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1. 
 Purpose
This document is intended to define the physical, performance, and functional characteristics of the CPSM Final Test system, TE83064.


2. Scope

This document pertains to the functional requirements, functional specifications, and software design requirements for the CPSM Final Test System. Details of design implementation and test criteria are included.

3. Definitions, Acronyms and Abbreviations
	Name:
	Description:

	UUT
	Unit Under Test

	PC
	Personal Computer

	DAQ
	Data Acquisition

	DHF
	Design History File

	BSM
	Binary Solvent Manager

	CM
	Column Manager

	TUV
	Tunable Ultra Violet

	CPSM
	Common Platform Sample Manager

	FL
	Fixed Loop (refers to the sample injection method)

	FTN
	Flow Thru Needle (refers to the sample injection method)

	DIO
	Digital Input and/or Output


4. References
	References:
	Document:
	Revision:

	MRD
	ACQUITY CPSM Marketing Requirements Document  
	

	FSD
	ACQUITY Sample Manager/Organizer Functional Specification Document
	

	
	Performance Specifications
	

	735000
	Performance Specification CPSM Fluidics Subsystem
	

	735000
	Performance Specification RTZ Assembly
	

	735000
	Performance Specification Thermoelectric Heater Cooler
	

	
	CPSM Final Test System Software Functional Specifications
	

	735003028
	Calibration Procedure CPSM Final Test Station 
	

	735002984
	Test Procedure, Acquity CPSM Final Test
	

	735002251
	Test Procedure, Acquity CPSM IVD Final Test
	


5. Test Strategy

CPSM Final Test will be an automated test system designed to reduce operator attended time as much as possible. Operator attended time will be limited to connecting the UUT to the tester, performing visual inspections, setup operations, and manual calibrations as required. Included in the design will be hardware and software such that all parameters to be measured will be performed and recorded automatically.
Most test steps will be a verification of correct assembly. In this respect final test will be a systems integration test verifying each subassembly has been properly assembled into the instrument and properly connected both mechanically and electrically. Items to be verified include:

· Fans

· Door and door seal

· Sample compartment illumination

· Rear Panel - events and communications

· Heater/Cooler
· RTZ calibration, accuracy and repeatability
· Fluidics

Most test steps are performed to provide a high level of confidence that the UUT is capable of executing Chemistry. Testing each instrument for chemistry will assure each instrument meets or exceeds its marketing requirements. 
There are two basic types of CPSM’s, Flow Thru Needle (FTN) and Fixed Loop (FL). The fundamental difference between the two types dictates having two separate test sequences.

Even with two distinct test sequences there are several models of each type of CPSM. Each model has a unique part number. Each part number or model may have some unique function, firmware, test requirement, or test specification. This means both test sequences will vary based on the part number being tested.

The test sequence will be a user interactive program and will guide the operator thru the test process. It will provide the operator with on-time pop-up windows with detailed instructions. The test sequence will produce a printed test report for the instrument folder and a SigmaQuest report for electronic archiving and process analysis of the data.

Any test step that waits for a response from the UUT will have a time out feature to prevent the test program from hanging while waiting for a non-responsive UUT. If the UUT responds in the allotted period of time the response is checked to see if it meets specific requirements. If it meets its requirements the parametric data is tested against its specifications. If all requirements are not met the test step fails.

6. Tester Description

CPSM Final Test Stations will consist of an Acquity stack, custom interface, and custom software; refer to Figure 1. The major components of the test station will be:

· Acquity I-Class BSM Pump

· Acquity TUV Detector

· Acquity I-Class Column Manager
· Acquity Column

· Solvent Select Valve

· Cable Interface Box

· Personal Computer (PC)

· 5 port Ethernet Switch

The Solvent Select Valve will be a commercially available, off the shelf item packaged in a custom enclosure. It is used to control the solvents supplied to the UUT. Four positions are required:
· Dead End

-
to prevent solvent from leaking out when a UUT is not connected.

