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1.0 PURPOSE 
 
This document provides a summary of the Equipment Qualification (EQ) testing 
performed in accordance with the EQ Test Plans (References 1 and 2) on the HFC-FPGA 
Control System of HFC-6000 Safety Platform. The HFC-FPGA provides a generic digital 
safety Instrument and Control (I&C) platform to be used in mild environments as 
described in the EQ Test Plans. 
This document summarizes the EQ test performed, test evaluation and test results 
required by the U.S. Nuclear Regulatory Commission (NRC) Interim Staff Guide DI&C-
ISG-06 (Reference 3), item D.3.  
The test results demonstrate that the HFC-FPGA platform perform its intended safety 
functions without experiencing environmentally induced common-cause failures during 
normal environmental conditions and anticipated operational occurrences. 
 
2.0 ABBREVIATIONS AND ACRONYMS 
 
AI  Analog Input 
AO  Analog Output 
BOE  Burst of Events 
CR Condition Report 
DI  Digital Input 
DO  Digital Output 
EFT Electrical Fast Transient 
EMI Electromagnetic Interference 
EPRI  Electric Power Research Institute 
EQ Equipment Qualification 
ESD  Electrostatic Discharge 
ETL Environmental Testing Laboratory 
F-Link Communication link between HFC-FPGA controllers and configured HFC-

FPU I/O modules 
FPGA  Field Programmable Gate Array  
G-Link Communication link between HFC-FPGA controllers and Communication 

Gateway controllers 
HAS  Historical Archiving System 
HFC  HF Controls 
HPAT HFC Plant Automated Tester 
HSIM High Speed Interface Module 
I&C  Instrumentation and Control 
IEC  International Electrotechnical Commission 
IEEE  Institute of Electrical and Electronics Engineers 
I/O  Input / Output 
M&TE  Measurement and Test Equipment 
MCRT  HFC Graphic Display / Control Interface 
NRC  Nuclear Regulatory Commission 
NTS National Technical Systems 
OBE  Operating Basis Earthquake  
PCB  Printed Circuit Board 
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QA  Quality Assurance 
RIF Redundancy Interface 
RF  Radio Frequency 
RFI RF Interference 
RG  Regulatory Guide 
RH  Relative Humidity 
RRS  Required Response Spectrum  
RTD  Resistance Thermal Detector 
SOE  Sequence of Events 
SSE  Safe Shutdown Earthquake  
TSAP  Test Specimen Application Program 
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3.0 SCOPE OF EQ TESTING 
 
[ 
 
 
 
 
 

] 
 
The HFC-FPGA modules under the EQ testing are listed in Table 1.  

Table 1. Qualification Modules 

Assembly 
Part Number 

Module 
Name 

Description BOM Part 
Number 

BOM 
Revision 

40117421Q HFC-
FPUD01 

FPU I/O Module for 16 
DI Channels and 16 DO 
Channels 

40117481 C 

40117422Q HFC-
FPUD02 

FPU I/O Module for 32 
DI Channels  

40117442 B 

40124221Q HFC-
FPUA01  

FPU I/O Module for 16 
4- to 20-mA AI 
Channels  

40124241 B 

40129421Q HFC-
FPUAO 

FPU I/O Module for 8 
4- to 20-mA AO 
Channels 

40129481 F 

40127021Q HFC-FPUL FPU I/O Module for 8 
AI Channels for Type E 
Thermocouples  

40127081 C 

40127421Q HFC-FPUM FPU I/O Module for 8 
AI Channels for 100-
Ohm Platinum RTDs 

40127441 A 

40145621Q HFC-
FPUM2 

FPU I/O Module for 8 
AI Channels of 100-
Ohm Platinum RTDs 

40145641 A 

40132221Q HFC-FCPU CPU for the FPU 
Controller product line 

40132241 A 

40145221Q HFC-
FCPUX 

CPU for the FPU 
Controller product line 

40145241 A 

40108621Q HFC-HSIM F-Link High Speed 
Interface Module 

40108681 D 

40103834Q HFC-
FPC08 

Communication 
Gateway Controller 
Without VGA 

40103896 A 

 
[ 
 

] 
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Prequalification Tests

Application 
Objects Tests Burn-in Test System Setup

And Checkout Tests

Operability TestsPrudency Tests

Qualification Tests

Environmental Stress
* Configuration
* Heat Stress
* Cold Stress
* Operability
* Prudency

Seismic Stress Tests
* Configuration
* OBE
* SSE
* Operability
* Prudency

EMI/RFI Stress
* Configuration
* Emission
* Susceptability
* Operability
* Prudency

ESD/Surge/Isolation
* Configuration
* ESD
* EFT
*Surge Withstand
* Operability
* Prudency

Operability TestsPrudency Tests

Post Qualification Tests

 
Figure 1. Overall Test Arrangement and Sequence 

[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
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Figure 2. HFC-FPGA Qualification Test Specimen 

Table 2 contains the Master Configuration List of equipment used in the VVO 115 
Qualification Test Specimen. Table 2 also describes functions of each module that were 
tested by the Qualification Test Specimen. 
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Table 2. Qualification Test Specimen Items 

Rack Plug-In PCBs 
Designation Part Number Function 

HFC-FPUD01 40117421Q 16-Point Form C Relay Output Card 
HFC-FPUD02 40117422Q FPU I/O Module for 32 DI Channels 
HFC-FPUA01 40124221Q FPU I/O Module for 16 4- to 20-mA AI 

Channels 
HFC-FPUAO 40129421Q FPU I/O Module for 8 4- to 20-mA AO 

Channels 
HFC-FPUL 40127021Q FPU I/O Module for 8 AI Channels for 

Type E Thermocouples 
HFC-FPUM 40127421Q FPU I/O Module for 8 AI Channels for 100-

Ohm Platinum RTDs 
HFC-FPUM2 40145621Q FPU I/O Module for 8 AI Channels for 100-

Ohm Platinum RTDs (designed for a higher 
input accuracy) 

HFC-FCPU 40132221Q FPGA Controller Module for the HFC-
FPGA system with onboard I/O function 

HFC-FCPUX 40145221Q FPGA Controller Module for the HFC-
FPGA system  

HFC-HSIM 40108621Q F-Link High Speed Interface Module 
HFC-FPC08 40103834Q Communication Gateway Controller 

Without VGA 
CON Cards (Plugs in at rear of backplane slots for interface to Termination 

Cards) 
Designation Part Number Function 
HFC-
FPC08CON4 

40123081Q Use with FPC08 

HFC-
FPUDCON 

40129081Q Use with FPUD01/FPUD02 

HFC-
AI16CON2 

40121881Q Use with FPUA 

HFC-AO8CON2 40132681Q Use with FPUAO 
HFC-AI8CON2 40136281Q Use with FPUL 
HFC-HSIMCON 
1300nm 2RX 

40109423Q Use with HSIM (RX Config) 

HFC-HSIMCON 
1300nm 2TX 

40109424Q Use with HSIM (TX Config) 

HFC-AI8CON3 40140681Q Use with FPUM/FPUM2 
HFC-FCPUCON 40142282Q Use with FCPU/FCPUX 

Termination Cards (Field wire connection point. Connected to CON cards via 
DB25/50 cables) 

Designation Part Number Function 
HFC-
TBDO16T4 

40129881Q Use with FPUD01 

HFC-TBDI16T3 40130681Q Use with FPUD02 
HFC-TBAI8LT 40135881Q Use with FPUL 
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HFC-TBAI8MT 40141081Q Use with FPUM 
HFC-TBAO8T 40133081Q Use with FPUAO 
HFC-TBAI16T 40117082Q Use with FPUA 

Miscellaneous Equipment 
Designation Part Number Function 
CABLE 
ASSEMBLY, 
DB50, 9 FOOT 
S10097, TYPE 
A 

71002409Q For connection between Termination Cards 
and CON Cards 

CABLE 
ASSEMBLY, 
DB25, 9 FOOT 
S10096, TYPE 
A 

70082309Q For connection between Termination Cards 
and CON Cards 

HFC-FOT06 40062581 Fiber Optic Transceiver 
RIF Cable 71004202Q Redundancy Interface Cable (RIF) 
HFC-BPE01-19 40041201Q 19-inch backplane for the HFC-6000 and 

HFC-FPGA system 
 
Detailed configuration information, a full list of included hardware, and a detailed 
description of the TSAP is described in VV901-300-10 (Reference 8). 
 
[ 
 
 

] 
Table 3. FPGA Type and Quantity 

Module FPGA Used Quantity of FPGA used 
HFC-FPUD01 Microsemi ProASIC3 A3P1000 2 
HFC-FPUD02 Microsemi ProASIC3 A3P1000 2 
HFC-FPUA01 Microsemi IGLOO2 M2GL060 2 
HFC-FPUAO Microsemi ProASIC3 A3P1000 2 
HFC-FPUL Microsemi IGLOO2 M2GL025 2 
HFC-FPUM Microsemi IGLOO2 M2GL025 2 
HFC-FPUM2 Microsemi IGLOO2 M2GL025 2 
HFC-FCPU Microsemi IGLOO2 M2GL050 2 
HFC-FCPUX Microsemi IGLOO2 M2GL150 2 
HFC-HSIM Microsemi ProASIC3 A3P600 2 
HFC-FPC08 Microsemi IGLOO AGL600 1 
 
[ 
 

] 
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5.0 
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TEST SYSTEM 

Figure 3. Typical HFC-FPGA Qualification Test System 

Figure 4 shows the connection of the HFC-FPGA Qualification Test Specimen and Test 
System. 

