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FOREWORD

Thefolbwhgsewbehsﬂueﬁousamforuseorﬂybypefsomd qualified to repair and service the equipment described In this
manual.

mh&mmammmwmnwmbmmmcﬁmmmmesu Unit. Also included are sections
covering the Technical Specifications, Circuit Descriptions and the Testing of the Unit. Instructions for use and cautions and

wamings conceming elactrosurgery are beyond the scope of this manual. The reader is directed to the Force GSU Instruction
Manual supplied with the Unit

Caution: Federal (USA) law restricts this device to sale by or on the ordoar of a physician,
Effective Date: September 1991
Valleylab Part No.: 945 100 141 A

Equipment covered in this manual: Valleyleb Force GSU Unit
110 - 120 Vac Nominal
220 - 240 Vac Nominal
50/60 Hz

THE VALLEYLAB FORCE GSU SYSTEM INCLUDES

Force GSU Unit:

Electronics Module/Cart Force 2 or Force 4 Series Electrosurgical Generator

& ten Mantil Force GSU™ Handset

Interface Cablo and REM™ Patient Retum Electrode

E0502-12 Active Adapter

Electrosurgical Generator Mounting Hardware
(2 fonder washers, 2 nylon screws

Argon Gas Tanks (shipped separately)

LIMITED WARRANTY

Valleyiab Inc warrants each product manufactured by it to be free from dofects in material and workmanship under normal use and
sorvice for the period(s) set forth below. Valleylab's obligation under this warranty is limited to the repair or replacement, at its sole
option, of any product, or part thereof, which has been retumed to it or its Distributsr within the applicable time period shown below
after delivery of the product to the original purchaser, and which examination discloses, to Valleylab's satisfaction, that the product is
defective. This warranty does not appiy to any product, or part thereof, which has been repaired or altered outside Valleylab's

factory in a way so as, in Valleylab's judgment, to affect its stability or refiability, or which has been subjected to misuse, neglect or
accident.

The warranty periods for Vaileylab’s products are as follows:

FORCE GSU™ UNIT One Year from date of shipment
ELECTROSURGICAL GENERATORS One Year from date of shipment.
MOUNTING FIXTURES (ALL MODELS) One Year from date of shipment.
FOOTSWITCHES (ALL MODELS) One Year from date of shipment.
PATIENT RETURN ELECTRODES Sheif life only, as stated on packaging.
STERILE DISPOSABLES Sterility only, as stated on packaging.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPUED, INCLUDING, WITHOUT LIMITATION,
THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, AND OF ALL OTHER
OBLIGATIONS OR LIABILITIES ON THE PART OF VALLEYLAB. VALLEYLAB NEITHER ASSUMES NOR AUTHORIZES ANY
OTHER PERSON TO ASSUME FOR IT ANY OTHER LIABILITY IN CONNECTION WITH THE SALE OR USE OF ANY OF
VALLEYLAB'S PRODUCTS. NOTWITHSTANDING ANY OTHER PROVISION HEREIN OR IN ANY OTHER DOCUMENT OR
COMMUNICATION, VALLEYLAB'S LIABILITY WITH RESPECT TO THIS AGREEMENT AND PRODUGTS SGLD HEREUNDER
SHALL BE UMITED TO THE AGGREGATE PURCHASE PRICE FOR THE GOODS SOLD BY VALLEYLAB TO CUSTOMER.
THERE ARE NO WARRANTIES WHICH EXTEND BEYOND THE TERMS HEREOF. VALLEYLAS DISCLAIMS ANY UABILITY
HEREUNDER OR ELSEWHERE IN CONNECTION WITH THE SALE OF THIS PRODUCT, FOR INDIRECT OR
CONSEQUENTIAL DAMAGES.

This warranty and the rights and obligations hereunder shall be construed under and govemned by tho laws of the State of Colorado,

USA. The sole forum for resolving disputes arising under or relating in any way to this warranty is the District Court for the County of
Boulder, State of Colorado.

Valleylab Inc, its dealers and representatives, reserve the tight to make changes in equipment built and/or sold by them at any time
without incurring any obligation to make the sams or similar changes on equipment previously built and/or sold by them,



Service Centers

Valleylab Inc
Boulder, Colorado, USA
800-255-8522

Valleylab Australia
Prospect, AUSTRALIA
61-2-688—4888

Valleylab Benelux
Nieuwegein, HOLLAND
31-3402-32456

Valleylab France
c/o CLIMO
Lyon, FRANCE
33-78-096241

Valleylab Germany
Wichmannstrasse 4
Postfach 520452
D—-2000 Hamburg 52
GERMANY

040-89 68 84

Valleylab UK
London, UNITED KINGDOM
44-81-993-7808

Valleylab Europe, Middle East and Africa

London, UNITED KINGDOM
44-81-993-7808
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FORCE GSU SYSTEM SERVICE WARNINGS AND CAUTIONS
WARNINGS

DANGER: Explosion Hazard: Do NOT use the Force GSU System in the presence of flammable
anesthetics, gases, liquids, or objects.

Use only high purity grade (99.998% pure or better) Argon gas. Patient safety may be
compromised.

High Pressure Hazard: Ensure that Argon gas tanks and fittings used with the Force GSU System
have been pressure tested, certifled, and filled according to applicable standards and local codes.
In filling the tanks, ensure your suppllier meets all local and national codes. Do NOT
overpressurize the tanks.

