exposure at Set Gauge Pressure 
 Lot #4- sensor #1 Lot #4- sensor #2 Lot #4- sensor #3 Lot #4- sensor #4 
Gauge 

Pressure 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 1 X 

Gamma 
(psi) 

2X 

Gamma 
(psi) 

 
0.00  0.0 0.0  0.0 0.0  0.0   0.0 0.0 

 
5.00  0.0 0.0  0.0 0.0  0.0   0.0 0.0 

 
6.00  0.0 0.0  0.0 0.0  0.0   0.0 0.0 

 
10.00  0.0 0.0  0.0 0.0  0.0   0.0 0.0 

 
15.00  0.0 0.0  0.0 0.0  0.0   0.0 0.0 

 
20.00  0.0 0.0  0.0 0.0  0.0   0.0 0.0 

 
22.00  0.1 0.0  0.0 0.0  0.0   0.0 0.0 

 
25.00  0.0 0.0  0.0 0.0  0.0   0.0 0.0 

 
30.00  0.0 0.0  0.1 0.0  0.0   0.0 0.0 

 
35.00  0.1 0.0  0.1 0.0  0.0   0.0 0.0 

 
40.00  0.1 0.0  0.1 0.0  0.0   -0.1 0.0 

 
45.00  0.1 0.0  0.1 0.1  0.0   0.0 0.0 

 
50.00  0.1 0.0  0.1 0.1  0.0   0.0 -0.1 

 
55.00  0.1 0.0  0.1 0.1  0.0   0.1 0.0 

 
60.00  0.2 0.0  0.2 0.0  0.0   0.1 0.0 

 
65.00  0.1 0.1  0.2 0.1  0.1   0.1 0.1 

 
70.00  0.0 0.1  0.2 0.1  0.1   0.0 0.1 

 
75.00  0.2 0.1  0.2 0.2  0.2   0.1 0.1 

 

8.3.3    Conclusions-  All sensors meet the acceptance criteria after exposure to at least 58.5 Kgy, therefore they 

are compatible with up to 50 kGy. 

8.4 Sensor reading performance 53 months post gamma 

8.4.1 Procedure- The same sensors that were exposed to > 50 kilograys and used in the initial gamma 

compatibility qualification testing (data in Section 8.2), were then retested after 53 months on the shelf at 

room temperature.  After at least 10 minutes warm-up, a calibrated gauge was used to measure applied 

pressure and the sensors were read by a PendoTECH Process Control System up to their specified accuracy 

range of 60 psi. 

8.4.1.1 Calibrated Pressure Gauge:  Model# Druck DPI104, Serial #: 2936090 (Cert in Appendix R) 

8.4.1.2 Acceptance Criteria- Repeatability target was less than 0.5psi 
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8.4.2 Data Summary (raw data on file at PendoTECH)- 

Single Use Sensor Pressure Differences in Readings 53 months After Receiving a Gamma Irradiation Exposure of Greater than 58.5 kGy  
Time = Zero is August 5, 2007 Retest Date is January 7, 2012        

 

PSI- 
Gauge Lot # 1 Lot # 2 Lot # 3 Lot # 4  

 Pressure 1 2 3 1 2 3 1 2 3 1 2 3  

 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  

 5 -0.03 -0.02 -0.01 -0.01 -0.03 0.00 0.02 0.00 0.01 0.02 0.00 0.01  

 10 -0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  

 15 -0.07 -0.07 -0.05 -0.03 0.00 0.02 0.03 0.01 0.02 0.04 0.06 0.02  

 20 -0.11 -0.09 -0.11 -0.07 -0.04 0.03 0.04 -0.01 -0.01 0.03 0.02 0.00  

 25 -0.09 -0.06 -0.03 -0.03 0.02 0.07 0.06 0.01 0.04 0.07 0.10 0.04  

 30 -0.07 -0.06 -0.06 0.01 0.01 0.06 0.05 0.01 0.04 0.07 0.11 0.05  

 35 -0.09 -0.11 -0.12 0.02 0.03 0.04 0.08 0.03 0.04 0.10 0.10 0.05  

 40 -0.12 -0.09 -0.10 -0.03 0.01 0.08 0.11 0.04 0.08 0.12 0.13 0.06  

 45 -0.11 -0.09 -0.05 0.00 0.01 0.10 0.04 -0.01 0.05 0.09 0.15 0.03  

 50 -0.13 -0.11 -0.04 0.06 0.06 0.11 0.09 0.09 0.10 0.13 0.23 0.12  

 55 -0.10 -0.08 -0.07 0.03 0.02 0.09 0.07 0.04 0.11 0.14 0.20 0.11  

 60 -0.12 -0.09 -0.05 0.06 0.08 0.10 0.09 0.09 0.14 0.17 0.21 0.12  
 

8.4.3 Conclusions-  All sensors meet the acceptance criteria after exposure to >50 kGy and aged 53 months and 

therefore are compatible with up to 50 kGy and function correctly after 53 months of aging. 

 

8.5 Pressure limit of 75 psi 
 

8.5.1 Procedure- Nine sensors from 3 different lots were tested with a high pressure testing system to 150 psi. 

The final test pressure for sensors that did not burst or leak was recorded.   

NOTE:  Data does not qualify the sensors with luer inlet/outlet- fitting susceptible to disengagement at 

higher pressures. 