· Needle Wash
-
to supply the UUT with Needle Wash Solvent

· Methanol

-
to supply the UUT with 100% MEOH

· Air


-
for purging the UUT with air 

The Cable Interface Box will be a custom made enclosure containing both custom circuits and off the shelf items. It is primarily the interface between the UUT and the PC. It will provide the ability to control the AC power to the UUT in order to facilitate power cycling as required. The main components are:
· Power Entry
-
a fused AC line input module

· Power out
-
AC power line receptacle for the UUT

· Terminal Block
-
National Instruments interface block for the DAQ board
· Power Supply
-
24VDC supply for the Solvent Select Valve controller

· Power Relay
-
for switching AC power to the UUT

· 210000412
-
HTCH-A control board for testing the SPI Interface

The PC running a Labview program is the tester. The PC can be any commercially available PC with the following software and hardware installed:

· Empower software

· Labview custom test program

· Sigma Quest software
· NI PCI-6220 Multifunction DAQ card
· 4 RS232 Serial Ports

· 2 Ethernet Ports

Refer to the DHF for TE83064 for detailed specifications of each component.
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Figure 1
TE83064 Functional Block Diagram

7. Hardware Design Requirments
7.1. Digital I/O
Digital I/O lines are supplied from a National Instruments Multifunction DAQ card installed in the PC. The card interfaces to the Cable Interface Box via a National Instruments high density cable. This high density cable plugs into a National Instruments terminal block mounted inside the Cable Interface Box. From there each DIO line is wired to the cables that interface to the UUT and the Solvent select Valve.

Required number of DIO Lines:

	Function
	Number of DIO Lines

	Valve Controller 
	8

	Event Output
	1

	Event Input
	1

	Upper Leak Detector
	3

	Lower Leak Detector
	3

	Power Relay Driver
	1


7.2. Power Requirements

A 24 VDC supply is required for the VICI Valve Controller. The supply selected is an Astrodyne closed frame switcher rated for 24VDC/50W.
5VDC is also required for the coil voltage of the AC Power Switching Relay. The National Instruments Multifunction DAQ card provides a fused 5VDC supply and it is available on the National Instruments Terminal Block.

7.3. AC Power Switching Relay

A Power Switching Relay is required to automatically cycle power to the UUT. The device selected has a 5VDC coil voltage and 5A @240VDC contacts. It is a 2formC configuration and switches both sides of the AC Line. A relay driver IC UDN2981 along with a DIO line is used to switch the coil voltage.
7.4. Solvent Select Valve

The Solvent Select Valve is a 4-port, low pressure, stream selector valve from Valco Instruments. Valco also provides the valve controller which is controlled by 8 DIO lines. It provides and encoder for precise positioning.
7.5. SPI Interface

The UUT is designed to interface with a number of Waters devices using both QSPI and SPI interfaces. The UUT’s Control Board has been 100% tested for this functionality prior to being assembled in the UUT. However, Waters HTCH-A pcb (210000412) was selected to test SPI interface function using a standard off the shelf cable. The HTCH –A is one of Waters newest devices that utilize the SPI interface.
7.6. Ethernet Switch

Ethernet communications is used by the test system for downloading firmware to the UUT and is used by Empower chromatography software to control all Waters instruments. Any off the shelf 10/100 Mbps Ethernet switch with 5 ports will work. 

7.7. RS232 Serial Ports

The test system requires serial communication to each of the instruments in the stack as well as the UUT. Four ports are required. Most PC’s have two ports available which means two more ports are added to the PC. Any generic 2-port RS232 card in a PCI form factor will work.
8. Software Design Requirments
The test software will consists of two separate test sequences, one for the FTN Autosampler and one for the FL Autosampler. The operator must select which type of Autosampler is to be tested before the test sequence is selected.
8.1. Electrical Safety Test

Electrical Safety Testing is required to meet regulatory requirements per document WAT079925SO.
8.1.1. Test Type:


Boolean (pass/fail)

8.1.2. Data Source:

Operator

8.1.3. Test Criteria:

WAT046538

8.1.4. Requirements:

Test software

8.1.5. Implementation:

Provide operator instructions and Boolean check boxes for the operator to enter the pass/fail status of Ground Continuity and Hi Pot tests.

8.2. Power-On Initialization

This step monitors the state of the UUT when it is powered on for the first time.

