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	5. ANALYSIS OF RESULTS.
	In addition to the specific guidance provided in the test plan and the general guidance provided in Part One, paragraphs 5.14 and 5.17, and Part One, Annex A, Task 406, refer to the below paragraphs for supplemental test analysis information.  Analyze any failure of a test item to meet the requirements of the materiel specifications.
	g. Procedure VII (Pendulum Impact) – In general, analysis of the results will consist of visual inspections and any operational comparisons before and after the test.  Check for operability and inspect for physical damage of the contents (except when using a dummy load).  Damage to the exterior shipping container that is the result of improper interior packaging, blocking, or bracing is cause for rejection.  Structural damage to the exterior shipping container that results in either spilling of the contents or failure of the container in subsequent handling is cause for rejection.  Assess whether a substantial amount of shifting of the contents within the shipping container created conditions likely to cause damage during shipment, storage, and reshipment of the container.  Minor container damage such as chipping of wood members, dents, paint chipping, is not cause for rejection.  If recorded, acceleration time histories or other sensor data can provide valuable information related to the response characteristics of the test item.
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	1.1 Purpose.
	Gunfire shock tests are performed to provide a degree of confidence that materiel can structurally and functionally withstand the relatively infrequent, short duration transient high rate repetitive shock input encountered in operational environments during the firing of  guns.
	1.2 Application.
	Use this method to evaluate the structural and functional performance of materiel likely to be exposed to a gunfire shock environment in its lifetime.  This test method is applicable when materiel is required to demonstrate its adequacy to resist a “gunfire schedule” environment without unacceptable degradation of its structural integrity and functional performance (“gunfire schedule” here refers to the firing rate and the number of rounds fired in a given firing).  The gunfire environment may be considered to be a high rate repetitive shock having form of a substantial transient vibration produced by (1) an air-borne gun muzzle blast pressure wave impinging on the materiel at the gun firing rate,  (2) a structure-borne repetitive shock transmitted through structure connecting the gun mechanism and the materiel, and/or a combination of (1) and (2).  The closer the materiel surface is to direct pressure pulse exposure, the more likely the measured acceleration environment appears as a repetitive shock producing high rise time and rapid decay of materiel response, and the less role the structure-borne repetitive shock contributes to the overall materiel response environment.  The farther the materiel surface is from direct pressure pulse exposure, the more the measured acceleration environment appears as a structure-borne high rate repetitive shock (or a substantial transient vibration) with some periodic nature that has been filtered by the structure intervening between the gun mechanism and the materiel.  Repetitive shock applied to a complex multi-modal materiel system will cause the materiel to respond (1) at forced frequencies imposed on the materiel from the external excitation environment, and (2) to the materiel’s resonant natural frequencies either during or immediately after application of the external excitation.  Such response may cause: materiel failure as a result of increased or decreased friction between parts, or general interference between parts;
	a. changes in materiel dielectric strength, loss of insulation resistance, variations in magnetic and electrostatic field strength;
	b. materiel electronic circuit card malfunction, electronic circuit card damage, and electronic connector failure.  (On occasion, circuit card contaminants having the potential to cause short circuits may be dislodged under materiel response to gunfire environment);
	c. permanent mechanical deformation of the materiel as a result of overstress of materiel structural and non-structural members;
	d. collapse of mechanical elements of the materiel as a result of the ultimate strength of the element being exceeded.
	e. accelerated fatiguing of materials (low cycle fatigue);
	f. potential piezoelectric activity of materials; and
	g. materiel failure as a result of cracks and fracture in crystals, ceramics, epoxies, or glass envelopes.
	Limitations.
	2.3.1 General considerations. 
	2.3.2 Test conditions. 
	2.3.3 Test axes and number of gunfire events. 

	Configure the test item for gunfire shock testing as would be anticipated during in-service use, including particular attention to the details of the in-service mounting of the materiel to the platform.  Gunfire response is sensitive to the details of the materiel/platform configuration and input impedances.
	a. For Procedures I and II, the vibration exciter is operated in an “open loop” SESA TWR configuration with materiel response replication at a single point.  
	b. For Procedure III, if testing of a preliminary design is required, the pulse train matching the sine-on-random spectrum may be generated stochastically, and Procedure II applied.  It is unusual for any of the procedures to require a MEMA test configuration, but controls provided in Method 527 should be applied if warranted by the configuration or measured data.
	2.5.1 Control options.
	2.5.1.1 Open/Closed loop.
	2.5.1.2 Single point control.
	2.5.1.3 Multiple point control.