The gas line fitting in this Unit is compatible with many common gas tanks (e.g. freon
[tetrafluromethane], helium, krypton, neon, nitrogen, and xenon). ONLY CONNECT ARGON GAS
TO THE FORCE GSU SYSTEM.

Take appropriate precautions (such as use of isclated tools and equipment; use of the “one hand
rule,” etc.) when taking measurements or troubleshooting the Unit.

Electric Shock Hazard: Do NOT install a wet power cord assembly into the Unit or into a wall
outlet'

Etectric Shock Hazard: The lower heatsink on the power supply Is at an elevated voltage. Do NOT
come in contact with it. Do NOT use It for ground. Use the chassis of the Electronics Chassis
Module or TP-1 as a measurement ground reference.

Electrical Shock Hazard: Disconnect the power cord before replacing parts.

Fuse Replacement: For continued protection against fire hazard, replace only with the same type
and rating as the original fuse.

Explosion Hazard: Do NOT use oxygen for any adjustments. Always use high purity grade
(99.998% pure or better) Argon gas for all adjustments.

Electric Shock Hazard: Do NOT touch any exposed wiring or conductive surface while the Unit is
disassembled and energized.

Keep the Handset electrode away from personnel. Use the Accessory Holster to hold the Handset
safely.



CAUTIONS

Improperly secured gas tanks and/or improper connection of high pressure gas lines may result in injury.
Properly connect the ESU interface cable for correct operation of the Force GSU System.

Ensure that the Active Adapter is fully inserted into the ACCESSORY receptacle of the electrosurgical
generator and that no metal is exposed. When using the Active Adapter with the Handset, ensure the RF
link has no metal exposed.

Do not use a knife or similar metal object to remove the filter assembly hose. This will damage the barbs
and cause the connection to leak.

This Unit contains electrostatic sensitive components. When repairing the Unit, work at a static control
workstation. Wear a grounding strap when handling electrostatic sensitive components. Handle the
circuit boards by their nonconductive edges. Use an antistatic container for transport of electrostatic
sensitive components and circuit boards.



SECTION 1
GENERAL DESCRIPTION OF CLINICAL USE

The Valleylab Force GSU System provides a controlled flow of Argon (an inert, non—reactive gas) over
the active electrode of a special electrosurgical handset which is powered by a Valleylab Force 2 or 4
Series Electrosurgical Generator. The handset provides gas—enhanced cutting and coagulation as well
as standard electrosurgery. No footswitch is required to operate the Force GSU System.

When the user activates the Handset in the gas—enhanced modes, a flow of Argon gas is delivered
between the electrode and the tissue. The presence of inert gas at the surgical site reduces combustion
with other gases (e.g., oxygen, nitrogen, etc.) and pushes residual smoke or water vapor away from the
surgical site, thereby improving visibility.

The Gas—Enhanced Coagulation mode permits the user to coagulate tissue in a more controlled manner
than with standard fulguration and reduces coagulated blood on the tissue surface.

The Gas Shrouded Cut mode enhances the ability to achieve rapid cutting and hemostasis while reducing
charring and smoke. This mode primarily enhances cutting at lower power levels and is available in the
Pure Cut, Blend 1, Blend 2, and Blend 3 modes.

NOTE: Using the Gas Shrouded Cut mode at higher power levels may increase arcing and sparking from
the electrode.

Four major components comprise the Valleylab Force GSU System:

Valleylab Force GSU Electronics Module/Cart Unit (hereafter referred to as "Unit")
Valleylab Force GSU Sterile, Disposable Handset

Valleylab Force 2 or Force 4 Electrosurgical Generator

Valleylab REM Patient Retum Electrode

[ ]



VALLEYLAB FORCE GSU SYSTEM FEATURES

The Valleylab Force GSU System includes the following features:

Handset
¢ Handswitching Technology for Electrosurgery and Gas Control

The Force GSU Sterile, Disposable Handset allows the user to activate the Force GSU System in normal
electrosurgical or gas—enhanced modes. The gas control buttons are color coded, recessed, and have a
positive tactile response when pressed. ‘

o 2-Position Nozzle

Place the gas flow nozzle in a forward position for more effective gas coagulation, or retract the gas flow
nozzle for better visibility or for cleaning the blade.

Alarms
e REM Safety

Designed for use with a Valleylab Force 2 or 4 Series Electrosurgical Generator with the REM Contact
Quality Monitor.

e Gas Line Obstruction Alarm

This alarm alerts the user of an obstruction such as a compressed or kinked gas line. The gas—enhanced
modes are rendered nonfunctional until the obstruction is removed. During this alarm condition, the user
may use the System in the Standard Electrosurgery mode.

¢ Two-Stage Low Tank Pressure Alarm

This alarm alerts the user when either gas tank pressure drops below 10% and 5% of the volume of gas
remaining.

Dosage Error

If the gas flow rate delivered exceeds a specified limit, the Unit detects a dosage error in approximately
two seconds. All displays flash 111, and the Unit immediately shuts down. Power the Unit off and on to
clear the dosage error.

Unit Self Test

The Unit performs a hardware and software self test. When the Unit detects a hardware problem, all
displays flash 222. When the Unit detects a software problem, all displays flash 333.

