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SERIAL NO.

LIFESTAT® and Physio-Control1® are trademarks of the Physio-Control Corpor-
ation, 11811 Willows Road, Redmond, Washington 98052.

WARRANTY

LS 200 is warranted against all defects in parts and workmanship for a period
of one year from date of delivery. Physio-Control will repair or replace any
products which prove to be defective during the warranty period provided
proper use and maintenance procedures are followed as prescribed in the
operating and service manual.

A1l defective products or components must be returned to Physio-Control, or
its authorized service center, with a detailed explanation of the failure.
Transportation charges must be prepaid.

Service performed by other than Physio-Control or its authorized agents may,
at the discretion of Physio-Control, be cause to void this warranty.

No other party is authorized to make any other warranty, or to assume any
liability for Physio-Control products. No other warranty, either implied or
in writing, will be recognized.
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HOW TO USE THIS MANUAL

Section 1 of the manual provides introductory information with
GENERAL SPECIFICATIONS and CIRCUIT DESCRIPTIONS.

Section 2 familiarizes the user with OPERATION OF THE EQUIPMENT,
identifies CONTROLS AND INDICATORS, provides a PERIODIC OPERA-
TIONAL CHECKOUT, and gives simple OPERATOR MAINTENANCE INSTRUC-
TIONS. This section is not intended to instruct the operator in
the clinical use of the instrument. A separate OPERATING
INSTRUCTIONS booklet is provided for this purpose.

Section 3 provides FUNCTIONAL TEST AND CALIBRATION PROCEDURES
and TROUBLESHOOTING guidance in the form of FAULT ISOLATION to
major replaceable assemblies and SIGNATURE ANALYSIS.

Section 4 consists of CORRECTIVE MAINTENANCE PROCEDURES and
DISASSEMBLY INSTRUCTIONS.

Section 5 contains ILLUSTRATED PARTS'LISTS with EXPLODED VIEWS of
MECHANICAL ASSEMBLIES, COMPONENT LAYOUTS, AND SCHEMATICS FOR
PRINTED CIRCUIT BOARD ASSEMBLIES.

Section 6 contains reference data for ELECTRONIC COMPONENTS used
in this instrument.

viii © NOV. 1984 PHYSIO-CONTROL



SAFETY

SAFETY SUMMARY

The general safety information in this summary is for both operating and
servicing personnel. Specific warnings and cautions.will be found throughout
the manual where they apply, but may not appear in this summary.

TERMS IN THIS MANUAL

CAUTION statements identify conditions or practices that could result in
damage to the equipment or other property.

WARNING statements identify conditions or practices that could result in
personal injury.

TERMS AS MARKED ON EQUIPMENT

CAUTION indicates a personal injury hazard not immediately accessible as one
reads the marking, or a hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immediately accessible as one reads
the marking.

SYMBOLS IN THIS MANUAL

This symbol indicates where applicable cautionary or other information is to
be found.

SYMBOLS AS MARKED ON EQUIPMENT
DANGER--High voltage.

(:::) Protective ground (earth) terminal.

452§ ATTENTION--refer to manual.
MAKE PERIODIC SAFETY INSPECTIONS
Inspect the power cord periodically for fraying or other damage, and replace
as needed. Do not operate the apparatus from mains power with a damaged power
cord or plug.
Electrical and visual checks should be made on cables and wires. Broken or
frayed wires may cause interference or loss of signal. Particular attention

should be paid to the point at which the wires enter the terminals, since
flexure will eventually cause breakage of strands at this point.

ix © NOV. 1984 PHYSIO-CONTROL



POWER SOURCE

This product is intended to operate from a power source that does not apply
more than 250 volts RMS (132V RMS in U.S.A. and Canada) between the supply
conductqrs or between either supply conductor and ground. A protective ground
connection by way of the grounding conductor in the power cord is essential
for safe operation.

The product is compatible with isolated power systems as used in operating
rooms.

USE THE PROPER POWER CORD

Use only the power cord and connector specified for your product. Use only a
power cord that is in good condition.

This product requires a three-wire (18 gauge, SJT-grade) power cord which is
supplied (in U.S.A. and Canada) with a three-terminal, polarized plug
(Hospital Grade) for connection to the power source and protective ground.
The ground (earth) terminal of the plug is directly connected to the frame of
the product. For electric shock protection, insert this plug only in a mating
(Hospital Grade) power outlet with a protective ground contact. Do not bypass
the grounding connection. Any interruption of the grounding connection can
create an electric shock hazard.

USE THE PROPER FUSE

To avoid fire hazard, use only the fuse specified for your product, identical
in type, voltage rating, and current rating. Fuse replacement instructions
are in the Maintenance Section.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

Do not operate this product in the presence of flammable gasses or
anesthetics. Explosion can result. Safety document NFPA 56A, Standards for
the Use of Inhalation Anesthetics, states that portable electronic equipment
must not Dbe operated at less than 5 feet above the floor in the presence of
flammable anesthetics.

USE ONLY SAFE METHODS OF INTERCONNECTION

To protect against electrical shock from the product cabinet whenever auxiliary
equipment 1is electrically connected to this product, proper grounding is
essential. When this product is connected to other line-operated equipment,
battery operation should be avoided unless the product is equipped with an
approved ground terminal on the rear panel. It is extremely important that
equipment interconnections be made in accordance with NFPA No. 70, National
Electrical Code, Article 517, Heath Care Facilities. Compliance with paragraph
517-80 and 517-120 is especially important.

NOTE: Within certain governmental Jjurisdictions, all interconnected
accessory equipment must be Tlabeled by an approved testing
laboratory. After interconnection with accessory equipment,

leakage current and .grounding requirements must be maintained.
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SERVICE

Component replacement and internal adjustments must be made by qualified
service personnel only.

DO NOT MOUNT PRODUCT DIRECTLY ABOVE PATIENT

Place the product in a location where it cannot harm the patient should it
fall from its shelf or other mount.

USE ONLY RECOMMENDED ACCESSORIES

To ensure patient safety, use only accessories recommended by Physio-Control.
For a 1list of those accessories recommended for use with this product, see
ACCESSORIES AND REPLACEMENT ITEMS, TABLE 2-1.

USE ONLY RECOMMENDED STERILIZATION METHODS

Do not autoclave this product.

Do not autoclave accessories unless the manufacturer's instructions clearly
approve it. Many accessories can be severely damaged by autoclaving.

A product that has been dropped or severely abused should be checked by

qualified service personnel to verify proper operation and acceptable leakage
current values.
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SECTION 1
DESCRIPTION

SCOPE

This section provides a description of the circuits and general features
of the LIFESTAT 200 Noninvasive Blood Pressure Monitor. The section is
divided into three parts: Physical Description provides a general
description of the LS 200 and lists specifications; Functional Descrip-
tion briefly describes the LS 200 circuitry at the functional block
diagram level; Theory of Operation reviews the pneumatic system and
Ego;ggeSCQMtailed circuit descriptions at the schematic level of the
S.

PHYSICAL DESCRIPTION

The LS 200 is a microprocessor based portable blood pressure and pulse
monitor used for noninvasive determination of systolic/diastolic blood
pressure, pulse rate, and mean arterial pressure. All vital signs are
displayed simultaneously on LED displays.

Additional product features include OVERRIDE pressure selection for
initial cuff inflation pressure, MODE SELECT function for automatic
repeat of measurement cycles at 1, 2, 3, 5, 10, 15 and 30 minute inter-
vals, and ALARM Timits which can be assigned to Systolic, Mean, Dia-
stolic, or Systolic high/Diastolic Tlow. In addition, an adaptive
algorithm is active during the automatic cycle mode that adjusts the
cuff inflation pressure, the cuff deflation bleed rate, and the cuff
dump pressure based upon previous reading information. By adapting
these features to specific patients, accurate readings are obtained in
a shorter time frame.

Operation of the LS 200 is based upon the oscillometric measurement
technique which utilizes arterial pulsations acting against an inflated
pressure cuff for blood pressure and pulse determination. A standard
single hose pressure cuff with Luer fitting is utilized. Options
include pediatric, adult, large adult and thigh sized cuffs.

The LS 200 is powered from either an internal battery or an internal
line operated power supply/battery charger. The internal battery pack
contains four rechargable D-size sealed lead-acid cells. The battery
pack must be present in the unit for proper operation with or without
connection to line power.

The optional PRINTER is a factory installed graphics plotter that
provides hard-copy recording of the displayed vital signs information.
In automatic mode the Systolic, Mean and Diastolic readings are located
on a vertical pressure axis and connected with trending lines to sub-
sequent readings for comparison. Pulse Rate is also recorded at each
reading. In addition, interval changes, artifact conditions, and alarm
violations are noted. This option includes a Real-Time Clock feature
for the printing of day, date and time with each recording.
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Section 1
Description

FIGURE 1-1. LIFESTAT 200 NONINVASIVE BLOOD PRESSURE MONITOR
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Section 1
Description

TABLE 1-1
GENERAL SPECIFICATIONS

CHARACTERISTIC QUANTITY OR SPECIFICATIONS
RANGE 40mmHg diastolic to 260mmHg
systolic.
ACCURACY
® PRESSURE + b5mmHg over the range of 60mmHg
(diastolic) to 180mmHg (systolic).
® PULSE +4BPM over the range of 30BPM to

170BPM.

