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Abstract
The ALOHA/MARS Mooring (AMM) is a cabled sensor network that is being being developed for use with seafloor observatories for long endurance ocean science research. (http://alohamooring.apl.washington.edu/, http://aloha.apl.washington.edu/wiki/index.php/Main_Page). The mooring network receives 400V from either a shore station or an undersea node such as MARS or NEPTUNE.  The question being addressed is whether or not turn-on and turn-off voltage transients are likely to cause damage to the loads or infrastructure in the AMM system.  The AMM utilizes simple load switching, without current limiting.  The premium on watertight space in the mooring means that large LC line filtering networks are impractical.  With cable lengths in the mooring expected to range from 800-1700m the high frequency components of quickly switching power into a load demand that the transients on these long cables be analyzed as transmission lines.  Furthermore, having a model for varying cable lengths would assist in predicting performance of systems with different cable lengths without explicitly testing every length.  After simulation and testing it is found that the system model would benefit from an improved voltage source model, and it is found that the model can serve as a safe bound on minimum length and capacitance values.
System Model
First, the cable’s lumped parameters were determined.  For testing, the 1700m AMM seafloor secondary cable was available (spec sheet in Appendix 1).  The manufacturer provided no data on these parameters.  The cable consists of six conductors in a non symmetrical arrangement.  Since the cable is meant to be used with three power-return pairs, measurements on the cable were made in this configuration.  Capacitance per meter (C’) and resistance per meter (R’) were measured with a Fluke multimeters and B&K handheld RLC impedance meter with good agreement.  The inductance could not be measured in this way.  Several pieces of equipment were tried, but each gave inconsistent or unsettled data.  This problem was solved by using an APL time domain reflectometer (TDR) and an assortment of terminating resistors.  By minimizing the return pulse, the characteristic impedance was determined to be approximately 50ohms.  Backing the inductance per meter (L’) was then be backed out of the characteristic impedance using the measured values for C’ and R’.
After gathering the lumped parameters, an appropriate PSPICE model was built using OrCad Capture.  The schematic below illustrates this model.
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Figure 1:  PSPICE model for analyzing voltage transients

This model uses three transmission lines in parallel to allow for modeling differences in the lumped parameters between different conductor pairs.  Such differences could arise from the non-symmetrical placement of conductor pairs within the cable.
The load modeled here represents the Vicor 375Vdc-48Vdc/300W converters that present the load to the supply.  The load resistance was chosen to present a constant current similar to the designed current (1-1.5A).  The shunt capacitance is more speculative.

The source and switching were represented by a step voltage source and a 1ohm source resistance.  Since the regulation characteristics of the actual source are not available, and not easily modeled, this ideal source was used.

PSPICE Results
The following are simulations run using PSPICE.  Cable length, and load capacitance are varied.
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Figure 2:  Turn-On Transient, Length = 1700m, Cload = 20uF, maximum voltage = 370V
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Figure 3:  Turn-On Transient, Length = 1700m, Cload = 10uF, maximum voltage = 412V
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Figure 4:  Turn-On Transient, Length = 1700m, Cload = 40uF,  maximum voltage = 362V, note time scale change
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Figure 5:  Turn-On Transient, Length = 800m, Cload = 20uF, maximum voltage = 402V
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Figure 6:  Turn-On Transient, Length = 800m, Cload = 10uF, maximum voltage = 450V
[image: image7.emf]            Time

0s 0.1ms 0.2ms 0.3ms 0.4ms 0.5ms 0.6ms 0.7ms 0.8ms 0.9ms 1.0ms

V(T1:A+) V(L1:2) V(R1:2)

-50V

0V

50V

100V

150V

200V

250V

300V

350V

400V


Figure 7:  Turn-Off Transient, Length = 800m, Cload = 20uF
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Figure 8:  Turn-Off Transient, Length = 800m, Cload = 40uF

Cable Test
In order to asses the accuracy of the PSPICE model a test was performed on a 1700m long section of cable.  The test setup is illustrated below.
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Figure 9:  Test setup for cable transient test

Test Results
Below is the final result for the cable transient test.  The response for a step of 375V was damped.
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Figure 10:  Turn-On slope, Curves for both near (trace1) and far (trace2) end of cable
Analysis
From the PSPICE model it can be seen that voltage transients are worse when the cable is shorter.  The transients are also worse when the load capacitance is small.  Values of Cload of at least 20uF sufficiently dampen the overshoot during turn-on.  In order to prevent undershoot in turn-off events, Cload should be at least 40uF.
Data gathered from the transient test performed on the 1700m cable show that the response is damped.  The turn-on time is also much longer than those taken from the PSPICE model.

Conclusions
From the juxtaposition of simulation and empirical data it is obvious that the model falls soundly into the category of worst case scenarios.  However, I believe that modeling the cable as shown can give a minimum bound on the value of load capacitance used for a given cable length.  This will be useful in justifying the soundness of engineering changes.
In figure 10 the curves for the near end and far end of the cable follow each other so closely I am led to believe that the voltage source was being significantly loaded down by the cable/load.  This could be confirmed by repeating the test and monitoring the source current.  It is an interesting question, how much affect this loading has on the transient model.  Significant loading could cause problems in other parts of the system, but was not initially seen as an essential part of this model.  However, it could be that if a better model of the voltage source was used, the turn-on curves derived would more closely resemble the empirical results.

Appendix 1 – ALOHA/MARS 1700m Seafloor Secondary Cable
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