8.2.1. Test Type:


Boolean (pass/fail)

8.2.2. Data Source:

Labview

8.2.3. Test Criteria:

No errors or critical alarms are returned

8.2.4. Requirements:

Serial Port, Test software

8.2.5. Implementation:


This Step uses the serial port to verify the state of the instrument while it is performing a power on Initialization. Certain requirements must be met like the serial port must be working and Boot Loader must be identified in the serial data. Allow more time if valid firmware is already installed.

8.3. Fans

This test is performed to verify the instrument was assembled correctly. 

8.3.1. Test Type:


Boolean (pass/fail)

8.3.2. Data Source:

Operator/visual inspection

8.3.3. Test Criteria:

Fans must be operational and blowing in the correct direction.

8.3.4. Requirements:

Test software

8.3.5. Implementation:


Provide operator instructions and Boolean check boxes for the operator to enter the pass/fail status of each fan.

8.4. Firmware Download

Instrument specific firmware must be programmed into the CPU’s non-volatile memory in order for the UUT to function as its part number specifies. Waters application program “Loader.exe” is called upon to perform this task.

8.4.1. Test Type:


Boolean (pass/fail)

8.4.2. Data Source:

Labview

8.4.3. Test Criteria:

Successful completion with no errors

8.4.4. Requirements:

Test software, RS232, Ethernet

8.4.5. Implementation:


Waters application program “Loader.exe” is called by Labview to perform this task. The test program selects the firmware file to download based on the UUT part number. The Loader program is monitored by the Labview test program to verify successful completion.

8.5. Startup Initialization

UUT firmware performs many power-up diagnostic checks. These diagnostics provide confirmation that the UUT is operational and ready to continue.

8.5.1. Test Type:


Boolean (pass/fail)

8.5.2. Data Source:

UUT

8.5.3. Test Criteria:

No errors or critical alarms are returned

8.5.4. Requirements:

Custom hardware, Test software, instrument firmware
8.5.5. Implementation:

This test step uses a software controlled power relay in the Cable Interface Box to cycle power to the UUT, forcing a power-on reset. A pop-up window showing the output of the RS232 port will provide the operator feedback of the initialization. After successful initialization the Firmware version is recorded for the test record.

8.6. Jumper Configuration

This test step verifies correct assembly.

8.6.1. Test Type:


Boolean (pass/fail)

8.6.2. Data Source:

UUT

8.6.3. Test Criteria:

Installed jumpers match assembly instructions

8.6.4. Requirements:

Test software, instrument firmware
8.6.5. Implementation:

This test uses the UUT built in firmware commands to query the UUT for its installed jumper configuration. The returned data is compared to what the assembly instructions call for and will vary based on part number.

8.7. Sample Compartment Illumination

This test step verifies the lights are working correctly as specified, under software control. 

8.7.1. Test Type:


Boolean (pass/fail)

8.7.2. Data Source:

Operator/visual inspection

8.7.3. Test Criteria:
All sample compartment lights must be illuminated when the door is opened.                

8.7.4. Requirements:

Test software
8.7.5. Implementation:


Provide operator instructions and Boolean Pass and Fail buttons. The operator must select either the Pass or Fail button based the state of the lights when the door is both open and closed.

Note: The operator can see the state of the lights when the door is closed.

8.8. Event Input

Detailed functional testing of the Event Inputs and Door Sensor has been performed at PCB functional test. This test verifies the functionality has been correctly assembled into the instrument, i.e. cables, PCBs, sensors, jumpers, etc. 

8.8.1. Test Type:


Boolean (pass/fail)

8.8.2. Data Source:

UUT

8.8.3. Test Criteria:
A TTL high activates the Event Input and a TTL low deactivates the Event Input. Door sensor responds to opening and closing the Sample Compartment Door.                 

8.8.4. Requirements:

Test software, instrument firmware, TTL compatible digital 





Output line.
8.8.5. Implementation:


Digital Output supplied by a National Instruments PCI-6220 Multifunction DAQ card installed in the PC, are used to perform this test. See system wiring diagram.

Event Input is tested by setting and clearing a digital output line connected to the Event Input then querying the UUT for the state of the Event. The safety interlock requirement for the sample compartment door, implemented as a front door sensor, is tested by the operator opening and closing the door per online instructions then querying the UUT for the state of the door sensor.