INFLATION RATE

Less than 80mmHg/sec.

INFLATION PRESSURE

180 + 10mmHg/-15mmHg initially.
290 + 10mmHg/15mmHg maximum.

INITIAL DEFLATION RATE

-4 + 1mmHg/sec.

R/T CLOCK ACCURACY

+ 3 minutes/week.

OPERATING MODES

Manual and Automatic cycle.

POWER SOURCE
® AC INPUT POWER

® POWER CONSUMPTION
©® BATTERY CAPACITY

® BATTERY TYPE

90 to 130vac or optional 198 to
264Vac (50 or 60Hz).

70W maximum at 115Vac, 60Hz.

Approximately 45 minutes with a
16 hour charge in 5 minute cycle
mode at 25°C using adult cuff, 6 ft
hose and printer on.

Sealed, rechargeable, lead-acid
battery 8Vdc, 2.5A-h.

GENERAL
® SIZE 6"W X 11.5"D x 8.6"H.
® WEIGHT 15 pounds.
ENVIRONMENTAL

® TEMPERATURE
® RELATIVE HUMIDITY
® ATMOSPHERIC PRESSURE

5 to 45°C (41 to 113°F).
0 to 95% (noncondensing).

77? to 500mmHg (-570 ft. to +10,000
ft).
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Section 1
Description

FUNCTIONAL DESCRIPTION

The following paragraphs contain a brief description of the LS 200
electrical circuitry and pneumatic system. Refer to Figure 1-2, LS 200
Functional Block Diagram and Figure 1-3, LS 200 Pneumatic System.

The LS 200 contains pneumatic and electrical circuits. The pneumatic
system consists of the pump, the linear bleed servo valve assembly, and
the overpressure switch. The pump inflates the patient cuff. The
Tinear bleed servo valve assembly deflates the cuff at controlled rates,
implements auto-zeroing, and contains the pressure transducer. The
overpressure switch causes rapid deflation if cuff pressure becomes
excessive.

The LS 200 electronics are contained in four printed circuit boards, the
System PCB, Interface PCB, Charger PCB, and Display PFC. The System PCB
contains all of the data processing electronics. The System Control
Processor, U7, does the machine control processing, controls the analog-
to-digital conversion of cuff, pulse, and servo error data, operates the
pump, servo valve, beeper, and displays, and pre-processes the pulse and
cuff data before passing it to the 6809 Blood Pressure Computation
Processor, Ul4. The Blood Pressure Computation Processor does all of
the data processing involved in converting the cuff and pulse data into
systolic, diastolic, and mean pressure and pulse rate measurements. The
regulated +5Vdc power supplies and Analog +12Vdc and -12Vdc Power Supply
are also generated on the System PCB.

Blood pressure determination is initiated when START is pressed on the
Control Panel, causing the System Control Processor to turn on the pump
and inflate the cuff. After the cuff is inflated, the servo valve
opens and allows the pressure to bleed-down. During this bleed-down
time the pressure transducer converts arterial pulsations into var-
iations in an analog signal. The analog signal is conditioned into
three separate signals: cuff, pulse, and servo error. The signals
are multiplexed and converted into digital signals which are accepted by
the System Control Processor.

Blood pressure and pulse rate are calculated by the Blood Pressure
Computation Processor. When the System Control Processor contains blood
pressure and pulse data it periodically sends the data to the Blood
Pressure Computation Processor. The data is processed and returned to
the System Control Processor, which sends the results to the Display
PFC. The Display PFC contains all display drivers, displays, and the
power switch.

A printer controller on the Interface PCB receives data from the System
PCB and provides the printer with annotated graphic blood pressure
information. A Systems Connector is also mounted on the Interface
PCB. This I/0 port permits external control of the LS 200 and allows
serial transmission of data from the unit to a remote location.
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Section 1
Description

CIRCUIT DESCRIPTION

The following paragraphs contain detailed descriptions of the LS 200
Battery Charger PCB Assembly, Interface PCB Assembly, System PCB
Assembly, Display PFC Assembly, and Pneumatic System. Schematic
diagrams of the electrical circuits which are provided in Section 5
should be referred to while reading the circuit descriptions. Section 6
contains additional information about selected ICs to aid in circuit
analysis and troubleshooting.

BATTERY CHARGER PCB ASSEMBLY (802597).

The Battery Charger PCB provides the unit with a regulated 9.8Vdc at
25°C and a current limit of 3.5A = 18%. This maintains a temperature
compensated constant voltage charge on the 8 volt sealed lead acid
battery (see Figure 5-3).

Transformer and Rectifier/Filter. The transformer supplies the Battery
Charger PCB Assembly with 20Vac at a input voltage of 115V. Diode
bridge CR1 rectifies the ac. A 5000uF off-board capacitor and Cl
provide smoothing of the rectified signal to an ac ripple value of 4
volts peak to peak. Thermistor RT1 limits inrush current, protecting
CR1, Cl and the off-board capacitor.

Semiconductor Switch. Darlington transistor pair Ql and Q3 switch power
from the rectifier/filter into the LC filter. CR4 is a free wheeling
diode which maintains current through L1 when Q1 is not conducting. The
transistors are controlled by the open collector outputs of the pulse
width modulation controller Ul. Ul switches Q1 and Q3 on and off at a
frequency of approximately 50kHz. The switching frequency is set by R13
and C7. The controller, Ul, compares an internal reference with a
fraction of the output voltage of the regulator. The resulting error
voltage, adjusted by R6, controls the duty cycle of Q1 and Q3, thus
providing voltage regulation. Pulse width at start-up is limited by
R14 and C5, giving a soft start with time constant of 100ms.

LC Filter. Inductor L1 and capacitors C2 and C3 form a low pass filter
for the 50kHz pulses from Ql. CR3 limits voltage transients that may
occur in the circuit. R5 provides a minimum load current for the in-
ductor. CR2 isolates the charger from the battery when not operating
from the ac line. The voltage drop across it is compensated by the
voltage feedback Tloop. C8 is included to damp the switching noise
generated by the regulator.

Error Amplifier. Current sensing is performed by R3 in parallel with
R17. The negative voltage at R4 is summed with +5 volt reference (U1,
pin 14) at R8. When the voltage at Ul, pin 15, drops below ground, the
duty cycle of Q1 and Q3 decreases. This causes a current limit at
approximately 3.5 Amps.

Voltage sensing is performed by R15, R19, RT2, R6, Q2 and R7 in series.
RT2 senses ambient temperature and compensates the voltage feedback
path. The sense voltage at Ul, pin 1, is compared with a reference
voltage of 0.82 volts at the junction of R12 and R18. The parallel
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combination of R11 with R10 and C6 rolls off the gain of the voltage
error amplifier at high frequencies. This is necessary because of the
phase shift introduced by the LC filter. VFET Q2 isolates the voltage
sense line from the battery when the charger is not on.

INTERFACE PCB ASSEMBLY (803114).

The Interface PCB Assembly converts address and data information from
the System PCB Assembly, into on and off signals for the pneumatic
system, printer, LED displays, and systems connector. The Interface PCB
Assembly also converts commands from the systems connector and control
Eagg]s into data that may be used by the System PCB Assembly (see Figure

Serial Communication Port. Serial communication is implemented by an

asynchronous communication interface adapter (ACIA) U9. This type of
device is also referred to as a UART. The time base for U9 is gen-
erated by Y1 a 1.8432 MHz crystal. The serial communication port
transmits serial out data (SOD), and outputs +5V at pin 6 (DSR, data set
ready) and pin 20 (DTR, data terminal ready) when the unit is on. These
are available at J1, on the rear panel systems connector.

The input and output logic levels for U9 are 0=0V and 1=+5V. The logic
levels at J1 are 0=-12V and 1=+12V, so voltage translators U14A and U14B
are used. Any signal applied to Ul4B, pin 6, that is below the forward
voltage of CR19 will be shifted to =12V and any signal above the forward
voltage of CR19 will be shifted to +12V at U14B, pin 7. Thus OV and 5V
are translated as -12V and +12V respectively. Likewise, U14A accomp-
lishes the reverse translation for inputs into U9. If the signal level
applied at J1, pin 3, is above or below the forward voltage of CR19 then
the output will accordingly be +12V or -12V. A +12V Tlevel will be
reduced to 4.7V by zener CR18 and a -12V Tevel will be reduced to -0.3V
by germanium diode CR17. Thus the inputs to U9 are translated to safe
input levels.