	2.5.2 Control methods.
	2.5.2.1 Waveform control.
	2.5.2.2 Spectrum control.  


	3.1 Pretest.
	The following information is required to conduct a gunfire test for a significant gunfire shock environment.  (In this section SESA is assumed, however obtain the same pretest information if MEMA testing is required, and Method 527 MEMA is substituted for Method 525 SESA.  In addition if the gunfire environment is benign non-transient vibration, see Method 514.6 for SESA or Method 527 for MEMA spectrum control.).
	a. General.  Information listed in Part One, paragraphs 5.7, 5.8, and 5.9, and Annex A, Task 405 of this standard.
	b. Specific to this method.  
	(1) Knowledge of the test fixture, test item and combined test fixture/test item modal frequencies, and their relationship to the gunfire rate.  Ideally, this would consist of an experimental modal survey for the test configuration including fixturing.  If this is not practical, a supporting analytical assessment of the modal characteristics of the test configuration needs to be developed and interpreted by a trained analyst.
	(2) Gunfire environment according to the gunfire schedule defining the number of individual firing events.  Either:
	(a) measured time traces that are input directly as compensated waveforms into a exciter system under TWR control Method 525 (SESA) (Method 527 MEMA) for Procedure I.
	(b) analytical time traces representing measured data that has been statistically processed, stochastically generated, and perhaps scaled appropriately, that are input as compensated waveforms into a exciter system under TWR control Method 525 (SESA) (Method 527 MEMA) for Procedure II.
	(c) measured gun/materiel mechanical and geometrical parameters that have been specified and predicted Sine-on-Random spectrum derived.  The predicted Sine-on-Random spectrum is then used to generate a repetitive shock time trace input to the materiel at the gunfire rate.
	(3) Techniques used in the processing of the input, and the materiel response data including means of satisfying the prescribed tolerance limits.
	(4) An analog anti-alias filter configuration will be used that will:
	(a) not alias more than a 5 percent measurement error into the frequency band of interest (5 Hz to 2 kHz).
	(b) have linear phase-shift characteristics in the data passband.
	(c) have a passband uniform to within one dB across the frequency band of interest (see paragraph 4.3).
	(5) In subsequent processing of the data, use any additional filtering that is compatible with the anti-alias analog filtering.  In particular, additional digital filtering must maintain phase linearity for processing gunfire time traces for Procedures I and II.  In checking for test tolerance satisfaction, use the principles outlined in Method 525 - in particular, bandpass filter the control time trace to the bandwidth of the reference time trace or, alternatively, match the bandpass filter characteristics of the control time trace to the measured time trace. 
	(6) Note:  Generally, there are three bandwidths of concern: (1) the field measured time trace bandwidth based upon the instrumentation signal conditioning configuration, (2) the reference time trace to be used in testing (5 Hz to 2kHz), and (3) the measured control time trace from the test that may have energy exceeding 2kHz.  Test tolerance procedures must compare common bandwidth information.  Common bandwidths may be established by digital filtering between either (1) the field measured time trace and the measured test control time trace, or (2) the test reference time trace and the bandlimited control time trace.  The procedures for establishing common bandwidths is provided in Method 525.
	(7) For Procedures I and II, the time history trace should be over-sampled by a factor of 10.  Ideally, for 2 kHz data, a sample rate of 20,480 (with a linear phase anti-alias filter set at 2.5 kHz) will be suitable.  For spectral computations a maximum 5 Hz analysis filter bandwidth is recommended.
	(8) Analysis procedures will be in accordance with those requirements and guidelines provided in paragraph 6.1, reference a.  In particular, the test item response acceleration time histories will be qualified according to the procedures in paragraph 6.1, reference a.  In severe cases of response acceleration, it may be necessary that each time history be integrated to detect any anomalies in the measurement system, e.g., cable breakage, amplifier slewrate exceedance, data clipped, unexplained accelerometer offset, etc.  The integrated amplitude time histories will be compared against criteria given in paragraph 6.1, reference a.
	c. Tailoring.  Necessary variations in the basic test procedures to accommodate LCEP requirements.
	3.2 During Test.
	Collect the following information during conduct of the gunfire test for a significant gunfire shock environment.  (In this section SESA is assumed, however obtain the same test information if MEMA testing is required and Method 527 MEMA (TWR) is substituted for Method 525 SESA.  In addition, if the gunfire environment is benign and non-transient vibration, see Method 514.6 for SESA, or Method 527 for MEMA spectrum control).
	a. General.  Information in Part One, paragraph 5.10, and in Part One, Annex A, Task 405 and 406 of this standard.
	b. Specific to this method.  Information related to failure criteria.  Other environmental conditions at which testing is to be carried out if other than standard laboratory conditions, and the specific features of the test assembly (exciter, fixture, interface connections, etc.).  For test validation purposes, record achieved test parameters, deviations from pre-test procedures including parameter levels, any procedural anomalies and any test failures.  Save in digital form the reference, control, and monitoring acceleration time traces for post-test processing, including test tolerance verification, under the guidelines provided in Method 525.
	3.3 Post-test.
	The following post test data shall be included in the test report. (In this section SESA is assumed; however, obtain the same pretest information if MEMA testing is required and Method 527 MEMA TWR is substituted for Method 525 SESA.  In addition, if the gunfire environment is benign and non-transient vibration, see Method 514 for SESA or Method 527 for MEMA spectrum control).
