Rev 6/3/13
ELECTRODYNAMIC VIBRATION SYSTEM
STATEMENT OF WORK/TECHNICAL REQUIREMENTS

1.0	GENERAL REQUIREMENTS
1.1	The Naval Surface Warfare Center, Dahlgren Division, (NSWCDD) requires the vendor to provide an electrodynamics vibration system.  
1.2	The system shall consist of an electro-mechanical shaker with an integrated slip table installed on a common seismic reaction mass and driven by a solid-state amplifier.  
1.3	The vendor shall provide a turn-key system with installation at NSWC, Dahlgren. 
Note:  This procurement is for a shaker system only and there is no requirement for vibration control equipment.

2.0	SYSTEM COMPONENTS
2.1	Shaker
The shaker is an electro-mechanical exciter with a nominal 17-inch armature.  
2.1.1	The shaker shall be trunnion mounted to the seismic reaction mass allowing for the shaker to rotate from a horizontal to vertical orientation.  
2.1.2	The shaker shall operate in both the horizontal orientation when attached to the slip table or in a vertical orientation with or without a head expander.  
2.1.3	The shaker shall accept a head expander for use in the vertical orientation.  
2.1.4	The shaker shall be cooled with air, water or a combination of both.  
2.1.5	The shaker head shall include 1/2-13UNC threaded inserts with a minimum 1.5-in thread engagement.  
2.1.6	The inserts shall be located at 0-in, 4-in, and 8-in radii with a 45-deg angular separation for a total of 17 inserts. 
2.2	Power Amplifier
2.2.1	The shaker shall be driven by an air-cooled, Class-D switching amplifier.  
2.2.2	Input power for the amplifier shall be 480 VAC, 3 phase. The amplifier shall not use oil or water cooling.  The NSWC requires two, independent power amplifiers and any appropriate subsystems.  See special requirements section 4.0 for more detail.
2.3	Slip table 
2.3.1	The horizontal table shall consist of a 2.0-in (minimum) thick Magnesium plate with a usable surface of 40-in x 40-in square. 
2.3.2	The table shall be supported by linear hydro-static high pressure oil-film bearings.  
2.3.3	The bearings shall be arranged to resist the overturning moment specified in Section 3.  The bearing quantity may be adjusted to meet all performance requirements in Section 3.  
2.3.4	The slip table shall have a self-contained oil system with all necessary pumps, filters and reservoirs for operation of the linear bearings. 
2.3.5	The plate shall include 1/2-13UNC blind threaded inserts with a minimum 1.0-in thread engagement.  
2.3.6	The threaded insert hole pattern shall be on a 4-in x 4-in grid over the entire surface of the plate in accordance with attached drawing G60-SH-002.  
2.3.7	A driver fixture shall be included for attaching the slip plate to the shaker head.  
2.3.8	The driver fixture shall be designed such that it can be attached to the shaker while the shaker is in a vertical orientation.  
2.3.9	The shaker and drive fixture shall be rotated to the horizontal for attachment to the slip plate. 
2.3.10 OPTION: A thermal barrier of 0.5-in x 40-in x 40-in thermo-laminated glass epoxy material (G10/FR4) shall be provided for insulation of the slip plate surface. The thermal barrier shall include counter sunk, through holes for attaching the thermal barrier to the table with 1/2-13UNC flat head screws. The thermal barrier shall have the same 4-in x 4-in hole pattern as the table. 
2.4	Seismic Reaction Mass
The reaction mass is a one-piece assembly that holds the slip table and shaker. 
2.4.1	The mass shall be sized to meet the system performance requirements of Section 3.0.
2.4.2	The mass shall employ air bags for isolation from the facility floor and for self-leveling of the base. 
2.4.3 The reaction mass shall include lifting lugs such that an overhead crane can lift the entire vibration system including shaker, slip table and reaction mass.
2.4.4	OPTION: The seismic mass base shall have an air cushion floatation system for maneuvering the vibration test system within the facility.
2.5	OPTION: Head Expander
The head expander is a well-damped weldment that attaches to the shaker head when the shaker is in a vertical orientation. The head expander provides a mounting platform for vertical excitation of a test specimen.  
2.5.1	The head expander shall use a 1.5-in (minimum) magnesium top plate and shall have a 40-in x 40-in square usable surface.
2.5.2	The top plate shall include 1/2-13UNC threaded inserts with through holes. 
2.5.3	The threaded insert hole pattern shall be on a 4-in x 4-in grid over the entire surface of the plate in accordance with attached drawing G60-SH-001.  
2.5.4	The top plate of the head expander shall extend no more than 18-inchs above the shaker head. 