Front Panel Interface. The front panel switches are connected to the

Interface PCB through J7. The active low inputs are passed through
buffers Ul6 and U18 when their outputs are enabled by control lines
SWIN1 EN and SWIN2 EN from U4. The outputs from Ul6 and Ul8 are passed
to the System PCB through transceiver port U10. The clock select and
set lines are also read through these ports, but these lines come
through the Display PFC on J12.

Display PFC Interface. The Display PFC has five latches, U5 through

U9, which must be accessed. Data to the Display PFC comes from the
System PCB through Interface PCB transceiver Ul10, display buffer Ul7
which is always enabled, and J12. Latch enable (LE) signals for the
five latches are generated on the Interface PCB by PAL (programmed array
logic) Ull. As each latch is written to, Ull decodes the address from
its input signals and sends out a high pulse on the LE lines, pins 12
through 16. As each line is toggled the data is latched into U5, U6,
U7, U8 or U9 (see Figure 5-6).
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Operating Mode Selection. The unit may be placed in one of 8 operatiqg
modes:  MANUAL, 1, 2, 3, 5, 10, 15, and 30 minutes. The mode is
incremented by U7 on the System PCB each time the front panel MODE
SELECT switch is depressed.

The mode may also be selected through systems connector J1, pins 22-25.
When U18, pin 13, is driven low, external control is asserted. The
System Control Processor U7 (on the System PCB) then responds only to
mode select inputs from J1, pins 22, 23, and 24.

Power Supplies. There are two 5 volt regulators on the Interface PCB
Assembly, U22 and U23. U22 provides the printer power and U23 provides
the logic power. CR7 and CR8 are 5 volt tranzorbs that protect the
components in case of regulator failure.

Grounding. The circuit layout utilizes 7 grounds, GO through G6.
Each ground is routed back to star ground before returning to the power
supply. The function of each ground is as follows:

GO Return to charger board

Gl Low Battery detect, real time clock power and chip enable ground
G2 Digital ground

G3 Analog ground

G4 Display drivers' ground

G5 Printer ground

G6 Pump ground

Servo. The servo is controlled by the System Control Processor U7 on
the System PCB through buffer U20, pins 2, 5, 16 and 19. A high output
on these lines pulls the open collector outputs of U19 low. This
energizes the stepper motor windings through connector J8.

Beeper Circuit. The alarm has two available tones. Both alarm frequen-
cies are generated and controlled by the System Control Processor (U7,
System PCB) through buffer U20, pins 9 and 12. If U20, pin 9, is Tow a
constant alarm sounds by energizing transducer X1. Pulling pin 12 low
sounds the adjustable beeper for both pulse and front panel touch switch
feedback. This volume is adjusted by the rear panel potentiometer.

Auto Zero Valve. The auto zero valve is energized by a high output at
buffer U20, pin 15. This turns on transistor Q2 and allows current
from VBSW to energize the valve.

Dump Valve. The System Control Processor (U7, System PCB) energizes the
dump valve by sending a high signal through J4, pin 31, to Q3. If relay
K2 is open, no power is applied to the valve so it will open and allow
air to bleed out of the cuff.

Pump. The pump is turned on by the System Control Processor (U7, System
PCB) through buffer U20, pin 6. A high output from this buffer will
cause the output of the AND gate U26A to go high if the FAIL SAFE input
to U26A, pin 2, is also high. The AND gate U26B then turns on the open
collector transistor in U19. The low output at U19, pin 12, turns on
transistor Q13 which provides power to the pump through J3, pin 2. CR35
serves as a catch diode to protect the pump from reversed polarity.
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Fail Safe Circuitry. This circuitry insures that the pump will not run
gnd that the dump valve will open: if cuff pressure exceeds 320mmHg or
if the dump ya]ve is closed for longer than 128 seconds. If either of
these conditions occurs relay K2 will open. This interrupts power to

the dump valve and provides a low input to AND gate U26A which disables
the pump.

If the normally closed overpressure switch opens due to excessive cuff
pressure, current flow ceases through the coil of K2. The relay then
opens deactivating the DUMP VALVE POWER line and causing the dump valve
to open. This also causes the FAIL SAFE input to U26A to go Tow. U26A
then outputs a low to Darlington switch array U19, pin 5, which turns
off the pump.

Relay K2 can also be opened by a 128 second time-out pulse appearing at
Ul pin 13. Ul is removed from RESET by U3D and begins its count when
the dump valve power line goes high. Ul then divides the 8kHz input at
pin 3 down to 128 seconds. If Ul times out, pin 13 goes high. This
signal, inverted by U3C, U3B and U3A, turns off Darlington transistors
in U19 which causes K2 to open. R5 and Cl1 delay the Ul RESET signal to
prevent the unintentional energizing of the relay due to contact bounce
when K2 opens.

During normal operation when the START switch is pressed, U3A pin 2 goes
low. This is inverted at pin 3 and applied to U19 pin 6 which turns on
the Darlington transistors. Relay K2 is enabled and the dump valve is
closed.

Real Time Clock Supply. The power to the real time clock chip (U8) on

the System PCB Assembly is provided by Interface Board Circuitry. If
the unit is on then power is provided by 5V regulator U6. If the unit
is off then the power is provided by Bl, a 3.6V nicad battery. CR2 and
CR3 direct the current flow to protect U6 and allow Bl only be charged
when the unit is plugged in. The charging of Bl is directed by CRl and
limited by R10. Voltage is only available at J2, pin 5, when the unit
is powered by the AC mains.

Real Time Clock Enable Delay. This circuitry prevents the System
Control Processor (U7, System PCB) from writing incorrect data to the
real time clock (U8, System PCB) during power-up. When the LS 200 is
turned on, opto-isolator U7 removes counter U8 from a RESET state.
After 128 counts, U8, pin 14, goes high and enables the real time clock.

Power On Relay. Main battery power is switched from either the main
power switch on the front panel or from pin 13 of systems connector Jl.
The RS latch formed by U25A and U25B is set at power up by R56 and C7.
This drives Q14 on, which energizes power relay Kl. The latch is reset
by the System Control Processor (U7, System PCB) through Ull, pin 18,
and Q12 in the event of a low battery power shut down. R66 and (8
bypass VBATT power into the latch circuitry.

Low Battery Detect Circuit. Battery voltage sensing is performed by
the System Control Processor (U7, System PCB) by sampling the output of
U24 voltage detector. Processor involvement allows a controlled shut
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down of the unit after a blood pressure reading has taken place. It
also enables the battery voltage to be sampled during the times when a
predefined load is present. U24 compares the input vo]tagg at pin 3
with an internal reference of 1.15V. When the voltage at pin 3 drops
below 1.15V, the open collector output at pin 4 turns off, sending the
low battery detect line high. This line is then read by the System
Control Processor. Trip voltage is set by R63 to 7.80V. C9 serves as a
noise filter on the sense line. R67 provides a small amount of
hysteresis during voltage detection.

Printer Circuitry. The printer circuitry has its own microprocessor,
Ul2, a masked version of a 6805, to control the printer. Commands from
the System Control Processor (U7, System PCB) are sent to Ul2 through
buffer U5. The command words are read by Ul2 on input pins 18 through
24, Input pin 3 is used for interrupt detection. Typically, commands
to the printer controller Ul2 are sent from the System Control
Processor, by writing three bytes to U5. The first byte presents data
to the printer control with the interrupt line high (Ul12, pin3). The
second byte leaves the data unchanged but drops the interrupt line low.
The third byte, after meeting the interrupt timing requirement, sets the
interrupt 1line high again. Ul2 pulls pin 13 low indicating to the
System Control Processor that the command is being executed. The
internal timing of Ul2 is set by a 4MHz crystal Y2. A separate input,
pin 36, lets the System Control Processor start and stop the paper feed.
The same pin is used to initiate the printer self test when combined
with the RESET signal.

Ul2 output pins 25 through 32 control the x and y position of the
printer stepper motors. By sending high pulses out on these lines
the current drivers in Ul3 are turned on, which energize the phases
in the printer's stepper motor windings. This allows the pen to be
moved to the desired position. Two other outputs, pins 9 and 10,
control when the pen will be up or down. These outputs are complemen-
tary. A Tow output on one pin energizes the solenoid in one direction
to pull the pen down, while a Tow output on the other pin will energize
the solenoid in the opposite direction, pulling the pen up. Transistors
Q5 through Q11 convert low outputs from the Printer Control Processor
to energize the pen solenoid connected at J5 pins 10 and 11. When the
pen down output is low, Q7 is turned on. Q7's rising collector voltage
turns on the base of Qll1. When Q11 comes on, its falling collector
voltage will turn on Q8. Thus current can flow through Q8, out J5,
pin 10, through the solenoid, back in J5, pin 11, and through Q11 to
ground. A similar series of events occurs with Q6, Q9 and Q10 when the
pen up output is Tow. Q5 Ensures that Q6 and Q7 will never come on sim-
ultaneously. Voltage spiking caused by shutting off the solenoid is
clamped at approximately 12V by CR5 and CR6. Due to the heavy current
draw the printer has its own 5V regulator U22. U22 powers the stepper
motor and the pen up/down solenoid. Ul2 and U5 are powered by the dig-
ital 5V supply. If J10 is connected at pins 2 and 3, the printer will
print a test pattern following a power on reset.