Argon Gas Tanks
¢ Automatic Tank Switching

When one gas tank becomes empty (less than 5%), the Force GSU System automatically selects the
alternate gas tank, if available, with no gas flow interruption to the Handset. This can be switched
manually.

¢ Gas Tank Storage Bays

Two Argon gas tanks are enclosed within the Force GSU cart. Each storage bay contains a tank cradle
along with an adjustable retaining strap. The storage bay doors are self latching.

e Gas Tank Safety Cap Holders
Store the safety caps in the rear base of the cart until needed.



Storage
¢ Storage Compartment

The tilt-out storage compartment holds the Instruction Manual, Handsets, patient return electrodes, and
other accessorigs and adapters.

¢ Footswitch Storage Hooks
These hooks are located on the rear of the cart to store the footswitch when not in use.

o Cord Wrap Brackets

Store the electrosurgical generator power cord, the Force GSU Unit power cord, and the footswitch cord
on the cord wrap brackets.

Adjustments

¢ Adjustable Generator Platform

Using the tiit adjustment, you can adjust the mounting platform for the electrosurgical generator for 0° to
15°,

o Locking Casters

Lock the cart casters for safety when installing, removing the gas tanks, and normal use.
Other Accessories and Adapters

~ ESU Interface Cable

— Active Adapter

- Electrosurgical Generator Mounting Hardware (2 fender washers, 2 nylon screws)

- Instruction Manual

- Instruction Card

- Multi-Language Labels

Available separately:
- Argon Gas Tanks

~ Force 2 or Force 4 Series Electrosurgical Generator
- Force GSU Handset
— REM Patient Return Electrode



CONTROL PANEL /

POWER SWITCH ~

STORAGE
COMPARTMENT

FORCE 2 OR FORCE 4 SERIES
ELECTROSURGICAL GENERATOR

(available separately)

REMOVABLE
ELECTRONICS MODULE

GAS TANK STORAGE BAY (2)

GAS SAFETY CAP HOLDERS

ESU POWER CORD

ESU INTERFACE CABLE

CORD WRAP BRACKET \

TILT ADJUSTMENT ———

STORAGE Ho0Ks

CORD WRAP BRACKET \

e
0 0

BACK VIEW

Figure 1.1 System Features




SECTION 2
UNPACKAGING AND INSTALLATION

UNPACKING THE FORCE GSU UNIT

Unpacking Instructions

Notify Valleylab to arrange for repair or replacement of any parts damaged from shipping. All returns
must have the approval from the Valleylab Customer Service Department. The retum authorization
number must be displayed on the package label. See Section 12, *Factory Service,” for further
information.

Carefully remove the Force GSU Unit and all accessories from the shipping packages. Save all cartons
and packing materials to use when transporting the Unit or when returning it for service.

if you have any questions concerning the contents, contact Valleylab Customer Service at
1-800-255-8522 or your Valleylab representative.

Valleylab Force GSU Unit Features
The Valleylab Force GSU Unit includes the following components:

e Cart

o Electronics Chassis Module

The Electronics Chassis Module is removable to faciiitate service. This module contains the
following components:

Touch Membrane Control Panel

The control panel is arranged in three distinct sections for ease of set up and use. These
sections are the following:

*  QGas flow controls

Handset/gas line receptacles and system purge
Gas tank controls

Power Switch

The power switch contains a circuit breaker to protect the Unit.
Power Supply

Control Display Board

Back Panel Assembly

* Mass Flow Meter

* Control Valve

* Relief Vaive

*  Filter Assembly

*  Electrical and Pneumatic Connections

>

L

o High Pressure Regulator Module

The High Pressure Regulator Module is removable to facilitate service. This module contains the
following components:

Sensors that sense tank pressures individually
Low pressure regulator and tank control assemblies with gas supply hoses

The Force GSU Unit is a universal input device. It is capable of accepting from 85 to 264 Vac at 47 to 63
Hz with no mains or power supply switching necessary.



INSTALLING THE FORCE GSU SYSTEM

This procedure describes how to install the Force GSU System. Installation includes the following steps:

(LI L

Attach the electrosurgical generator to the Force GSU Cart.
Connect the ESU interface cable and Active Adapter.
Install the Argon gas tanks.

Check the power connector.

Ensure proper grounding.

Perform a Preoperational Checkout.

Responsibliity of the Manufacturer
Valileylab Inc is responsible for the safety, reliability, and performance of the equipment only if:

installation procedures in this manual are followed.

assembly operations, extensions, re~adjustments, modifications, or repairs are carmied out by
persons authorized by Vaileytab Inc.

the electrical installation of the relevant room complies with local codes and regulatory requirements
such as IEC and BSI.

the equipment is used in accordance with the Valleylab instructions for use.

DANGER

Explosion Hazard. Do NOT install the Force GSU System In the presence of flammable
anesthetics, gases, liquids, or objects.

Attach the Electrosurgical Generator to the Force GSU Cart
Valleylab recommends attaching the Electrosurgical Generator to the Force GSU Cart.

To attach the electrosurgical generator to the Force GSU cart:

1.

Remove two of the bottom feet from diagonally opposite comners of the electrosurgical generator.
The removed feet are not used for mounting. Retain the rubber collars.

Center the two rubber collars over the grommets on the cart top which match the locations of the
removed rubber feet. Place the generator on the cart top.