Figure 4. HFC-FPGA Qualification Test Specimen and Test System Connection 

TR901-302-02 14 of94 Rev. A 
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6.0 TEST REQUIREMENTS AND ACCEPTANCE CRITERIA 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
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[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
 

7.0 TEST PLANS AND TEST PROCEDURES 
 

[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
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8.0 TEST RESPONSIBILITIES  
 
[ 
 
 
 
 
 
 
 
 
 

] 
 
9.0 TEST CONTROL 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
 
10.0 MEASUREMENT AND TEST EQUIPMENT 
 
[ 
 
 
 
 
 
 
 
 
 

] 
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[ 
 
 
 

] 
 
11.0 TEST SCHEDULE 
 
[ 
 
 
 
 
 
 

] 
Table 4. Qualification Test Execution Schedule 

Test Execution Period 
Prequalification Test November 25, 2015 - June 6, 2016 

Environmental Stress Test June 6, 2016 - June 13, 2016  
Post Test June 17, 2016 - June 24, 2016 

EMI/RFI Test June 27, 2016 - September 26, 2016 
Post Test: September 28, 2016 - October 13, 2016 

ESD Test September 7, 2016 - September 13, 2016 and February 11, 2017 
Surge Withstand Test August 2, 2016 - September 9, 2016 

Seismic Test October 17, 2016 
Post Test: October 26, 2016 - November 16, 2016 
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12.0 TEST DOCUMENTATION 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
 
13.0 EVALUATION OF TEST RESULTS 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
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14.0 AS-TESTED EQUIPMENT QUALIFICATION ENVELOPE 
 
[ 
 
 

] 
Table 5. Equipment Qualification Envelope 

Equipment 
Qualification 
Category 

Source of Qualification 
Test Specification 

Modifications to Test Setup 
or Qualification Envelope 

Qualification Test 
Acceptance Criteria 

Environmental 
(Temperature 
& Humidity) 

EPRI TR-107330 Sections 
4.3.6, 4.6.1.1, 5.5, 6.2.1.1 
item B, 6.3.1, 6.3.3 and 
6.4.3, Figure 4-4, Table 5-
1 

The low-temperature test 
was longer than 8 hours due 
to a chamber air vent getting 
iced over periodically. The 
test was run long enough for 
over 24 hours of total run 
time at or below 33 °F (0.6 
°C) cumulatively. 
Meeting requirement of 8 
hours at 40 °F or lower for 
EPRI TR-107330 Figure 4-4. 

Section 4.3.6 of 
EPRI TR-107330 

Seismic EPRI TR-107330 
Sections 4.3.9, 4.4.6.1, 
4.6.1.1, Figure 4-5, Table 
5-1, 6.2.1.1.A, 6.3.1.C, 
6.3.4 

No modification made to 
qualification envelope. 

Section 4.3.9 of 
EPRI TR-107330 

EMI/RFI The required levels of 
EMI/RFI susceptibility 
and radiation limits are 
defined in USNRC 
RG 1.180, Rev 1 – 2003.  
 
Radiated Susceptibility 
Test – RS101 (Reference 
MIL-STD 461E Paragraph 
5.18) 
 
Radiated Susceptibility 
Test – RS103 (Reference 
MIL-STD 461E Paragraph 
5.19) 
 
Conducted Susceptibility 
Test – CS101 (Reference 
MIL-STD 461E Paragraph 
5.7) 
 

No modification made to 
qualification envelope. 
 
No Modifications to test 
setup: CE102, CE101, 
CS114, RS101, CS115, 
CS116, RS103, RE101, 
CS101. 
 
24 VDC wires twisted 
together inside unit, ½” 
braided grounding strap 
secured to chassis 
ground: IEC 61000-4-4, IEC 
61000-4-5, IEC 61000-4-12 
24 VDC wires twisted 
together inside unit, ½” 
braided grounding strap 
secured to chassis 
ground, FPC08 bezel 
grounded with field wire to 

MIL-STD-461E and 
USNRC RG 1.180 
list the maximum 
signal strength for 
each of the 
susceptibility tests. 
 
USNRC RG 1.180, 
Rev 1 - 2003 
indicates the 
maximum 
acceptable 
equipment 
emissions and 
susceptibility level 
for each frequency 
range. 
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Conducted Susceptibility 
Test – CS114 (Reference 
MIL-STD 461E Paragraph 
and 
5.12) 
 
Conducted Susceptibility 
Test – CS115 (Reference 
MIL-STD 461E Paragraph 
5.13) 
 
Conducted Susceptibility 
Test – CS116 (Reference 
MIL-STD 461E Paragraph 
5.14) 
 
Radiated Emissions Test – 
RE101 and RE102 
(Reference MIL-STD 
461E Paragraph 
5.15 and 5.16) 
 
Conducted Emissions Test 
– CE101 and CE102 
(Reference MIL-STD 
461E 
Paragraph 5.4 and 5.5) 

chassis ground: IEC 61000-
4-2 
 
24 VDC wires twisted 
together inside unit, ½” 
braided grounding strap 
secured to chassis 
ground, FPC08 bezel 
grounded with field wire to 
chassis ground, signal and 
power cables 
enclosed in grounded 
conduit: RE102 

Surge 
Withstand 
& 
Electrical Fast 
Transient 
(EFT) 

NRC RG 1.180 on power 
surge tests. 
EPRI TR-107330 section: 
4.3.4.4.F, 4.6.2, 4.6.8, 
6.3.1.E, 6.3.5, 8.6.1.C. 

No modification made to 
qualification envelope. 

Section 4.6.2 of 
EPRI TR-107330 
and 
RG 1.180, Revision 
1 

Electrostatic 
Discharge 
(ESD) 

EPRI TR-107330 
Sections 4.3.8, Table 5-1, 
6.3.1.B, 6.4.2 
The level of ESD 
immunity required is 
defined in EPRI TR-
102323-R1 Appendix B. 

No modification made to 
qualification envelope. 

Section 4.3.8 of 
EPRI TR-107330 
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15.0 SUMMARY 
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Appendix A. Prequalification Test Summary 
 

 Purpose  
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] 
 

 Objective 
 
[ 
 
 
 

] 
 

 Equipment Tested 
 
[ 
 
 

] 
 

 Sequence of Testing 
 
[ 
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 Procedures 
 
[ 
 
 
 
 
 
 
 

]  
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[ 
 
 
 
 
 
 
 
 
 
 
 

 
 

] 
 Test Specimen Mounting 

 
[ 
 
 
 
 
 
 
 
 
 
 

] 
 



Figure 5. Test Specimen Mounting for Prequalijication Test 

A. 7. Service Conditions 

A.8. Test Levels 
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 Performance Monitoring 
 
[ 

] 
 

 Acceptance Criteria 
 
[ 
 

] 
 

Table 6. Acceptance Criteria for Prequalification Test 

Test Sub-Test Acceptance Criteria 
Application 
Software 
Objects Test 

Failure Detection 
Test (Loss of 
Communication 
Path) 

1. A redundant serial F-LINK shall exist from the 
HFC-FCPU/FCPUX controller to each of the 
configured I/O modules. 
2. A redundant serial G-LINK shall exist from the 
HFC-FCPU/FCPUX to the HFC-FPC08. 
3. A redundant Ethernet C-Link shall enable control 
status information from the HFC-FPC08 to external 
equipment. 
4. A redundant Ethernet Telnet link enables reading 
and writing data from the controller. 
5. Communication shall exist between the Test 
Specimen, the external MCRT and monitoring 
equipment. 
6. Loss of the Telnet link shall not cause any 
controller of the Test Specimen to fail. 
7. When an I/O card is removed and replaced, 
operation of any other module shall not be 
interrupted, and the MCRT shall indicate loss of 
communication with that card. 
8. When one CPU of a redundant pair is removed, 
operation of the remaining controller shall not be 
interrupted, and the MCRT shall indicate loss of 
communication with that CPU. 

Software Tools 
Verification 

The latest version of the EWS software package 
shall be installed in the PC workstation for the 
Qualification Test Specimen. 

Configuration 
Management 
Verification 

1. All FPGA boards shall be programmed with the 
latest version of code. 
2. All boards in the Qualification Test Specimen 
shall be labeled with ID stickers, including part 
number, revision, and serial number. 
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Test Sub-Test Acceptance Criteria 
Sequence of 
Events (SOE) 
Processing 
Verification 

1. The SOE application shall be able to capture, 
store, and time tag up to 20 transitions using 50 
discrete events. 
2. The SOE application shall be able to start and stop 
capturing events. 
3. The SOE application can be able to transmit 
captured events to an external PC. 
4. The relative accuracy of SOE time tags shall be 
one scan cycle ±50 ms. 

Human/Machine 
Interface 
Verification 

The latest version of the HFC PC workstation 
software shall be installed. 

Alarm Processing 
Test 

1. The MCRT shall accurately display the operating 
status of the Test Specimen. 
2. The MCRT shall display activation of a defined 
alarm condition. 
3. The alarm display shall indicate the point 
designation, alarm state, time, and date. 
4. When an alarm state is cleared, the alarm display 
shall indicate that the alarm state is inactive (OFF). 
5. When an operator acknowledges an alarm, all 
inactive (OFF) alarms shall be cleared from the 
display. 

Burn-In Test N/A 1. The edge LED on the PCB under test shall 
indicate normal operation throughout the entire test 
interval. 
2. DMT LED on the PCB shall be on constantly. 
3. TX and RX LEDs on the PCB shall flash rapidly 
to indicate active communication. 
4. For other components on the PCB, such as power 
supply, computers or network equipment, they shall 
be operating throughout the entire test period. 

Integration 
(Set-up and 
Check-out) 
Test 

Equipment / 
Hardware Setup 

1. All hardware components and communication 
cables depicted on BOM and drawing 71006001Q 
shall be highlighted and signed. 
2. All Qualification Test Specimen's PCBs depicted 
on drawing 710063-01 shall be highlighted and 
signed. 