Static Protection. Static protection circuitry is provided at systems

connector J1 by metal oxide varistors RV1-RV15.
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SYSTEM PCB ASSEMBLY (803116).

The System PCB contains the analog input circuitry for cuff
pressure, *12 volt supply, System Control Processor, Real Time Clock,
and Blood Pressure Computation Processor (see Figure 5-5).

Analog Circuitry. The analog pressure circuitry on the System PCB
acquires and conditions data from the cuff pressure transducer. Voltage
regulator U38 provides +10V for the transducer. As pressure is applied
to the transducer, it generates a voltage at J3, pins 2 and 4. Dif-
ferential amplifier U34 amplifies this voltage by approximately 110
times. R58 allows adjustment of the voltage offset. The offset pro-
vided at the output of U34D is -1 volt; less offset than this places the
analog multiplexer U29 in a nonlinear operating region. U28B is a Tow
pass filter with -3dB point at 6.1Hz. The output U28B, pin 14, into
analog multiplexer U29 represents the instantaneous cuff pressure.

The pulse waveform envelope is enhanced by passing the cuff pressure
through the third order high pass filter formed by U28C and U28D. The
-3dB rolloff point can be shifted between .5 to 3Hz. When the System
Control Processor U7 sends a high signal to analog switch U27, pins 3,
5, and 6, switches A, C, and D are closed. This changes the frequency
response of U28C and U28D by switching in parallel resistors R75 and
R77. This frequency shift allows the filter to recover quickly from
large cuff pressure changes caused by cuff inflation or artifact.

The instantaneous unfiltered cuff pressure from U34, pin 1, provides
the input to the servo error signal. The servo error signal provides
the necessary feedback to System Control Processor, U7, so the cuff
bleed down rate may be controlled. The servo error signal is generated
by op-amp U28A, sample and hold U35, and op-amp U36. Similar to the
pulse channel filter select, the -3dB point of U28A's low pass filter is
controlled by the System Control Processor, U7, through analog switch
input U27, pin 4. Closure of the switch, U27 pins 13 and 14, places R76
in the circuit, detuning the filter thus making its rolloff slope far
more gradual. This prevents the servo error filter from responding to
artifact during cuff inflation which allows the servo channel to recover
quickly insuring stability within seconds after the cuff inflation cycle
terminates. U35 samples the instantaneous cuff pressure at intervals
determined by the System Control Processor, U7. The instantaneous cuff
pressure is subtracted from this sampled value, providing a running
measure of cuff bleed rate. The servo valve is adjusted as necessary to
maintain a linear bleed down rate.

A to D Conversion. U37A buffers the output of the analog multiplexer
U29 and drives pin 18 of U32, a multiplying digital to analog converter.
The multiplying D to A converter is used with a successive approximation
routine in the System Control Processor, U7, to convert analog cuff
pressures to a digital form. The voltage input to the converter at U32,
pin 18, is always negative. The D to A converter reads this voltage as
a current, because of the constant input resistance at pin 18 (10KQ).
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The System Control Processor U7, controls a reference cuyrent which
is summed at U32, pin 1, with current into U32, pin 18. Th1§ reference
current is equal to the current into U32, pin 17,_mq1t1p11ed by the
digital word at U32, pin 4 through pin 15. This d1g1ta1.word is the
System Control Processors approximation of the analog input. The
current output at U32, pin 1, indicates how far off the System Control
Processors approximation is from the actual analog input.

U31 detects the current out of U32, pin 1, and outputs a low signal
if the magnitude of the analog signal is smaller than the System Control
Processors approximation. The comparator (U30) buffers U31's output and
converts it to TTL levels.

A software successive approximation routine, run by the System Control
Processor, U7, drives the Analog to Digital conversion. The digital
input to U32 is first driven with a 00 hex. The high order bit is set
to 1, then the comparator, U3l, output is sampled. If the comparator
output is low, the high order bit is reset, otherwise the next lower bit
is set and the test is repeated. The set-test-decision-next bit set
process is repeated until all the bits are checked. The digital input
to U32 then represents the analog signal level.

Resistor R90 is adjusted so the digital output of the successive
approximation routine is equivalent to cuff pressure times .lmmHg. The
reference voltage at U32, pin 17, is adjusted to 8.70 volts, giving an
ideal reference current of 870uA. This adjustment would give a valid
voltage input range of 0 to -8.70V with a conversion factor of approx-
imately 2.1mV per count.

U37B is used only during self-test to verify the linearity of the A/D
conversion circuitry. U37B multiplies the cuff pressure channel signal
by two and applies it to multiplexer U29. During self-test the cuff
pressure channel reading and the twice cuff pressure reading are
displayed for comparison.

+12 Volt Supply. The +12V and -12V supply is generated by U33, Q3, Q4,
and T1. This push-pull switching converter is driven at approximately
30kHz by switching voltage regulator U33. C37 and R92 control the
switching frequency of U33 which in turn provides opposite-phase base
drive to Q3 and Q4. L1 and C28 serve as energy storage elements. The
secondary voltage of Tl is full wave rectified by CR7, filtered by C31,
C36, and regulated to 12V by U39 and U40. €32 through C35 dampen
switching noise.

- The output of CR7 also supplies linear regulator U38. The output of

U38 is set at +10V which is trimmed to +8.7V at U32, pin 17, by R90.

System Control Processor. The System Control Processor, U7, services

the ftront panel switches, controls the display, pneumatic system, blood
pressure computation processor, and performs A to D conversions on the
analog cuff pressure inputs. The System Control Processor also communi-
cates with the analog section via dedicated ports PAO-7 and PBO-7 on the
processor chip. U7 communicates with all other peripherals through U13
address latch, Ul2 data bus buffer, and U6 control buffer. Ull program-
mable array logic decodes higher order address bits and selects memory
mapped devices. '
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The System Control Processor's data bus, ADBO-7, also connects to an
output 1atgh and an input buffer. The output latch, U16 COMI1, performs
the following: provides an interrupt to the Blood Pressure Computation
Processor Ul4, controls the HACT input and the RESET 1line to U14,
triggers the watchdog timer, changes the cutoff frequency of the servo
error input channel, changes the filter frequency of the pulse channel
filter, controls the dump valve and printer paper feed. The input
buffer, U15 SEN 1, inputs the following information: operating mode
commands from the system connector, status of failsafe circuitry,
printer busy signal, selection of 12.or 24 hour clock mode, A to D
comparator output, and bus ready status for the interface to Blood
Pressure Computation Processor.

The System Control Processor's data bus (ADBO-7), address lines and
device select lines connect to the Interface PCB through Jl. These
signals allow the processor to communicate with another output latch,
(U20) on the Interface PCB, and the Interface PCB's data bus, ADCO-7.

Real Time Clock. The real time clock provides year, month, date, and

time of day for output to the system connector and printer. The clock
circuit (U8) and oscillator (Ul) are powered by their own battery and
power supply located on the interface board. Decoding for U8 is per-
formed by U3, U4, U21, U5, and Ull. The decoding simulates a single
access from a multiplexed bus by alternately writing address and data
bytes to U8 via ADBO-7. For a single read cycle, the System Control
Processor (U7) first writes an address byte on the bus. The decoding
circuitry simulates the address strobe input to U8 by decoding the
System Control Processor Data Strobe (DS) when the address byte is on
ADBO-7. Next, the processor does a normal read of the clock circuit
with the DS of U7 acting as the DS of U8. The chip enable for U8 is
held low while the system power is on. When this signal goes high at
power off, U8 disconnects control lines and data lines from external
circuitry, but continues timekeeping.

Watchdog Circuit. The watchdog circuit is provided to ensure continuous

operation of the System Control Processor. At power up, the output of
U4D sends 5MHz pulses to the dual one-shot, U2, pins 4 and 12. These
pulses continue to activate the RESET line by triggering the one shots
until the charge on C7 reaches the threshold of U5B. At this time,
RESET continues to be active until the RC time constant of U2A (10ms)
has elapsed. The System Control Processor, U7, must continually send
trigger pulses to U2B, pin 11, at least once every 100ms or else U2B
will time out and reset the processor.

Blood Pressure Computation Processor. The Blood Pressure Computation
Processor Ul4 computes the Systolic, Mean and Diastolic blood pressures,
and the pulse rate. The processor also formats data for output to the
printer. Pressure information is sent to the Blood Pressure Processor
once every 10ms during cycle deflation, and results are calculated at
the conclusion of the cycle. The CPU, Ul4, is an 8-bit microprocessor
utilizing a 16-bit address bus. Memory consists of two EPROMs, U25 and
U26, and one 8K X 8 static RAM chip U24 which is shared with the System
Control Processor U7. The address latch is U22, the data buffer Ul7.
Address decoding is performed by a PAL U18. The Blood Pressure
Computation Processor's RESET 1is controlled by the System Control
Processor through COM1, Ul6.

