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H.R.Textron developed a new valve for use is robotic applications which has the promise of improving command and control capabilities of hydraulic systems. This valve is currently being used in a robotic arm system for automated automobile re-fueling which International Submarine and Engineering (ISE) designed. ISE established the initial contact between MBARI and H.R.Textron.



Mr. Philip Lane of H.R.Textron visited MBARI and toured the facilities. During the tour a discussion about the new valve and the performance parameters came about. Mr. Lane offered a test valve for evaluation at MBARI if in return he could get the results of the tests.  Textron has an interest in how the valves operate at pressure. An agreement was reached between Mr. Bill Kirkwood, Associate Director of Research and Development at MBARI and Mr. Philip Lane to proceed with a test.



Mr. Bill Pauli, Director, Marketing & Sales, HR Textron wrote a memorandum of understanding. It was reviewed and accepted by MBARI with minor modifications. Mr. Bill Kirkwood signed the agreement and placed a no charge PO for shipment of a HR Textron DDV Servo-valve to MBARI in November of 1997. Mr. Bill Grotenrath, Sales Representative for H.R.Textron, ordered the correct part and shipped to MBARI. 



Mr. Kirkwood wrote a test plan (appendix A) which was reviewed and accepted by Textron Management. After receipt of the servo-valve unit it was inspected. Initial inspection brought about the possibility that the housing was not vented to atmosphere and this would cause a failure. Contact was made with Mr. Ken Coakley, Chief Engineer at H.R.Textron. Mr. Coakley advised that two screws should be removed from the connector housing to allow for proper venting at pressure. 



The servo-valve and test plan (with the instructions from H.R.Textron) were given to Mr. Jim Scholfield of MBARI to perform the tests. The attached data and schematics are the results of those tests. 

�

Technician statement:



Initial inspection indicated no problems and hydraulic bench testing verified a very high level of consistent, repeatable control to delivered pressures of 2000 psi with only minute leakage from non-commanded ports. Pressure cycling repeatedly to 7000 psi while immersed in mineral oil revealed no faults. A repeat of the hydraulic test series verified successful operational pressure tolerance. The DDV series appears to have good applicability to undersea robotic manipulators or any other use requiring high levels of dexterity. Eight copies of the test report were distributed, one to each HR Textron member who assisted and one to each MBARI member involved with an additional copy

on file in the library.







TEST ITEM:

HR Textron

DDV Servovalve

P/N 27A50F-4K02

S/N 101

5000 psi Max

GPM @ 1000 psi



CONNECTIONS:

Wires:	WHT-ORG-  +-10 VDC, + C1, - C2

	BLU-GRN-  REF. Command

	RED-YEL- +24 VDC  

	BLK-BLK- REF P.S.



Hydraulic Conn.  -  P, R, C1, C2   MBARI Fabricated base block with ¾ “  fittings.



INSTRUMENTATION:  

FLUKE 87 Port DMM

TENMA Universal Test Center,  Triple  P.S., DMM, etc.

HP 3312A Frequency Gen.

SOLTEC TA 200-938  Strip Chart Recorder

LeCroy 9310 AM  O’scope with hard copy

Autoclave Pressure System incl. Controller.

Custom Hydraulic Test Bench incl. Digital flow meter and dual Power Supplies.

�TEST SET-UP:

Tests involved  a matrix of Hydraulic pressure from 0 - 2000 PSI  on port P,  commanded flows  +- 0 - 10 VDC on ports C1 and C2,  and Oil temperatures which varied naturally from 18 - 54 deg. C.  

A separate test subjected the whole valve to repeated external pressure cycling from   0 - 7000 psi. 

The whole hydraulic test matrix was repeated after the pressure cycling.

Test set-up used ¾” ports and hydraulic hose except for port R which used ¼” hose.   C1, C2 and R were connected directly to the Hydraulic Bench Return ports.  

Early tests used an analog Hedlund 0-5 GPM flow meter in line with C1.  This had insufficient span and poor agreement with the Bench Digital Flowmeter.  A decision was made to use the Bench flowmeter for all tests even though it had stiction  problems below 1.5 GPM.  The greater span and ease of use seemed the better compromise.  This flowmeter was on the supply side so it was confirmed that valve leakage was trivial and this flowmeter’s use was valid.



CURRENT DRAW:   

0.075 A @ 0 psi,0-10 vdc,   0.2 A @ 1000 psi, 10 vdc



LEAKAGE:  

before pressure cycling - zero @ 0- 1000 psi, 0.0 vdc, R-C1-C2

after  cycling -    dripping from C2 @ 1000 psi, 0.0 vdc signal to C1



VISUAL LOW FLOW CONTROL:  500 PSI,  port C1

0.00 vdc - 0 flow  

vdc - drips

vdc - fast drips

vdc - very slow flow



Repeatable

Smooth start and stop to flow on commanded fast change,  step change not checked.

�



ELECTRONIC CONNECTIONS:



Power supply connections to built-in unit on Hydraulic Test Bench are self-evident and not shown.   Shown are Pressure Cycling and Noise connections.