Continuity Test 1. All circuits depicted on drawing 700916-01 shall 
be highlighted and signed. 
2. All circuits depicted on drawing 700909-01 shall 
be highlighted and signed. 

Telnet 
Communication 
Test 

1. The status of the Qualification Test Specimen and 
the HPAT shall be displayed in MCRT accurately. 
2. The loss of communication on a single Telnet 
shall not cause remote failures for both the 
Qualification Test Specimen and the HPAT. 
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Test Sub-Test Acceptance Criteria 
I/O Functional 
Test 

All DI channels (HFC-FPUD01 and HFC-FPUD02), 
DO channels (HFC-FPUD02), AI channels (HFC-
FPUA), AO channels (HFC-FPUAO), RTD input 
channels (HFC-FPUM and HFC-FPUM2), and Type 
E thermocouple input channels (HFC-FPUL) on the 
loop schematics shall be highlighted and signed. 

TSAP 
Validation 
Test 

Source Code 
Verification 

1. All point types and point designations shall match 
those in the logic diagrams. 
2. All logic connections traced from point to point 
shall match the connections shown in the logic 
diagram. 
3. All timer preset values shall match those shown in 
the logic diagrams. 
4. All internal block structures shall contain the 
values shown in the logic diagrams. 

Operability Test 
Support - 
Accuracy Test 

1. MCRT interface shall enable test engineer to 
start/stop the automated accuracy test. 
2. All AI and AO channels listed for the automated 
accuracy test shall exhibit the test waveform while 
the test is enabled. 
3. Response time of the system to each step shall be 
sufficient to permit accurate recording of the AI and 
AO channel performance. 
4. Thermocouple AI channel shall be configured and 
respond to simulated input. 
5. RTD AI channel shall be configured and respond 
to simulated input. 

Operability Test 
Support - Digital 
Response Time 
Test 

1. MCRT interface shall enable test engineer to 
start/stop the automated response time test 
algorithms. 
2. While digit response time test is running, the 
TSAP algorithm shall cycle the specified DI and DO 
points on and off at a frequency able to be monitored 
and recorded by the SOE logger. 
3. TSAP algorithm shall permit accurate 
measurement of average cycle time (plus jitter). 
4. HPAT algorithm shall produce a free-running 0.5 
Hz square wave. 

Operability Test 
Support - Analog 
Response Time 
Test 

1. MCRT interface shall enable test engineer to 
start/stop the automated response time test 
algorithms. 
2. The HPAT algorithm shall transition the specified 
AI points from 10% to 50% and the specified AO 
points from 0% to 40%. 
3. The duration from input transition to output 
transition shall permit accurate measurement of 
system analog response time (plus jitter). 
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Test Sub-Test Acceptance Criteria 
Operability Test 
Support - Timer 
Test 

1. MCRT interface shall enable test engineer to 
start/stop the automated timer test algorithms. 
2.Test waveform shall enable direct measurement of 
periods for 1-second and 5-second timers (plus 
jitter). 

Prudency Test 
Support - Burst of 
Events Test 

1. MCRT interface shall enable test engineer to 
start/stop the automated burst of events test 
algorithms. 
2. HPAT shall control two digital burst of events 0.5 
Hz square waves that are 180 degrees out of phase. 
3. HPAT shall control an analog burst of events 0.5 
Hz square waves that switches between 10% and 
90% of span. 
4. While test is running, all points under test shall 
exhibit activity. When test is disabled, all of these 
points shall remain static. 

Operability 
Test 

Accuracy Test 
(Automatic and 
Manual) 

1. The 4-20 mA AI channels shall have accuracy 
within ±0.1% of span over the entire range. 
2. The 4-20 mA AO channels shall have accuracy 
within ±0.1% of span over the entire range. 

Response Time 
Test (Digital and 
Analog) 

1. The average response time for digital circuit shall 
be 100 ms or better from activation of the trip 
condition to output of the trip DO signal. 
2. The average response time for analog circuit shall 
be 100 ms or better from activation of the trip 
condition to output of the trip DO signal. 

Discrete Input 
Operability Test 

1. The guaranteed DI set voltage level shall be 12 to 
15 v at 25 degree C. 
2. The guaranteed DI dropout voltage level shall be 
12 to 15 v at 25 degree C. 
3. The maximum input voltage shall be 53 v at 25 
degree C. 

Discrete Output 
Operability Test 

The solid state DO channels shall be able to switch 
24-vdc excitation power. 

Communication 
Operability Test 

The C-Link, G-Link, Telnet Link, and F-Link shall 
continue in the presence of stress conditions. 

Timer Test The timer accuracy shall vary by no more than ±1% 
of the setpoint value or ±3 scan cycles. 
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Test Sub-Test Acceptance Criteria 
Failure to 
Complete Scan 
Detection 

1. When an input triggers a logic which execution 
time is over 100ms, the system shall fail over from 
the main controller to the secondary controller. And 
the system shall continue to operate. 
2. The failover event shall be logged. 
3. A power reset will bring the system back to 
redundant configuration. 
4. SOE log shall indicate the failure to complete scan 
detected within 200 + 100ms. 
5. Variation to detect time of failure shall be ±10% 
or less throughout the qualification testing. 

Failover Test 1. Transfer to secondary controller shall trigger an 
alarm. 
2. Secondary controller shall continue to run in 
normal operation mode. 
3. Transfer event shall occur within 200ms (2 main 
processor scan cycle times). 
4. Transfer event shall not cause I/O modules to 
have more than an 0.5% transient shift in the final 
output signal. 
5. Transfer event shall not cause a change in the I/O 
signal that persists for more than 5 ms for DC signal 
or 1 cycle for AC signals. 
6. Transfer event shall not cause pulse input modules 
to lose signal. 
7. Transfer event shall not cause digital I/O to 
change state for more than 2 ms, and analog I/O 
signals to change by more than 5%. 

Redundancy Test 1. No interruption on F-LINK communication shall 
be observed for the remote under test. 
2. Automated tests shall not be interrupted during 
the redundancy failover. 
3. For power supplies, no system disruption shall 
occur. 

Loss of Power 
Test 

1. All output channels shall return to the deenergized 
state on loss of power. 
2. All output channels remain in a failsafe state 
defined for the control circuit until the operator 
indicates operation. 

Prudency 
Test 

Burst of Events 
Test 

1. For digital points, every transition shall be 
detected. No link alarm shall be present for the 
Qualification Test Specimen channel. Every 
transition shall occur within 1.0 ±0.1 sec. 
2. For analog points, every AI transition shall be 
detected and present in the image signal. Every AI 
transition shall be duplicated in the AO image. 
Averaged accuracy of AI and AO images shall 
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Test Sub-Test Acceptance Criteria 
remain within 1 Hz ± 10%. 

Serial Port Failure 
/ Noise Test 

1. The SOE records of the BOE transitions shall 
include intervals both without and with the failure 
condition imposed.  
2. Response time characteristics of the test signal 
with the fault conditions imposed shall not deviate 
by more than ±10% from those with no fault 
condition. 

 
 

 Documentation 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
] 
 

 Test Results 
 
Detailed test results of the Prequalification Test were reported in TR901-302-01 
(Reference 9), which are summarized in Table 7. 
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Table 7. Summary of Prequalification Test Results 

Test Sub-Test Redmine or CR Sub-Test 
Result 

Overall 
Result 

Applicatio
n Software 
Objects 
Test 

Failure Detection 
Test (Loss of 
Communication Path) 

Yes, CR No: 2016-
0186 

Passed Passed 

Software Tools 
Verification 

No Passed 

Configuration 
Management 
Verification 

No Passed 

Sequence of Events 
(SOE) Processing 
Verification 

Yes, CR No: 2016-
0186 

Passed 

Human/Machine 
Interface Verification 

No Passed 

Alarm Processing 
Test 

No Passed 

Burn-In 
Test 

N/A No Passed Passed 

Integration 
(Set-up and 
Check-out) 
Test 

Equipment / 
Hardware Setup 

No Passed 

Continuity Test No Passed 
Telnet 
Communication Test 

No Passed 

I/O Functional Test Yes, CR No: 2016-
0187 

Passed 

TSAP 
Validation 
Test 

Source Code 
Verification 

No Passed Passed 

Operability Test 
Support - Accuracy 
Test 

Yes Passed 

Operability Test 
Support - Digital 
Response Time Test 

Yes Passed 

Operability Test 
Support - Analog 
Response Time Test 

No Passed 

Operability Test 
Support - Timer Test 

Yes Passed 

Prudency Test 
Support - Burst of 
Events Test 

Yes Passed 

Operability 
Test 

Accuracy Test No Passed Passed 
Response Time Test Yes, CR No: 2016-

0204 
Passed 

Discrete Input Yes, CR No: 2016- Passed 
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Operability Test 0204 
Discrete Output 
Operability Test 

Yes, CR No: 2016-
0204 

Passed 

Communication 
Operability Test 

Yes, CR No: 2016-
0204 

Passed 

Timer Test No Passed 
Failure to Complete 
Scan Detection 

Yes, CR No: 2016-
0204 

Passed 

Redundancy Test No Passed 
Failover Test Yes, CR No: 2016-

0204 
Passed 

Loss of Power Test Yes, CR No: 2016-
0204 

Passed 

Prudency 
Test 

Burst of Events Test Yes, CR No: 2016-
0192 

Passed Passed 

Serial Port Failure / 
Noise Test 

Yes, CR No: 2016-
0192 

Passed 

 
 Resolution of Test Discrepancies 

 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
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Appendix B. Qualification Test Summary – Environmental Stress Test 
 
