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1.0
Scope
This specification establishes the performance, design, qualification, and acceptance requirements for the Initiator Resistance Measurement Unit (IRMU), P/N SED26148200, provided as Ground Support Equipment (GSE) for the test of NASA Standard Initiators (P/N SEB26100001) in pyrotechnic devices.  The IRMU, which is supplied by the Government as Government Furnished Equipment (GFE), for pyrotechnic production, qualification, and acceptance programs, shall meet the requirements specified herein.
2.0    Applicable Documents

The following documents form a part of this specification to the extent specified herein.  

When a conflict of requirements exists, the following order of precedence shall prevail:

a. This specification.

b. Baseline (control) set of drawings, specifications, parts lists, and procedures established by Phase I and Phase II review for each production lot of hardware.

2.1    Specifications
NUMBER



Title
NASA

SW-E-0002 
Ground Support Equipment General Design Requirements

JPG 8500.4
Engineering Drawing System Manual

JSC 27291
GFE Software Design, Development, Test and Evaluation Work Instruction

SLE-0002
Space Shuttle Specification, Electromagnetic Interference Characteristics, Requirements for Equipment 

NSTS 5300.4              Safety, Reliability, Maintainability, and Quality Provisions for the Space Shuttle Program.   

NASA-STD8739.1
Workmanship Standard for the Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies
PRC-7003
Process Specification for the Manufacture of Electrical Cables, Wiring, and Harnesses  

Military 
MIL-C-4150
Cases, Transit and Storage, Waterproof and Water Vapor Proof

MIL-HDBK-454
General Guidelines for Electronic Equipment

MIL-STD-108
Definitions of and Basic Requirements for Enclosures for Electric and Electronic Equipment

MIL-STD-810
Department of Defense Test Method Standard for Environmental Engineering Considerations and Laboratory Tests 


ANSI


ANSI/J-STD-0001C
Requirements for Soldered Electrical and Electronic Assemblies.

IEC


IEC 60320-2-2

Appliance Couplers for Household and Similar General

Purposes.

IEC61000-4-2

Testing and Measurement Techniques-Electrostatic Discharge Immunity Test.

2.2    Drawings


SED26148200

IRMU Top Assembly (as shipped)

3.0    Design Requirements

The IRMU design shall utilize an internal micro-controller to measure the resistance of a NSI bridgewire, while connected to, and controlled by, an IBM compatible personal computer.  The IRMU, when used with the control software, and an IBM compatible computer and printer, shall perform the following functions:

a. Measure the NSI bridgewire resistance with a 9m( resolution.

b. Display the measurement on the computer screen.

c. Store the measurement on a user-determined media. 

d. Provide the option of a hard copy from the following:

I
No printing  

II
Real-time line printing

III
Lot certification column printing

IV
Real-time line printing and lot certification column printing.

All measured, displayed, stored, and printed NSI resistance values shall include a lot number, serial number, manufacture code, operator initials, and measurement time and date.  The software shall produce a header in the data file that will show the lot number, manufacture code, operator initials, and the time and date of the measurement.  The program shall then produce each NSI measurement in a tabular format listing NSI serial number and NSI resistance value.  In addition, the data file shall be write protected to prevent anyone from changing the NSI resistance measurement value.   The internal resistance measurement circuit shall utilize a system of protective resistors and diodes so that under a 2 fault condition, no unsafe currents and/or voltages will be supplied to the NSI.  This device shall also have its own current source calibration routine, which shall be executed at the beginning of each measurement session, with a calibration verification at the end of each session.  The IRMU IBM compatible personal computer control software shall be compatible with the Microsoft Windows 2000 Operating System (OS).  

3.1
Selection of Specifications and Standards

Unless otherwise specified, specifications and standards for material, parts, and processes shall be selected by using Standard MIL-STD-970 as a guide.  Where not covered by Government documents they shall be subject to approval by the Contracting Officer’s Technical Representative (COTR).

3.2 
Materials

Materials and processes used in the fabrication of the IRMU shall be selected by considering the operational requirements for the particular application and the design engineering properties of the candidate materials and processes.  The operational requirements shall include, but not be limited to, operational temperature limits, loads, contamination, and life expectancy.  Properties to be considered in material and process selection include mechanical properties, fracture toughness, corrosion, stress corrosion, thermal and mechanical fatigue properties, galling, etc.  Conditions that could contribute to deterioration of hardware in service shall receive special consideration.
3.3 Construction

All details of construction of the IRMU shall provide for maximum reliability, safety of personnel, minimum weight, and maximum operating utility.  All materials used in the construction of the IRMU shall be of high uniform quality and be capable of withstanding the electrical and environmental conditions specified herein.  No components shall work loose in service, and all components shall be capable of withstanding the strains, impacts, vibrations, and other conditions incidental to shipping, storage, installation, and service use.  Each IRMU component shall be designed to provide the highest quality commensurate with that of best component development and consistent with the requirements of this specification.  Whenever possible, Commercial Off The Shelf (COTS) components shall be used.  The IRMU shall be designed to preclude inadvertent premature initiation of the attached NSI when subjected to the environmental conditions specified herein.    