8.9. Event Output

Detailed functional testing of the Event Output circuit has been performed at PCB functional test. This test verifies the functionality has been correctly assembled into the instrument, i.e. cables, PCBs, sensors, jumpers, etc. 

8.9.1. Test Type:


Boolean (pass/fail)

8.9.2. Data Source:

Tester

8.9.3. Test Criteria:
Event Output must respond to software commands and be confirmed open and closed by a TTL input line. 

8.9.4. Requirements:

Test software, instrument firmware, TTL compatible digital 





inputs

8.9.5. Implementation:


Digital Input supplied by a National Instruments PCI-6220 Multifunction DAQ card installed in the PC, is used to perform this test. See system wiring diagram. 

Using built in firmware commands; the Event Output is toggled by software and confirmed by reading back a digital input line.

8.10. SPI Bus

Detailed functional testing of the SPI circuit has been performed at PCB functional test. This test verifies the functionality has been correctly assembled into the instrument, i.e. cables, PCBs, sensors, jumpers, etc. 

8.10.1. Test Type:


Boolean (pass/fail)

8.10.2. Data Source:

Tester

8.10.3. Test Criteria:
Return String from SPI bus is correct 

8.10.4. Requirements:

Test software, instrument firmware, cable, SPI





 device

8.10.5. Implementation:


The operator connects the SPI port to an external SPI device. Using a built in firmware command, a device ID query is used to get the status of an external SPI device. The SPI returns an ID and status string. The ID and status string is tested against a predetermined response.

8.11. Leak Detectors

Detailed functional testing of the Leak Detector circuits has been performed at PCB functional test. This test verifies the functionality has been correctly assembled into the instrument, i.e. cables, PCBs, sensors, jumpers, etc.

8.11.1. Test Type:


Boolean (pass/fail)

8.11.2. Data Source:

UUT/Tester

8.11.3. Test Criteria:
successful completion of detecting the presence of the leak detectors and successfully transitioning from a no leak state to a leak state and back

8.11.4. Requirements:

Test software, instrument firmware, TTL compatible digital I/O 





lines

8.11.5. Implementation:



Digital I/O supplied by a National Instruments PCI-6220 Multifunction DAQ card installed in the PC, are used to perform this test. See system wiring diagram. 

Test software uses instrument firmware commands to detect the presence of the Leak Detectors as well as the leak status, based on software controlled digital I/O.
8.12. RTZ Assembly Calibration
RTZ Assembly calibration is no a test. There are no measureable parameters. There are no requirements to be met except the UUT does not generate an alarm. Calibration is a manual operation performed by the operator using specified tooling. Limits are given to perform statistics on the returned calibration constants.
8.12.1. Test Type:


Action

8.12.2. Data Source:

UUT
8.12.3. Test Criteria:
Tray Cal Offset

R Offset 

Z Offset

Zp Offset

8.12.4. Requirements:

Test software, instrument firmware and tooling
8.12.5. Implementation:


The Labview test program uses the instruments built-in firmware calibration routines and provides online instructions to guide the operator to successful completion of the calibration routines. Calibration constants are stored in the UUT.

8.13. RTZ Positional Accuracy Test

This test step repeats the testing already performed at the subassembly level. This test verifies the subassembly has been correctly assembled into the instrument and the calibration constants obtained at the previous step are suitable for use in this instrument.

8.13.1. Test Type:


Numeric Limits Test

8.13.2. Data Source:

UUT

8.13.3. Test Criteria:
 -10 ≤  R Axis, Z Axis, Zp Axis ≤   10 Lost Steps

1stE ≤ .31 degs
1mvsE  ≤ .41 degs.
8.13.4. Requirements:

Test software, instrument firmware
8.13.5. Implementation:

This test sends a series of firmware commands instructing the UUT to move to a well plate location, pierce the well plate at that location, then return to the wash block. After each action the UUT is queried for alarms and positional accuracy which is reported back in lost steps and rotational degrees. 

8.14. BOS Pump

This test verifies the BOS Pump has been correctly assembled into the instrument. Pump rate is not tested. It is assumed that the pump performs to its specifications.