Attach the generator to the cart using the two fender washers and two nylon finger screws
underneath the cart top. Use the existing threads in the generator chassis where the feet were
removed. Tighten the screws finger tight only.

After mounting the generator, adjust the platiorm as desired.

a. Hold the mounting platform securely before pressing the button on the tilt adjustment
mechanism.

b. Stightly lift the back of the mounting surface and press the button on the tilt adjustment
mechanism.

c. Tilt the top mounting surface to the desired angle, slowiy release the button to secure, and
slowly lower the mounting surface.



Interface the Force GSU Unit to the Electrosurgical Generator

An ESU interface cable connects the Force GSU Unit to the electrosurgical generator and sends the Cut
and Coag signals through this link. This cable alse couples the ground of the two pieces of equipment.
This cable is stored in the Unit storage compartment.

CAUTION

Properly connect the ESU interface cable for correct operation of the Force GSU System.

Ensure that the Active Adapter is fully inserted into the ACCESSORY receptacle of the
electrosurgical generator and that no metal is exposed. When using the Active Adapter with the
Handset, ensure the RF link has no metal exposed.

To connect the ESU interface cable:
1. Open the Tank 2 side door to access the rear panel of the Force GSU Electronics Chassis Module.
Attach the ESU interface cable fo the 4—pin connector on the Electronics Chassis Module rear panel.

Slide the ESU interface cable through the rear of the Unit.

> owo®

Attach the ESU interface cable from the rear panel of the Electronics Chassis Module to the
Monopolar Footswitch receptacle on the generator rear panel.

5. Insert the Active Adapter into the Monopolar Active Footswitch (ACCESSORY) receptacle on the

generator front panel.
N ACTIVE
=~ ADAPTER

ESU —
INTERFACE
CABLE Lesee- :

Figure 2.1 ESU Interface Cable and Active Adapter Connection

Install the Argon Gas Tanks

WARNING

Use only High Purity Grade (99.998% pure, or better) Argon gas. Patient safety may be
compromised.

High Pressure Hazard: Ensure that Argon gas tanks and fittings used with the Force
GSU System have been pressure tested, certified, and filled according to applicable
standards and local codes. In filling the tanks, ensure your supplier meets all local and
national codes. Do NOT overpressurize the tanks.

The gas line fitting In this Unit Is compatible with many common gas tanks (e.g. freon,
[tetrafluromethene], hellum, krypton, neon, nitrogen, and xenon). ONLY CONNECT ARGON
GAS TO THE FORCE GSU SYSTEM.
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To install the Argon gas tanks in the Force GSU Unit:

1.

The Argon Gas Installation instruction labels (English language) are inside the Unit side door. If you
wish to use an instruction label which is translated in another language, retrieve the label from the
storage compartment and place it inside the side door of Tank 1.

2. Follow the appropriate safety precautions for handling high pressure gas tanks.
3. Make sure the Force GSU Unit is OFF, and the electrosurgical generator is OFF or in Standby

mode.
4. Lock the cart casters. Open the side door.

TANK VALVE
GAS LINE
COUPLING
{7\ LARGE KNOB
/ \
BUCKLE = | RETAINING STRAP
|
\‘\..// ]
Figure 2.2 Argon Gas Tank Installation

5. Unbuckle the retaining strap and ensure that all packing materials are removed.
6. Carefully place the tank into the tank cradle (tanks weigh approximately 35 Ibs (16 kg)).
7. Loosely attach the retaining strap by snapping the buckle together.
8. Remove the gas tank safety cap and place it in the gas cap holder in the base of the cart. Do NOT

remove the gas tank identification tag(s).
9. Orient the tank with the valve outlet towards the back of the cart. If there is a safety plug on the tank

vaive fitting, remove it.
10. Secure the tank using the retaining strap.
11. Verify that the correct hose is connected to the cormrect tank (Hose 1 to Tank 1 and Hose 2 to Tank 2

~ Looking at the front of the Unit, Tank 1 is on the left side.).
12. Align the gas line coupling to the tank valve outlet. Carefully connect the coupling by tightening the

large knob hand tight.

CAUTION

Improperly secured gas tanks and/or improper connection of high pressure gas lines may
result in injury.
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13. Open the tank vaive and check for leaks.

a. Press the Unit power switch in the ON ( | ) position.

Connect the Force GSU Handset to the System.

Power on the electrosurgical generator and place it in the Ready mode.

Press the green (+) button on the Handset to place the Unit in the Gas On mode.

Press the yellow CUT or blue COAG button on the Handset. While gas flows to the Handset,
pinch off the gas line to obstruct gas flow. Verify the following:

* The OBSTRUCTION indicator illuminates.
*  Anaudible atarm sounds for approximately three seconds.
*  The electrosurgical generator deactivates.

f. Release the pinched gas line.

14. Close the side door and repeat this procedure for the other tank (if available). Press TANK SELECT
1-2 button to switch to the other tank to be tested.

Qo0

Check the Power Connector
The Force GSU Unit is supplied with a hospital-grade power connector. Your Unit should be equipped
with the proper connector for your operating room, if different from that supplied.

The power connector meets all requirements for safe grounding. Its purpose should not be defeated by
using extension cords or 3—prong to 2—prong adapters. The power cord assembiy should be periodically
checked for damaged insulation or connectors. Cords should always be grasped by the connector. Do
NOT pull on the cord itseff.