3.4
Configuration and Dimensions

The IRMU consists of three groups: Hardware, Software/Firmware, and Electronic components.  The Hardware group consists of such parts as the external case, the main mounting panel, and user interface switches.  The Software/Firmware group consists of all software used to control and operate both the micro-controller and the interface between the IRMU and an IBM( compatible computer.  The Electronic components group refers to all electronic components that make up the Printed Circuit Board, Printed Circuit Assembly, outside power source supply, and the IBM( compatible computer cable interfacing. 

3.5 Design


3.5.1
Mechanical Design Requirements

3.5.1.1      The IRMU housing shall protect the IRMU electronics against moisture, shock and vibration, as  

per MIL-STD-108, Definitions of and Basic Requirements for Enclosures for Electric 

and Electronic Equipment.

3.5.1.2       The overall outside case dimensions shall be 12 in. in length by 12 in. in width, by 9 in. in 

                  height with an overall weight of not more than 15 lbs.  

3.5.1.3  
The main mounting panel shall be designed in accordance with NASA JSC drawing number

      SDD26148202 (Panel, IRMU).

3.5.1.4   
All user interface switches shall provide a design to resist outside moisture and humidity

environments to assure the attached associated electronic hardware is not subjected to 

deterioration or corrosion.

3.5.1.5
The IRMU System shall be designed and/or selected to preclude the operator from 

mechanical or sharp edge hazards.
3.5.2         Electrical Design Requirements

3.5.2.1       The IRMU shall not produce more than 20mA of current to the NSI during any test sequence.

3.5.2.2       The IRMU shall not produce a 20mA measurement current to the NSI for longer than 1 minute

                  maximum.  

3.5.2.3       The IRMU shall meet the radiated emission requirements of SL-E-0002, Space Shuttle 

Specification Electromagnetic Interference Characteristics, Requirements for Equipment, 

Sections 6.11.1 and 6.11.2.

3.5.2.4    
The IRMU design shall utilize an internal micro-controller.
3.5.2.5       The IRMU shall use single phase 110-120 VAC, 60 Hz input power with less than 1 Amp draw.

3.5.2.6       The IRMU shall use a 10 Amp Plug connector for the 110-120 VAC, 60 Hz input power cord.

3.5.2.5
The IRMU shall have short circuit protection for the input power interface.

3.5.2.6
The IRMU shall have an input power switch.

3.5.2.7
The IRMU shall have an MS3470W10-6S connector for the NSI measurement cable interface which shall mate with the GFE cable listed in drawing number SED26100114.

3.5.2.8
The IRMU shall have a USB Type B port for the personal computer communications interface.

3.5.2.9
The IRMU shall have a single reset switch for all micro controllers and/or microprocessors.

3.5.2.10
The IRMU shall have the necessary test points for all individual internal components that allow calibration (offset and/or range).

3.5.2.11
The IRMU shall not be ESD sensitive.

3.5.2.12
All exposed conducting frames and/or parts of the IRMU shall have a low-resistance bond of 

less than 100m( to structure.

3.5.2.13 The IRMU shall have the capability to accurately measure resistive values between 0.00( 

and 9.00( with a ( 9m( resolution.

3.5.2.14 The IRMU shall be capable of measuring the NASA Standard Initiator (NSI) bridgewire 
resistance to the range of 0.001( to 1.999(, displaying values in the format X.XX.
3.5.2.15 The internal resistance measurement circuit shall utilize a system of protective resistors 

and diodes so that under a 2 fault condition, no unsafe currents and/or voltages will be supplied 

to the NSI.

3.5.2.16 This device shall have its own calibration, and verification routine, which shall be executed

at the beginning and end of each measurement session using the GFE calibration resistor P/N XXX00000000.  

3.5.2.17 The IRMU shall be capable of measuring the NSI’s bridgewire resistance to a precision of 

3 decimal places.

3.5.2.18 The IRMU shall be capable of internal component level calibration by a 
qualified technician only.
3.5.2.19 The IRMU shall be capable of internal calibration with an accuracy of ( 2m(.
3.5.2.21
The IRMU shall have no power at the NSI measurement cable connector unless appropriate to its mode of operation.