8.14.1. Test Type:


Boolean (pass/fail)

8.14.2. Data Source:

Operator

8.14.3. Test Criteria:
Pump moves solvent in the correct direction.

8.14.4. Requirements:

Test software, instrument firmware
8.14.5. Implementation:


The test sequence stops, displays instructions and waits for the operator to acknowledge they are ready. The BOS pump is turned on. After the operator performs the test they must then select pass or fail based on the operators’ observations, according to online instructions. Instructions will differ based on the part number tested.
8.15. Sample Compartment Cooling Rate
It assumed that the design of the Sample Heater/Cooler subassembly has been evaluated and verified to be capable of meeting its design specifications. It would be extremely time consuming to test to absolute design specifications and therefore design specifications are not tested. Instead a quicker test has been implemented which is designed to quickly verify proper assembly.

8.15.1. Test Type:


 Numeric limit test

8.15.2. Data Source:

UUT

8.15.3. Test Criteria:
≤  -.6 deg C/Min

8.15.4. Requirements:

Test software, instrument firmware
8.15.5. Implementation:


The test first reads the Ambient Temperature sensor then sets the PID set point to the next integer above ambient. Once the Sample Compartment reaches the set point, the set point is changed to 4º C, maximum cooling. Temperature is continuously plotted onscreen. The clock starts when the temperature falls below ambient - 2º C and ends when the temperature reaches ambient - 12º C. Temperature/Time from is calculated. 
8.16. System Prime

System Prime is not a test. There are no measureable parameters. There are no requirements to be met except the successful completion without errors or alarms.
8.16.1. Test Type:


Action

8.16.2. Data Source:

UUT

8.16.3. Test Criteria:

Successful completion without errors or alarms

8.16.4. Requirements:

Test software, instrument firmware
8.16.5. Implementation:


The solvent select valve is switched to supply 95%/5% Methanol/water to the needle wash lines. A pop up window displaying a plot of the pressure transducer will provide the operator feedback of the priming process. The number of prime cycles executed is determined by the type of CPSM.

8.17. Test/Adjust Transducer

The pressure transducer is an adjustable electro-mechanical device. The output signal drifts with temperature. It may require adjustment when installed in an instrument. 
8.17.1. Test Type:


Numerical Limit Test

8.17.2. Data Source:

UUT

8.17.3. Test Criteria:

.500 +/- .05 VDC

8.17.4. Requirements:

Software

8.17.5. Implementation:


The test software queries the UUT for the transducer voltage, compares the voltage with the specifications and determines if adjustment is required. If out of range an adjustment window opens up providing the operator instructions and displaying the current transducer voltage. After the operator finishes adjusting the transducer it is tested again. The operator must fail the test if it cannot be adjusted.
8.18. Needle Seal Calibration

This test finds the location in the Needle Wash Housing where the needle is properly sealed. On a Fixed-Loop CPSM the needle seal position all that is required. On a FTN CPSM both the needle seal position and force are tested.

8.18.1. Test Type:


Numerical Limit Test

8.18.2. Data Source:

UUT

8.18.3. Test Criteria:

48 < Position < 68 mm





48 < Force < 68 lbs/inches

8.18.4. Requirements:

Test software, instrument firmware
8.18.5. Implementation:


This test uses the instrument’s firmware to find the needle seal position. The results are returned to the test software where it is tested against the limits. A pop up window displaying a plot of the pressure transducer will provide the operator feedback of the calibration process.
8.19. Air Sensor Calibration

This test will only run on Fixed Loop CPSM’s. This test verifies the operation of the bubble detector as well as calibrating it. Calibration defines the volume of the tubing and is used to properly position sample in the sample loop.
8.19.1. Test Type:


Numerical Limit Test

8.19.2. Data Source:

UUT

8.19.3. Test Criteria:

≥ 7 ul and ≤ 10 ul

8.19.4. Requirements:

Test software, instrument firmware
8.19.5. Implementation:

This is a user interactive test. The test sequence stops, displays online instructions for the operator and waits for the operator to acknowledge that they are ready to proceed. This test uses the instrument’s firmware to calibrate the bubble detector. The results are returned to the test software where it is tested against the limits.