Ensure Proper Grounding
To ensure patient safety, the Force GSU System must be properly grounded.
The ground wire in the power cord connects to the Unit chassis and ensures that no dangerous currents

flow from the Unit cabinet in the event of internal electrical failure. Do not use extension cords or 3-prong
or 2-prong electrical adapters.

Undesirable leakage currents are affected by the polarization of the 50/60 Hz input power. R is the
responsibility of the user to ensure proper polarity and grounding of the power outlets supplying power to
the Unit.

NOTE: Itis the user’s responsibility to ensure that the electrical installation of the relevant room complies
with local codes and regulatory requirements such as IEC and BSI.

Perform a Preoperational Checkout

Before placing the Force GSU System into clinical use, perform a system check as described in Section
6, “Checkout Procedures.”
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SECTION 3

DESCRIPTION OF CONTROLS, INDICATORS AND RECEPTACLES
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Figure 3.1 Force GSU Control Panel
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INDICATORS

Power On/Off Switch — This switch supplies power to the Force
GSU Unit and contains a circuit breaker.

Flow Control - Allows the user to adjust the Argon gas flow setting.
Each press of a green GAS FLOW button causes the Flow setting to
change one increment. Continuously pressing the button causes the
flow setting to increase or decrease in steps to the maximum/
minimum limit.

Tank Select Button — Select either Tank 1 or Tank 2 manually using
this blue button.

Gas Line Purge Button - Pressing this button causes a brief
discharge of Argon gas through the gas tubing at the current gas flow
setting. This is used to purge the gas tubing.

Gas Flow Indicator — This indicator illuminates when the Gas Coag
or Gas Shrouded Cut feature is activated or when the PURGE LINE
button is pressed.

| TAank1 |} TAnk2

] Tank Indicators - The appropriate indicator illuminates to indicate

the selected gas tank.
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Gas On Mode Indicator — This indicator illuminates when the
green (+) button is pressed on the Force GSU Handset. This
indicates that gas is available to the Handset, therefore the Gas
Coag or Gas Shrouded Cut mode activates when the Handset is
activated.

Gas Off Mode Indicator — This indicator illuminates when the
gray (—) button is pressed on the Force GSU Handset. This
indicates that gas is not available to the Handset, therefore the
Handset can be used in the standard Cut and Coag modes.

Flow Display — Gas flow is indicated on a scale of 1 to 10 which
corresponds to a range of approximately 2 to 16 standard liters
per minute. The initial gas flow setting is 1.

% Pressure Display — Indicates tank pressure status from 100% to
0%.

Low Pressure Alarms — The Tank 1 or Tank 2 LO PRES indicator
illuminates when the tank pressure is below 10%. The indicator
flashes and a tone sounds when both tank pressures are less than
5%. ‘

Gas Line Obstruction Alarm — When a line obstruction occurs,
the indicator illuminates and an alarm tone sounds.

Handset Receptacie — Accepts the 3—pin connector of the
Force GSU Handset.

Gas Line Receptacle ~ This luer receptacle accepts the particle
filter of the Handset gas line.
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SECTION 4
TECHNICAL SPECIFICATIONS

OPERATING PARAMETERS

Temperature Range: 10°1040°C
Humidity Range: 30% to 75%, non—condensing
Atmospheric Pressure: 500 to 1060 millibar

STORAGE AND SHIPPING

Temperature Range: -18°t070°C
Humidity Range: 10% to 100%, non-condensing
Atmospheric Pressure: 500 to 2500 miilibar

INPUT POWER SOURCE

No switching required. The line frequency may vary between 47 and 63 Hz.

Current: <1 ampere

Maximum Operating Range: 85 -264 Vac Nominal Operating Range: 110-120 Vac
220-240 Vac

LOW FREQUENCY LEAKAGE (50/60 Hz)

All patient-connected terminalis tied together: Jiov —220/240V
Source current normal polarity, intact chassis ground <10pA <20pA
Source current normal polarity, ground open <100 pA <50pA
Source current reverse polarity, ground open <100 puA <50pA
Sink current, 110V applied, all inputs <100 pA
Sink current, 220V applied, all inputs <50 pA

Chassis source current, ground open <100pA < 100pA

GAS FLOW RANGE

2 - 16 standard liters/minute + 10% of full scale.

AUDIO VOLUME

The alarm tones are set to a level of > 65 dBA at 1 meter and are not adjustable.
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APPROXIMATE WEIGHT (two full tanks, no generator)

166 pounds; 75,3 kilograms

APPROXIMATE DIMENSIONS

21 x 39 x 28 inches; 53 x 99 x 71 centimeters

Use Argon gas tanks with the following specifications:

Qutside Diameter: 7 inches (18 centimeters), max
Height (with valive): 24 inches (60 centimeters), max
Max Pressure: 3000 psi (20600 kPa) (200 bar, nominal)

Specifications subject to change without notice.

15



SECTION 5
THEORY OF OPERATION

This section provides the circuit theory and basic information regarding the Unit circuitry. A Functional
Block Diagram appears at the end of this section. The reterence designators used in this section are
found in the Control Display Board schematic in Section 14 of this manual.

