1.0 General


This document describes the electrical operation of the General Technics Mark 1 rebreather. The Mark 1 rebreather incorporates full triple redundancy in all electrical systems. Failure of one or all components within up to two of the three oxygen sensor and delivery modules will have no effect upon the ability of the rebreather to supply full maximum U.S. Navy standard oxygen requirement at any depth for which the equipment is qualified.


1.1 User Requirements



It is assumed that the end user is fully qualified to operate and 

repair the rebreather.


1.2 Reference Documents



The following documents are hereby incorporated by reference:



Electrical Schematic



Gas Schematic



Mechanical Assembly

2.0 Overview


All critical electrical circuits within the rebreather are triply redundant, i.e.; there are three independent power, sensor, gas delivery, interlock, and system monitor circuits. Failure of any or all components within up to two of the three critical circuits will have no effect upon the remaining circuit(s).


The rebreather display circuit is not independently redundant, although failure of up to two of its three power supplies and signal inputs will not effect the operation of the rebreather or the validity of the remaining display(s).

3.0 Circuit Description


3.1 Power Supply



The rebreather is powered by three rechargeable 9 volt Lithium-ion   
batteries, designated B2 on the electrical schematic.



The batteries are wire OR’d via diode D2 at the hermetic Microdot 
charger input connection. Complete failure of any battery is isolated via 
D2 from affecting the surviving circuit(s).



Battery power is distributed via the P-channel MOSFET within U1, 
which is normally maintained in the non-conducting state via gate pull-up 
resistor R32. Closure of normally open magnetic reed switch SW1 to 
chassis ground pulls the gate of the P-channel MOSFET low, supplying 
power to the sensor circuit.



In the off condition any drain to source leakage of U1 is shunted to 
ground via R3.



In the on condition the B2 battery power is made directly available 
to the sensor circuit components and oxygen solenoid, and to the display 
module via current limiting resistor R1.



Power up of the sensor circuit applies battery voltage to the N-
channel gate of U1 via resistor R2. This allows oxygen sensor B1 to 
discharge at a low (nominal 2.4 mA) rate via R4.


3.2 Oxygen Sensor

Resistor R4 sets the response time of oxygen sensor B1, which is a commercially available type DA13 zinc-air cell.

Reduction of the ambient oxygen partial pressure available to sensor B1 will not be detected until the residual oxygen within the cell is consumed. This time constant ranges from a value of 2.0 seconds when R4 is 220 ohms to approximately 5 seconds when R4 is 470 ohms. The response time increases logarithmically to approximately 20 seconds when R4 is increased to 1K ohm. The 560 ohm value of R4 is a compromise between response time (based upon the rebreather gas volume) and sensor lifetime. The sensor has a capacity of 260 mAh, which translates to a lifetime of  0.260 Ah/(1.25 V/560 Ohms) = 116 hours maximum.



The voltage output of sensor B1, which is dependent upon the 
partial pressure of the oxygen available to it, is distributed via R5 and R11 
to the sensor comparator U2-A and sensor amplifier U2-B.



3.2.1 Sensor Comparator U2-A




Comparator U2-A is one of four voltage comparators within 


the National Semiconductor LM615. U2-A is configured as a self-


referenced non-inverting comparator, wherein the input from R5 is 


presented to the non-inverting input directly via R6, and to the 


inverting input via R8. The 
input from R8 charges C1 to the sensor 


voltage after time constant ((R1+R8)xC1), or approximately 4.75 


seconds.




Resistor R7 in conjunction with R5 sets the hysteresis of the 


comparator at 0.01% of the supply voltage (0.9 mV for a fully 


charged 9 volt supply).

Resistors R9 and R10, in parallel with the leakage of C1, act as a sensor voltage divider on the inverting input of the comparator. This ensures that the comparator output will remain stable during the slow transitions of the sensor output, and to ensure that the steady state condition of the input is below the hysteresis setting of the comparator.




The output of the comparator is open collector, and is 



normally pulled to the positive supply rail via R14. This is 



considered logic HIGH. The output is current limited via R60 and 


logically inverted at U3, a CD4069 hex inverter with active CMOS 


outputs. All inverter inputs and outputs are connected in parallel for 


redundancy.

A steady state sensor condition yields a logic HIGH from the sensor comparator and a logic LOW from the outputs of inverter U3.



As the oxygen partial pressure at sensor B1 drops, the non-


inverting input at the sensor comparator drops below the inverting 


input voltage due to the time delay of R8 and C1. This causes the 


output of comparator U2-A to go LOW, and the outputs of inverter 


U3 to go HIGH.



3.2.2  Sensor Amplifier U2-B




Sensor B1 voltage is applied to the non-inverting input of 


U2-B via current limiting resistor R11. The non-inverting direct 


current gain of this stage is (1+(R13/R12))=4.03. Capacitor C2 with 


output pull-up R15 acts as a low pass filter to set the high 



frequency corner of the amplifier at (1/(R15xC2)) = 212.8 Hertz to 


prevent oscillation.