B.1. Purpose 
 
[ 
 
 
 

] 
 
B.2. Objective 
 
[ 
 
 
 
 

] 
 
B.3. Equipment Tested 
 
[ 

] 
 
B.4. Sequence of Testing 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
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[ 
] 

[ 
 
 

] 
 

 
Figure 6. Environmental Stress Test Profile 

 
[ 

] 
 
B.5. Procedures 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
 
 

48 HR MIN 4 HR MIN

4 HR MIN

8 HR MIN

HI TEMP

AMBIENT
LO TEMP



HFC-FPGA Equipment Qualification Summary Test Report 

B.6. Test Specimen Mounting 

] 

Figure 7. Test Specimen Arrangement in Environmental Stress Test Chamber 

B. 7. Service Conditions 

TR901-302-02 40 of94 Rev.A 



Figure 8. Record of Test Chamber Temperature/RH 

B.8. Test Levels 

[ 

] 

B.9. Performance Monitoring 

[ 

] 

B.10. Acceptance Criteria 

[ 

] 
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Table 8. Acceptance Criteria for Environmental Stress Test 

Test Sub-Test Acceptance Criteria 
Configuration: 
Pre-Test Setup 
and Inspection 

Output Level of Power 
Supplies Verification 

1. Operating power applied to Qualification 
Test Specimen and monitoring equipment 
shall be 120 vac and 60 Hz. 
2. The Qualification Test Specimen power 
supply output level shall be 24 ± 0.2 vdc. 

Qualification Test 
Specimen Status 
Verification 

The Qualification Test Specimen status shall 
be examined by means of MCRT graphic 
screens to verify that no unexpected I/O 
signals are present. 

Alarm Status 
Verification 

All active alarms shown on the Alarm 
Summary screen shall be resolved. 

Test E1: High 
Temperature 
Heat Stress 

N/A 1. No component of the Qualification Test 
Specimen shall fail during the test period. 
2. No unexpected inputs / outputs shall be 
observed during the test period. 
3. All alarms shall be cleared. 

Operability 
and Prudency 
Check: High 
Temperature 

Operability - Automated 
Analog Accuracy Test 

1. The 4-20 mA AI channels shall have 
accuracy within ±0.35% of span over the 
entire range. 
2. The 4-20 mA AO channels shall have 
accuracy within ±0.35% of span over the 
entire range. 

Operability - Automated 
Response Time Test 

The maximum response time for digital circuit 
shall not increase by more than 10% from 
measured baseline value (100 ms or better 
from activation of the trip condition to output 
of the trip DO signal). 

Operability - 
Communication 
Operability Test 

The C-Link, G-Link, Telnet Link, and F-Link 
shall continue in the presence of stress 
conditions. 

Operability - Automated 
Timer Test 

The timer accuracy shall vary by no more than 
±1% of the setpoint value or ±3 scan cycles. 

Operability - Loss of 
Power Test 

1. All output channels shall return to the 
deenergized state on loss of power. 
2. All output channels remain in a failsafe 
state defined for the control circuit until the 
operator indicates operation. 
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Test Sub-Test Acceptance Criteria 
Prudency - Analog and 
Digital Burst of Events 
Test 

1. For digital points, every transition shall be 
detected. No link alarm shall be present for the 
Qualification Test Specimen channel. Every 
transition shall occur within 1.0 ±0.1 sec. 
2. For analog points, every AI transition shall 
be detected and present in the image signal. 
Every AI transition shall be duplicated in the 
AO image. Averaged accuracy of AI and AO 
images shall remain within 1 Hz ± 10%. 

Test T1: 
Ramp Down 
to Low 
Temperature 

N/A 1. No component of the Qualification Test 
Specimen shall fail during the test period. 
2. No unexpected inputs / outputs shall be 
observed during the test period. 

Test E2: Low 
Temperature 
Cold Stress 

N/A 1. No component of the Qualification Test 
Specimen shall fail during the test period. 
2. No unexpected inputs / outputs shall be 
observed during the test period. 
3. All alarms shall be cleared. 

Operability 
and Prudency 
Check: Low 
Temperature 

Operability - Automated 
Analog Accuracy Test 

1. The 4-20 mA AI channels shall have 
accuracy within ±0.35% of span over the 
entire range. 
2. The 4-20 mA AO channels shall have 
accuracy within ±0.35% of span over the 
entire range. 

Operability - Automated 
Response Time Test 

The maximum response time for digital circuit 
shall not increase by more than 10% from 
measured baseline value (100 ms or better 
from activation of the trip condition to output 
of the trip DO signal). 

Operability - 
Communication 
Operability Test 

The C-Link, G-Link, Telnet Link, and F-Link 
shall continue in the presence of stress 
conditions. 

Operability - Automated 
Timer Test 

The timer accuracy shall vary by no more than 
±1% of the setpoint value or ±3 scan cycles. 

Operability - Loss of 
Power Test 

1. All output channels shall return to the 
deenergized state on loss of power. 
2. All output channels remain in a failsafe 
state defined for the control circuit until the 
operator indicates operation. 
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Test Sub-Test Acceptance Criteria 
Prudency - Analog and 
Digital Burst of Events 
Test 

1. For digital points, every transition shall be 
detected. No link alarm shall be present for the 
Qualification Test Specimen channel. Every 
transition shall occur within 1.0 ±0.1 sec. 
2. For analog points, every AI transition shall 
be detected and present in the image signal. 
Every AI transition shall be duplicated in the 
AO image. Averaged accuracy of AI and AO 
images shall remain within 1 Hz ± 10%. 

Test T2: 
Ramp Up to 
Ambient 
Temperature 

N/A 1. No component of the Qualification Test 
Specimen shall fail during the test period. 
2. No unexpected inputs / outputs shall be 
observed during the test period. 

Operability 
and Prudency 
Check: 
Ambient 
Temperature 

Accuracy Test 
(Automatic) 

1. The 4-20 mA AI channels shall have 
accuracy within ±0.35% of span over the 
entire range. 
2. The 4-20 mA AO channels shall have 
accuracy within ±0.35% of span over the 
entire range. 

Response Time Test 
(Digital) 

The maximum response time for digital circuit 
shall not increase by more than 10% from 
measured baseline value (100 ms or better 
from activation of the trip condition to output 
of the trip DO signal). 

Communication 
Operability Test 

The C-Link, G-Link, Telnet Link, and F-Link 
shall continue in the presence of stress 
conditions. 

Timer Test The timer accuracy shall vary by no more than 
±1% of the setpoint value or ±3 scan cycles. 

Loss of Power Test 1. All output channels shall return to the 
deenergized state on loss of power. 
2. All output channels remain in a failsafe 
state defined for the control circuit until the 
operator indicates operation. 

Burst of Events Test 1. For digital points, every transition shall be 
detected. No link alarm shall be present for the 
Qualification Test Specimen channel. Every 
transition shall occur within 1.0 ±0.1 sec. 
2. For analog points, every AI transition shall 
be detected and present in the image signal. 
Every AI transition shall be duplicated in the 
AO image. Averaged accuracy of AI and AO 
images shall remain within 1 Hz ± 10%. 
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Test Sub-Test Acceptance Criteria 
Operability 
Test: 
Environmental 
Post Test 

Accuracy Test 
(Automatic and 
Manual) 

1. The 4-20 mA AI channels shall have 
accuracy within ±0.1% of span over the entire 
range. 
2. The 4-20 mA AO channels shall have 
accuracy within ±0.1% of span over the entire 
range. 

Response Time Test 
(Digital and Analog) 

1. The average response time for digital circuit 
shall be 100 ms or better from activation of the 
trip condition to output of the trip DO signal. 
2. The average response time for analog circuit 
shall be 100 ms or better from activation of the 
trip condition to output of the trip DO signal. 

Discrete Input 
Operability Test 

1. The guaranteed DI set voltage level shall be 
12 to 15 v at 25 degree C. 
2. The guaranteed DI dropout voltage level 
shall be 12 to 15 v at 25 degree C. 
3. The maximum input voltage shall be 53 v at 
25 degree C. 

Discrete Output 
Operability Test 

The solid state DO channels shall be able to 
switch 24-vdc excitation power. 

Communication 
Operability Test 

The C-Link, G-Link, Telnet Link, and F-Link 
shall continue in the presence of stress 
conditions. 

Timer Test The timer accuracy shall vary by no more than 
±1% of the setpoint value or ±3 scan cycles. 

Failure to Complete 
Scan Detection 

1. When an input triggers a logic which 
execution time is over 100ms, the system shall 
fail over from the main controller to the 
secondary controller. And the system shall 
continue to operate. 
2. The failover event shall be logged. 
3. A power reset will bring the system back to 
redundant configuration. 
4. SOE log shall indicate the failure to 
complete scan detected within 200 + 100ms. 
5. Variation to detect time of failure shall be 
±10% or less throughout the qualification 
testing. 
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Test Sub-Test Acceptance Criteria 
Failover Test 1. Transfer to secondary controller shall 

trigger an alarm. 
2. Secondary controller shall continue to run in 
normal operation mode. 
3. Transfer event shall occur within 200ms (2 
main processor scan cycle times). 
4. Transfer event shall not cause I/O modules 
to have more than an 0.5% transient shift in 
the final output signal. 
5. Transfer event shall not cause a change in 
the I/O signal that persists for more than 5 ms 
for DC signal or 1 cycle for AC signals. 
6. Transfer event shall not cause pulse input 
modules to lose signal. 
7. Transfer event shall not cause digital I/O to 
change state for more than 2 ms, and analog 
I/O signals to change by more than 5%. 

