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 6.0
ADVANCED SERVO SET-UP

6.1
Introduction

Section 4, Deployment, highlights the empirical nature of the vehicles ability to achieve the selected undulation pattern, taking into account all the variables that effect the complete system.  However, in normal conditions the depth elevator control servo works adequately, using the default servo settings detailed in Section 6.7.  The required undulation pattern being set, using the SHUTTLE.EXE program detailed in Section 5.

The SHUTTLE program takes care of the system communication protocols and allows inputs to be in real engineering units, i.e. metres and metres/second.  The program converts the real units to data bits, required by the servo control program. The following discussion is at a servo program level where all the inputs are in data bits.

The following information is provided, to experienced system users, who have a specific need to customise the elevator control servo, to achieve a particular response.  A communications package, such as PROCOMM is required, or the communication mode of SHUTTLE invoked, to establish system communication.  This is a password protected option which is available from Chelsea Instruments Ltd.

6.2
Communications

The setting of minimum and maximum depths of undulation, pitch of undulation and all other USER accessible parameters is via the RS422 port on the servo.  This port is set to a default communications rate of 9,600 baud, 8 bits, no parity, one stop bit and accepts a series of ASCII commands, defined in the following sections.  Alternative baud rates are available and are as shown on Page 2.8.

The N(-Shuttle Servo is one of a range of intelligent instruments produced by Chelsea Instruments Ltd., as is the AquaPack.  Full detail of the communication and data logger commands can be found in the AquaPack Handbook HB110.  Detailed below are the specific commands needed to communicate with the servo, either directly, or via the AquaPack.

6.2.1
Direct Communication

The servo RS422 connector is connected directly to the Deck Interface Unit, using harness (H4), connected to the servo harness (H6).  The Deck Interface Unit is connected to the COM1 port of the controlling PC using harness (H1).

With the mains power switched on to both the PC and the Deck Interface Unit, send the following codes to the servo:

^T^C^I^L^B0(zero) <CR>


(This sets-up communications to the servo. 





The servo will now respond to the commands 





detailed in the rest of the section.)

On completion of any changes to the set-up of the servo control parameters, send the following, to switch off communications to the servo:

^W





(This turns off communication to the servo)

6.2.2
Communication via an Aquapack

The Servo is connected to the Deck Interface Unit via the AquaPack, using harness (H6).  For this procedure it is recommended that harness (H4) is used to connect from the Deck Interface Unit to the AquaPack. The Deck Interface Unit is connected to the COM1 port of the controlling PC using harness (H1).  See Figure 3.2. With both the PC and the Deck Interface Unit powered, send the following codes to the servo:

^W

^T^C^I^L^B1 <CR>


(Sets up AquaPack communications)

^P1 <CR>




(Switches external power to the servo and

^W





switches off the AquaPack communications)
^T^C^I^L^B0(zero) <CR>

(Sets-up Servo communications. 
The Servo 





will now respond to the commands below.)

On completion of any changes to the set-up of the Servo control parameters, send the following, to switch off communications to the Servo:

^W





(Turns off Servo)

^T^C^I^L^B1 <CR>


(Sets up AquaPack communications)

^P0(zero)  <CR>



(Switches off external power to the Servo)

6.3
Operational Variables

T:
Set Minimum Depth of Undulation

The minimum depth is set by entering a value between -64000 and 64000.  The depth probe is calculated with a nominal offset of 6m and slope of 0.004 m/bit hence:

T [Bits]
=
(Minimum Depth [m] + 6) / 0.004
NOTE: Real values of offset and slope are shown on the calibration certificate.

B:
Set Maximum Depth of Undulation

The maximum depth is set by entering a value between -64000 and 64000, the calibration being the same as that of (T) above and hence:

B [Bits]
=
Maximum Depth [m] + 6) / 0.004
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Figure 6.1
N(-Shuttle Flight Path

S:
Depth Increment per Alternator Pulse

(S), in conjunction with (T) and (B), sets the pitch of undulation, this being defined as a descent/ascent cycle.  The rate of climb/descent of the body is determined by (S) and has the units of values from 0 to 65535.

S[Bits]


=
Rate of climb (m/s) x 6000



6.4
Primary Servo Parameters

The servo controller uses the Operational Variables (see 6.3) to generate the undulation pattern for the vehicle to follow.   This is done by taking the difference between the demand depth of the undulation pattern and the vehicles current depth and using it as the input to a PID function (Proportional/Integral/Differential) the output of which is used to move the elevator to make the vehicle climb or dive to follow the undulation pattern.

The PID function is expressed as shown below:

Elevator position
=
Depth Error x p + Depth Error Integral x i +





Differential Depth Error x d

The parameters p, I and d are entered as floating point numbers using the commands:

KIPn<CR>
-   sets the value of parameter p to the floating point number n

KIIn<CR>
-   sets the value of parameter i to the floating point number n

KIDn<CR>
-   sets the value of parameter d to the floating point number n

The values for p, i and d can only be determined by towing the vehicle and setting it to follow an undulation pattern.   By analysing the performance of the vehicle any necessary alterations to the parameters can be made.