8.20. Dislodge Bubbles

Dislodge Bubbles is not a test. There are no measureable parameters. It is performed to insure no air was entered into the fluidics system during the Air Sensor Calibration.

8.20.1. Test Type:


Action

8.20.2. Data Source:

UUT

8.20.3. Test Criteria:

Successful completion
8.20.4. Requirements:

Test software, instrument firmware
8.20.5. Implementation:


This step uses an instrument firmware command to execute 1 prime cycle.
8.21. Strong Wash Syringe Decay

This test will only run on Fixed Loop CPSM’s. This test was performed at the Fluidics Drawer subassembly test. This test verifies the Fluidics Drawer Assembly has been correctly assembled into the UUT and that the Strong Wash Syringe meets system leak specifications. 

8.21.1. Test Type:


Numerical Limit Test

8.21.2. Data Source:

UUT

8.21.3. Test Criteria:

≤  30 psi

8.21.4. Requirements:

Test software, instrument firmware
8.21.5. Implementation:


This test uses the instrument’s firmware to test the Strong Wash Syringe. The results are returned to the test software where it is tested against the limits. A pop up window displaying a plot of the pressure transducer will provide the operator feedback of the decay test.
8.22. Weak Wash Syringe Decay

This test will only run on Fixed Loop CPSM’s. This test was performed at the Fluidics Drawer subassembly test. This test verifies the Fluidics Drawer Assembly has been correctly assembled into the UUT and that the Weak Wash Syringe meets system leak specifications.

8.22.1. Test Type:


Numerical Limit Test

8.22.2. Data Source:

UUT

8.22.3. Test Criteria:

≤  30 psi

8.22.4. Requirements:

Test software, instrument firmware
8.22.5. Implementation:


This test uses the instrument’s firmware to test the Weak Wash Syringe. The results are returned to the test software where it is tested against the limits. A pop up window displaying a plot of the pressure transducer will provide the operator feedback of the decay test.
8.23. Sample Syringe Decay



This test verifies the Sample Syringe Assembly has been correctly assembled into the UUT and that it meets system leak specifications.
8.23.1. Test Type:


Numerical Limit Test

8.23.2. Data Source:

UUT

8.23.3. Test Criteria:

≤  15 psi

8.23.4. Requirements:

Test software, instrument firmware
8.23.5. Implementation:


This test uses the instrument’s firmware to test the Sample Syringe. The results are returned to the test software where it is tested against the limits. A pop up window displaying a plot of the pressure transducer will provide the operator feedback of the decay test.
8.24. Needle Seal Decay




This test will only run on Fixed Loop CPSM’s. This test verifies the needle seal has been calibrated and is correctly assembled into the Needle Wash Housing and meets system leak specifications.

8.24.1. Test Type:


Numerical Limit Test

8.24.2. Data Source:

UUT

8.24.3. Test Criteria:

≤ 50 psi

8.24.4. Requirements:

Test software, instrument firmware
8.24.5. Implementation:


This test uses the instrument’s firmware to test the needle seal. The results are returned to the test software where it is tested against the limits. A pop up window displaying a plot of the pressure transducer will provide the operator feedback of the decay test.
8.25. Back Pressure Regulator Test
This test will only run on Fixed Loop CPSM’s. This test verifies the Back Pressure Regulator has been correctly assembled into the Needle Wash Housing and is correctly adjusted.
8.25.1. Test Type:


Numerical Limit Test

8.25.2. Data Source:

UUT

8.25.3. Test Criteria:

≥ 135 psi and ≤ 165 psi

8.25.4. Requirements:

Test software, instrument firmware
8.25.5. Implementation:


This test uses the instrument’s firmware to test the Back Pressure Regulator. The results are returned to the test software where it is tested against the limits. A pop up window displaying a plot of the pressure transducer will provide the operator feedback of the test.
8.26. Loop Volume

This test will only run on Fixed Loop CPSM’s. This test measures the volume of the Sample Loop. The limits below are based on a 10ul sample loop.