FUNCTIONAL DESCRIPTIVE OVERVIEW

The electronics of the Force GSU Unit perform a variety of functions. These functions consist of the
following:

¢ Direct interface signals from the Force GSU Unit to the associated electrosurgical generator (ESU)
¢ Control Argon gas delivery at digitally preset flow rates
o Monitor error conditions:

- gas line obstructions

- low tank pressures for each tank

- dosage error

- power supply voltage

- proper clock signals

- software errors
¢ A special error routine for line obstructions to exhaust the pressurized gas in the line
¢ Automatic selection or switching of Argon gas tank lines

Allows the surgeon t0 select gas—enhanced operation or normal electrosurgical operation through the
Force GSU Handset

Allows for the user to purge the attached gas tubing

Allows front panel control and monitoring of the Argon gas tanks

Digitally displays the % pressure available in each Argon gas tank

Has isolation electronics to prevent dielectric breakdown between the RF electrical signal and the
Handset button functions

Allows the unit to operate from 85 10 264 Vac and between 47 and 63 Hz

Provides safe shut down in case of power failure.
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CIRCUIT DESCRIPTIONS

The Valleylab Force GSU Unit is controlled by an Intel 8749H single—chip microprocessor (uP). This
microprocessor is the main control device, and with support hardware, performs all the necessary
functions the Unit requires.

An Isoblog circuit isolates and detects the keying signals from the Handset. This is necessary because
the keying leads may be elevated to relatively high RF voltages. To maintain an isolated generator, these
leads cannot be coupled to ground. U18 forms a 60 kHz oscillator whose frequency is set by C19, R28,
and R29. The oscillator output drives a flyback Power Supply Circuit that provides a floating DG supply.
The switches on the Handset set up coded keying signals through the multiple comparator (U17). These
signals are optically isolated and then sent to the microprocessor for decoding. The microprocessor
determines which key is closed and performs the necessary actions in response to the key closure. An
octal buffer (U4) interfaces the microprocessor to the control panel and the keying signals.

An octal latch (U3) performs external address selection and chip select generation. The Address Latch
Enable Not (ALE/) line is the latching signal. In all extemal address read and write accesses, the
microprocessor first places the address on the address/data bus line, and this information latches using
ALE/ in the octal latch. The latch outputs are used as chip selects for the various external circuit modules
that the microcontroller accesses.

U10 is a Pulse Delay Circuit that delays the microprocessor's READ and WRITE signals by one machine
cycle to meet timing requirements set by the analog to digital circuit (ADC) and the digital to analog circuit
(DAC). This ensures that data is stable at the time that it is read or written.

The microprocessor system algorithm interfaces with a hardware Watchdeg Timer Circuit (U2) that resets
the microprocessor if it is not toggled at a predetermined rate. This ensures that the microprocessor is
running its control program and has not failed. Another function of the Watchdog Timer Circuit is
inhibiting the operation of the tank valves and the electrosurgical generator keying during the initialization
period by shutting off the switched +12VSW during this time.

The thermal mass flow meter measures the actual gas flow. This component is a true mass flow device
that has a 0—4 Vdc output at J5 corresponding to 0-16 SLPM (standard liters per minute). This 0—4 Vdc
output is DC amplified by U20D to give a 0-8 Vdc signal for the rest of the circuitry. The standard for the
mass flow meter is 21 degrees C, 760 torr, and calibrated with Argon gas.

The Dosage Emor Circuit (U8D, U21A-B) determines if the gas flow rate delivered is within limits or is out
of range. It is controlled by the D/A converter (U7). The microprocessor writes a word to the D/A to set a
comparator level on U21A. This is compared to a feedback signal of the actual flow rate and inhibits gas
flow if the two signals don't agree. The microprocessor also checks the output of this circuitry
(DOSERRY), sounds an audible alarm, and flashes all 111°s on the displays if an error is detected.
DOSERR is considered a machine error and requires pressing the Unit power switch to tun the Unit off
and on to clear the error condition. U8 in this circuit is an integrator to eliminate noise from the output of
the dosage error comparator. The time needed for a DOSERR to be detected is approximately two
seconds.

A second D/A converter (U5) sets the gas flow rate. This analog sighal connects to the adjust terminal of
an LM350 (U22) which then delivers a controlled voltage to the control valve. This entire circuit is
basically a microprocessor—controlled digital/analog servo loop regulating the Argon gas flow. Note that
the flow immediately shuts off if a Dosage Error Signal is detected. Two actuating signals must be
present in the microcontroller to allow the gas flow. The first signal is the digital word that sets the flow
rate, and the second signal is the GASEN/ signal that allows the LM350 {o operate.

A display multiplexer chip (U15) addresses the 7-segment LED displays. This read—only device consists
of an 8x8 RAM that contains the BCD format for the display digits as well as the LED lamps. The SEGH
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line multiplexes the LED lamps on and off through Q13 and Q14. U16 amplifies the output signals for the
LEDs (the digit drive lines).

U23 makes up the differential amplifiers that receive the pressure signals from the two tank transducers
and amplifies them to be digitized for contro! algorithm use. The offset and gain adjustment pots allow for
differences in transducer and amplifier performance and balance.