The output of U2-B goes to the display module for oxygen 


partial pressure indication, and to a window comparator consisting 


of U2-C, U2-D, and voltage reference U2-E.



3.2.3  Window Comparator




Amplified sensor voltage is fed to the window comparator 


stages via R16 and R28. The resistors in conjunction with positive 


feedback resistors R17 and R27 provide 0.037% hysteresis (0.33 


mV at nominal 9 volt supply) to ensure that the comparators do not 


oscillate during slow transitions.




Upper comparator U2-C receives a nominal 4.055 volt 


reference at its inverting input via resistor R19, and lower 



comparator U2-D receives a nominal 5.437 volt reference via R26.




These reference voltages are generated at programmable 


reference source U2-E, which is fed through current limiting resistor 

R21.




Reference U2-E establishes a 1.244 volt difference between 


pins 8 
and 9, setting the current through R22 at (1.244/27,000) = 


46 uA. Resistor R23 sets the voltage at pin 8 to (46 uA x 91,000) = 


4.186 volts, which in addition to the 1.244 volt reference, yields a 


pin 9 output of 5.43 volts.




This voltage, designated VHI, is divided by R24 and R25 to 


yield the low reference, VLO, of 4.055 volts nominal.




The total current through the reference is set by R21 at 



((9-5.43)/10,000) = 0.36 mA.




VHI and VLO are applied to the window comparator, where 


they set the upper and lower limits of acceptable levels of oxygen 


partial pressure.





The window comparator open collector outputs are wire 


OR’d together and pulled up via resistor R20. The output of the 


window comparator is logic LOW if the output of sensor B1 is less 


than (4.055/4.03) = 1.006 volt, or greater than (5.437/4.03) = 1.349 


volt. These represent conditions of sensor wear-out and oxygen 


overpressure, respectively.




For sensor B1 outputs between approximately 1 volt and 


1.35 volt (linear response region), the output of the window 



comparator is logic HIGH, and is fed to the solenoid drive logic U4.




A logic LOW condition of the window comparator is indicated 

by the illumination of the sensor failure LED on the display module.



3.2.4  Solenoid Drive Logic U4




Integrated circuit U4, a CD40107, consists of dual two input 


NAND gates driving dual inverters. The inverter outputs drive the 


gates of open drain N-channel MOSFETs. All dual functions are 


wired in parallel for redundancy, and to increase the current sink 


capability of the MOSFET output stages.




When the sensor assembly detects a decreasing oxygen 


condition the outputs of inverter U3 go HIGH. Simultaneously, the 


window comparator output is HIGH if, and only if, the sensor is 


within the linear range.




These HIGH outputs are presented to the NAND gate 



inputs, yielding a logic LOW from the NAND gate if, and only if, the 


sensor is requesting oxygen and its request is valid.




The LOW output of the NAND gate is inverted to a HIGH 


state and used to turn on the N-channel MOSFET. This presents a 


low impedance path to the oxygen valve solenoid, which is thereby 


energized.




The resulting flow of oxygen from the solenoid valve across 


sensor B1 causes the output of the sensor comparator U2-A to go 


HIGH, the outputs of inverter U3 to go LOW, and a LOW condition 


from the NAND gate of U4. This turns off the U4 MOSFETs, closes 


the solenoid valve, and stops the flow of oxygen.




Steering diodes D1 and D6 across the solenoid coil 



suppress inductive kickback during turn off of the solenoid.




Sensor B1 may be in such a condition that the output of 


sensor comparator U2-A is still valid, but the window comparator 


may disallow oxygen flow due to an out of tolerance sensor. In this 


case the NAND gate inputs will still cut off the solenoid, effectively 


removing the out of 
tolerance sensor from action. This capability is 


triply redundant and independent of the other sensor circuits, as 


follows:



Comparator U2-A Output

H
H
L
L



Inverter U3 Output


L
L
H
H



Comparator U2-C, D Output
L
H
L
H



U4 NAND gate Output

H
H
H
L



U4 inverter Output


L
L
L
H



U4 MOSFET (O2 solenoid)

OFF
OFF
OFF
ON


3.3
Display Module



The wrist mounted display module contains Light Emitting 


Diodes (LED’s) and the appropriate circuitry to condition signals 


from the sensor modules. The LED’s indicate primary power ON or 


OFF, battery condition, oxygen sensor failure, and solenoid 



actuation. Additionally, a bar graph display indicates averaged 


oxygen partial pressure from all active (valid) sensors.



Integrated circuits are a National Semiconductor LM615 


quad comparator with voltage reference, and a National 



Semiconductor LM3914 bar graph display driver.



One of the comparators is used as a unity gain buffer and 


summation amplifier for the sensor output gain stages, and the 


remaining three comparators are used in conjunction with the 


voltage reference as battery charge condition indicators.



The bar graph display gives a continuous indication of 


average oxygen partial pressure.



3.3.1  Prime Power




Power for the display module is derived from the battery 


input signals at tie points A, B, and C, through current limiting 


resistor R1, via wire OR’d diodes D3, D4, and D5. These diodes 


prevent any battery failure from effecting the remaining batteries 



or circuits.