8.26.1. Test Type:


Numerical Limit Test

8.26.2. Data Source:

UUT

8.26.3. Test Criteria:

≥ 7.5 ul and ≤ 13 ul

8.26.4. Requirements:

Test software, instrument firmware
8.26.5. Implementation:


This test uses the instrument’s firmware to measure Loop Volume. The results are returned to the test software where it is tested against the limits. A pop up window displaying a plot of the pressure transducer will provide the operator feedback of the volume measurement.
8.27. Needle Volume

This test will only run on Fixed Loop CPSM’s. This test measures the volume of the Sample Needle. The limits below are based on a standard peak sample needle.

8.27.1. Test Type:


Numerical Limit Test

8.27.2. Data Source:

UUT

8.27.3. Test Criteria:

≥ 25 ul and ≤ 37 ul

8.27.4. Requirements:

Test software, instrument firmware
8.27.5. Implementation:


This test uses the instrument’s firmware to measure the Needle Volume. The results are returned to the test software where it is tested against the limits. A pop up window displaying a plot of the pressure transducer will provide the operator feedback of the volume measurement.
8.28. Dynamic Leak Test

This test will only run on FTN CPSM’s. This test measures the leak rate of the high pressure circuit of the FTN and insures the needle seal and inject valve and all associated fittings are not leaking.
8.28.1. Test Type:


Numerical Limit Test

8.28.2. Data source:

Labview, BSM

8.28.3. Test Criteria:

≤ 0.5 ul/min

8.28.4. Requirements:

Test Software, BSM, Column Manager

8.28.5. Implementation:

The test first moves the needle and inject valve into position. Then the circuit is primed with 100% Methanol through column 2, which is the Acquity column. The CM is then switched to column 1, which is pin plugged to block flow. Pressure is ramped up to test pressure, 14.5kpsi for the H-Class FTN and 17.5kpsi for the I-Class FTN. Once test pressure is achieved flow is stopped and pressure is held for 30 seconds then dumped. This ramp and dump pressure is repeated 3 times to remove system compliance. On the fourth ramp operation the pressure is held and passed to a control algorithm where pump flow is adjusted to maintain pump pressure. Once pump pressure is stable for 3 minutes the test ends. The pump flow rates for the last 10 seconds are averaged and represent the system leak rate. The calibrated System Leak Rate (BSM and CM only), saved on disk, is subtracted leaving the UUT’s contribution to the leak rate.
8.29. Carryover
Carryover is a performance characteristic of the UUT that can only be measured by running Empower methods.

8.29.1. Test Type:


Numerical Limit Test

8.29.2. Data Source:

Empower

8.29.3. Test Criteria:

≤ (part number specific) PPM Caffeine
8.29.4. Requirements:

Test software, Empower
8.29.5. Implementation:


The Labview test program opens and logs in to Empower, connects to the system, loads the carryover method and executes it. The test program monitors the execution status of the method. When finished peak data is retrieved from the Empower database. Carryover is calculated from peak data.

8.30. Chemistry Precision Area


Peak area precision is a performance characteristic of the UUT that can only be measured by running Empower methods.

8.30.1. Test Type:


Numerical Limit Test

8.30.2. Data Source:

Empower

8.30.3. Test Criteria:

> 0 and ≤  .5 %RSD

8.30.4. Requirements:

Test software, Empower
8.30.5. Implementation:


The Labview test program opens Empower, logs in and connects to the system, loads the Precision method and executes it. The test program monitors the execution status of the method. When finished peak data is retrieved from the Empower database. Precision of peak area is calculated from the data.

8.31. Chemistry Precision Height

Peak height precision is a performance characteristic of the UUT that can only be measured by running Empower methods.

8.31.1. Test Type:


Numerical Limit Test

8.31.2. Data Source:

Empower

8.31.3. Test Criteria:

> 0 and ≤  .9 %RSD

8.31.4. Requirements:

Test software, Empower
8.31.5. Implementation:


Peak data from the precision injections are retrieved from the Empower database.  Precision of the peak height is calculated from the data.