1-14 ©0CT. 1985 PHYSIO-CONTROL




1-37.

1-38.

Section 1
Description

In normal operating mode U7 resets Ul4 and places it in halt mode by
setting pin 40 low. The halt mode is detected by U7 through bus
available (BA) and bus status (BS) signals via SEN1 (U15). When the
halt mode is verified, indicating that Ul4 is not using address and data
buses, the blood pressure data from the A/D converter is stored in
shared RAM U24. Ul4 is then taken out of halt mode and begins blood
pressure calculations. This sequence is repeated approximately every
10ms until a complete bleed down cycle has occurred. When Ul4 completes
the blood pressure calculations a flag is set in shared RAM U24. System
Control Processor U7 detects the flag and loads the processed data from
shared RAM U24 into RAM U9. Data transfer and address setup are per-
formed through Ul7 and U22. When tri-stated, they isolate the address
and data buses for the two microprocessors.

U7 sends the blood pressure and pulse data to the Display PFC. Ul4
formats the data for the printer and for output via the system connec-
tor, J1 on Interface PCB.

The interrupt request inputs are dedicated for test purposes and can be
activated via test jumpers J7 and J8.

DISPLAY PFC ASSEMBLY (802583).

The LS 200 Display board has 40 displays, circuitry to latch the display
information, drive the displays, and adjust the on-time. Information is
passed to this board through connector J1 from the Interface board.
Connector J3 conducts the clock set inputs from the front panel to the
Intirface Board and J2 is the power ON switch connection (see Figure
5-6).

Data Display. Once every lms the System Control Processor (U7, System
PCB) loags ﬁata into the five latches U5 through U9. Latches U5 thrcéugh

U8 contain segment information. U9 receives the digit select data The
DIG LE signal Tatches data into U9 and also triggers the one shot, Ull,
through inverter ULOB. When Ull is triggered, its output (pin 3) goes
high.  This signal is inverted by Ul0A which enables the outputs of
latch U9. The duration of the U9 enabling pulse is inversely dependent
on battery voltage. This inverse dependency keeps the displays at a
constant brightness, regardless of battery voltage. The battery,
through R52 and Q1 charges capacitor €5. When the voltage on C5 is
approximately 3.3 volts, Ull, pin 3, goes Tow, disabling U9 through
inverter UIOA. When the next DIG LE pulse goes low, capacitor C5 is
discharged by Ull and the cycle repeats itself. The net on time for U9
is .2 to .7ms depending on battery voltage. As the battery voltage
increases, the current through R52 1is increased and C5 reaches its
threshold voltage of 3.3 volts sooner.

When U9 is enabled the displays turn on. Only one of the 7 output lines
from U9 will be high at any time. Each line is connected to 4 open
collector current sinks, the quad Darlington switch devices Ul12 through
Ul8. When they turn on, current flows from display drivers Ul, U2, U3
and U4, through the light emitting diodes and into the four selected
current sinks. Whether current flows through the segments on a display

1-15 ©0cT. 1985 PHYSIO-CONTROL



1-39.

Section 1
Description

is determined.by the information that was written to latches U5, U6, U7
and U8. A high output from these buffers allows current to flow which
turns on a display segment. Since only 4 digits can be enabled at a
time, it takes 7 enables before all digits and indicators have been
turned on. Therefore, it takes the system 7ms for a complete cycle.

The AC MAINS display is turned on by the V CHG OUT line which is active
when the unit is connected to line power.

Pneumatic System.

The LS 200 pneumatic system is responsible for cuff inflation, cuff
deflation at a linear rate, and sensing of raw pressure data. The
pneumatic system also implements safeguards to prevent excessive cuff
pressures and to ensure that high cuff pressures are not sustained for
more than two minutes.

Figure 1-3 depicts the pneumatic system in simplified form. The system
consists of the patient cuff, the pump assembly, the linear bleed servo
valve, the overpressure switch, and all interconnecting tubes and tube
fittings. The pump assembly, in turn, consists of the pump and the pump
drive motor. The linear bleed servo valve assembly is comprised of the
servo valve itself, the dump valve, the auto zero valve, the manifold
block, the stepper motor, and the pressure transducer.

Before the cuff is inflated, the dump valve is closed, the servo valve
is nearly closed, and the auto zero valve is open. The open auto zero
valve references the transducer to atmospheric pressure. This is to
insure that the transducer is zeroed to atmosphere rather than to
residual pressure that the cuff may have. When the pump is enabled, the
auto zero valve closes, sealing the system and permitting the cuff to
inflate. As the cuff inflates, the pressure transducer inputs an analog
signal to the System PCB proportional to the rising pressure. When the
predetermined peak pressure is reached, the pump is disabled and bleed
down begins.

Bleed down is accomplished by the needle-type bleed valve, which is
operated by the stepper motor. Under control of the 6805 microproces-
sor, the stepper motor opens the servo valve in controlled increments to
ensure a linear bleed rate. This linear bleed rate provides a reference
against which pulse-induced pressure variations are measured. The servo
error signal provides the System Control Processor (U7, System PCB)
with feedback necessary to maintain the linear rate. The microprocessor
then signals the stepper motor to increase or decrease the servo valve
aperture as required.

Cuff pressure is monitored by the overpressure switch as well as by the
transducer. If pressure exceeds 320mmHg (approximately) the over-
pressure switch interrupts system power. This causes the dump valve
to open, and the cuff rapidly deflates. A failsafe feature in the
software will cause the dump valve to open in any event if cuff pressure
is sustained for more than two minutes.
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FIGURE 1-3. PNEUMATIC SYSTEM DIAGRAM

1-17 © NOV. 1984 PHYSIO-CONTROL



SECTION 2
OPERATION

21 GENERAL
This section of the manual contains information and procedures for the
operation and testing of the LIFESTAT 200. A 1list of accessories and
replacement items is also provided.
2-2. OPTIONAL ACCESSORIES AND REPLACEMENT ITEMS
The following items may be obtained by contacting a Physio-Control
Sales Representative,
TABLE 2-1
ACCESSORIES AND REPLACEMENT ITEMS
PART NUMBER DESCRIPTION
803029-00 ACCESSORIES BAG, LS 200
801315-02 ASSEMBLY, Pole Mount
801099-01 ASSEMBLY, Wall Mount
802505-00 CUFF, Adult Inflatable
802505-01 CUFF, Large Adult Inflatable
802505-02 CUFF, Thigh Inflatable
802505-03 CUFF, Child Inflatable
802604-00 PAPER, LS 200 Printer, 3 Rolls (1 Box)
802601-01 PAPER, LS 200 Printer, 1 Case (50 Boxes)
201716-001 PEN, LS 200 Printer, Black Ink, 4 Pens (1 Tube)
201716-002 PEN, LS 200 Printer, Black Ink, 1 Box (50 Tubes)
201716-003 PEN, LS 200 Printer, Black Ink, 1 Case (50 Boxes)
803027-00 PLATE, Mount With Hardware
802611-00 PUBLICATION, LS 200 Operating Manual
802450-02 PUBLICATION, LS 200 Service Manual
802537-00 TUBING SET, Latex, 24 Inch Cuff Extension
802537-01 TUBING SET, Latex, 72 Inch Cuff Extension
802537-02 TUBING SET, Latex, 144 Inch Cuff Extension
2-3. CONTROLS AND INDICATORS

A. The controls and indicators on the Front Panel and Hidden Panel
are shown in Figures 2-1 and 2-2. Each item is keyed on the figure
to a corresponding listing in Table 2-2 or 2-3. These tables give
the nomenclature and briefly describe the function of each item.

B. Figure 2-3 provides the rear panel view of the LS 200. Each item on
this figure is keyed to a corresponding listing in Table 2-4. The
table Tists the nomenclature of each item and briefly describes its
function.
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LIFESTAT 200 8PMONITOR

FIGURE 2-1. LS 200 FRONT PANEL CONTROLS AND INDICATORS
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TABLE 2-2

LS 200 FRONT PANEL CONTROLS AND INDICATORS

FIGURE CONTROL OR FUNCTION
KEY NO. INDICATOR
(:) ON Rocker switch for main power control.

©

MODE SELECT

Membrane switch for selection of manual or
automatic inflation modes. Repeated or
sustained pressure on switch selects 1, 2,
3, 5, 10, 15, and 30 minute automatic
cycles, and manual successively.

®

START/OVERRIDE

Membrane switch to start and/or sustain
cuff inflation. Momentary pressure ini-
tiates inflation cycle in any mode at any
time (unless a cycle is already in pro-
gress). Pressing and holding switch causes
inflation to continue up to 300mmHg or until
switch is released.

STOP/DEFLATE

Membrane switch to abort inflation cycle
and deflate cuff to less than 10mmHg within
10 seconds. In AUTO mode, STOP/DEFLATE also
resets cycle timer and blanks elapsed time
display.