Redundancy Test 1. No interruption on F-LINK communication 
shall be observed for the remote under test. 
2. Automated tests shall not be interrupted 
during the redundancy failover. 
3. For power supplies, no system disruption 
shall occur. 

Loss of Power Test 1. All output channels shall return to the 
deenergized state on loss of power. 
2. All output channels remain in a failsafe 
state defined for the control circuit until the 
operator indicates operation. 

Prudency 
Test: 
Environmental 
Post Test 

Burst of Events Test 1. For digital points, every transition shall be 
detected. No link alarm shall be present for the 
Qualification Test Specimen channel. Every 
transition shall occur within 1.0 ±0.1 sec. 
2. For analog points, every AI transition shall 
be detected and present in the image signal. 
Every AI transition shall be duplicated in the 
AO image. Averaged accuracy of AI and AO 
images shall remain within 1 Hz ± 10%. 

Serial Port Failure / 
Noise Test 

1. The SOE records of the BOE transitions 
shall include intervals both without and with 
the failure condition imposed.  
2. Response time characteristics of the test 
signal with the fault conditions imposed shall 
not deviate by more than ±10% from those 
with no fault condition. 
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B.11. Documentation 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
 
B.12. Test Results 
 
[ 

] 
Table 9. Summary of Environmental Stress Test Results 

Test Sub-Test Redmine or 
CR 

Sub-Test 
Result 

Overall 
Result 

Configuration: 
Pre-Test Setup 
and Inspection 

Output Level of Power 
Supplies Verification 

No Passed Passed 

Qualification Test Specimen 
Status Verification 

No Passed 

Alarm Status Verification No Passed 
Test E1: High 
Temperature 
Heat Stress 

N/A No Passed Passed 

Operability and 
Prudency Check: 
High 
Temperature 

Operability - Automated 
Analog Accuracy Test 

No Passed 

Operability - Automated 
Response Time Test 

No Passed 
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Test Sub-Test Redmine or 
CR 

Sub-Test 
Result 

Overall 
Result 

Operability - Communication 
Operability Test 

No Passed 

Operability - Automated 
Timer Test 

No Passed 

Operability - Loss of Power 
Test 

No Passed 

Prudency - Analog and 
Digital Burst of Events Test 

No Passed 

Test T1: Ramp 
Down to Low 
Temperature 

N/A No Passed Passed 

Test E2: Low 
Temperature 
Cold Stress 

N/A No Passed Passed 

Operability and 
Prudency Check: 
Low 
Temperature 

Operability - Automated 
Analog Accuracy Test 

No Passed Passed 

Operability - Automated 
Response Time Test 

No Passed 

Operability - Communication 
Operability Test 

No Passed 

Operability - Automated 
Timer Test 

No Passed 

Operability - Loss of Power 
Test 

No Passed 

Prudency - Analog and 
Digital Burst of Events Test 

No Passed 

Test T2: Ramp 
Up to Ambient 
Temperature 

N/A No Passed Passed 

Operability and 
Prudency Check: 
Ambient 
Temperature 

Operability - Automated 
Analog Accuracy Test 

No Passed Passed 

Operability - Automated 
Response Time Test 

No Passed 

Operability - Communication 
Operability Test 

No Passed 

Operability - Automated 
Timer Test 

No Passed 

Operability - Loss of Power 
Test 

No Passed 

Prudency - Analog and 
Digital Burst of Events Test 

No Passed 

Operability Test: 
Environmental 
Post Test 

Accuracy Test No Passed Passed 
Response Time Test No Passed 
Discrete Input Operability 
Test 

No Passed 
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Test Sub-Test Redmine or 
CR 

Sub-Test 
Result 

Overall 
Result 

Discrete Output Operability 
Test 

No Passed 

Communication Operability 
Test 

No Passed 

Timer Test No Passed 
Failure to Complete Scan 
Detection 

No Passed 

Redundancy Test No Passed 
Failover Test No Passed 
Loss of Power Test No Passed 

Prudency Test: 
Environmental 
Post Test 

Burst of Events Test No Passed Passed 
Serial Port Failure / Noise 
Test 

No Passed 

 
 
B.13. Resolution of Test Discrepancies 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

]
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Appendix C. Qualification Test Summary – EMI/RFI Test 
 
C.1. Purpose 
 
[ 
 
 
 
 

] 
 
C.2. Objective 
 
[ 
 
 
 

] 
 
C.3. Equipment Tested 
 
[ 

] 
 
C.4. Sequence of Testing 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
 

C.5. Procedures 
 
[                                                                                                                                             ] 
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C.6. Test Specimen Mounting 
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Figure 9. Line Test Setup for CEJ OJ 
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Figure 10. Line Test Setup for CEJ 02 

Figure 11. General Test Setup for REJ 01 
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Figure 12. General Test Setup for RE102 

Figure 13. General Test Setup for CSJOJ 
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Figure 14. General Test Setup for CSl 14 

Figure 15. General Test Setup for CSl 15 
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Figure 16. General Test Setup for CSJ 16 

Figure 17. General Test Setup for RSI 01 
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Figure 18. General Test Setup for RSJ 03 

C.7. Service Conditions 

C.8. Test Levels 

The specific EMI/RFI tests performed are shown in Table 10. 

TR90I-302-02 56 of94 Rev.A 
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Table 10. EMI/RFI Test Requirements 

Test Method Sections Frequency Range Test Points 
Conducted 
Emissions 

CE101 120 kHz – 10 kHz Power Leads 
CE102 10 kHz – 2 MHz Power Leads 

Radiated Emissions RE101 30 Hz – 100 kHz Case and Cables 
RE102 2 MHz – 18 GHz Case and Cables 

Conducted 
Susceptibility 

CS101 120 Hz- 150 kHz Power Leads 
CS114 10 kHz – 30 MHz Power Leads and 

Cables 
CS115 Impulse Excitation Power Leads and 

Cables 
CS116 Damped Sinusoidal 

Transient 
Power Leads and 
Cables 

Radiated 
Susceptibility 

RS101 30 Hz – 100 kHz Case and Cables 
RS103 30 MHz – 10 GHz Case and Cables 

  
 
C.9. Performance Monitoring 
 
[ 

] 
 
C.10. Acceptance Criteria 
 
[ 
 

] 
 

Table 11. Acceptance Criteria for EMI/RFI Test 

Test Sub-Test Acceptance Criteria 
Configuration: 
Pre-Test 
Setup and 
Inspection 

Output Level of 
Power Supplies 
Verification 

1. Operating power applied to Qualification Test 
Specimen and monitoring equipment  shall be 120 
vac and 60 Hz. 
2. The Qualification Test Specimen power supply 
output level shall be 24 ± 0.2 vdc. 

Qualification Test 
Specimen Status 
Verification 

The Qualification Test Specimen status shall be 
examined by means of MCRT graphic screens to 
verify that no unexpected I/O signals are present. 

Alarm Status 
Verification 

All active alarms shown on the Alarm Summary 
screen shall be resolved. 

Conducted 
Emissions 
Test 

CE101 Conducted emission on power leads shall not 
exceed the applicable values shown in RG 1.180. 

CE102 Conducted emission on power leads shall not 
exceed the applicable values shown in RG 1.180. 

Radiated 
Emissions 

RE101 Magnetic field emissions shall not be radiated in 
excess of the levels shown in RG 1.180. 
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Test Sub-Test Acceptance Criteria 
Test RE102 1. Electric field emissions shall not be radiated in 

excess of the levels shown in RG 1.180. 
2. Above 30 MHz, the limits shall be met for both 
horizontally and vertically polarized fields. 

Conducted 
Susceptibility 
Test 

CS101 The equipment under test shall not exhibit any 
malfunction, degradation of performance, or 
deviation from specified indications, beyond the 
tolerances indicated in the individual equipment 
or subsystem specification, when subjected to a 
test signal with voltage levels as specified in RG 
1.180. 

CS114 The equipment under test shall not exhibit any 
malfunction, degradation of performance, or 
deviation from specified indications beyond the 
tolerances indicated in the individual equipment 
or subsystem specification, when subjected to an 
injection probe drive level which has been pre-
calibrated to the appropriate current limit shown 
in RG 1.180. 

CS115 The equipment under test shall not exhibit any 
malfunction, degradation of performance, or 
deviation from specified indications, beyond the 
tolerances indicated in the individual equipment 
or subsystems specification, when subjected to a 
pre-calibrated signal having rise and fall times, 
pulse width, and amplitude as specified in in RG 
1.180. 

CS116 The equipment under test shall not exhibit any 
malfunction, degradation of performance, or 
deviation from specified indications, beyond the 
tolerances indicated in the individual equipment 
or subsystem specification, when subjected to a 
signal having the waveform and having a 
maximum current as specified in RG 1.180. 

Radiated 
Susceptibility 
Test 

RS101 The equipment under test shall not exhibit any 
malfunction, degradation of performance, or 
deviation from specified indications, beyond the 
tolerances indicated in the individual equipment 
or subsystem specification, when subjected to the 
magnetic fields shown in RG 1.180. 
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Test Sub-Test Acceptance Criteria 
RS103 1.The equipment under test shall not exhibit any 

malfunction, degradation of performance, or 
deviation from specified indications, beyond the 
tolerances indicated in the individual equipment 
or subsystem specification, when subjected to the 
radiated electric fields listed in RG 1.180. 
2. Up to 30 MHz, the requirement shall be met for 
vertically polarized fields. 
3. Above 30 MHz, the limits shall be met for both 
horizontally and vertically polarized fields. 

Operability 
Test: 
EMI/RFI Post 
Test 

Accuracy Test 
(Automatic and 
Manual) 

1. The 4-20 mA AI channels shall have accuracy 
within ±0.1% of span over the entire range. 
2. The 4-20 mA AO channels shall have accuracy 
within ±0.1% of span over the entire range. 