2.5.5 OPTION: The head expander shall have guide bearings and load support structure capable of supporting a 5000 lbf static load. 
2.5.6	OPTION: A thermal barrier of 0.5-in x 40-in x 40-in thermo-laminated glass epoxy material (G10/FR4) shall be provided for insulation of the top plate surface. The thermal barrier shall include counter sunk, through holes for attaching the thermal barrier to the top plate with 1/2-13UNC flat head screws. The thermal barrier shall have the same 4-in x 4-in hole pattern as the top plate of the head expander.  
2.6	Shaker Cooling
The shaker shall be cooled using an air blower, a water-to-water heat exchanger, a chiller with mechanical refrigeration or a combination of these methods.
2.7	Safety Interlocks
2.7.1	The vibration system shall include interlocks and controls that monitor the equipment and ensure safe operation. 
2.7.2	The interlocks and controls shall prevent our-of-range conditions that may result in failure of the system or its components. 
2.7.3	Interlock status monitoring shall comply with the control and operation requirements of paragraph 2.8.
2.8	Control and Operation
2.8.1	The power amplifier shall accept a 0-10 Volt control signal from the Government supplied vibration controller.  
2.8.2	The NSWC will use this shaker system for testing of live explosive ordnance.  There is no requirement for hazardous environment class rating of the electrical components; however, the shaker system shall allow for both local and remote control operation.  
2.8.3	A local control panel shall operate all shaker systems and monitor shaker and amplifier performance.  
2.8.4	OPTION: Remote control of the shaker system shall be via TCP/IP computer network such that there is no limit on cable distance between the shaker and remote control location. The remote control shall provide the operator with the same level of control and system status awareness as local operation.  
2.9	Hoses, Cables and Wiring
2.9.1	Interconnection between shaker, amplifier and cooling systems shall be accomplished using removable connectors and fittings. 
2.9.2	All hoses, cables and wiring shall be provided for complete system assembly. The nominal distance between the shaker, amplifier and utilities is 20 feet. 
2.9.3	The vendor shall provide two complete sets of hoses and cabling that connect the shaker assembly (shaker, slip table and seismic mass) and the amplifier. See special requirements section 4 for more detail.
2.10	Documentation
2.10.1	The vendor shall provide two complete sets of operations manuals/drawings and any other documentation normally provided per industry standards for the Vibration Test System.
2.10.2	The vendor shall describe the documentation to be provided with the commercial item in their proposal.
2.10.3	The vendor shall provide all documentation in English.
3.0	PERFORMANCE REQUIREMENTS
The following are the minimum mechanical performance requirements for the vibration system. The shaker shall be in the vertical axis unless a horizontal orientation is specified or implied by the performance requirement.  Some requirements specify a payload mass.  The payload is the mass attached to the shaker and shall not include the weight of the shaker armature.
3.1 The vibration system shall be capable of generating at least 24,000 lbf-peak force for sine testing.  
3.1.1 The vibration system shall sustain a 22 Hz, 21.5 g sine tone, on a 1000 lbm payload for at least 1 hour.  The allowable deviation for this test is +/- 0.5 dB.    
3.1.2 The vibration system shall perform a swept-sine test from 15 Hz to 2000 Hz at a sweep-rate of 0.10 octave/minute on a 1000 lbm payload at an acceleration level of 20.0 g.  
3.2 The vibration system shall generate forces of at least 22,000 lbf-rms for random testing.  
3.2.1 The vibration system shall sustain a 20.0 g-rms random vibration test with a flat spectrum whose bandwidth is 20-2000 Hz the frequency resolution shall be 1 Hz or less.  This test shall be conducted on a 1000 lbm payload for a duration of 1 hour.    
3.3 The vibration system shall be capable of generating at least 66,000 lbf force on to the payload for shock testing.
3.3.1 The vibration system shall accelerate a 525 lbm payload to 100g using a 0.010 second half sine pulse with up to 5% pre-pulse and 30% post-pulse compensation.  
3.4 The vibration system shall be capable of 3 in peak-peak, 75 in/sec, and 190g for continuous sine testing in the vertical orientation.
3.4.1 The vibration system, with a bare-table, shall be able to perform a sine sweep test from 4 Hz to 3000 Hz. A linear sine-sweep shall be used with a total duration of 30 minutes.  The vibration amplitudes for this evaluation are shown in the table below.