8.5.1.1 Acceptance criteria- All must past test 

 

8.5.2 Raw Data and Data Summary 

 

Part Number:  PRESS-N-050 

Product Description:   

Single Use Pressure Sensor, non-sterile, polycarbonate, 0.50 inch hose barb 

Lot Number Final test pressure- 

Sensor #1- all in psi 

Final test pressure- 

Sensor #2- all in psi 

Final test pressure- 

Sensor #3- all in psi 

 

Result for Lot 

1070088 151.19 156.20 158.38 All pass- no burst or 

leak 

1070444 156.87 158.07 158.36 All pass- no burst or 

leak 

1070568 158.03 158.80 157.98 All pass- no burst or 

leak 
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Part Number:  PRESS-N-100 

Product Description:   

Single Use Pressure Sensor, non-sterile, polycarbonate, 1 inch hose barb 

Lot Number Final test pressure- 

Sensor #1- all in psi 

Final test pressure- 

Sensor #2- all in psi 

Final test pressure- 

Sensor #3- all in psi 

 

Result for Lot 

1070663 160.20 160.20 160.17 All pass- no burst or 

leak 

1070664 160.29 160.26 160.24 All pass- no burst or 

leak 

1070665 154.73 160.49 155.06 All pass- no burst or 

leak 

 

Part Number:  PREPS-N-000 

Product Description:   

Single Use Pressure Sensor, non-sterile, polysulfone , luer inlet/outlet 

Lot Number Final test pressure- 

Sensor #1- all in psi 

Final test pressure- 

Sensor #2- all in psi 

Final test pressure- 

Sensor #3- all in psi 

 

Result for Lot 

1080555 155.11 152.58 152.50 All pass- no burst or 

leak 

1081636 159.99 160.02 160.00 All pass- no burst or 

leak 

1090538 160.06 159.94 159.99 All pass- no burst or 

leak 

 

8.5.3 Conclusions-  All sensors meet the acceptance criteria and therefore can handle exposure to 75 psi.   

8.6 Lower pressure limit of -11.5 psi 

8.6.1 Procedure-   Gamma treated luer style pressure sensors were used for this experiment.  A manifold of 4 

sensors from 3 different lots (12 total) was connected to a PendoTECH Filter Screening System, which 

accepts 12 pressure inputs.  Using a vacuum pump, all 12 sensors were exposed to -11.5 PSI for 6 hours.  

These sensors were then taken to 60 PSI, isolated to check for leaks, and also tested for functionality.   

8.6.1.1 Calibrated Pressure Gauges Used:  Model# Druck DPI104, Serial #: 2936090 and Model# Crystal 

XP2i, Serial# 364027 (Certs in Appendix O &P) 

8.6.1.2 Acceptance criteria- All must past leak test, and still function (read pressure) 

8.6.2 Raw Data and Data Summary 

Part Number:  PRESS-S-000 3 lots of 4 sensors each gamma irradiated in the range of 40-45 kGy. 
Product Description:   

Disposable Pressure Sensor, polycarbonate, luer connection 

Lot Number Sensor #1 Sensor #2 Sensor #3 Sensor #4 Result for Lot 

1131140 Pass Pass Pass Pass All pass- no leaks 

and sensor still 

functioning 

1131350 Pass Pass Pass Pass All pass- no leaks 

and sensor still 

functioning 

1132283 Pass Pass Pass Pass All pass- no leaks 

and sensor still 

functioning 

8.6.3 Conclusions- All sensors meet the acceptance criteria therefore can handle exposure to -11.5 psi.   
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8.7 Temperature Range of 2° C 

8.7.1 Procedure- In order to qualify the accuracy of pressure readings to a lower temperature limit of 2° C, 12 

gamma treated luer pressure sensors, four each from three lots, were assembled end to end (Luer male to 

female) in a manifold configuration and connected to a PendoTECH Filter Screening System, which has a 

2.5V excitation.  Baseline pressure data was recorded at room temperature with a calibrated pressure gauge 

at 0, 5, 10, 20, 30, 50, and 60 psi.  After recording pressure values at room temperature, these sensors were 

then placed in a freezer (approximately -18 ºC) for 3 hours.  To keep the sensors cold during further testing, 

an ice water bath was created and a temperature sensor was attached in line with the pressure sensors to 

monitor the flow path temperature during the experiment.  The sensor manifold was then submerged into 

the ice water bath, and pressure readings were recorded at the same pressure test points as before.  

8.7.1.1 Calibrated Pressure Gauge Used:  Model# Druck DPI104, Serial #: 2936090 (Cert in Appendix Q) 

8.7.1.2 Calibrated Temperature Monitor Used:  Model# OAKTON TEMP340, Serial #: 570165 (Cert in 

Appendix S) 

8.7.1.3 Acceptance criteria- All sensors must remain within pressure accuracy specifications.  

8.7.2 Raw Data and Data Summary- 

 

Part Number:  PRESS-S-000 

Product Description:  Single Use Pressure Sensor, sterile, polycarbonate, luer inlet/outlet  

 

Test Condition:  Room Temperature (22 °C)  
  Lot 1132283 Lot 1131350 Lot 1131140 

PSI- 

Gauge 

Pressure 

 

1 

 

2 

 

3 

 

4 

 

1 

 

2 

 

3 

 

4 

 

1 

 

2 

 

3 

 

4 

5.00 5.03 5.04 5.03 5.02 4.98 5.01 5.02 5.02 5.02 5.01 5.00 5.02 

10.00 10.08 10.13 10.12 10.12 10.04 10.08 10.12 10.10 10.10 10.08 10.09 10.10 

20.00 20.19 20.23 20.23 20.23 20.14 20.21 20.25 20.25 20.21 20.15 20.23 20.25 

30.00 30.10 30.13 30.18 30.12 30.05 30.14 30.13 30.21 30.17 30.00 30.21 30.16 

50.00 50.73 50.66 50.93 50.32 50.72 50.78 50.37 51.01 51.05 50.36 51.21 50.56 

60.00 61.21 61.06 61.52 60.38 61.27 61.27 60.50 61.58 61.70 60.65 62.02 60.79 

 
Part Number:  PRESS-S-000 

Product Description:  Single Use Pressure Sensor, sterile, polycarbonate, luer inlet/outlet  

Test Condition:  Cold Temperature (both fluid path and ambient at 2 °C)  
  Lot 1132283 Lot 1131350 Lot 1131140 

PSI- 

Gauge 

Pressure 

 

1 

 

2 

 

3 

 

4 

 

1 

 

2 

 

3 

 

4 

 

1 

 

2 

 