ALARM SELECT

Membrane switch to turn High and Low alarms
on and off and to select the BP parameter
monitored (systolic, diastolic, or mean).
Repeated or sustained pressure on switch
selects systolic, mean, diastolic, high
systolic/low diastolic, and off, succes-
sively.

LOW LIMIT

Dual membrane switch to set Tow alarm limit.
Repeated or sustained pressure on left side
of switch lowers limit; repeated or sustain-
ed pressure on right side of switch raises
limit. Range is 30 to 160mmHg in increments
of 5mmHg.

HIGH LIMIT

Dual membrane switch to set high alarm
limit. Repeated or sustained pressure on
left side of switch lowers 1limit; repeated
or sustained pressure on right side of
switch raises 1imit. Range is 50 to 260mmHg
in increments of 5mmHg.

ALARM SILENCE

Membrane switch to silence alarm.
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TABLE 2-2 (Continued)

LS 200 FRONT PANEL CONTROLS AND INDICATORS

FIGURE CONTROL OR FUNCTION
KEY NO. INDICATOR
PRINTER Membrane switch for turning printer on and

off.

PAPER ADVANCE

Membrane switch to advance printer paper.

ARTIFACT

LED to indicate that pressure measurement
contains excessive artifact. Accompanied
by audio tone.

LOW BATTERY

LED to indicate 1low battery condition.

PR BBl ®

PRINTER ON LED to indicate when printer is on.

SYS LED to indicate BP parameter being alarm-

MEAN monitored. When SYS and DIAS are simul-

DIAS taneously illuminated, high alarm monitors
systolic BP, low alarm monitors diastolic
BP.

(::) PULSE Digital display to indicate pulse rate at
completion of cycle. Also during bleed
down an LED in this display flashes as each
pulse is detected.

MEAN Digital display to indicate mean blood
pressure at completion of cycle.

(::) HIGH Alarm Digital display to indicate high and 1low

LOW Alarm alarm limits as set by ALARM SELECT.

CUFF Used for test purposes only.

SYSTOLIC Digital display to indicate systolic
blood pressure at completion of cycle.

@ DIASTOLIC Digital display to indicate diastolic blood
pressure at completion of cycle.

@ ELAPSED TIME Digital display to indicate time elapsed

since beginning of last inflation cycle in
minutes and seconds. Displays 00:00 until
first inflation cycle after power up.

Change JUL. 1985
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TABLE 2-2 (Continued)
LS 200 FRONT PANEL CONTROLS AND INDICATORS
FIGURE CONTROL OR FUNCTION
KEY NO. INDICATOR
(:) Mode Select LED to indicate manual inflation cycle
Display or 1, 2, 3, 5, 10, 15, or 30 minute
automatic cycle.
®) ABORT LED to indicate that inflation cycle has

been aborted by failsafe circuit, repeated
error rejection, or pressing STOP/DEFLATE.
Accompanied by audio tone.

AC Mains LED to indicate that LS 200 is connected to
ac line power.

FIGURE 2-2. LS 200 HIDDEN PANEL CONTROLS
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TABLE 2-3
A‘
LS 200 HIDDEN PANEL CONTROLS
FIGURE CONTROL OR FUNCTION
KEY NO. INDICATOR
(:) SELECT Membrane switch to select real time clock

parameter to be set. Repeated or sustained
pressure on switch selects month, day,
year, hour, and minute, successively.

(:) SET Membrane switch to set real time clock.
Repeated or sustained pressure increments
real time clock parameter selected by
SELECT,

(:) Printer Door Pushbutton to release Printer door.

Release Button
(:) (Pen Storage) Space for storing extra Printer pens.

TOHE VOLUME
VOLUME SON
e

YSTEM CHASSIS RISK
NOT EXCEED Wyeh.

FIGURE 2-3. LS 200 REAR PANEL CONTROLS
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, TABLE 2-4
@wtk LS 200 REAR PANEL CONTROLS
FIGURE CONTROL OR FUNCTION
KEY NO. INDICATOR
ALARM VOL Turn clockwise to increase alarm volume,

counterclockwise to decrease alarm volume.

SYSTEMS Connector | I/0 connector for remote control and test
purposes.

Mains Power Switch| On/Off switch for AC Mains

Voltage Select Configures input for 115 or 230 Vac.
Switch

AC Mains Fuses Provide overload protection.

AC Mains Receptacle for power cord.

@|® O ®

Power Input

2-4. SUGGESTED PERFORMANCE VERIFICATION PROCEDURES

To assure accurate blood pressure measurements, the following tests on
the fully assembled LS 200 should be performed at three month intervals.
A suggested Performance Verification Procedure (PVP) and Check Off List
for the LS 200 are included in this section. The Check Off List is
provided for the customer's use and may be copied when needed. As each
of the following tests is completed, the Check Off List should be marked
accordingly. (See Figure 2-7.)

1. PHYSICAL INSPECTION.

Inspect all controls, indicators, and displays for physical condi-
tion and proper operation. Check surfaces for fluid spills, cracks,
dents, condition of labels, loose or missing hardware. Check Luer
fitting, pressure cuff and tubing for physical condition, obvious
leaks, or obstructions. Check printer door for ease of operation,
positive latch function.

2. AC MAINS (BATTERY CHARGE) INDICATOR.

Verify that the AC MAINS LED is illuminated when the unit is con-
nected to ac power. Verify that when mains power is disconnected,
indicator is extinguished.

3. POWER UP INITIALIZATION CHECK.

> A. Set the main power switch to the ON position. Verify that all
gﬂh displays are illuminated, with the seven-segment displays
showing "888"s.
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B. Verify that self test sequence Tlasts for approximately 10
seconds and that the printer draws a square.
C. [Insure that upon completion of this self test period all seven-

segment displays are blanked, and that the sound of the servo
valve closing has stopped.

D. Verify that the legend MANUAL is backlit, and that no other
display is illuminated (except for AC MAINS).

TEST 1 (DISPLAY FUNCTION).

A. Simultaneously depress START/OVERRIDE, STOP/DEFLATE, and ALARM
SELECT. Verify that "tSt 1" appears briefly in the alarm limit
window, and that the seven-segment displays cycle through
numbers 0 through 9, with all light bar displays illuminated
when odd numbers are displayed.

B. Depress ALARM SELECT, and verify that alarm sounds. Press ALARM
SILENCE to disable alarm.

TEST 2 (ANALOG CALIBRATION).

A. Using a "T" tubing connector, connect the LIFESTAT 200 to a
mercury manometer and a standard volume aspirator bottle (see
paragraphs 3-2 and 3-3). Insure that all fittings are airtight.

B. Depress MODE SELECT, and verify that "tSt 2" appears in the
alarm Timit display window.

C. Depress START/OVERRIDE. The inflation pump will run until the

SYSTOLIC display reads 215. The mercury manometer should read
215 + 2mmHg at its lowest point.

TEST 3 (SYSTEM LEAKAGE).

A. Press MODE SELECT, and verify that "tSt 3" is displayed in the
alarm 1imit window. Verify that the diastolic window displays a
threshold value of 250mmHg.

B. Depress START/OVERRIDE. Verify that the pump inflates the
system to 250mmHg, after which the pump shuts down, and the
elapsed timer begins. Insure that after 30 seconds system
pressure still exceeds 210mmHg.

C. Press STOP/DEFLATE. The dump valve should open, depressurizing
the system.

D. Press START/OVERRIDE again. When threshold pressure is again
achieved, depress HIGH LIMIT up. Verify that CUFF legend is
illuminated, and that the servo bleed valve opens partially
(note increased bleed rate). Press HIGH LIMIT down to close
bleed valve and extinguish CUFF display.
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E. Repeat the inflation cycle test. Verify that the systolic blood
pressure displayed is above the high alarm Timit and that, if
so, the systolic display flashes and an alarm tone is heard.

TEST 4 (OVERPRESSURE SWITCH).

A. Press MODE SELECT. Insure that "tSt 4" is displayed in the
alarm 1imit display window. Verify that all displays read 000,
except for DIASTOLIC, which displays a threshold of 350mmHg.

B. Press START/OVERRIDE. The system should attempt to inflate to
350mmHg. Verify that the overpressure switch trips between 320
and 330mmHg on the mercury manometer.

C. Cycle LIFESTAT 200 power off and on to clear test mode. Dis-

connect test apparatus, and connect standard pressure cuff to
the LIFESTAT 200 Luer fitting.

INFLATION CYCLE TEST.

A. Place cuff snugly around arm with the mark over the brachial
artery. (For convenience, the cuff may be fastened around
itself and slipped onto the arm like a sleeve.)

B. Press START. Verify that the pressure display rises rapidly to
approximately 180mmHg as cuff inflates.

C. Verify that cuff bleeds down (descending pressure is displayed)
and that a Tight flashes periodically under PULSE, accompanied
by a beep.

D. Verify that systolic pressure, diastolic pressure, mean arterial
pressure, and pulse values appear in their respective displays.
If an error message 1is generated, verify that the cycle is
repeated, with higher cuff inflation threshold and Tower bleed
rate.