PRESSURE CYCLING



























NOISE
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NOISE MEASUREMENT-

Noise was recorded on an O’scope before and after pressure cycling at 10 microsecond & 10 millivolt per division on the 24 VDC and + 5.0 command VDC connections to the valve.  A slight increase in noise was evident after pressure cycling. The bulk of the hash on the 24 VDC supply went from 9.7 mV. to approx. 15 mV.  after the pressure cycling. The +5.0 VDC  signal noise went from .7 mV to approx. 18 mV.  Both traces had several spikes that were approx. 60 mV.  By itself  the P.S. had less than 5 mV noise on both the 24 and 5.0 VDC supplies.  

BEFORE PRESSURE  CYCLING

                   24 VDC	                      5.0 VDC

















AFTER  PRESSURE  CYCLING







�PRESSURE  CYCLING :

The interior of the valve was flooded with mineral oil (WITCO- spec. attached ) used for pressure tests by removing a valve body screw and vacuum cycling to 25 mm Hg to remove air and let oil in.  This required roughly 30 cycles.  This is a common procedure at MBARI.

Unit was then immersed in the oil within the Pressure Chamber and electrically connected to a 24 VDC supply and a +- 9.5 VDC command signal @ 0.84 Hz.  In addition, we tracked mA on the 24 VDC  because we felt any impeded internal valve movement  would show up as increased mA much in the same way increased hydraulic pressure affects mA.  It became nearly a moot question whether we were right or not because the valve functioned perfectly  after the pressure cycling indicating no permanent deformation had occurred.  

Unit was subjected to 20 cycles 0 - 7000 psi - 0 @ a rate of 500 psi/min.

Trace indicates no evidence of change in mA on 24 VDC supply  during pressure cycling.



NOTES FROM BENCH DATA AND GRAPHS:

Initial hydraulic runs indicated very consistent and repeatable data during repeats, it was decided time required would not increase knowledge, so many runs had less than 3 runs or used fewer data points than called out in the test plan.  This was especially true for post-pressure cycling hydraulic runs.  Test plan is attached.



During pressure cycling, a rate of 500 psi/min was used instead of test plan’s 150 psi/min. as a way of saving a lot of time.  The higher rate also better matched the operating characteristics of our pressure test facility.



A chart recorder made traces of chamber pressure, the commanded +- 9.5 vdc, and mA as mV across a 1.7 ohm (convenient) shunt resistor on the 24 vdc supply.



Cycles 2, 19 and 20 are attached.  Cycle 1 was identical but the trace was confusing because of adjustments being made to the recorder, it is not included. Chart 1 shows these results.



Initial data runs had 3 repeats of command 0-10 vdc labeled (U) and 10-0 vdc (D).   Since the runs were virtually  identical, only the U1, D1 run was graphed.  Charts 2 - 5.



Post-pressure cycling hydraulic runs of  C2 (U)  were virtually identical to (D) runs and were not graphed.  Data sheets are included.

  

Graphs showing comparisons C1, C2 or pre/post pressure cycling will have 2 entries for parameters like temperature that reflect the same sequence.  Charts 8, 11, 12 & 13.









RESULTS AND  CONCLUSIONS:



Deviations during hysterisis and repeatability hydraulic runs were primarily due to readability of   voltmeter (0.1 volt) and flow meters (0.1 gpm).  Charts 2 - 5. Also, the flow meters had dead bands near zero where no reading was possible.  



In  general, higher oil temperatures, as expected, yielded slightly higher flow rates for otherwise identical test settings.   Charts 8, 12 & 13.



C1 and C2 initial hydraulic runs indicated increasing linearity with increasing hydraulic pressure.  Charts 6 & 7.



C1 and C2 pre-pressure cycling hydraulic runs had insignificant differences from each other.  Chart 8.



Pressure cycling revealed no change in the mA (24 vdc supply) required to drive the valve with a +-9.5 vdc signal during 20 cycles of 0-7000 -0 psi. Chart 1.



C1 and C2 post-pressure cycling runs had insignificant differences from pre-cycling runs.  Charts 12 & 13.



In general, unit performed predictably, consistently, and repeatably with trivial leakage at hydraulic pressures up to 2000 psi and with no effects from pressure cycling to 7000 psi  other than a slight increase in electronic noise during the period of our tests.
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CONTACTS:



HR Textron Robotic Products

24908 Kearney Avenue

Santa Clarita, CA.,   91355



Philip Lane

General Manager HR Textron, Inc.

ph- 805-295-8360

fax- 805-295-1907



Bill Grotenrath

Local Factory Rep, HR Textron

ph- 408-360-9898

fax- 408-226-4597



Bill Pauli

Director, Marketing & Sales, HR Textron

ph- 805-253-5232



Ken Coakley

Chief Engineer, HR Textron

ph- 805-253-5695





Monterey Bay Aquarium Research Institute

PO Box 628

Moss Landing, CA.,  95039-0628

408-775-1700  http://www.mbari.org



Bill Kirkwood

Associate Director of Research and Development

MBARI

ph- 408-775-1707

fax- 408-775-1646



Jim Scholfield

Sr. Mechanical 
 Engine
e
ring 
Technician, MBARI

ph- 408-775-1765

fax- 408-775-1646
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