3.5.2.22
The IRMU shall indicate when to connect and disconnect NSI’s.

3.5.2.23
The IRMU shall source no more than 1V to the NSI measurement cable connector during abnormal operation or a dual fault condition.

3.5.2.26 The IRMU shall source no more than 100 mA to the NSI measurement cable connector during 

abnormal operation or a dual fault condition.
3.5.3        Software/Firmware Design Requirements

3.5.3.1
The IRMU control software shall be compatible with Windows( 2000 Operating System (OS).

3.5.3.2 The Software/Firmware shall display NSI bridgewire resistance measurements on the 

computer screen.

3.5.3.3 The IRMU shall store the measurement on a user-determined media.
3.5.3.4  
The IRMU shall provide an option to select and create the following types of hard copies:

I
No printing  

II
Real-time line printing

III
Lot certification column printing

IV
Real-time line printing and lot certification column printing.

3.5.3.5       All measured, displayed, stored and printed NSI bridgewire resistance values shall include a 

lot number, serial number, manufacture code, operator initials, and measurement time and date.  
3.5.3.6
The IRMU control software shall utilize a Graphical User Interface (GUI) with Windows( style pull down menus and operation/selection buttons.

3.5.3.7      The IRMU control software shall meet the requirements of JSC 27291, GFE Software 

Design, Development, Test and Evaluation Work Instruction.

3.5.3.8      The control software shall incorporate the following flow chart requirements as per 

drawing number SXXXXXXXXX.(Doug Harrington)

3.5.3.9      The control software, as well as all necessary drivers and support files, shall not be required to 

                  be on the hard drive in order to operate.

3.5.3.10 The control software shall not require the entering of repeated lot numbers.

3.5.3.11 The control software shall automatically increment serial numbers.

3.5.3.12 All routinely stored data files shall have a “.nsi” extension.

3.5.3.13 In the event that the control software is unavailable, the files with the “.nsi” extension 

shall be designed to be opened with any ASCII text editor.  

3.5.3.14 The data file shall be write protected to prevent data manipulation.

3.5.3.15 The ”.nsi” extension file shall allow for data sorting from any data field.

3.5.3.16 The control software shall allow for direct input of any four digit serial number before and after measurements in the measure/re-measure mode.

3.6 
Operational Environments
The criteria described below, represents the operational environmental conditions, and levels, to which the IRMU will be subjected.  The IRMU shall perform as specified herein during exposure to these environments.  A more detailed explanation of these standards is listed in section 4.3.2, Qualification Testing Requirements.  

3.6.1
Humidity:



relative humidity range of 0% to 100%.

3.6.2
Useful Life:     


a minimum useful life of 10 years.

3.6.3
Temperature:



temperature range of 32ºF  to 113ºF.

3.7     Reliability

A failure internal to the IRMU hardware or software shall not induce a failure external to the device, which in turn may be translated to the NSI, computer, calibration resistor, or facility power supply..

3.8    Maintainability

3.8.1
The IRMU shall not require any normal maintenance other than JSC internal component level calibration.

3.8.2
The IRMU shall not require normal internal component level (PCB) calibration at a frequency of more than once a year. 

3.9
Transportability

The criteria described below, represents the transportation conditions, and levels, to which the IRMU shall be subjected.  The IRMU shall perform as specified herein after exposure to these environments.  A more detailed explanation of these standards is listed in section 4.3.2, Qualification Testing Requirements.  

3.9.1         Shock




bench handling shock per MIL-STD-810, 

method 516.5, paragraph 4.5.7.

      3.9.2
Temperature



stored within the temperature range of 

5ºF to 140ºF.
      3.9.3
Vibration



withstanding the transportation vibration exposure 

per Mil-STD-810, method 514.5, paragraph 4.5.5 and figure 514.5C-1.

3.10
Human Factors

      

The IRMU shall have a minimum character height of 4.0 mm for all engraving.

3.11
Identification Plate

3.11.1
The IRMU name, part number, and serial number shall be marked by attaching a nameplate to the outer case.

3.11.2
The IRMU name, part numbers and serial numbers shall be marked by engraving on the panel.

3.11.3
All IRMU sub assembly part numbers shall be marked by rubber stamp and 73X black ink.

      3.11.4       All IRMU circuit card part numbers and serial numbers shall be marked by silkscreen or rubber

                  stamp and 73X white ink.

3.12
Workmanship

3.12.1
General cleanliness (GC) levels shall be used in the fabrication of the IRMU.  This GC level is defined as free of manufacturing residue, dirt, oil, grease, processing debris or other extraneous contamination.