	Frequency (Hz)
	Amplitude Level
	Amplitude Level units

	4
	3
	inches

	8
	3
	inches

	8
	75
	inches/second

	155
	75
	inches/second

	155
	190
	g

	3000
	190
	g



3.4.2 The vibration system shall perform a sine tone dwell test for a duration of 60 minutes with an acceleration amplitude of 3.75 g and a frequency of 5 Hz with a 1000 lbm payload.  
3.5 The vibration system shall be capable of 3 in peak-peak, 75 in/sec, and 50g for continuous sine testing in the horizontal orientation with the slip table attached.
3.5.1 The vibration system, with slip table, shall be able to perform a sine sweep test from 4 Hz to 3000 Hz with a 20 lbm payload.  A linear sine-sweep shall be used with a total duration of 30 minutes.  The vibration amplitudes for this requirement are shown in the table below.
	Frequency (Hz)
	Amplitude Level
	Amplitude Level units

	4
	3
	inches

	8
	3
	inches

	8
	75
	inches/second

	41
	75
	inches/second

	41
	50
	g

	3000
	50
	g



3.5.2 The vibration system shall be able to perform a 5 Hz sine tone dwell test on a 1000 lbm payload for a duration of 60 minutes at an acceleration amplitude of 3.75 g. 
3.6 The vibration system shall be capable of generating at least 150 g-rms for a bare-table random vibration test. 
3.6.1 The vibration system shall perform a 150 g-rms random vibration test on a 20 lbm payload with a flat spectrum from 20-2000 Hz with a frequency resolution of 1 Hz and an amplitude tolerance of +/- 0.5 dB.  
3.7 The vibration system shall be capable of generating classic shock pulses with maximum accelerations of 500 g, maximum velocities of 160 in/sec and maximum displacements of 3 inches peak-peak.
3.7.1 The vibration system shall perform a half-sine classic shock pulse with a peak acceleration of 500 g and a half-sine duration of 1 millisecond with no payload added to the bare-table.  The pulse shall be uncompensated. 
3.7.2 The vibration system shall perform a half-sine classic shock pulse with a peak acceleration of 300 g and a half-sine duration of 4 millisecond with a 50 lbm payload on the shaker system.  The pre-pulse compensation shall not exceed 10% and the post-pulse compensation shall not exceed 10%.
3.7.3 The vibration system shall perform a half-sine classic shock pulse with a peak acceleration of 100 g and a half-sine duration of 10 millisecond with a 450 lbm payload on the shaker system.  The pre-pulse compensation shall not exceed 5% and the post-pulse compensation shall not exceed 30%.
3.7.4 The vibration system shall perform a half-sine classic shock pulse with a peak acceleration of 50 g and a half-sine duration of 15 millisecond with a 450 lbm payload on the shaker system.  The pre-pulse compensation shall not exceed 5% and the post-pulse compensation shall not exceed 30%.
3.8 The vibration system shall be controllable from 4 Hz to 3000 Hz.  The shaker shall be bare-table and oriented in the vertical direction for the test outlined in 3.8.1 and 3.8.2.  The shaker shall be bare-slip table and oriented in the horizontal direction for the test outlined in 3.8.3 and 3.8.4.    
3.8.1 The vibration system shall perform a linear sine-sweep from 4 Hz to 3000 Hz over the duration of 1 hour without deviated more than +/- 0.5 dB from the reference profile.  The reference line is defined by the following table:
	Frequency (Hz)
	Amplitude (g)