3 

 

4 

5.00 5.01 5.04 5.05 5.03 5.02 5.03 5.06 5.04 4.99 4.95 5.07 5.03 

10.00 10.08 10.12 10.14 10.14 10.09 10.12 10.15 10.15 9.85 9.91 10.16 10.14 

20.00 20.16 20.21 20.24 20.30 20.26 20.39 20.52 20.48 19.89 19.99 20.37 20.24 

30.00 30.10 30.15 30.21 30.13 30.10 30.17 30.16 30.23 29.86 29.72 30.28 30.17 

50.00 50.76 50.74 51.04 50.38 50.82 50.88 50.44 51.08 50.77 50.13 51.35 50.64 

60.00 61.29 61.16 61.65 60.47 61.39 61.39 60.62 61.70 61.49 60.45 62.20 60.93 
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 Data Summary of Change in Pressure from Room temperature to 2 °C  

  Lot 1132283 Lot 1131350 Lot 1131140 

PSI- 

Gauge 

Pressure 

 

1 

 

2 

 

3 

 

4 

 

1 

 

2 

 

3 

 

4 

 

1 

 

2 

 

3 

 

4 

5.00 -0.02 0.00 0.02 0.01 0.04 0.02 0.04 0.02 -0.03 -0.06 0.07 0.01 

10.00 0.00 -0.01 0.02 0.02 0.05 0.04 0.03 0.05 -0.25 -0.17 0.07 0.04 

20.00 -0.03 -0.02 0.01 0.07 0.12 0.18 0.27 0.23 -0.32 -0.16 0.14 -0.01 

30.00 0.00 0.02 0.03 0.01 0.05 0.03 0.03 0.02 -0.31 -0.28 0.07 0.01 

50.00 0.03 0.08 0.11 0.06 0.10 0.10 0.07 0.07 -0.28 -0.23 0.14 0.08 

60.00 0.08 0.10 0.13 0.09 0.12 0.12 0.12 0.12 -0.21 -0.20 0.18 0.14 

8.7.3 Conclusions- All sensors meet the acceptance criteria and therefore are accurate at 2° C. There is no 

significant deviation in pressure reading.  

 

8.8 Five Year shelf life: Sensor Integrity- Burst Testing 

8.8.1 Procedure- In order to qualify the products for a five year shelf life, twelve polysulfone sensors from six 

different lots were tested for leaks or burst upon exposure to 150+ psi after storage for 5 years at ambient 

conditions and then gamma irradiation at 30-40 kGy.   

8.8.1.1 Acceptance Criteria- No burst and leak rate less than 0.01 psi per second 

 

8.8.2 Data Summary- 

Sensor Lot # S/N 
Final Test 

Pressure (psi) 
Burst/ Leak 

Result 

1 1132694 78 161.19 Pass 

2 1132518 51 161.23 Pass 

3 1132694 77 161.27 Pass 

4 1132518 52 161.17 Pass 

5 1132694 76 161.18 Pass 

6 1132518 53 161.21 Pass 

7 1132694 79 161.19 Pass 

8 1133155 26 161.24 Pass 

9 1132715 105 161.18 Pass 

10 1132715 104 161.17 Pass 

11 1131209 26 160.34 Pass 

12 1132789 26 161.20 Pass 

 

8.8.3 Conclusions- All sensors meet the acceptance criteria and therefore are qualified for a five year shelf life. 
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8.9 Five Year Shelf Life: Sensor Accuracy- Performance after 5 years storage, and following gamma 

radiation 

8.9.1 Procedure- 12 of part number PREPS-N-050 were taken from 6 different lots and stored at room 

temperature. After 5 years, the sensors were retested for accuracy to compare with their original NIST 

traceable data. After at least 10 minutes warm-up, a calibrated gauge was used to measure applied pressure 

and the sensors were read by a PendoTECH Process Control System every 10 psi from 0 to 60 psi. These 

sensors were then gamma irradiated with a dose of 40 kiloGrays. Post gamma treatment, the same 

procedure was performed to measure sensor accuracy and compare with pre-gamma readings. 

8.9.1.1 Calibrated Pressure Gauge: Model# Druck DPI 104, S/N 3674169 (Cert in Appendix S) 

8.9.1.2 Acceptance Criteria- Repeatability target was ∆P less than 0.5 psi; Sensors remain within 

PendoTECH’s standard accuracy claim:  

Better than +/- 2% of reading in the range of 0 to 6 psi  

Better than +/- 3% of reading in the range of 6 to 30 psi 

In range of 30 to 60 psi, typically better than +/- 5% of reading 

8.9.2 Data Summary : 

Single Use Sensor Pressure Difference in Readings After a 5 Year Shelf Life  
Time Zero Test Date: 2013 Retest Date: February 2019   

Gauge 

Pressure 

(psi) 

 

Lot # 

1132715 

 S/N: 

104 

 

Lot # 

1132715 

 S/N: 

105 

 

Lot # 

1132694 

 S/N:  

76 

 

Lot # 

1132694 

 S/N:  

77 

 

Lot # 

1132694 

 S/N:  

78 

 

Lot # 

1132694 

 S/N:  

79 

 

Lot # 

1132518 

 S/N:  

51 

 

Lot # 

1132518 

 S/N:  

52 

 

Lot # 

1132518 

 S/N:  

53 

 

Lot # 

1132789 

 S/N:  

26 

 

Lot # 

1133155 

 S/N:  

26 

 

Lot # 

1131209 

 S/N:  

26 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 0.04 0.05 0.02 0.00 -0.01 0.02 0.00 -0.03 0.02 -0.01 -0.04 0.04 