ALARM CHECK.
A. Press ALARM SELECT. Verify that the SYS legend is illuminated.

B. Verify also that a HIGH display of 260 appears. This is the
high alarm limit. Press and hold HIGH LIMIT down switch until
the high alarm limit decreases to a value approxiamtely 20mmHg
less than the systolic blood pressure determination currently
displayed.

C. Repeat the inflation cycle test. Verify that the systolic blood
pressure displayed is above the high alarm limit and that, if
so, the systolic display flashes and an alarm tone 1is heard.

Change JUL. 1985
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D. Press ALARM SILENCE. Verify that alarm tone is silenced, but
flashing display persists.

E. Press and hold HIGH LIMIT up switch until high alarm 1imit rises
above the systolic pressure displayed. Verify that systolic
pressure display stops flashing.

10. AUTO MODE CHECK.

A. Press MODE SELECT and verify that MANUAL goes off and 1 is
backlit on AUTO scale. Successive presses of MODE SELECT should
produce backlighting behind 2, 3, 5, 10, 15, and 30, respec-
tively.

B. Set automatic cycle at 2 and repeat inflation cycle test. When
cuff inflation begins, verify that ELAPSED TIME displays an
initial value of 0 and begins incrementing.

C. Verify that when elapsed time reaches approximately 2 minutes,
inflation cycle begins again automatically.

11. PRINTER CHECK.

A. Press PAPER ADVANCE. Verify that printer paper advances.
Press PRINTER. Verify that PRINTER ON is illuminated.

Return MODE SELECT to MANUAL.

o o
. .

Repeat the inflation cycle test. Verify that the printer
annotates the blood pressure/pulse values as shown in Figure
2-4. Note: If LS 200 is operated in 12 hour clock mode instead
of 24 hour mode, an "A" or a "P" will appear after the time
indicating AM or PM.

—
-

| \
| NAME ~ 1.D. \
27-ALG-84
| 10:57 |
I SYSTOLIC a8 I
| MEAN 75
DIASTOLIC 67 /
| PULSE S0 |

|
) ~1

FIGURE 2-4. PRINTER ANNOTATION - MANUAL MODE

2-10 ©0CT. 1985 PHYSIO-CONTROL



Section 2
Operation

E. Press MODE SELECT to select a one minute automatic cycle.
Repeat inflation cycle test, and insure that the printer anno-
tates the blood pressure/pulse values as shown in Figure 2-5.

\ : \

\— - \
\ TINE 10:26
| RArE ~ 1.0. ‘
| 277AUG-B4 |

REMARKS :
/ SYS 08 |
MEAN 84 I
’ DIAS 68
<> = ALARM |
X = ARTIFACT

|| % 2 ORTERORL cug| PuLse s
\ A
\ ) A}

FIGURE 2-5. PRINTER ANNOTATION - AUTOMATIC MODE

F. The inflation cycle should repeat automatically. When the
second determination is complete, verify that the printer trends
the first and second determinations. See Figure 2-6.

A
\

r _
\ TIME  B8:14 8:16 |
| NAME ~ 1.D. \

27-ALG-84 |
| REMARKS :

/ sYS 119———115 |
, Y R—— %
l <> = ALARM

X = ARTIFACT

A = INTERUAL cHg| FULSE 55 s6 |
‘ |
| S 1

FIGURE 2-6. PRINTER ANNOTATION - AUTOMATIC MODE, TRENDED
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DATE
FIGURE 2-7. LS 200 PERFORMANCE VERIFICATION PROCEDURE

CHECK OFF LIST

PHYSICAL INSPECTION

AC MAINS INDICATOR . . . . « v v v v v v v v e e e e ..

TEST 1 (DISPLAY FUNCTION)

A. Displays cycle through 0-9, bar LEDs illuminated on
odd numbers . . . . . . . . L L. e e e e .

TEST 2 (ANALOG CALIBRATION)
A. SYSTOLIC display reads 215mmHg . . . . . . . . . . .
TEST 3 (SYSTEM LEAKAGE)

A. LOW LIMIT switches toggle threshold from 250 to 150mmHg

B. System inflates to 250mmHg, after 30 seconds cuff
pressure still exceeds 210mmHg . . . . . . . . . . .

C. STOP/DEFLATE: System depressurizes . . . . . . . . .

D. HIGH LIMIT up: CUFF illuminates, bleed valve opens
partially . ¢« ¢ v v vt i e e e e e e e e e e e e e

E. HIGH LIMIT down: CUFF display extinguished, bleed
valve closed . . & v v v v bt e e e e e e e e e e

TEST 4 (OVERPRESSURE SWITCH)

A. DIASTOLIC display reads 350mmHg . . . . . . . . . . .
B. Overpressure switch trips at 320 to 330mmHg
onmanometer. . . ¢ v v o v e e e e e e e e e e e

INFLATION CYCLE TEST

A. System inflates to 180mmHg . . . . . . . . . . . . .
B. Descending pressure display, pulse indicator, audible

toNe & . Lt e e et e e e e e e e e e e e e e e e
C. Parameters displayed . . . . . . . ¢+ ¢ ¢ v o o . .

ALARM CHECK

A. HIGH LIMIT switch functional: display flashes and

alarm tone sounds when limit violated . . . . . . . .
B. ALARM SILENCE switch operational . . . . . . . . . .
C. HIGH LIMIT up causes display flashing to cease
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: LS 200 PERFORMANCE VERIFICATION PROCEDURE
ﬁm’\ CHECK OFF LIST (Continued)

10. AUTO MODE CHECK

A. MODE SELECT switch operational . . . . . . . . . ..
B. Elapsed time timer operational . . . . . . . .
C. Inflation cycle begins automatically after 2 m1nutes.

11. PRINTER CHECK

A. PAPER ADVANCE switch operational . . .. . . . . ..
B. PRINTER ON switch operational, illuminates display

C. Manual mode printer annotation . . . . . . .. . ..
D. Auto mode printer annotation. . . . . . . . . . . ..
E. Trending . . . . . .. ... ¢ v s e s e e s
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OPERATOR MAINTENANCE

The following routine maintenance recommendations will help insure
trouble-free operation of the LS 200 and should be observed by both
operator and technician.

Batteries.

The LS 200 batteries are depleted electrolyte sealed lead-acid. The
life expectancy of lead-acid batteries is dependent upon many variables,
but the primary factors are temperature and use.

Optimum battery performance will occur when the unit is operated and
charged at normal room temperatures. When unit is charging, ambient
temperatures greater than 40°C may adversely affect battery 1life.
“
CAUTION

DO NOT DISCHARGE THE BATTERIES COMPLETELY. TO DO SO
WILL CAUSE DAMAGE. TURN INSTRUMENT POWER OFF AND CONNECT
TO AC POWER WHEN NOT IN USE.

R R
Batteries will also perform best when kept as much as possible in the
fully charged state. Completely discharging the batteries will damage
them.  When the LS 200 is not in use, connect the ac power cord and
insure that the power switch is off. Use of the connection to ac power
is also recommended for Tlong periods of storage. If this is not
possible, insure that the batteries are fully charged when placed in
storage and that ambient temperatures do not exceed 25°C.

Cuff Inflation Systems.

Cuff inflation systems should be checked periodically for worn or
damaged fittings, leaking bladder, or leaking tubing. Parts that are
worn or defective should be repaired or replaced. These defects, if not
corrected, will make it impossible to obtain accurate results and may
result in repeated error signals.

Cuff Cleaning.

After removing the Tlatex bladder, the cuff may be machine or hand
washed. Make sure the cuff is thoroughly rinsed and then allowed to air
dry.

Care and Cleaning.

Avoid dropping instrument or exposing to extremes of heat or cold which
might damage electronic components. It should also be protected from
exposure to water and spilled fluids.

Air circulation vents in instrument should not be obstructed by 1linen,
clothing, or other devices when in use or plugged into AC power.

The instrument should be cleaned with a mild soap and water. Use a
damp sponge or towel to clean.
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CAUTION

DO NOT IMMERSE ANY PART OF THIS INSTRUMENT IN WATER. DO
NOT USE ALCOHOL OR KETONES (MEK, ACETONE, ETC.) TO CLEAN.

2-10. Pen Removal Procedure.

A. Turn off power and open printer door.

B. Push the pen ejector lever to the left and the pen will fall out of
the carriage.

2-11. Pen Installation Procedure.

A. Turn off power and open printer door.

B. Place pen point into hole in pen return spring then push pen body
into pen retention fingers.

C. Feed leading edge of paper roll through door exit slit as door is
closed.

2-12. Paper Loading Procedure.

A. Turn off power and open printer door.

B. Remove spent paper roll tube.

C. Guide the paper (with a trimmed leading edge) into printer with the °
left hand while turning paper drive roller clockwise with the right
hand. The paper should unroll in a clockwise direction.

D. Place roll on paper spindle.

E. Feed leading edge through slot in door before closing door.
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2-13. Preparation for Storage or Shipment.