	4
	2.2

	10
	10

	3000
	10



The reference profile shall be represented by straight lines when plotted on a log-log graph, that is the x and y axes are both logarithmic. 
3.8.2 The vibration system shall perform a random vibration test with a flat spectrum from 4 – 3000 Hz without deviating more than +/- 0.5 dB from the reference profile in the 4 Hz – 2000 Hz range.  A 1 Hz frequency resolution or less shall be used during the evaluation. Deviations from 2000 Hz to 3000 Hz shall not exceed +/- 1.5 dB from the reference profile.    
3.8.3 The vibration system shall perform a linear sine-sweep from 4 Hz to 3000 Hz over the duration of 1 hour without deviated more than +/- 0.5 dB from the reference profile.  The reference line is defined by the following table:
	Frequency (Hz)
	Amplitude (g)

	4
	2.2

	10
	10

	3000
	10



The reference profile shall be represented by straight lines when plotted on a log-log graph, that is the x and y axes are both logarithmic. 
3.8.4 The vibration system shall perform a random vibration test with a flat spectrum from 4 – 3000 Hz without deviating more than +/- 0.5 dB from the reference profile in the 4 Hz – 2000 Hz range.  A 1 Hz frequency resolution or less shall be used during the evaluation. Deviations from 2000 Hz to 3000 Hz shall not exceed +/- 1.5 dB from the reference profile.    
3.9 The vibration system shall have a first armature resonance greater than 2000 Hz. The results obtained from the tests described in paragraph 3.8.1 and 3.8.2 shall be used to determine the armature resonances.  
3.10 The vibration system shall be capable of supporting a vertical payload of 1850 lbm without load supports external to the armature. The vibration system shall maintain center using the shaker’s self centering system.  
3.11 The vibration system shall withstand a vertical over-turning moment of 200,000 lbf-in. The vendor shall provide engineering drawings, calculation, and models to show compliance with this requirement.  
3.12 The vibration system shall be able to withstand a slip table over-turning moment of 1,500,000 lbf-in. The vendor shall provide engineering drawings, calculation, and models to show compliance with this requirement.  
3.13 The slip table shall support a payload of 7,500 lbm for vibration testing. The vendor shall provide engineering drawings, calculation, and models to show compliance with this requirement.  
3.14 A 5 g sine sweep shall be performed from 15 Hz to 2000 Hz to indentify the slip table’s first mode which shall be greater than 500 Hz.  
3.15 OPTION: A 5 g sine sweep shall be performed from 15 Hz to 2000 Hz to indentify the head expander’s modes.  The head expander’s first mode shall be greater than 600 Hz.  This optional performance measure is not applicable if the head expander component option is not exercised and purchased.
3.16	A performance demonstration of the requirements in Section 3.0 shall be conducted at the vendor's facility prior to government acceptance of the equipment and shipment to Dahlgren. The vendor shall use transducers and control systems with NIST traceable calibration for all performance demonstrations. All control parameters and setups shall be documented and shared with the government during this demonstration.

4.0	SPECIAL REQUIREMENTS
The NSWC Dahlgren requires the capability to easily move the shaker assembly (shaker, slip table and seismic mass) between two vibration facilities.  
4.1	The system purchased by NSWC shall include two amplifiers and duplicates of all support equipment required for system operation. 
4.2	The amplifier and support equipment shall be permanently installed at the two different facilities. 
4.3	The system shall be configured such that the shaker assembly can be easily disconnected from the amplifier, transported to the alternate vibration facility and reconnected to the second amplifier.  
4.4	A maximum of one hour shall be required to disconnect, reconnect and operate the shaker assembly when switching between amplifiers and support equipment. 
4.5	Facility Details
The vibration facilities have the following utilities available:
	Power
	120 VAC, 1 phase, 200 amps & 
480 VAC, 3 phase, 400 amps