Response Time 
Test (Digital and 
Analog) 

1. The average response time for digital circuit 
shall be 100 ms or better from activation of the 
trip condition to output of the trip DO signal. 
2. The average response time for analog circuit 
shall be 100 ms or better from activation of the 
trip condition to output of the trip DO signal. 

Discrete Input 
Operability Test 

1. The guaranteed DI set voltage level shall be 12 
to 15 v at 25 degree C. 
2. The guaranteed DI dropout voltage level shall 
be 12 to 15 v at 25 degree C. 
3. The maximum input voltage shall be 53 v at 25 
degree C. 

Discrete Output 
Operability Test 

The solid state DO channels shall be able to 
switch 24-vdc excitation power. 

Communication 
Operability Test 

The C-Link, G-Link, Telnet Link, and F-Link 
shall continue in the presence of stress conditions. 

Timer Test The timer accuracy shall vary by no more than 
±1% of the setpoint value or ±3 scan cycles. 

Failure to Complete 
Scan Detection 

1. When an input triggers a logic which execution 
time is over 100ms, the system shall fail over 
from the main controller to the secondary 
controller. And the system shall continue to 
operate. 
2. The failover event shall be logged. 
3. A power reset will bring the system back to 
redundant configuration. 
4. SOE log shall indicate the failure to complete 
scan detected within 200 + 100ms. 
5. Variation to detect time of failure shall be 
±10% or less throughout the qualification testing. 
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Test Sub-Test Acceptance Criteria 
Failover Test 1. Transfer to secondary controller shall trigger an 

alarm. 
2. Secondary controller shall continue to run in 
normal operation mode. 
3. Transfer event shall occur within 200ms (2 
main processor scan cycle times). 
4. Transfer event shall not cause I/O modules to 
have more than an 0.5% transient shift in the final 
output signal. 
5. Transfer event shall not cause a change in the 
I/O signal that persists for more than 5 ms for DC 
signal or 1 cycle for AC signals. 
6. Transfer event shall not cause pulse input 
modules to lose signal. 
7. Transfer event shall not cause digital I/O to 
change state for more than 2 ms, and analog I/O 
signals to change by more than 5%. 

Redundancy Test 1. No interruption on F-LINK communication 
shall be observed for the remote under test. 
2. Automated tests shall not be interrupted during 
the redundancy failover. 
3. For power supplies, no system disruption shall 
occur. 

Loss of Power Test 1. All output channels shall return to the 
deenergized state on loss of power. 
2. All output channels remain in a failsafe state 
defined for the control circuit until the operator 
indicates operation. 

Prudency 
Test: 
EMI/RFI Post 
Test 

Burst of Events 
Test 

1. For digital points, every transition shall be 
detected. No link alarm shall be present for the 
Qualification Test Specimen channel. Every 
transition shall occur within 1.0 ±0.1 sec. 
2. For analog points, every AI transition shall be 
detected and present in the image signal. Every AI 
transition shall be duplicated in the AO image. 
Averaged accuracy of AI and AO images shall 
remain within 1 Hz ± 10%. 

Serial Port Failure / 
Noise Test 

1. The SOE records of the BOE transitions shall 
include intervals both without and with the failure 
condition imposed.  
2. Response time characteristics of the test signal 
with the fault conditions imposed shall not deviate 
by more than ±10% from those with no fault 
condition. 
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C.11. Documentation 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
] 
 
C.12. Test Results 
 
Detailed test results of the EMI/RFI Test were reported in TR901-302-01 (Reference 9), 
which are summarized in Table 12. 

Table 12. Summary of EMI/RFI Test Results 

Test Sub-Test Redmine or CR Sub-Test 
Result 

Overall 
Result 

Configuration: 
Pre-Test Setup 
and Inspection 

Output Level of 
Power Supplies 
Verification 

No Passed Passed 

Qualification Test 
Specimen Status 
Verification 

No Passed 

Alarm Status 
Verification 

No Passed 

Conducted 
Emissions Test 

CE101 Yes, CR No: 2016-0361 Passed Passed 
CE102 Yes, CR No: 2016-0361 Passed 

Radiated 
Emissions Test 

RE101 No Passed Passed 
RE102 No Passed 

Conducted 
Susceptibility 
Test 

CS101 Yes, CR No: 2016-0361 Passed Passed 
CS114 Yes, CR No: 2016-0361 Passed 
CS115 No Passed 
CS116 No Passed 

Radiated 
Susceptibility 
Test 

RS101 No Passed Passed 
RS103 No Passed 

Operability 
Test: EMI/RFI 
Post Test 

Accuracy Test No Passed Passed 
Response Time Test No Passed 
Discrete Input 
Operability Test 

No Passed 
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Test Sub-Test Redmine or CR Sub-Test 
Result 

Overall 
Result 

Discrete Output 
Operability Test 

No Passed 

Communication 
Operability Test 

No Passed 

Timer Test No Passed 
Failure to Complete 
Scan Detection 

No Passed 

Redundancy Test No Passed 
Failover Test No Passed 
Loss of Power Test No Passed 

Prudency Test: 
EMI/RFI Post 
Test 

Burst of Events Test No Passed Passed 
Serial Port Failure / 
Noise Test 

No Passed 

 
C.13. Resolution of Test Discrepancies 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
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[ 
 
 
 
 
 
 
 

] 
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Appendix D. Qualification Test Summary – Electrostatic Discharge Test 
 
D.1. Purpose 
 
[ 
 
 
 

] 
 
D.2. Objective 
 
[ 
 
 
 
 
 

] 
 
D.3. Equipment Tested 
 
[ 
 
 

] 
 
D.4. Sequence of Testing 
 
[ 
 
 
 

] 
 

D.5. Procedures 
 
[ 
 
 
 
 
 
 
 
 

] 
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D.6. Test Specimen Mounting 

Figure 19. General Test Setup for ESD, Test Location 1 
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Figure 20. General Test Setup for ESD, Test Location 2 

Figure 21. General Test Setup for ESD, Test Location 3 
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Figure 22. General Test Setup for ESD, Test Location 4 

Figure 23. General Test Setup for ESD, Test Location 5 
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Figure 24. General Test Setup for ESD, Test Location 6 

Figure 25. General Test Setup for ESD, Test Location 7 
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Figure 26. General Test Setup for ESD, Test Location 8 

D.7. Service Conditions 
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D.8. Test Levels 
 
[ 
 
 

] 
Table 13. ESD Test Requirements 

Test Method Sections Frequency Range Test Points 
ESD IEC 61000-4-2 Surge Pulse Case and Cables 

 
D.9. Performance Monitoring 
 
[ 

 
] 

 
D.10. Acceptance Criteria 
 
Acceptance criteria for performance monitoring of the HFC-FPGA Test Specimen during 
the ESD Test were set as specified in corresponding test procedures (References 13, 14, 
and 18). They are summarized in Table 14. 

Table 14. Acceptance Criteria for ESD Test 

Test Sub-Test Acceptance Criteria 
Configuration: 
Pre-Test Setup 
and Inspection 

Output Level of Power 
Supplies Verification 

1. Operating power applied to 
Qualification Test Specimen and 
monitoring equipment shall be 120 vac 
and 60 Hz. 
2. The Qualification Test Specimen 
power supply output level shall be 24 
± 0.2 vdc. 

Qualification Test Specimen 
Status Verification 

The Qualification Test Specimen 
status shall be examined by means of 
MCRT graphic screens to verify that 
no unexpected I/O signals are present. 

Alarm Status Verification All active alarms shown on the Alarm 
Summary screen shall be resolved. 

ESD Test N/A 1. The test results shall satisfy the 
requirements specified in IEC 61000-
4-2. 
2. Application of the ESD test 
waveform shall not disrupt normal 
operation of the Qualification Test 
Specimen or result in invalid transition 
of any I/O channel. 
3. Failure of one controller shall not be 
considered as a failure condition if the 
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Test Sub-Test Acceptance Criteria 
secondary controller takes over 
primary operation for the redundant 
pair. 

ESD Post Test N/A The performance of the Qualification 
Test Specimen shall remain within 
tolerance limits after exposure to the 
ESD test waveforms. 

 
D.11. Documentation 
 
[ 
 
 
 
 
 
 
 

] 
 
D.12. Test Results 
 
Detailed test results of the ESD Test were reported in TR901-302-01 (Reference 9), 
which are summarized in Table 15. 

Table 15. Summary of ESD Test Results 

Test Sub-Test Redmine 
or CR 

Sub-Test 
Result 

Overall 
Result 

Configuration: 
Pre-Test Setup 
and Inspection 

Output Level of Power 
Supplies Verification 

No Passed Passed 

Qualification Test 
Specimen Status 
Verification 

No Passed 

Alarm Status Verification No Passed 
ESD Test N/A No Passed Passed 
ESD Post Test N/A No Passed Passed 
  
D.13. Resolution of Test Discrepancies 
 
[ 
 
 
 

] 
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[ 
 
 
 
 
 
 
 
 
 
 
 
 

] 
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Appendix E. Qualification Test Summary – Surge Withstand Test 
 
E.1. Purpose 
 
[ 
 
 

] 
 
E.2. Objective 
 
[ 
 
 
 
 
 
 
 
 

] 
 
E.3. Equipment Tested 
 
The equipment tested were the HFC-FPGA Qualification Test Specimen. Table 2 
identifies the specific items that are part of the Qualification Test Specimen. 
 