6.5
Secondary Servo parameters

U:
Maximum Down Wing Angle

(U) in bits from 0 to 65535 sets the lower limit of the wing angle and is typically between 22000 and 24000.  It is defined as the value at which the wing is seventeen degrees below the horizontal.  The actual value is determined at the time of factory calibration and is stored in the servo using the KUP command.

D:
Maximum Up Wing Angle

(D) in bits from 0 to 65535 sets the upper limit of the wing angle and is typically between 10000 and 12000.  It is defined as the value at which the wing is ten degrees above the horizontal.  The actual value is determined at the time of factory calibration and is stored in the servo using the KDN command.

^I
Clear Depth Error Integral

If the occasion arises, this command can be used to clear the depth error integral parameter.

$
Display Primary Servo Parameters

This command is used to confirm the primary servo parameters and an example of its output is shown below.

	=== SERVO ===
	
	
	

	
	
	
	

	currentDepth
	7.10070e-02
	commandDepth
	2.11211e+02

	rate
	6000
	climbRate
	6.00000e+01

	depth step
	1.08333e+01
	targetAngle
	-3.67707e+02

	bottom
	60000
	bottomDepth
	2.30624e+02

	top
	55000
	topDepth
	2.11211e+02

	error
	-1.22110e+02
	p
	3.00000e-01

	integral
	0.00000e+00
	I
	1.00000e-02

	differential
	-1.08411e+01
	d
	0.00000e+00

	servo.w.max
	23400
	servo.w.min
	11000

	=== MOTOR ===
	
	
	

	currentposn
	0
	targetPosn
	0


motor off, backwards, running, overide off, verbose off

Where:

currentDepth

current depth in decibar

commandDepth
command depth in decibar

rate


climb/dive rate (S command  - see section 6.3)

climbRate

climb/dive rate in decibar/minute

depth step

climb/dive rate in decibar/second (positive when diving)

targetAngle

target wing angle derived from the PID formula (section 6.4)

bottom

bottom of the flight profile (B command – see section 6.3)

bottomDepth

depth setting for the bottom of the flight profile in decibar

top


top of the flight profile (T command – see section 6.3)

topDepth 

depth setting for the top of the flight profile in decibar

error


the current error signal (currentDepth – commandDepth)

p


the proportional coefficient for the PID formula

integral
the current value for the integral term (the sum of the error signal over time) of the PID formula 

i


the integral coefficient for the PID formula

differential
the current value for the differential term (the rate of change of the error signal) of the PID formula

d


the differential coefficient for the PID formula

The remaining entries in the table are unused by this version of the software.

#
Display calibration coefficients

This command is used to confirm the settings of the calibration coefficients stored in EEPROM in the servo, the output format is shown below:

	=== EEPROM === eeflag 31415926

	serialNo
	0
	stallWindow
	50

	stallCount
	768
	defaultAngle
	15000

	wingWindow
	10
	up
	23400

	down
	11000
	top
	2441

	bottom
	2441
	rate
	600

	pressM
	3.88267e-03
	pressC
	-2.33625e+00

	wingM
	-2.19160e-03
	wingC
	3.29300e+01

	rateM
	1.00000e-02
	rateC
	0.00000e+00

	aux1M
	-1.67120e-03
	aux1C
	6.45700e+01

	aux2M
	-1.73950e-03
	aux2C
	5.96500e+01

	initP
	3.00000e-01
	initI
	1.00000e-02

	initD
	0.00000e+00
	
	

	lowerLimit
	-15000
	upperLimit
	5000

	wing1
	3
	wing2
	2


Where:

pressM
is the linear coefficient of the pressure sensor calibration and is set using the command KPMx<CR>, where x is the linear coefficient.

pressC
is the offset coeficient of the pressure sensor calibration and is set using the KPC command.

wingM
is the linear coefficient of the wing position calibration and is set using the KWM command.

wingC
is the offset coefficient of the wing position calibration and is set using the KWC command.

The other coefficients displayed are set at the factory and are only used in the event of the parameters in the battery backed RAM becoming corrupted.

^E
Reset EEPROM

This command is used to reset the variables stored in the EEPROM to their default values.

To prevent this command being used accidently after pressing Ctrl-E, the password CIL needs to be entered, followed by pressing the Return key. The display will be as shown below:

^E CIL

There is no obvious feedback to show that the values have been set to the default values.

The servo must be reset for the working copy of these values (the ones displayed using the # command) to be updated, by removing then reapplying power to the servo.

Typing the # command should now show the default values.

The wing limits will need to bet set using the KDN and KUP commands.

The PID variables will need to be set using the KIP, KII and KID commands.

The pressure calibration values will need to be entered using the KPM and KPC commands.

The wing angle calibration values will need to be entered using the KWM and KWC commands.
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