3.3.2  Power On Display




Battery power is applied directly to green LED’s 12, 14, and 


16 and current limited to approximately 10 mA via resistors R55, 


R57, and R59. Illumination of these LED’s provides indication that 


the sensor circuit and oxygen delivery system associated with that 


battery is powered up.



3.3.3  Battery Condition Indicator




Integrated circuit U5-E acts as a voltage reference for the 


battery voltage comparators.




Resistor R52 provides a total current limit for the reference 


of approximately ((9-4.147)/10,000) = 0.5 mA.




U5-E maintains a voltage of nominally 1.244 volts between 


pins 8 and 9. This voltage across R53 sets a reference current of 


(1.244/39,000) = 32 uA. The total reference voltage at pin 9 is then 


((1.244 + (R54 x 32 uA) = 4.147 volts.




This voltage is applied to the inverting inputs of comparators 


U5-B, C, and D via resistor R51.




Battery voltage is applied to the non-inverting comparator 


inputs via 1.45:1 resistive dividers consisting of R40, R41, R43, 


R44, R47, and R48. Positive feedback resistors R39, R45, and R49 

provide hysteresis of 1% of supply voltage, or a maximum of 



approximate 80 mV, for comparator stability.




Battery input voltage of greater than 1.45 times the 4.147 


volt reference will maintain the comparator outputs in a HIGH state 


via pull-up resistors R42, R46, and R50. These resistors also act to 


limit the on state current of yellow LED’s 17, 18, and 19 to 



approximately 10 mA when in the on condition.




This occurs when the battery voltage input to the appropriate 

comparator drops below the reference voltage times the divider 


ratio, or approximately 6.032 volts. The illumination of the 



associated LED indicates the approaching end of useful charge for 


that battery.



3.3.4  Sensor Condition Indicator




Input battery voltage at tie points A, B, and C is also 



available to red LED’s 11, 13, and 15 via current limit resistors R18, 

R56, and R58. These resistors limit the LED current to 



approximately 10 mA.




The LED cathodes are connected at tie points D, E, and F to 

the outputs of the sensor module window comparators. A fault 


condition detected by the window comparators (sensor B1 output 


less than 1 volt or greater than 1.35 volts) causes the open 



collector output of the comparator to go LOW, illuminating the 


associated LED.



3.3.5  Average Oxygen Partial Pressure Display




The amplified sensor voltage is summed at tie points G, H, 


and I via summing resistors R29, R30, and R31. The voltage 


summation is buffered by non-inverting amplifier U5-A, whose gain 


is set to unity with resistor R35. Resistor R33 acts as a pull up for 


the open collector output of the buffer, and the result is current 


limited via R34 to the input of U6.




Capacitor C4, in conjunction with pull-up resistor R33, acts 


as a low pass filter to set the low frequency corner of the buffer 


amplifier and prevent oscillation.




Resistor R36 sets the LED bar graph current to 



approximately 12 mA, and in conjunction with R38, sets the bar 


graph VHI and VLO references at approximately 5.43 volts and 


4.03 volts, respectively. Resistor R37 supplies the VLO reference 


to the LM3914 display driver.




Light emitting diodes LED1 through LED10 inclusive are 


multicolored. Red LED’s show the extremes of the oxygen partial 


pressure range, and green the nominal range. Yellow LED’s 



illuminate to show the transition regions. These LED’s are 



illuminated one at a time depending upon the input voltage to U6 


within the range of VHI to VLO. Each LED represents a sensor 


output voltage range of (((5.437-4.03)/4.03)/10) = 0.0349 volts.




LED current is set to approximately 12 mA via R36 



according to the formula I = (12.5/R36).




Decoupling capacitor C3 prevents oscillation of U6 during 


LED turn on and transition, while R64 acts as an overall current 


limit.



3.3.6  Solenoid Actuation Indicators




Light emitting diodes LED20, 21, and 22 are forward biased 


by the battery supplies at tie points A, B, and C. Current limiting is 


provided by resistors R61, R62, and R63 respectively, with the 


cathodes of the LED’s connected to tie points J, K, and L.




The latter tie points are paralleled with their respective  


oxygen control solenoids at U4. Actuation of the solenoid, with the 


associated delivery of oxygen, is displayed by the simultaneous 


illumination of the appropriate green LED.



3.3.7  Tie Point Color Coding




Display module tie points are wire color coded as follows:




TIE POINT
FUNCTION
COLOR
LED COLOR




A

SUPPLY
BLUE

GREEN




B

SUPPLY
BLUE

GREEN




C

SUPPLY
BLUE

GREEN




D

SENSOR
GREEN
RED




E

SENSOR
GREEN
RED




F

SENSOR
GREEN
RED




G

PO2

GRAY

BAR GRAPH




H

PO2

GRAY

BAR GRAPH




I

PO2

GRAY

BAR GRAPH




J

SOLENOID
WHITE
GREEN




K

SOLENOID
WHITE
GREEN




L

SOLENOID
WHITE
GREEN




GROUND
SUPPLY
GREEN / YELLOW

5
5