3.12.2
The IRMU shall meet workmanship standards per ANSI/J-STD-001B, Requirements for Soldered Electrical and Electronic Assemblies.

3.12.3
The IRMU shall meet workmanship standards per NASA-STD 8739.1 Workmanship Standard for the Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies.
3.12.4
The IRMU shall meet workmanship standards per PRC-7003, Process Specification for the Manufacture of Electrical Cables, Wiring, and Harnesses.

3.12.5      All components off the shelf, (COTS), shall be visually screened for gross defects prior to use.

3.13 
Storage Life
The IRMU shall have a minimum storage life of 10 years when temperatures are maintained within a range of 5ºF to 140ºF.
4.0 
Verification Activities

4.1 
Classification Of Inspections

4.1.1
Inspection is a method that determines conformance to requirements by the review of drawings, data, or by visual examination of the item using standard quality control methods.

4.1.2
Analysis is a process used in lieu of, or in addition to, other methods to ensure compliance to specification requirements.  The selected techniques may include, but are not limited to, engineering analysis, statistics and qualitative analysis, computer and hardware simulations and analog modeling.  Analysis may also include assessing the results of lower level qualification activity.

4.1.3
Demonstration consists of a qualitative determination of the properties of a test article.  This qualitative determination is made through observation that verifies characteristics such as services, access features and transportability.

4.1.4
Test is a method in which technical means, such as the use of special test equipment, instrumentation, simulation techniques, and the application of established principles and procedures, are used for the evaluation of components, subsystems, and systems to determine compliance with requirements.  Test should be selected as the primary method when analytical techniques do not produce adequate results.  The analysis of data derived from tests is an integral part of the test program, and should not be confused with analysis as described above.

4.2 
Responsibility


Unless otherwise provided for in the contract, the equipment provider is responsible for all qualification and acceptance activities.  

4.3 Qualification Testing For Verifying Requirements In Section 3.0

Prior to commencing production of the IRMU, one unit shall be subjected to both a functional qualification and environmental qualification test.    

4.3.1
Functional Qualification Testing Requirements


A functional qualification test shall be performed to ensure that that IRMU design operates as required. Below is the minimum required, however additional testing by the contractor is acceptable once it has been reviewed, and approved, by the COTR. A successful unit shall meet the following requirements;

4.3.1.1
The IRMU shall perform a total of 10,000 continuous measurement cycles 

without requiring readjustment of controls when set for nominal operating conditions.

4.3.1.2 The IRMU shall start and end each measurement routine with a self-calibration and verification

                  sequence.  

4.3.1.3 The IRMU shall measure the NSI’s bridgewire resistance to within the range of 0.001( to 1.999(,

 with a precision of 3 decimal places. 

4.3.1.5 The IRMU control software shall be compatible with Windows 2000.

4.3.1.6 The IRMU shall indicate when it is safe to connect and disconnect an NSI by way of easily visible lights.

4.3.1.7
The IRMU internal power supplies shall be screened with a calibrated voltmeter to verify  

                  the output voltages are 12V ( 0.020V, -12V ( 0.020V, and 5V ( 0.020V.

4.3.1.8
The power supply shall not product a ripple voltage exceeding  XXV.
4.3.2
Environmental Qualification Testing Requirements



A set of environmental qualification tests shall be performed to ensure that that IRMU design

operates as required.  A successful unit shall meet the following requirements.  After each 

environmental qualification test, a functional checkout shall be performed to verify that the IRMU has successfully met the requirement. 

4.3.2.1 The IRMU shall withstand the Bench Handling Shock listed in MIL-STD-810, Method 516.5, Section 4.5.7.  The IRMU shall not operate while this test is performed.

4.3.2.2 The IRMU, along with its transportation case, shall be tested to the Transit Drop Shock procedure as listed in MIL-STD-810, Method 516.5, Section 4.5.5, Table 516.5-VI.  The IRMU shall be dropped from a height of 48 inches as per Table 516.5 VI.   

4.3.2.3 The IRMU shall withstand the Random Vibration levels as directed in MIL-STD-810, Method 514.5, Section 4.5.5, Figure 514.5C-1.  The acceleration spectral density and frequency requirements are illustrated in the figure below.  
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Figure 4.3.2.3 MIL-STD-810 Method 514.5, Section 4.5.5, Figure 514.5C-1 Graph.

4.3.2.4 The IRMU shall be thermally cycled 12 times between 5(F and 140(F. One thermal cycle shall consist of an IRMU starting at 5(F and being held for temperature saturation for 30 minutes.  Next, the unit shall be raised to 140(F, with a ramp rate no greater than 4.5(F per minute.  Once the unit is at 140(F, it shall be held there for 30 minutes.  After 30 minutes of temperature saturation, the unit shall be lowered back to 5(F with a ramp rate no greater than 4.5(F per minute.  