8.32. Chemistry Linearity X-Intercept



Peak linearity is a performance characteristic of the UUT that can only be measured by running Empower methods. The X-intercept is one measure

8.32.1. Test Type:


Numerical Limit Test

8.32.2. Data Source:

Empower

8.32.3. Test Criteria:

> 0 and ≤  .2 ul

8.32.4. Requirements:

Test software, Empower
8.32.5. Implementation:


The Labview test program opens Empower, logs in and connects to the system, loads the Precision method and executes it. The test program monitors the execution status of the method. When finished peak data is retrieved from the Empower database. The X-Intercept is calculated from the data.

8.33. Chemistry Linearity R²
Peak linearity is a performance characteristic of the UUT that can only be measured by running Empower methods. The coefficient of determinants (R²) is used to characterize injector linearity.

8.33.1. Test Type:


Numerical Limit Test

8.33.2. Data Source:

Empower

8.33.3. Test Criteria:

>  .999 and ≤ 1
8.33.4. Requirements:

Test software, Empower
8.33.5. Implementation:


Peak data from the linearity injections are retrieved from the Empower database. R² is calculated from the data.

8.34. Methanol Purge
This step is not a test. It is done to purge the system of water.

8.34.1. Test Type:


Action

8.34.2. Data Source:

UUT

8.34.3. Test Criteria:

Successful completion
8.34.4. Requirements:

software, instrument firmware
8.34.5. Implementation:


The solvent select valve is switched to supply 100% Methanol to the needle wash lines. Then prime cycles are executed. The number of prime cycles executed is determined by the type of CPSM.
8.35. Air Purge
This step is not a test. It is done to purge the system of methanol.

8.35.1. Test Type:


Action

8.35.2. Data Source:

UUT

8.35.3. Test Criteria:

Successful completion
8.35.4. Requirements:

software, instrument firmware
8.35.5. Implementation:


The solvent select valve is switched to supply air to the needle wash lines. Then prime cycles are executed. The number of prime cycles executed is determined by the type of CPSM.

8.36. Park Inject Valve
This step is not a test. It is done to prepare the instrument for shipping.

8.36.1. Test Type:


Action

8.36.2. Data Source:

UUT

8.36.3. Test Criteria:

Successful completion
8.36.4. Requirements:

software, instrument firmware
8.36.5. Implementation:


Using the instrument’s firmware the inject valve is moved to the load position.

8.37. Empty Syringes
This step is not a test. It is done to prepare the instrument for shipping.

8.37.1. Test Type:


Action

8.37.2. Data Source:

UUT

8.37.3. Test Criteria:

Successful completion
8.37.4. Requirements:

software, instrument firmware
8.37.5. Implementation:


Using the instrument’s firmware the wash syringes are emptied.

8.38. Home Needle
This step is not a test. It is done to prepare the instrument for shipping.

8.38.1. Test Type:


Action

8.38.2. Data Source:

UUT

8.38.3. Test Criteria:

Successful completion
8.38.4. Requirements:

software, instrument firmware
8.38.5. Implementation:


Using the instrument’s firmware the Y-carriage is put in the home position.

8.39. Save Serial Number
This step is not a test. It is done to prepare the instrument for shipping.

8.39.1. Test Type:


Action

8.39.2. Data Source:

UUT

8.39.3. Test Criteria:

Successful completion
8.39.4. Requirements:

software, instrument firmware
8.39.5. Implementation:


Using the instrument’s firmware the scanned serial number is written to non-volatile memory and recorded in the test record.
9. Test Records

The test system will generate two types of test records, one printed copy and one electronic copy. The printed test record is generated at the completion of the test sequence, pass or fail and contains all collected test data and results.

One electronic record is generated for each test step failure and a full passing test record at the completion of the test sequence. The electronic test records are saved in the Sigmasure database.
10. Test Record Contents:
10.1.1. Part Number

10.1.2. Description

10.1.3. Serial Number

10.1.4. Operator Name

10.1.5. Operator signature area

10.1.6. Factory Order Number

10.1.7. Instrument Firmware Version
10.1.8. Start time and date

10.1.9. End time and date

10.1.10. Operator entered date area

10.1.11. Test Station ID

10.1.12. Test Version

10.1.13. Final Testy Result

10.1.14. Test Steps:
 Name

Lower Spec Limit (LSL)

Measurement

Upper Spec Limit (USL)

Result
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