It is recommended that the original shipping box and packing for the
LS 200 be saved for later use in storage or shipment.

™~

FIGURE 2-8. PREPARATION FOR STORAGE OR SHIPMENT
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5’“ SECTION 3
TESTING AND TROUBLESHOOTING
3-1. GENERAL

This section will guide the user in a sequential fashion from routine,
system-level test and calibration procedures to the identification of
faulty circuits in the LIFESTAT 200. Included are Functional Testing
and Calibration, Troubleshooting Guide and Signature Analysis.
Functional Testing and Calibration provide complete test and calibration
procedures for the major circuits in the LIFESTAT 200. The Trouble-
shooting Guide references malfunctions discovered during the functional
test to specific circuits or components. Signature Analysis provides a
means of troubleshooting the digital circuits.

CAUTION

SOME PCB ASSEMBLIES IN LIFESTAT 200 CONTAIN STATIC
SENSITIVE DEVICES .4a (SSDs). REFER TO SECTION 5 AND USE
SPECIAL HANDLING PROCEDURES.

3-2. TEST EQUIPMENT

N ——

Test equipment suitable for maintenance and calibration of the
LIFESTAT 200 are listed in Table 3-1. Although specific, commercially
available test instruments are recommended, OTHER TEST EQUIPMENT WITH
EQUIVALENT SPECIFICATIONS MAY BE USED.

TABLE 3-1

TEST EQUIPMENT

NOMENCLATURE CHARACTERISTICS MANUFACTURER
Oscilloscope 100 MHz Dual Trace Hewlett Packard 1741A
Digital Multimeter 3 1/2 Digit Fluke 8000A

Accuracy: 0.5% of full
Scale on dcV and resis-
tance ranges, 1% of
reading on acV.

Frequency Counter Fluke 1900A

MerCury Manometer 340 mmHg minimum

Signature Analyzer Hewlett Packard 5006A
Aspirator bottle 1/2 gallon Cole Parmer Instrument
(PCC #50973-02) or 1900 ml Co. Catalog TJ6080-20
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TEST SET-UP

The procedures in this section require that the unit be in the test
configuration, as shown in Figure 3-1. The test equipment connections
are indicated. To disassemble the unit to this level, refer to para-
graph 4-5. 7

SERVO VALVE
MANOMETER

OVERPRESSURE
SWITCH SETSCREW

ASPIRATOR
BOTTLE

FIGURE 3-1. TEST CONFIGURATION
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3-4. FUNCTIONAL TEST AND CALIBRATION

These paragraphs provide a complete functional test and calibration pro-
cedure for the LS 200 and may be performed as routine periodic main-
tenance or as a first-level diagnostic procedure. If the unit fails
to pass any of the tests in this procedure and the problem cannot be
remedied by calibration, proceed to paragraph 3-17 or 3-18.

CAUTION

WHEN REJOINING CONNECTORS, OBSERVE CORRECT POLARITY.
MISALIGNED CONNECTORS MAY CAUSE EXTENSIVE DAMAGE TO ALL
PCBs.

R —

3-5. Power Supply Tests.

A. Disconnect power cord.

B. Disconnect harnesses from Jl1 and J3, Charger PCB. Verify that
Filter Capacitor (Item 15, Figure 5-1) is wired correctly. See
Figure 5-2.

C. Reconnect power cord.

D. Verify that dc voltage across TP9(+) and TP8(-) is +9.8 + 0.1Vdc.
Adjust R6, Battery Charger PCB, as necessary (see Figure 3-1).

E. Verify that dc voltage across TP1(+) and TP2(-) is 28 + 2Vdc.

F. Using TP8 for ground, place oscilloscope probe at TP3 (switching
drive to Q1 and Q2). NOTE: For the 802596-02 and -03 Battery
Charger bare boards only, place the oscilloscope probe at the base
of Q3 or at the R2-R16 junction. Verify that waveform obtained is
55 + 5kHz (pulse width 18 + 2uS).

G. Verify that voltage drop across TP2(-) and TP8(+) is 7 + 2mV. Leave
voltmeter in place.

H. Observing polarity (fins on plug go toward clip), reconnect battery
harness to J3.

I. Verify that with battery connected, voltage across TP2(-) and TP8(+)
increases by no more than 220mV. Leave voltmeter in place.

J. Insure that power switch is off and reconnect Interface PCB/Battery
Charger PCB Harness at Jl, Battery Charger PCB.

K. Turn on power switch. Verify that voltage drop across TP2(-) and
TP8(+) does not exceed 220mV.

L. After the unit has completed its power on tests (the "888"s on the
Display have been blanked) remove connector at J3 on Charger PCB.
Verify that voltage across TP2(-) and TP8(+) is 60 + 20mV.
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NOTE: The following error messages will be displayed if
a memory or communication error occurs during
power on self tests:

"err 1": Internal (to chip) 6805 RAM error

"err 2": External 6805 RAM error

"err 3": Cyclic Redundancy Check (CRC) error of 6805
EPROM

"err 4": RAM or EPROM error on 6809

"err 5": No communication between processors

"err 6": Pressure (greater than 15mmHg) in cuff at power
on

Any malfunction noted by an error message must be corrected before
proceeding with the functional test. Refer to paragraph 3-19.

M. With J3 still disconnected, place voltmeter across TP9(+) and
TP8(-). Adjust R6 on Charger PCB until voltage across test points
is 7.80V.

N. Monitor U24, pin 4, on Interface PCB (part of Low Battery Detect
circuitry). Use TP1 on Interface PCB for scope ground.

Adjust R63 until U24, pin 4, transitions from low to high. Verify
that slight adjustment of R6 on Charger PCB causes U24, pin 4, to
be Tow at 7.85V and high at 7.75V .measured across TP8 and TP9.

Verify that LOW BATTERY is illuminated when U24, pin 4, is high.

NOTE: If LOW BATTERY LED is left active for more than 5
minutes, the LS 200 will execute a software
controlled shut-down. To reinitialize the unit
turn the power off, adjust R63 1 or 2 turns
clockwise, then turn power on.

CAUTION

—

IN THE FOLLOWING TWO STEPS, O AND P, WHEN ADJUSTING R6,
CHARGER OUTPUT VOLTAGE MUST NOT EXCEED 9.9V.

0. First adjust R6 so that the LOW BATTERY LED is off, then turn
potentiometer R6 until the LED remains on. Then cycle ac power and
wait until the "888"s display blanks.

Verify that unit shuts off after 10 seconds and will not respond to
any front panel controls except the power switch.

P. Turn R6 1 or 2 turns clockwise and cycle the power switch on.
Readjust R6 for 9.8 * 0.1V between TP9(+) and TP8(-). Verify that
output of U24, pin 4, is now low and that LOW BATTERY LED is off.

Q. Verify that Charger PCB output voltage at J1, pin 5, is 10.5 =
.4vdc.

R. Turn off LS 200. Reconnect battery to Charger PCB at J3.
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3-8.

Section 3
Testing and
Troubleshooting

Systems Connector.

Turn LS 200 on and monitor Systems Connector, pin 2. Verify that a
pulsed 24 + 3V p-p square wave is present after the "888"s display has
blanked.

NOTE: Self-Test Procedures. The LS 200 is equipped with
test software that exercises the circuits in ways
that facilitate diagnosis and calibration. The
unit 1is placed in self-test mode by pressing
simultaneously START/OVERRIDE, STOP/DEFLATE, and
ALARM SEL. This causes "tSt" to appear in the HIGH
ALARM display and a "1" to appear in the LOW ALARM
display, verifying that the unit is in Test 1 mode.
Repeated or sustained pressure on MODE SELECT then
selects Tests 2, 3, 4, and 5 successively.

During these tests, the LED displays are used as
diagnostic windows. The various parameters being
displayed are noted in each paragraph.

Test 1: Display System and Alarm Audio.

A. Simultaneously press START/OVERRIDE, STOP/DEFLATE, and ALARM
SELECT. Verify that "tSt 1" appears in the alarm limit display.

B. Verify that all 7-segment LEDs count from O to 9 and then blank.
Verify that all bar LEDs are alternately turned on and off except
AC MAINS which remains on.

C. Press the ALARM SELECT button and verify that the audible alarm is
turned on. Verify that volume is not adjustable from the rear panel
control.

D. Press ALARM SILENCE to shut off alarm.

Test 2: A/D Converter.

A. Press the MODE SELECT switch until "tSt 2" appears in alarm limit
display. The red LED displays should appear as follows:

SYSTOLIC MEAN
000 0XX (An "X" indicates any numeric
value from 0 to 9.)
DIASTOLIC PULSE
XXX 0XX

B. Adjust R58 System PCB (see Figure 3-1) for a reading of -1.00 #
.05Vdc at TP12. TPl16 on System PCB is ground. Press STOP to auto
zero the system.

C. Connect a manometer and a 1/2 gallon aspirator bottle (see Table

3-1) to the front panel Luer fitting as shown in Figure 3-1. Zero
the manometer. Press START switch.
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