20 0.06 0.05 0.08 -0.06 -0.04 0.01 0.02 -0.02 0.01 0.03 -0.04 0.01 

30 0.04 0.06 0.05 -0.03 -0.02 0.00 0.01 -0.03 0.05 0.05 0.01 0.03 

40 0.07 0.10 0.09 -0.02 -0.03 -0.03 0.03 0.03 0.05 0.12 -0.02 X 

50 0.12 0.11 0.12 0.09 0.03 0.03 0.02 0.02 0.06 0.06 0.11 X 

60 0.11 0.12 0.07 0.11 0.01 0.03 0.02 0.03 0.03 0.13 0.05 X 

 
X = Data not available 

All values are differences in pressure (∆P)  

 

Single Use Sensor Pressure Difference in Readings Post Gamma Irradiation after 5 Year Shelf Life  
Pre Gamma Test Date: February 2019 Post Gamma Test Date: March 2019   

Gauge 

Pressure 

(psi) 

 

Lot # 

1132715 

 S/N: 

104 

 

Lot # 

1132715 

 S/N: 

105 

 

Lot # 

1132694 

 S/N:  

76 

 

Lot # 

1132694 

 S/N:  

77 

 

Lot # 

1132694 

 S/N:  

78 

 

Lot # 

1132694 

 S/N:  

79 

   

Lot # 

1132518 

 S/N: 51 

 

Lot # 

1132518 

 S/N:  

52 

 

Lot # 

1132518 

 S/N:  

53 

 

Lot # 

1132789 

 S/N:  

26 

 

Lot # 

1133155 

 S/N:  

26 

 

Lot # 

1131209 

 S/N:  

26 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 0.03 -0.01 0.00 0.03 0.02 0.01 0.07 0.07 0.03 0.02 0.06 -0.02 

20 0.02 0.06 -0.01 0.12 0.11 0.02 0.09 0.10 0.06 0.00 0.09 0.03 

30 0.03 0.06 0.04 0.13 0.06 0.08 0.08 0.06 0.06 0.03 0.07 0.05 

40 0.05 0.07 0.05 0.15 0.15 0.11 0.14 0.09 0.10 0.01 0.14 0.11 

50 0.08 0.13 0.08 0.11 0.17 0.16 0.20 0.15 0.14 0.08 0.07 0.10 

60 0.14 0.16 0.19 0.14 0.20 0.20 0.22 0.17 0.18 0.04 0.11 0.06 

All values are differences in pressure (∆P) 
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8.9.3 Raw Data- The data below represents the raw data collected, which was used to generate the tables above. 

Original refers to the time zero data of the pressure sensors, which was taken from the NIST traceable 

certificates created during manufacturing in 2013. Pre Gamma denotes the pressure readings recorded 

following 5 years of storage at ambient conditions (February 2019). Lastly, Post Gamma represents the 

pressure readings measured after receiving 40 kGys of gamma irradiation dose (March 2019). 

 

Lot Number Serial Number Time 
Pressure Reading (psi) 

10 20 30 40 50 60 

1132715 104 

Original 10.01 20.14 30.13 40.45 51.05 61.79 

Pre Gamma 10.05 20.20 30.17 40.52 51.17 61.90 

Post Gamma 10.08 20.22 30.20 40.57 51.25 62.04 

1132715 105 

Original 10.04 20.13 29.95 39.92 49.91 59.84 

Pre Gamma 10.09 20.18 30.01 40.02 50.02 59.96 

Post Gamma 10.08 20.24 30.07 40.09 50.15 60.12 

1132694 76 

Original 10.07 20.17 29.98 39.97 49.97 59.89 

Pre Gamma 10.09 20.25 30.03 40.06 50.09 59.96 

Post Gamma 10.09 20.24 30.07 40.11 50.17 60.15 

1132694 77 

Original 10.07 20.18 30.09 40.24 50.50 60.77 

Pre Gamma 10.07 20.12 30.06 40.22 50.59 60.88 

Post Gamma 10.10 20.24 30.19 40.37 50.70 61.02 

1132694 78 

Original 10.06 20.14 29.95 39.80 49.68 59.48 

Pre Gamma 10.05 20.10 29.93 39.77 49.71 59.49 

Post Gamma 10.07 20.21 29.99 39.92 49.88 59.69 

1132694 79 

Original 10.06 20.19 30.08 40.31 50.61 60.99 

Pre Gamma 10.08 20.20 30.08 40.28 50.64 61.02 

Post Gamma 10.09 20.22 30.16 40.39 50.80 61.22 

 

 

1132518 

51 

Original 10.00 20.07 29.91 39.78 49.75 59.65 

Pre Gamma 10.00 20.09 29.92 39.81 49.77 59.67 

Post Gamma 10.07 20.18 30.00 39.95 49.97 59.89 

1132518 52 

Original 10.02 20.07 29.87 39.69 49.60 59.41 

Pre Gamma 9.99 20.05 29.84 39.72 49.62 59.44 

Post Gamma 10.06 20.15 29.90 39.81 49.77 59.61 

1132518 53 

Original 10.05 20.16 29.99 40.04 50.20 60.30 

Pre Gamma 10.07 20.17 30.04 40.09 50.26 60.33 

Post Gamma 10.10 20.23 30.10 40.19 50.40 60.51 
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1132789 26 

Original 10.04 20.13 30.04 40.21 50.56 60.89 

Pre Gamma 10.03 20.16 30.09 40.33 50.62 61.02 

Post Gamma 10.05 20.16 30.12 40.34 50.70 61.06 

1133155 26 

Original 10.06 20.18 30.09 40.24 50.50 60.81 

Pre Gamma 10.02 20.14 30.10 40.22 50.61 60.86 

Post Gamma 10.08 20.23 30.17 40.36 50.68 60.97 

1131209 26 

Original 10.06 20.19 30.16 X X X 

Pre Gamma 10.10 20.20 30.19 40.44 51.02 61.74 

Post Gamma 10.08 20.23 30.24 40.55 51.12 61.80 

 

X = Data not available  

8.9.4 Conclusion: All sensors met acceptance criteria and are suitable for a 5 year shelf life 

 

8.10  Sensor Use in Continuous Bioprocesses 

8.10.1 Procedure- Two experiments were performed in order to validate the robustness of PendoTECH’s Single 

Use Pressure Sensors and qualify them for use in continuous bioprocesses. In the first experiment, 12x post  