Once the unit has completed 12 cycles, it shall then be operated and shall perform as required. 

4.3.2.5 The IRMU shall be subjected to a High Temperature Exposure of 113(F for 60 minutes.  The unit shall properly operate without requiring readjustment of any controls when set for nominal operating conditions.

4.3.2.6 The IRMU shall be subjected to a Low Temperature Exposure of 32(C for 60 minutes.  The unit shall properly operate without requiring readjustment of any controls when set for nominal operating conditions.
4.3.2.7 The IRMU shall be tested to the electromagnetic interference requirement in SL-E-0002 Book 3, Section 5.11.

4.3.2.8 The IRMU shall successfully pass the electrostatic discharge (ESD) test using the Human Body Model (HBM) of IEC61000-4-2, section 7.1, test setup 7.1.2.

4.4
Acceptance Testing For Verifying Requirements In Section 3.0
Once production has concluded, the lot of IRMU, shall be subjected to both a functional acceptance and environmental acceptance test regime.    

   4.4.1
Functional Acceptance Testing Requirements


A functional acceptance test shall be performed to ensure that that the lot of IRMU units operate 

as required.  A successful lot shall meet the following requirements;

4.4.1.1
The IRMU shall meet the workmanship requirements of NSTS 5300.4, Safety, Reliability, Maintainability, and Quality Provisions for the Space Shuttle Program.
4.4.1.2 The IRMU shall start and end each measurement routine with a self-calibration and 

verification sequence.  

4.4.1.3
The IRMU shall measure NSI bridgewire resistance to within the range of 0.001(to 1.999(, 

with a precision of 3 decimal places.

4.4.1.4
The IRMU control software shall be compatible with Windows 2000.

4.4.2
Environmental Acceptance Testing Requirements


A set of environmental acceptance tests shall be performed to ensure that that IRMU lot

operates as required.  A successful lot shall meet the following requirements.  After each 

environmental acceptance test, a functional checkout shall be performed to verify that the lot

has successfully met the requirement.

4.4.3.1
The IRMU shall be tested to the vibration levels as directed in MIL-STD-810, Method 514.5, Annex A, Figure 514.5C-17.  The acceleration spectral density and frequency requirements are illustrated in the below figure.  
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Figure 4.4.3.1 MIL-STD-810 Method 514.5, Annex A, Figure 514.5C-17 Graph.
4.4.3.2
The IRMU shall be thermally cycled 8 times between 32(F and 113(F. The IRMU shall be operated throughout the complete thermal cycling, and shall perform as designed.   One thermal cycle shall consist of an IRMU starting at 32(F and being held for temperature saturation for 30 minutes.  Next, the unit shall be raised to 113(F, with a ramp rate no greater than 2.7(F per minute.  Once the unit is at 113(F, it shall be held there for 30 minutes.  After 30 minutes of temperature saturation, the unit shall be lowered back to 32(F with a ramp rate no greater than 2.7(F per minute.  

5.0
Delivery Preparation

Upon acceptance of the lot from the NASA JSC COTR, the IMRU lot shall be prepared for shipment.  The units shall be prepared for shipment, using NASA supplied shipping containers.  The Contractor shall forward to both the Transportation Officer of NASA Johnson Space center, and the NASA JSC COTR, a report of shipment.  This report shall include the name of the shipper, items shipped, item classification, date of shipment, mode of transportation, name of carrier, shipping document or waybill identification, and the estimated time of arrival.  The Contractor shall also submit all appropriate paperwork, DD250 or DD1149, as applicable.  

6.0
Abbreviations

A


Ampere

ANSI


American National Standards Institute



ASCII


American Standard Code for Information Interchange



CO


Contracting Officer

COTR


Contracting Officer Technical Representative

COTS


Commercial Off The Shelf

ESD


Electro Static Discharge

GC


General Cleanliness

GFE


Government Furnished Equipment
GSE


Ground Support Equipment
IEC


International Electrotechnical Commission
IRMU


Initiator Resistance Measurement Unit


JPG


JSC Procedures and Guidelines
m(


milliohm

mA


milliampere



MIL-HDBK

Military Handbook

MIL-STD

Military Standard

mV


millivolt

NSI


NASA Standard Initiator
NSTS


National Space Transportation System
PCA


Printed Circuit Assembly

PCB


Printed Circuit Board
PRC


Program Requirements Control
V


Voltage
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