	Shop Air Supply
	100 psi

	Potable Water
	30 psi fresh water

	Cooling Tower
	146 tons available


Note:  The amplifier and shaker shall meet the performance specifications as identified in this document using the available facility electrical power. 
4.6	Installation and On-Site Checkout
The vendor shall install the shaker system at the NSWCDD facilities identified by the technical representative identified in section 6.0. 
4.6.1	The equipment shall be installed in active vibration test facilities and a maximum of three days are available for equipment installation at each of the two vibration facilities.  
4.6.2	The vendor shall coordinate the installation date with the Government technical representative identified in section 6.0 at least 30 days prior to the installation.  
Note:  The checkout includes disconnecting the shaker from one amplifier, moving it to the second vibration facility and reconnecting it to the second amplifier. 
4.7	Training
The vendor shall provide one day of on-site training to personnel identified by the technical representative identified in section 6.0 for operation and maintenance of the system. 
4.8	Warranty
4.8.1	The system shall be warranted by the manufacturer for at least one year from the date of installation and government acceptance.  
4.8.2	The warranty shall cover all parts and labor for on-site repair.
4.9	Optional Equipment
Several components are identified as OPTIONAL in this document. All components designated as OPTIONAL shall be priced separately in the vendor’s proposal.  The Government may award a contract for the vibration system that includes all, some or none of the OPTIONAL items. 
5.0	GOVERNMENT FURNISHED EQUIPMENT/INFORMATION/SERVICES
5.1	The Government will provide electrical service for the amplifier when it is installed onsite at Dahlgren.
5.2	The Government will transport the shaker assembly between facilities for the checkout onsite at Dahlgren.

6.0	TECHNICAL POINT OF CONTACT
[bookmark: _GoBack]To be provided at the time of award.



7.0	SUMMARY OF PHYSICAL AND PERFORMANCE REQUIREMENTS 
The following three tables summarize the overarching physical requirements.  


	Shaker Physical Requirements

	Diameter (in), nominal
	17

	Armature Mass (lbm), maximum
	150

	Bolt Circle (in diameters)
	0, 8, 16, @45o

	Bolt Size
	1/2-13 UNC

	Number of Bolts (minimum)
	17

	Insert Depth (in), minimum
	1.5




	Slip Table Physical Requirements

	Material
	magnesium

	Surface Area (in x in), nominal
	40 x 40

	Thickness (in), nominal
	2

	Roll & Pitch Moment Capacity (lbf-in)
	1.50E+06

	Yaw Moment Capacity (lbf-in)
	1.00E+05

	Payload Mounting Bolt Size
	1/2-13 UNC

	Bolting Grid Pattern (in x in)
	4 x 4

	Threaded Insert Length (in), minimum
	1

	Number of Inserts, nominal
	100




	Head Expander Physical Requirements

	Material
	magnesium

	Surface Area (in x in), nominal
	40 x 40

	Height (in), maximum
	18

	Top Thickness (in), minimum
	1.5

	Weight (lbm), maximum
	400

	Bolting Grid Pattern (in x in)
	4 x 4

	Threaded Insert Length (in), minimum
	1

	Number of Inserts, nominal
	96

	Armature Attachment Thru-Holes
	17





The following three tables summarize the overarching performance requirements.  


	Sine Performance Requirements

	Force (lbf)
	24000

	Displacement (in DA)
	3

	Velocity (in/sec)
	75

	Acceleration (g)
	190

	Frequency (Hz)
	4-3000




	Random Performance Requirements

	Force (lbf-rms)*
	22000

	Displacement (in DA, 3σ)
	3

	Velocity (in/sec-rms)
	70

	Acceleration (g-rms)
	150

	Frequency (Hz)
	4-3000

	notes:
	 

	* w/1000-lbm payload, flat spectrum (Hz)
	20-2000




	Shock Performance Requirements

	Force (lbf)
	66000

	Displacement (in)
	3

	Velocity (in/sec)
	160

	Acceleration (g)
	500

	Frequency (Hz)
	4-3000
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