> 40 kGy gamma irradiated pressure sensors from 3 different lots (PRESS-S-000 Lot#’s 1152607 and 

1151819 and PREPS-N-000 Lot # 1161066), were exposed to a constant 3.5 bar (50.76 psi) for 7 days. The 

sensors were checked for accuracy at 0.5, 1, 2, and 4 bar (7.25, 14.5, 29, and 58 psi) after 0, 80, and 168 

hours of exposure.  In a second experiment, same exact pressure sensors were continuously exposed to 10 

psi (0.69 bar) for 93 consecutive days. Afterwards, the sensors were evaluated across their entire pressure 

range (0-60 psi). Both experiments used a PendoTECH Normal Flow Filtration System (NFFSS) to read 

the pressure sensors with a calibrated pressure gauge used as a reference. Gamma Certificate can be found 

in Appendix T. 

8.10.1.1 Calibrated Pressure Gauge: Model# Druck DPI 104, S/N 4396848 (Cert in Appendix U) 

 

8.10.1.2 Acceptance Criteria: Pressure sensor accuracy specifications- 

0 to 6 psi: ± 2% of reading 

6 to 30 psi: ± 3% of reading 

30 to 60 psi: Typically better than ± 5% of reading 
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8.10.2 Data summary: 

Accuracy at Constant 3.5 Bar- Time = 0 hours 

Sensor ID 
Applied Pressure (bar) Sensor 

Performance 
0 0.5 1 2 4 

1152607-01 0.00 0.51 1.01 2.01 4.07 Pass 

1152607-02 0.00 0.51 1.01 2.02 4.14 Pass 

1152607-03 0.00 0.50 1.01 2.02 4.20 Pass 

1152607-04 0.00 0.50 1.01 2.01 4.17 Pass 

1161066-01 0.00 0.50 1.01 2.02 4.14 Pass 

1161066-02 0.00 0.51 1.01 2.02 4.14 Pass 

1161066-03 0.00 0.51 1.01 2.02 4.15 Pass 

1161066-04 0.00 0.50 1.01 2.01 4.13 Pass 

1151819-01 0.00 0.50 1.01 2.01 4.14 Pass 

1151819-02 0.00 0.50 1.01 2.02 4.14 Pass 

1151819-03 0.00 0.51 1.01 2.02 4.16 Pass 

1151819-04 0.00 0.50 1.01 2.02 4.16 Pass 

Acceptance 

Criterion (+/) 

2% 3% 3% 3% 5% All within 

specifications 0.00 0.02 0.03 0.06 0.20 

 

 

Accuracy at Constant 3.5 Bar- Time = 80 hours 

Sensor ID 
Applied Pressure (bar) Sensor 

Performance 
0 0.5 1 2 4 

1152607-01 0.00 0.51 1.01 2.01 4.07 Pass 

1152607-02 0.00 0.51 1.01 2.01 4.14 Pass 

1152607-03 0.00 0.51 1.01 2.02 4.19 Pass 

1152607-04 0.00 0.50 1.01 2.01 4.17 Pass 

1161066-01 0.00 0.50 1.01 2.01 4.13 Pass 

1161066-02 0.00 0.50 1.01 2.02 4.13 Pass 

1161066-03 0.00 0.51 1.01 2.02 4.15 Pass 

1161066-04 0.00 0.50 1.01 2.01 4.13 Pass 

1151819-01 0.00 0.50 1.01 2.02 4.14 Pass 

1151819-02 0.00 0.51 1.01 2.02 4.14 Pass 

1151819-03 0.00 0.51 1.01 2.02 4.16 Pass 

1151819-04 0.00 0.51 1.01 2.02 4.15 Pass 

Acceptance 

Criterion (+/) 

2% 3% 3% 3% 5% All within 

specifications 0.00 0.02 0.03 0.06 0.20 
 

 

 



 Validation Guide for PendoTECH Single Use Pressure Sensors      Revision 04 

CONFIDENTIAL- NOT FOR GENERAL DISTRIBUTION 

Page 32 of 109 

 

Accuracy at Constant 3.5 Bar- Time = 168 hours 

Sensor ID 
Applied Pressure (bar) Sensor 

Performance 
0 0.5 1 2 4 

1152607-01 0.00 0.51 1.01 2.01 4.07 Pass 

1152607-02 0.00 0.51 1.01 2.01 4.14 Pass 

1152607-03 0.00 0.50 1.01 2.02 4.19 Pass 

1152607-04 0.00 0.50 1.01 2.01 4.17 Pass 

1161066-01 0.00 0.50 1.01 2.01 4.13 Pass 

1161066-02 0.00 0.50 1.01 2.02 4.13 Pass 

1161066-03 0.00 0.51 1.01 2.02 4.15 Pass 

1161066-04 0.00 0.50 1.01 2.01 4.13 Pass 

1151819-01 0.00 0.50 1.01 2.02 4.14 Pass 

1151819-02 0.00 0.50 1.01 2.02 4.15 Pass 

1151819-03 0.00 0.51 1.01 2.02 4.16 Pass 

1151819-04 0.00 0.51 1.01 2.02 4.16 Pass 

Acceptance 

Criterion (+/) 

2% 3% 3% 3% 5% All within 

specifications 0.00 0.02 0.03 0.06 0.20 
 

 

Accuracy at Constant 10 psi over 93 Days 

Sensor ID 
Average 

Pressure (psi) 

Minimum 

Range (psi) 

Maximum 

Range (psi) 

Sensor 

Performance 

1152607-01 10.03 9.94 10.12 Pass 

1152607-02 10.01 9.92 10.10 Pass 

1152607-03 10.00 9.91 10.09 Pass 

1152607-04 9.93 9.85 10.04 Pass 

1161066-01 10.02 9.95 10.11 Pass 

1161066-02 10.01 9.94 10.11 Pass 

1161066-03 10.04 9.97 10.15 Pass 

1161066-04 10.01 9.93 10.09 Pass 

1151819-01 9.99 9.88 10.08 Pass 

1151819-02 10.00 9.89 10.10 Pass 

1151819-03 10.01 9.90 10.11 Pass 

1151819-04 10.01 9.91 10.10 Pass 

Acceptance 

Criterion 

(+/-) 