E.4. Sequence of Testing 
 
[ 
 
 
 
 
 
 
 
 

] 
 

E.5. Procedures 
 
[ 
 
 
 

] 
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E.6. Test Specimen Mounting 

] 

Figure 27. General Test Setup for EFT, AC Power Input 
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Figure 28. General Test Setup for EFT, J2 Signal Bundle 

Figure 29. General Test Setup for EFT, J3 Signal Bundle 
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Figure 30. General Test Setup for EFT, J4 Signal Bundle 

Figure 31. General Test Setup for Combination Waveform, AC Power Input 
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Figure 32. General Test Setup for Ring Waveform, AC Power Input 

E. 7. Service Conditions 
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E.8. Test Levels 
 
The test levels (supply power and I/O signal and load levels) applied to the HFC-FPGA 
Test Specimen during the Surge Withstand Test were set as specified in corresponding 
test procedures (References 13, 14, and 19). 
 
The specific ESD tests performed are shown in Table 16. 

Table 16. Surge Withstand Test Requirements 

Test Method Sections Frequency Range Test Points 
Fast Transient IEC 61000-4-4 Surge Pulse Power Leads and 

Cables 
Combination 
Waveform 

IEC 61000-4-5 Surge Pulse Power Leads and 
Cables 

Ring Wave IEC 610090-4-12 Surge Pulse Power Leads and 
Cables 

 
[ 

] 
Table 17. Surge Withstand Pulse Levels  

Waveform Category B – Low Exposure Category B – Medium Exposure 
EFT 2 kV 4 kV 
Combination Wave 2 kV/1 kA 4 kV/2 kA 
Ring Wave 2 kV 4 kV 
 
E.9. Performance Monitoring 
 
[ 

] 
 
E.10. Acceptance Criteria 
 
Acceptance criteria for performance monitoring of the HFC-FPGA Test Specimen during 
the Surge Withstand Test were set as specified in corresponding test procedures 
(References 13, 14, and 19). They are summarized in Table 18. 
 

Table 18. Acceptance Criteria for Surge Withstand Test 

Test Sub-Test Acceptance Criteria 
Configuration: 
Pre-Test Setup 
and Inspection 

Output Level of Power 
Supplies Verification 

1. Operating power applied to Qualification 
Test Specimen and monitoring equipment  
shall be 120 vac and 60 Hz. 
2. The Qualification Test Specimen power 
supply output level shall be 24 ± 0.2 vdc. 
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Test Sub-Test Acceptance Criteria 
Qualification Test 
Specimen Status 
Verification 

The Qualification Test Specimen status shall 
be examined by means of MCRT graphic 
screens to verify that no unexpected I/O 
signals are present. 

Alarm Status 
Verification 

All active alarms shown on the Alarm 
Summary screen shall be resolved. 

EFT Test N/A 1. The test results shall satisfy the 
requirements specified in IEC 61000-4-4. 
2. Application of the surge waveform shall not 
damage any component or channel other than 
those specified modules or circuit under test.  
3. Channels or modules other than the one 
under test shall continue to operate within 
normal accuracy limits for those modules 
during and after application of the surge 
waveform. 
4. Failure of one controller shall not be 
considered as a failure condition if the 
secondary controller takes over primary 
operation for the redundant pair. 

Combination 
Wave Test 

N/A 1. The test results shall satisfy the 
requirements specified in IEC 61000-4-5. 
2. Application of the surge waveform shall not 
damage any component or channel other than 
those specified modules or circuit under test.  
3. Channels or modules other than the one 
under test shall continue to operate within 
normal accuracy limits for those modules 
during and after application of the surge 
waveform. 
4. Failure of one controller shall not be 
considered as a failure condition if the 
secondary controller takes over primary 
operation for the redundant pair. 
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Test Sub-Test Acceptance Criteria 
Ring Wave 
Test 

N/A 1. The test results shall satisfy the 
requirements specified in IEC 61000-4-12. 
2. Application of the surge waveform shall not 
damage any component or channel other than 
those specified modules or circuit under test.  
3. Channels or modules other than the one 
under test shall continue to operate within 
normal accuracy limits for those modules 
during and after application of the surge 
waveform. 
4. Failure of one controller shall not be 
considered as a failure condition if the 
secondary controller takes over primary 
operation for the redundant pair. 

 
E.11. Documentation 
 
[ 
 
 
 
 
 
 
 
 

] 
 
E.12. Test Results 
 
Detailed test results of the Surge Withstand Test were reported in TR901-302-01 
(Reference 9), which are summarized in Table 19. 

Table 19. Summary of Surge Withstand Test Results 

Test Sub-Test Redmine or 
CR 

Sub-Test 
Result 

Overall 
Result 

Configuration: 
Pre-Test Setup 
and Inspection 

Output Level of Power 
Supplies Verification 

No Passed Passed 

Qualification Test Specimen 
Status Verification 

No Passed 

Alarm Status Verification No Passed 
EFT Test N/A No Passed Passed 
Combination 
Wave Test 

N/A No Passed Passed 

Ring Wave Test N/A No Passed Passed 
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E.13. Resolution of Test Discrepancies 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 

] 
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Appendix F. Qualification Test Summary – Seismic Test 
 
F.1. Purpose 
 
[ 
 
 
 
 
 

] 
 
F.2. Objective 
 
[ 
 
 
 
 
 

] 
 
F.3. Equipment Tested 
 
The equipment tested were the HFC-FPGA Qualification Test Specimen. Table 2 
identifies the specific items that are part of the Qualification Test Specimen. 
 
F.4. Sequence of Testing 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
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F.5. Procedures 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
 
F.6. Test Specimen Mounting 
 
[ 
 
 
 
 

] 
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Figure 33. Seismic Test - Setup 

Figure 34. Seismic Test-Pre-Test 1 
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Figure 35. Seismic Test-Pre-Test 2 

Figure 36. Seismic Test-Post-Test 1 
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Figure 3 7. Seismic Test - Post-Test 2 

F. 7. Service Conditions 
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Figure 38. Seismic Test Spectrum 

F.8. Test Levels 

The test levels (supply power and I/0 signal and load levels) applied to the HFC-FPGA 
Test Specimen during the Seismic Test were set as specified in corresponding test 
procedures (References 13, 14, and 20). 

F.9. Performance Monitoring 

Performance monitoring of the HFC-FPGA Test Specimen during the Seismic Test were 
set as specified in corresponding test procedures (References 13, 14, and 20). 

F.10. Acceptance Criteria 

Acceptance criteria for performance monitoring of the HFC-FPGA Test Specimen during 
the Seismic Test were set as specified in corresponding test procedures (References 13, 
14, and 20). They are summarized in Table 20. 
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Table 20. Acceptance Criteria for Seismic Test 

Test Sub-Test Acceptance Criteria 
Configuration: 
Pre-Test 
Setup and 
Inspection 

Output Level of Power 
Supplies Verification 

1. Operating power applied to Qualification 
Test Specimen and monitoring equipment  
shall be 120 vac and 60 Hz. 
2. The Qualification Test Specimen power 
supply output level shall be 24 ± 0.2 vdc. 

Qualification Test 
Specimen Status 
Verification 

The Qualification Test Specimen status shall 
be examined by means of MCRT graphic 
screens to verify that no unexpected I/O 
signals are present. 

Alarm Status 
Verification 

All active alarms shown on the Alarm 
Summary screen shall be resolved. 

Operability 
and Prudency 
Check: Pre-
Test 

Operability - Automated 
Analog Accuracy Test 

1. The 4-20 mA AI channels shall have 
accuracy within ±0.35% of span over the 
entire range. 
2. The 4-20 mA AO channels shall have 
accuracy within ±0.35% of span over the 
entire range. 

Operability - Automated 
Response Time Test 

The maximum response time for digital 
circuit shall not increase by more than 10% 
from measured baseline value (100 ms or 
better from activation of the trip condition to 
output of the trip DO signal). 

Operability - 
Communication 
Operability Test 

The C-Link, G-Link, Telnet Link, and F-Link 
shall continue in the presence of stress 
conditions. 

Operability - Automated 
Timer Test 

The timer accuracy shall vary by no more 
than ±1% of the setpoint value or ±3 scan 
cycles. 

Operability - Loss of 
Power Test 

1. All output channels shall return to the 
deenergized state on loss of power. 
2. All output channels remain in a failsafe 
state defined for the control circuit until the 
operator indicates operation. 

Prudency - Analog and 
Digital Burst of Events 
Test 

1. For digital points, every transition shall be 
detected. No link alarm shall be present for 
the Qualification Test Specimen channel. 
Every transition shall occur within 1.0 ±0.1 
sec. 
2. For analog points, every AI transition shall 
be detected and present in the image signal. 
Every AI transition shall be duplicated in the 
AO image. Averaged accuracy of AI and AO 
images shall remain within 1 Hz ± 10%. 
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Resonance 
Search 

N/A 1. All resonance response frequencies within 
the test spectrum shall be identified and 
recorded. 
2. If one or more resonance frequencies are 
identified, the test spectrum shall be centered 
on the frequency having the greatest 
response. 
3. The failure or alarm indication of the 
Qualification Test Specimen shall be resolved 
during the search process. 