A bridge-type pressure transducer (U19) senses the delivered pressure at the proximal end of the
delivery tube. U20A is a differential amplifier and U20D a gain stage. R67 provides offset adjustment,
and R60 sets the gain of this circuit. This level of the signal (DLPRES) determines if a line obstruction
has occurred causing the pressure to increase beyond allowable limits. )

An A/D converter (U6) takes the analog signals (tank pressures, flow control, error limit voltage, etc.) and
digitizes them. The microprocessor uses these signals to ensure proper operation of control blocks as
well as for inputs to control algorithms. In addition to control voltages, the converter monitors the +12V
power supply voltage for internal calibration and ensures the proper cperation of voltage references. The
microcontroller generates the tank valve control, generator keying signals, etc. and then buffers them
using either small signal FETSs, relays or bipolar transistors to ensure enough drive current and/or voltage
to the device being controlled. These devices also isolate the microcontroller outputs from the devices
under control in case of failure.

The Audio Annunciator Circuit consists of an oscillator and FET speaker driver. The microcontroller

generates the oscillator enable signal (TONEN/) and inhibits the oscillator function until a tone is called
for.

A number of important internal test signals have been brought out to TP1-12 to simplify Unit
troubleshooting and final testing. These signals are the following:

Test Point Name Function

TP AGND analog ground

TP-2 +5 +5 volt supply

TP-3 +12FIL +12 volt filtered supply

TP-4 -12v 12 volt supply

TP-5 DLFLOW 0-8V = 0~16 SLPM output
™P-6 DLPRES 0-10V = 0-30 psig output

TP=7 T1PRES T1 pressure 10V=3000 psig
TP-8 T2PRES T2 pressure 10V=3000 psig
P-9 FLOCON 0-10V signal to flow vaive
TP-10 ERRLIM 0-10V signal to error limit circuit
TP-11 DOSERR 5V CMOS eror signal

TP-12 3MHZ microprocessor clock oscillator signal

A 45 watt switching power supply powers the Force GSU Unit. It provides +12 Vdc at 2 amps, -12 Vdc at
0.5 amps, and +5 Vdc at 3 amps. It is a universal input device, meaning it is capable of accepting from
85 to 264 Vac at 47 to 63 Hz with no mains or power supply switching necessary.

The pneumatic portion of the Force GSU Unit consists of the high pressure plate, the flow control, and
two cylinders of compressed Argon gas pressurized to a maximum of 3000 psi. The gas is piped down
into a compartment in the base of the Force GSU cart to the High Pressure Regulator Module. Here each
tank’s supply line goes to a pressure transducer and then through the first stage of regulation where its
pressure is reduced to 90 psi. Each gas line then passes through the electrical shutoff valve for that tank.
The 90 psi lines from each tank join together and go through another regulator where the pressure is
reduced to 35 psi and controlled by the servo system described above.
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SECTION 6
CHECKOUT PROCEDURES

This section provides checkout procedures to verify that the Force GSU System is functioning properly. If
the Unit fails to meet any of the checks, refer to Section 8, “Overall System Troubleshooting.”

Some checkout procedures require partial disassembly of the Unit. Refer to Section 11, “Replacement
Procedures,” for disassembly instructions.

GENERAL TEST INFORMATION

WARNING

Electric Shock Hazard: The lower heatsink on the power supply is at an elevated voltage.
Do NOT come In contact with it. Do NOT use it for ground. Use the chassis of the
Electronics Chassis Module or TP-1 as a measurement ground reference.

Take appropriate precautions (such as use of isolated tcols and equipment; use of the “one
hand rule,” etc.) when taking measurements or troubleshooting the Unit.

Electric Shock Hazard: Do NOT touch any exposed wiring or conductive surface while the
Unit Is disassembled and energized.

CAUTION

The Unit contains electrostatic sensitive components. When repairing the Unit, work at a static
control workstation. Wear a grounding strap when handling electrostatic sensitive components.
Handle the circuit boards by their nonconductive edges. Use an antistatic container for transport
of electrostatic sensitive components and circuit boards.

When testing, follow proper testing procedures in order to duplicate manufacturer test data. Keep test
leads as short as possible. Lead inductance and stray capacitance can affect meter readings adversely.
Use of uncompensated scope probes may cause large emrors in measurements. When measuring
microampere leakage currents, accidental capacitive or inductive coupling may cause
order—of-magnitude error in the observed values.

Perform the leakage current and ground resistance tests before returning the Unit to clinical use.
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RECOMMENDED TEST EQUIPMENT

You will need the following equipment to perform the checks described in this section. if substitute
equipment is used, it must meet or exceed the specifications of the recommended equipment.

Description Specifications

Digital Multimeter Fluke 77 or 87, or equivalent

Oscilloscope Tektronix 2445, or equivalent

Leakage Current Tester Use UL load device or commercially available leakage tester

Leakage Table Per IEC specifications

Flow Meter 0-20 SLPM, 21 degrees C, 760 torr, calibrated with Argon gas
— Slerra Instruments 821-S, or equivalent

Force Electrosurgical Generator Series2or4

2 bottles of Argon With known gas pressures (within 100 psig)

Cylinder Pressure Gauge/Regulator 0 - 3000 psi cylinder pressure, 0 — 50 psi delivery pressure

Gas Pressure Gauge 0 - 35 psig

Force GSU Handset

MECHANICAL INSPECTION

This inspection assumes familiarity with the Unit’s controls, indicators, and receptacles. Ensure that the
Unit is NOT connected to power when performing this inspection.