3% 3% 3% 
All Within 

Specifications 
0.30 9.70 10.30 
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Pressure Accuracy Verification Post 93 Days* 

Sensor ID 

Applied Pressure (psi) 
Sensor 

Performance 
0 5 10 20 30 40 50 60 

1152607-05 -0.03 4.99 10.10 20.17 30.09 40.29 50.58 61.09 Pass 

1152607-06 -0.04 4.97 10.05 20.19 30.09 40.56 51.22 62.15 Pass 

1152607-07 -0.04 4.95 10.08 20.22 30.21 40.85 51.78 62.99 Pass 

1152607-08 -0.05 4.93 10.01 20.05 30.10 40.49 51.52 62.67 Pass 

1161066-05 -0.02 4.99 10.07 20.20 30.15 40.48 51.29 62.17 Pass 

1161066-06 -0.03 4.99 10.07 20.19 30.13 40.50 51.26 62.14 Pass 

1161066-07 -0.02 4.99 10.13 20.19 30.28 40.72 51.33 62.32 Pass 

1161066-08 -0.03 4.98 10.07 20.12 30.17 40.41 51.11 61.93 Pass 

1151819-05 -0.01 4.98 10.03 20.12 30.17 40.46 51.26 62.14 Pass 

1151819-06 -0.04 4.98 10.09 20.14 30.16 40.67 51.35 62.29 Pass 

1151819-07 -0.03 5.00 10.10 20.16 30.18 40.72 51.44 62.52 Pass 

1151819-08 -0.01 5.00 10.06 20.19 30.27 40.72 51.44 62.42 Pass 

Acceptance 

Criterion (+/) 

- 2% 3% 3% 3% 5% 5% 5% 
All within 

specifications 
- 

0.10 0.30 0.60 0.90 2.00 2.50 3.00 

*Sensors not re-tared prior to accuracy verification  

8.10.3 Conclusion: PendoTECH pressure sensors remain well within their accuracy specifications after use for 

extended periods of time, qualifying them for use in continuous bioprocess applications. 
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8.11  X-ray Compatibility  

8.11.1 Accuracy Testing 

8.11.1.1 Procedure- 22x Pressure sensors  from 3 different lots (7x PREPS-N-000 from Lot#1203163, 8x 

PRESS-S-000 from Lot# 1210050, and 7x PREPS-N-025 from Lot#1191570) were tested for 

accuracy across their full pressure range (0 to 60 psi). All sensors were X-ray irradiated with a dose 

>50 kGy. Sensors were connected inline with a calibrated pressure gauge as a reference for the 

pressure readings. The pressure sensors were read using a PendoTECH PressureMAT (Model 

PMAT2P, SN:22935). 

8.11.1.2 Calibrated Pressure Gauge: Model# DigiSense, Serial# 1912310225 Last Cal: 8/24/2021 (Cert in 

Appendix W) 

8.11.1.3 Acceptance Criteria: 

All readings within PendoTECH’s Pressure Sensor Accuracy Specification: 

0 to 6 psi: ±2% of reading 

6 to 30 psi: ±3% of reading 

30 to 60 psi: Typically better than ±5% of reading* 

*Sensors used for qualification were manufactured according to previous accuracy specification 

8.11.1.4 Data Summary: 

 

8.11.1.5 Conclusion: All sensors were within PendoTECH’s accuracy claim and performed as expected, thus 

qualifying the performance of PendoTECH Single Use Pressure Sensors Post X-ray Irradiation 

 

 

 

 

 

 

 

 