OBE Test N/A 1. The test results shall satisfy the 
requirements specified in EPRI TR-107730 
Paragraph 4.3.9. 
2. All connections shall remain intact. 
3. All modules shall remain fully inserted. 
4. No functional or non-functional parts shall 
fall off. 
5. Tightening fasteners between successive 
OBEs or before the SSE shall not constitute a 
failure condition. 
6. Relay contacts shall be capable of 
changing state from energized to deenergized 
and from deenergized to energized during 
application of OBEs spectrum. 
7. Any spurious changes in state shall not last 
for longer than 2 ms for both energized and 
deenergized relays. 
8. Results of Operability and Prudency tests 
shall remain within acceptance criteria during 
the OBE tests. 
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SSE Test N/A 1. The test results shall satisfy the 
requirements specified in EPRI TR-107730 
Paragraph 4.3.9. 
2. The Qualification Test Specimen shall 
meet its performance during the following 
application of an SSE simultaneously applied 
in three orthogonal directions. 
3. The SSE shall be as shown in the Seismic 
Test spectrum or the maximum capability of 
the Seismic Simulator Table. 
4. Relay contacts shall be capable of 
changing state from energized to deenergized 
and from deenergized to energized during 
application of SSE spectrum. 
5. Any spurious changes in state shall not last 
for longer than 2 ms for both energized and 
deenergized relays. 
6. Results of Operability and Prudency tests 
shall remain within acceptance criteria during 
the SSE tests. 

Operability 
Test: Seismic 
Post Test 

Accuracy Test 
(Automatic and Manual) 

1. The 4-20 mA AI channels shall have 
accuracy within ±0.1% of span over the 
entire range. 
2. The 4-20 mA AO channels shall have 
accuracy within ±0.1% of span over the 
entire range. 

Response Time Test 
(Digital and Analog) 

1. The average response time for digital 
circuit shall be 100 ms or better from 
activation of the trip condition to output of 
the trip DO signal. 
2. The average response time for analog 
circuit shall be 100 ms or better from 
activation of the trip condition to output of 
the trip DO signal. 

Discrete Input 
Operability Test 

1. The guaranteed DI set voltage level shall 
be 12 to 15 v at 25 degree C. 
2. The guaranteed DI dropout voltage level 
shall be 12 to 15 v at 25 degree C. 
3. The maximum input voltage shall be 53 v 
at 25 degree C. 

Discrete Output 
Operability Test 

The solid state DO channels shall be able to 
switch 24-vdc excitation power. 

Communication 
Operability Test 

The C-Link, G-Link, Telnet Link, and F-Link 
shall continue in the presence of stress 
conditions. 

Timer Test The timer accuracy shall vary by no more 
than ±1% of the setpoint value or ±3 scan 
cycles. 
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Failure to Complete 
Scan Detection 

1. When an input triggers a logic which 
execution time is over 100ms, the system 
shall fail over from the main controller to the 
secondary controller. And the system shall 
continue to operate. 
2. The failover event shall be logged. 
3. A power reset will bring the system back 
to redundant configuration. 
4. SOE log shall indicate the failure to 
complete scan detected within 200 + 100ms. 
5. Variation to detect time of failure shall be 
±10% or less throughout the qualification 
testing. 

Failover Test 1. Transfer to secondary controller shall 
trigger an alarm. 
2. Secondary controller shall continue to run 
in normal operation mode. 
3. Transfer event shall occur within 200ms (2 
main processor scan cycle times). 
4. Transfer event shall not cause I/O modules 
to have more than an 0.5% transient shift in 
the final output signal. 
5. Transfer event shall not cause a change in 
the I/O signal that persists for more than 5 ms 
for DC signal or 1 cycle for AC signals. 
6. Transfer event shall not cause pulse input 
modules to lose signal. 
7. Transfer event shall not cause digital I/O to 
change state for more than 2 ms, and analog 
I/O signals to change by more than 5%. 

Redundancy Test 1. No interruption on F-LINK 
communication shall be observed for the 
remote under test. 
2. Automated tests shall not be interrupted 
during the redundancy failover. 
3. For power supplies, no system disruption 
shall occur. 

Loss of Power Test 1. All output channels shall return to the 
deenergized state on loss of power. 
2. All output channels remain in a failsafe 
state defined for the control circuit until the 
operator indicates operation. 
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Prudency 
Test: Seismic 
Post Test 

Burst of Events Test 1. For digital points, every transition shall be 
detected. No link alarm shall be present for 
the Qualification Test Specimen channel. 
Every transition shall occur within 1.0 ±0.1 
sec. 
2. For analog points, every AI transition shall 
be detected and present in the image signal. 
Every AI transition shall be duplicated in the 
AO image. Averaged accuracy of AI and AO 
images shall remain within 1 Hz ± 10%. 

Serial Port Failure / 
Noise Test 

1. The SOE records of the BOE transitions 
shall include intervals both without and with 
the failure condition imposed.  
2. Response time characteristics of the test 
signal with the fault conditions imposed shall 
not deviate by more than ±10% from those 
with no fault condition. 

 
F.11. Documentation 
 
[ 
 
 
 
 
 
 
 
 
 
 
 
 
 

] 
 
F.12. Test Results 
 
Detailed test results of the Seismic Test were reported in TR901-302-01 (Reference 9), 
which are summarized in Table 21. 
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Table 21. Summary of Seismic Test Results 

Test Sub-Test Redmine or 
CR 

Sub-Test 
Result 

Overall 
Result 

Configuration: Pre-
Test Setup and 
Inspection 

Output Level of Power 
Supplies Verification 

No Passed Passed 

Qualification Test 
Specimen Status 
Verification 

No Passed 

Alarm Status Verification No Passed 
Operability and 
Prudency Check: 
Pre-Test 

Operability - Automated 
Analog Accuracy Test 

No Passed Passed 

Operability - Automated 
Response Time Test 

No Passed 

Operability - 
Communication Operability 
Test 

No Passed 

Operability - Automated 
Timer Test 

No Passed 

Operability - Loss of Power 
Test 

No Passed 

Prudency - Analog and 
Digital Burst of Events Test 

No Passed 

Resonance Search N/A No Passed Passed 
OBE Test N/A No Passed Passed 
SSE Test N/A No Passed Passed 
Operability Test: 
Seismic Post Test 

Accuracy Test (Automatic 
and Manual) 

No Passed Passed 

Response Time Test 
(Digital and Analog) 

No Passed 

Discrete Input Operability 
Test 

No Passed 

Discrete Output Operability 
Test 

No Passed 

Communication Operability 
Test 

No Passed 

Timer Test No Passed 
Failure to Complete Scan 
Detection 

No Passed 

Failover Test No Passed 
Redundancy Test No Passed 
Loss of Power Test No Passed 

Prudency Test: 
Seismic Post Test 

Burst of Events Test No Passed Passed 
Serial Port Failure / Noise 
Test 

No Passed 
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F.13. Resolution of Test Discrepancies 
 
[ 
 
 
 
 
 
 
 

] 
 
 
 


	1.0 Purpose
	2.0 Abbreviations and Acronyms
	3.0 Scope of EQ Testing
	4.0 Equipment Tested
	5.0 Test System
	6.0 Test Requirements and Acceptance Criteria
	7.0 Test Plans and Test Procedures
	8.0 Test Responsibilities
	9.0 Test Control
	10.0 Measurement and Test Equipment
	11.0 Test Schedule
	12.0 Test Documentation
	13.0 Evaluation of Test Results
	14.0 AS-tested Equipment Qualification Envelope
	15.0 Summary
	16.0 References
	Appendix A. Prequalification Test Summary
	A.1. Purpose
	A.2. Objective
	A.3. Equipment Tested
	A.4. Sequence of Testing
	A.5. Procedures
	A.6. Test Specimen Mounting
	A.7. Service Conditions
	A.8. Test Levels
	A.9. Performance Monitoring
	A.10. Acceptance Criteria
	A.11. Documentation
	A.12. Test Results
	A.13. Resolution of Test Discrepancies

	Appendix B. Qualification Test Summary – Environmental Stress Test
	B.1. Purpose
	B.2. Objective
	B.3. Equipment Tested
	B.4. Sequence of Testing
	B.5. Procedures
	B.6. Test Specimen Mounting
	B.7. Service Conditions
	B.8. Test Levels
	B.9. Performance Monitoring
	B.10. Acceptance Criteria
	B.11. Documentation
	B.12. Test Results
	B.13. Resolution of Test Discrepancies

	Appendix C. Qualification Test Summary – EMI/RFI Test
	C.1. Purpose
	C.2. Objective
	C.3. Equipment Tested
	C.4. Sequence of Testing
	C.5. Procedures
	C.6. Test Specimen Mounting
	C.7. Service Conditions
	C.8. Test Levels
	C.9. Performance Monitoring
	C.10. Acceptance Criteria
	C.11. Documentation
	C.12. Test Results
	C.13. Resolution of Test Discrepancies

	Appendix D. Qualification Test Summary – Electrostatic Discharge Test
	D.1. Purpose
	D.2. Objective
	D.3. Equipment Tested
	D.4. Sequence of Testing
	D.5. Procedures
	D.6. Test Specimen Mounting
	D.7. Service Conditions
	D.8. Test Levels
	D.9. Performance Monitoring
	D.10. Acceptance Criteria
	D.11. Documentation
	D.12. Test Results
	D.13. Resolution of Test Discrepancies

	Appendix E. Qualification Test Summary – Surge Withstand Test
	E.1. Purpose
	E.2. Objective
	E.3. Equipment Tested
	E.4. Sequence of Testing
	E.5. Procedures
	E.6. Test Specimen Mounting
	E.7. Service Conditions
	E.8. Test Levels
	E.9. Performance Monitoring
	E.10. Acceptance Criteria
	E.11. Documentation
	E.12. Test Results
	E.13. Resolution of Test Discrepancies

	Appendix F. Qualification Test Summary – Seismic Test
	F.1. Purpose
	F.2. Objective
	F.3. Equipment Tested
	F.4. Sequence of Testing
	F.5. Procedures
	F.6. Test Specimen Mounting
	F.7. Service Conditions
	F.8. Test Levels
	F.9. Performance Monitoring
	F.10. Acceptance Criteria
	F.11. Documentation
	F.12. Test Results
	F.13. Resolution of Test Discrepancies