	a. General.  Information listed in Part One, paragraph. 5.13, and in Annex A, Task 406 of this standard.
	b. Specific to this method.  
	(1) Duration of each exposure and number of exposures.
	(2) Functional and physical integrity of the test item after each test based upon operational testing and visual examination.
	(3) Reference, control, and monitor time traces along with the information processed from these time traces to ensure test tolerances were met in the course of testing (see Method 525).
	(4) Results of operational checks.
	(5) Test item and/or fixture modal analysis data.
	4. TEST PROCESS.
	4.1 Test Facility.
	4.2 Controls.
	In general, acceleration will be the quantity measured to meet specification with care taken to ensure acceleration measurements can be made that provide meaningful data (paragraph 6.1, reference a).  Give special consideration to the measurement instrumentation amplitude and frequency range specifications in order to satisfy the measurement and analysis requirements.  All measurement instrumentation must be calibrated to traceable national calibration standards (see Part One, paragraph 5.3.2).  In addition, instrumentation to measure test item function may be required.  In this case, obtain suitable calibration standards and adhere to them.
	a. Accelerometer.
	(1) Transverse sensitivity of less than or equal to 5 percent.
	(2) An amplitude linearity within 10 percent from 5 percent to 100 percent of the peak acceleration amplitude required for testing.
	(3) For all gunfire test procedures, a flat frequency response within +10 percent across the frequency range 5 – 2 kHz.  The measurement devices may be of the piezoelectric or piezoresistive type.  
	(4) For cases in which response below 2 Hz is desired, piezoresistive accelerometer measurements are required with a flat frequency response within +10 percent across the frequency range DC-2 kHz.
	(5) The measurement device and its mounting will be compatible with the requirements and guidelines provided in paragraph 6.1, reference a.
	b. Other measurement devices.  Any other measurement devices used to collect data must be demonstrated to be consistent with the requirements of the test, in particular, the calibration and tolerances provided in paragraph 4.2.
	c. Signal conditioning.  Use signal conditioning compatible with the instrumentation requirements on the materiel.  In particular, filtering will be consistent with the response time history requirements.  Use signal conditioning requirements in accordance with the guidelines provided in paragraph 6.1, reference a.  Use extreme care in filtering the acceleration signals at the amplifier output.  Do not filter the signal into the amplifier for fear of filtering bad measurement data and the inability to detect the bad measurement data.  The signal from the signal conditioning must be anti-alias filtered before digitizing. 
	All measurement devices are to be calibrated in accordance with standard calibration procedures.  The complete test parameter control chains (checking, compensation, servoing, recording, etc.) should not produce uncertainties exceeding one third of the tolerances specified in paragraphs 4.2.1 through 4.2.4.  Because of the nature of the gunfire environment, tolerances may be given in the time, amplitude, and frequency domain according to the processing requirements of the procedure.  Knowledge of the bandwidth of the reference and control time traces will be important and an assessment of the out of band energy provided by limitations of impedance matching and fixture resonances will be important.  In Procedures I and II it is assumed that the test item response measurement data collected is representative of the true environment and not a function of the local materiel configuration, e.g., local resonances which may not be controllable to the tolerances in paragraphs 4.2.1 through 4.2.4.  Use test fixturing that will ensure test item response in other axes does not exceed twenty-five percent of the test item response in the test axis when measured in the time, amplitude or frequency domain.  Methods 525 and 527 provide guidelines on test tolerance specification under TWR and, in most cases, these test tolerances will be adequate for gunfire test.  The test tolerance guidelines provided below assume stochastic ensemble processing formulation, whereby there is variation in time but the frequency domain content remains the same over the ensemble of pulses.  These test tolerance guidelines may be superseded by more time trace form appropriate guidelines in Methods 525 or 527.  In conjunction with satisfaction of test tolerances, a dynamic simulant for the test materiel is initially recommended to compensate the input waveform.  In addition, an appropriate time trace compensation strategy may be applied to optimize the TWR input to the stimulant, and applied in subsequent testing of the materiel.
	4.2.1 Direct Reproduction of Measured Materiel Input/Response Time Trace Data Under Guidelines Provided in Method 525 for Time Waveform Replication (TWR)
	4.2.2 Stochastically Generated Materiel Input/Response Based Upon Measured Time Trace Information
	4.2.3 Stochastically Predicted Materiel Input for Preliminary Design Based Upon Predicted Sine-on-Random Spectrum
	4.3.2 Interruption due to test item operation failure.

	4.4 Test Execution.  
	The following actions along with steps, alone or in combination, provide the basis for collecting necessary information concerning the durability and function of a test item in a gunfire shock environment.
	4.4.1 Preparation for test.
	4.4.1.1 Pretest checkout.
	4.4.1.2 Procedure overview.
	4.4.1.3 Test item considerations.

	Procedure I - Direct Reproduction of Measured Materiel Input/Response Time Trace Information under Guidelines Provided in Method 525 for Time Waveform Replication (TWR).
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	4.4.2.4 Analysis of results.
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	Analysis of results.
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	4.4.4.1 Controls. 
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