Reading 

(psi)
% Error

Reading 

(psi)
% Error

Reading 

(psi)
% Error

Reading 

(psi)
% Error

Reading 

(psi)
% Error

Reading 

(psi)
% Error

PREPS-N-000 1203163 35 10.03 0.30% 20.16 0.80% 30.17 0.57% 40.59 1.48% 51.29 2.58% 62.25 3.75%

PREPS-N-000 1203163 36 10.02 0.20% 20.02 0.10% 30.17 0.57% 40.50 1.25% 51.06 2.12% 61.86 3.10%

PREPS-N-000 1203163 37 10.05 0.50% 20.02 0.10% 30.14 0.47% 40.50 1.25% 51.20 2.40% 62.10 3.50%

PREPS-N-000 1203163 38 10.04 0.40% 20.14 0.70% 30.14 0.47% 40.50 1.25% 51.13 2.26% 62.00 3.33%

PREPS-N-000 1203163 39 10.01 0.10% 19.98 -0.10% 30.07 0.23% 40.43 1.08% 51.11 2.22% 61.99 3.32%

PREPS-N-000 1203163 40 10.00 0.00% 19.96 -0.20% 30.11 0.37% 40.53 1.33% 51.34 2.68% 62.37 3.95%

PREPS-N-000 1203163 41 10.03 0.30% 19.99 -0.05% 30.21 0.70% 40.75 1.88% 51.80 3.60% 63.21 5.35%

PRESS-N-000 1210050 26 10.01 0.10% 19.98 -0.10% 30.18 0.60% 40.72 1.80% 51.64 3.28% 62.94 4.90%

PRESS-N-000 1210050 27 10.04 0.40% 20.02 0.10% 30.18 0.60% 40.58 1.45% 51.20 2.40% 62.07 3.45%

PRESS-N-000 1210050 28 10.02 0.20% 20.00 0.00% 30.10 0.33% 40.30 0.75% 50.67 1.34% 61.18 1.97%

PRESS-N-000 1210050 29 10.01 0.10% 20.00 0.00% 30.19 0.63% 40.57 1.43% 51.25 2.50% 62.22 3.70%

PRESS-N-000 1210050 30 10.04 0.40% 20.07 0.35% 30.21 0.70% 40.52 1.30% 51.06 2.12% 61.74 2.90%

PRESS-N-000 1210050 31 10.03 0.30% 20.08 0.40% 30.31 1.03% 40.86 2.15% 51.81 3.62% 63.04 5.07%

PRESS-N-000 1210050 32 10.03 0.30% 20.04 0.20% 30.15 0.50% 40.44 1.10% 50.91 1.82% 61.58 2.63%

PRESS-N-000 1210050 33 10.04 0.40% 20.06 0.30% 30.22 0.73% 40.62 1.55% 51.29 2.58% 62.25 3.75%

PREPS-N-025 1191570 26 10.06 0.60% 20.06 0.30% 30.16 0.53% 40.33 0.82% 50.67 1.34% 61.08 1.80%

PREPS-N-025 1191570 27 10.06 0.60% 20.08 0.40% 30.22 0.73% 40.50 1.25% 51.00 2.00% 61.62 2.70%

PREPS-N-025 1191570 28 10.02 0.20% 20.02 0.10% 30.21 0.70% 40.65 1.63% 51.41 2.82% 62.47 4.12%

PREPS-N-025 1191570 29 10.04 0.40% 20.07 0.35% 30.23 0.77% 40.62 1.55% 51.32 2.64% 62.21 3.68%

PREPS-N-025 1191570 30 10.05 0.50% 20.07 0.35% 30.23 0.77% 40.62 1.55% 51.32 2.64% 62.21 3.68%

PREPS-N-025 1191570 31 10.04 0.40% 20.05 0.25% 30.20 0.67% 40.55 1.37% 51.21 2.42% 62.12 3.53%

PREPS-N-025 1191570 32 10.01 0.10% 20.01 0.05% 30.01 0.03% 40.14 0.35% 50.45 0.90% 60.81 1.35%

60

Post X-ray Results

Gauge Pressure (psi)

Part Number Lot Number
Serial 

Number

10 20 30 40 50
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8.11.2 Leak and Burst Testing 

8.11.2.1 Procedure- The integrity of 22x Pressure sensors from 3 different lots (7x PREPS-N-000 from 

Lot#1203163, 8x PRESS-S-000 from Lot# 1210050, and 7x PREPS-N-025 from Lot#1191570) was 

challenged following exposure to an X-ray Irradiation dose >50kGy. All sensors were evaluated with 

a leak test that consisted of a 90 second pressure decay test at 60 psi as well as a visual inspection for 

leaks using soapy water. Additionally, a subset of these sensors were burst tested a 150 psi while 

also being inspected for leaks.  

8.11.2.2 Calibrated Pressure Gauge: Model# DigiSense, Serial# 1912310225, Last Cal: 8/24/2021 (Cert in 

Appendix W) 

8.11.2.3 Acceptance Criteria: 

Leak Test: Pressure Decay less than 0.03psi/second and no visual detection of leaks 

    Burst Test: No evidence of leaks or sensor damage after exposure to 150 psi 

8.11.2.4 Data Summary: 

Post X-ray Results 

Part Number 
Lot 

Number 
Serial 

Number 

Initial 
Pressure 

(psi) 

Final 
Pressure 

(psi) 
∆P 

Pressure 
Decay 

(psi/sec) 

PREPS-N-025 1191570 29 62.24 62.21 0.03 0.0003 

PREPS-N-025 1191570 28 62.51 62.46 0.05 0.0006 

PREPS-N-025 1191570 27 61.63 61.60 0.03 0.0003 

PREPS-N-025 1191570 32 60.88 60.85 0.03 0.0003 

PREPS-N-025 1191570 30 62.25 62.18 0.07 0.0008 

PREPS-N-025 1191570 26 61.35 61.33 0.02 0.0002 

PREPS-N-025 1191570 31 62.20 62.13 0.07 0.0008 

PRESS-S-000 1210050 33 62.26 61.50 0.76 0.0084 

PRESS-S-000 1210050 32 61.58 60.76 0.82 0.0091 

PRESS-S-000 1210050 31 63.05 62.31 0.74 0.0082 

PRESS-S-000 1210050 29 62.29 61.49 0.8 0.0089 

PRESS-S-000 1210050 26 62.92 62.02 0.9 0.0100 

PRESS-S-000 1210050 27 62.04 61.20 0.84 0.0093 

PRESS-S-000 1210050 28 61.27 60.65 0.62 0.0069 

PRESS-S-000 1210050 30 61.72 60.97 0.75 0.0083 

PREPS-N-000 1203163 41 63.29 63.00 0.29 0.0032 

PREPS-N-000 1203163 39 62.01 61.75 0.26 0.0029 

PREPS-N-000 1203163 35 62.10 61.87 0.23 0.0026 

PREPS-N-000 1203163 36 61.75 60.97 0.78 0.0087 

PREPS-N-000 1203163 40 62.46 62.28 0.18 0.0020 

PREPS-N-000 1203163 38 61.90 61.67 0.23 0.0026 

PREPS-N-000 1203163 37 62.11 61.89 0.22 0.0024 
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Part Number 
Lot 

Number Serial Number Observations 

PRESS-S-000 1210050 29 No leaks or bursts 

PRESS-S-000 1210050 27 No leaks or bursts 

PRESS-S-000 1210050 30 No leaks or bursts 

PRESS-S-000 1210050 32 No leaks or bursts 

PRESS-S-000 1210050 28 No leaks or bursts 

PREPS-N-000 1203163 35 No leaks or bursts 

PREPS-N-000 1203163 36 No leaks or bursts 

PREPS-N-000 1203163 37 No leaks or bursts 

PREPS-N-000 1203163 38 No leaks or bursts 

PREPS-N-000 1203163 39 No leaks or bursts 

8.11.2.5 Conclusion: No leaks were identified in any of the leak or burst testing and all pressure decay tests 

were within the acceptable limit, thus validating the sensor integrity of PendoTECH Single Use 

Pressure Sensors post X-ray Irradiation.  



 Validation Guide for PendoTECH Single Use Pressure Sensors      Revision 04 

CONFIDENTIAL- NOT FOR GENERAL DISTRIBUTION 

Page 37 of 109 

9 APPENDICES 

9.1 Appendix A- Assembled Sensor Certificate: Class VI post 40kGy gamma irradiation- Polycarbonate 

(PRESS) 
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9.2 Appendix B- Assembled Sensor Certificate: Class VI post 40kGy gamma irradiation- Polysulfone  

(PREPS) and Port Plate O-Ring 
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9.3 Appendix C- Assembled Sensor Certificate: USP 661 post gamma irradiation- Polycarbonate (PRESS) 
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9.4 Appendix D- Assembled Sensor Certificate: USP 661 post gamma irradiation- Polysulfone  (PREPS) 
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9.5 Appendix E- Assembled Sensor Certificate: ISO 10993-5 post gamma irradiation- Polycarbonate 

(PRESS) 
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9.6 Appendix F- Assembled Sensor Certificate: ISO 10993-5 post gamma irradiation- Polysulfone  (PREPS) 
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9.7 Appendix G Assembled Sensor Certificate:  Particulates  
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9.8 Appendix H- Assembled Sensor Certificate: Bioburden (Sample Report & Q4 2021 Summary) 
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9.9  Appendix I- Assembled Sensor Certificate: Endotoxins 
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9.10  Appendix J- Assembled Sensor Certificate: Bacteriostasis & Fungistasis Testing 
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9.11  Appendix K- Certificates of Gamma Irradiation for Sensor Accuracy Testing (7.2 & 7.3) 
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9.12  Appendix L- Certificate of Gamma Irradiation for 5 Year Shelf Life (7.9) 
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9.13  Appendix M- Calibration Certificate for Pressure Gauge Used in 8.1 
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9.14  Appendix N- Calibration Certificate for Pressure Gauge Used in 8.2 
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9.15  Appendix O- Calibration Certificate for Pressure Gauge Used in 8.5 and 8.6  
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9.16  Appendix P- Calibration Certificate for Vacuum Gauge used in 8.2 and 8.5 
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9.17  Appendix Q- Calibration Certificate for Temperature Monitor Used in 8.7 
 

 
 

 

 

 

 

 

 

 



 Validation Guide for PendoTECH Single Use Pressure Sensors      Revision 04 

CONFIDENTIAL- NOT FOR GENERAL DISTRIBUTION 

Page 91 of 109 

9.18  Appendix R- Calibration Certificate for Pressure Gauge Used in 8.4 

 



 Validation Guide for PendoTECH Single Use Pressure Sensors      Revision 04 

CONFIDENTIAL- NOT FOR GENERAL DISTRIBUTION 

Page 92 of 109 

 



 Validation Guide for PendoTECH Single Use Pressure Sensors      Revision 04 

CONFIDENTIAL- NOT FOR GENERAL DISTRIBUTION 

Page 93 of 109 

9.19  Appendix S- Calibration Certificate for Pressure Gauge Used in 8.8  
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9.20  Appendix T- Gamma Certificate for sensors used in 7.10/8/10 
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9.21  Appendix U- Calibration Certificate for Pressure Gauge used in 8.10 
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9.22  Appendix V – X-ray Certificate of Processing for section 7.11/8.11 
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9.23  Appendix W- Calibration Certificate for Pressure Gauge Used in 8.11 
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9.24  Appendix X- Assembled Sensor Certificate: ISO 10993-5 post X-ray irradiation- Polycarbonate 

(PRESS) and Polysulfone (PREPS) 
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9.25  Appendix Y- Statistical Analysis validating previous accuracy claim from 30 to 60 psi 

9.25.1 Statistical Analysis of Data from 35 to 60 psi:   

9.25.1.1 Conduct Normality Test-  The t-test assumes that data is sampled from a normally distributed population.  A W* statistic 

and a P value are computed, from which a statistical decision can be made by comparison with a level of significance.  It 

has been observed that each sensor observes a similar pattern in the form of parallel lines at pressures above 30 psi.  

Therefore, the Normality Test was conducted at 60 psi only. 

 

* The W value reported by Origin Pro Software is computed using the NAG function nag_shapiro_wilk_test (g01ddc) that 

implements the Applied Statistics Algorithm AS 181 described in Royston (1982). 

 

9.25.1.2 Since the data sample is Normal, the t-statistic based on 99 degrees of freedom (sample size – 1) and a 0.000001 

probability of a sensor being outside the population was calculated:  

 

 

9.25.2 Conclusions-  All sensors meet the acceptance criteria of better than +/- 2% of reading in the range of 0 to 6 

psi and better than +/- 3% of reading in the range of 6 - 30 psi.  All sensors meet the acceptance criteria of 

in the range of 30 to 60 psi, typically better than 5% of reading because the predicted interval is within the 

product claim. 

 

Normality Test (Shapiro-Wilk)                                                                                                

N W P Value Decision

------------------------------------------------------------------------------

100 0.97856 0.45327 Normal at 0.05 level 

Gauge Sample Standard Predicted Predicted       Product Claim

Pressure Size Deviation Mean 6SDs/Avg t-statistic* Upper Interval Lower Interval  +5% value  -5%value

35 100 0.097 34.98 1.67% 5.217 35.49 34.47 36.75 33.25

40 100 0.144 39.99 2.16% 5.217 40.74 39.23 42.00 38.00

45 100 0.214 45.00 2.86% 5.217 46.12 43.88 47.25 42.75

50 100 0.285 50.01 3.41% 5.217 51.50 48.53 52.50 47.50

55 100 0.366 55.01 4.00% 5.217 56.92 53.10 57.75 52.25

60 100 0.459 59.97 4.60% 5.217 62.37 57.57 63.00 57.00

 * degrees of freedom = 99, P = 0.000001