Control Panel
1. Check the following control panel receptacles for damage or corrosion:;
a. GAS (luer lock)
b. GSU HANDSET
2. Using a banana plug, check each connection for obstruction and secure fit.

3. Check the ON/OFF switch for damage or corrosion.
Rear Panel Connectors

Verify that all connectors are properly and securely tightened.

Adjustable Platform
Check that the Unit platform easily adjusts.

1. Simultaneously [ift the platform slbhtly. and press the release button.

2. While pressing the release button, raise and lower the platform to the limits of the high and low
ranges.

3. Return the platform to the desired position, and release the release button.
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Power Cord
1. Remove the power cord from the Unit.

2. Disassemble the power cord connector and inspect for damage or corrosion. Ensure that connector
screws are tight.

3. Assemble the power connector and inspect the power cord for damage.

4. Clean the power cord with a damp cloth and mild detergent. Let the power cord completely dry and
install the power cord assembly.

WARNING

Electric Shock Hazard: Do NOT install a wet power cord assembly into the Unit or into a wall
outlet.

POWER-ON SELF TEST

This test verifies that the Force GSU Unit powers on and properly performs the self test.
1. Plug the Unit and electrosurgical generator power cords into a hospital-grade grounded receptacle.
2. Press the power switch in the ON ( | ) position.
3. The Unit conducts a self test. Check the following:
a. Both tank indicators illuminate for approximately 0.5 seconds at the start of the test.

b. All other LED indicators illuminate all 888s for the remainder of the self test (approximately 10
seconds).

4, After the self test, verify that:
a. Tank 1 is selected. (If Tank 1 is empty or closed, Tank 2 is selected.)
b. A single tone sounds.
c. GAS FLOW is set to 1 and the Unit is in the Gas Off mode.

FUNCTIONAL TEST WITH GAS

This test provides a checkout procedure to verify that the Force GSU System is functioning properly when
it is powered on and used with gas. This test assumes that the electrosurgical generator is connected to
the Force GSU Unit, and that the Argon tanks are installed. For complete instructions regarding using the
Force Electrosurgical Generator, refer to the appropriate Instruction Manual. If the Unit does not perform
as described in this test, refer to Section 8, “Overall System Troubleshooting,” for further information.

1. Connect the Force GSU Handset to the System.

a. Attach the fiiter end of the Handset gas tubing to the Gas Line Receptacle on the Unit control
panel. Rotate clockwise until finger tight.

b. Plug the 3—pin Handset connector into the HANDSET receptacle on the Force GSU Unit control
panel. Do NOT plug the 3—pin Handset connector into the electrosurgical generator.

¢. Connect the Handset banana lead (RF link) to the Active Adapter on the electrosurgical generator.

CAUTION

|| Ensure that the Active Adapter is fully inserted into the ACCESSORY receptacle of the electrosurgical
generator and that no metal is exposed. When using the Active Adapter with the Handset, ensure the
RF link has no metal exposed.
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RF LINK

GAS LINE FILTER

Figure 6.1 Connecting the Force GSU Handset to the Force GSU System
2. Power on the electrosurgical generator and place it in the Ready mode.
a. Press the generator rear panel power switch ON ( 1).
b. After the generator performs a self test, short the generator REM connector.
c. Press the generator READY button.
d. Ensure that all generator power levels are set at one.

WARNING

Keep the Handset electrode away from personnel. Use the Accessory Holster to hold the
Handset safely.

3. Verify that the control panel controls operate correctly.

a. Press the GAS FLOW UP/DOWN buttons. Verify that the display varies from 1 to 10 and 10 to 1.
Set the gas flow to 10.

b. Ensure that both gas tank valves are open. Press the TANK SELECT 1-2 button. Verify that both
tanks have sufficient pressure. Verify that the Unit toggles between TANK 1 and TANK 2.

c. Press and release the PURGE LINE button. Verify that the GAS FLOW indicator illuminates for
approximately three seconds, and that the Unit discharges Argon gas through the gas tubing at the
current gas setting.

4. Verify gas flow and ESU control.

a. Press the green (+) button on the Handset. Verify that the GAS ON indicator illuminates and a
tone sounds.

b. Press the yellow CUT and blue COAG buttons, and verify that the ESU aclivates after
approximately a 0.2 second delay, and that gas flows to the Handset when activating CUT and
COAG.
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c. Press the gray (-) button on the Handset. Verify that the GAS OFF indicator illuminates, a tone
sounds. Press the yeilow CUT and blue COAG buttons, and verify that no gas flows to the
Handset.

5. Verify that the Gas Line Obstruction Alarm operates properly.
a. Press the GAS FLOW UP/DOWN buttons to set the gas flow to 5.

b. Press the green (+) button on the Handset. Verify that the GAS ON indicator illuminates and that a
tone sounds.

¢. Press the yellow CUT button or the biue COAG button on the Handset. While gas flows to the
Handset, pinch off the gas line to obstruct the gas flow. Verify the following:

* The OBSTRUCTION indicator illuminates.

* An audible alarm sounds for approximately three seconds or until the CUT or COAG button is
released.

* The gas line depressurizes.
* The electrosurgical generator deactivates.

d. With the gas line still pinched off, press the yellow CUT button or the bilue COAG button on the
Handset. Verify that the alarm recurs. Release the pinched gas line.

6. Verify that the Low Pressure Alarms operates properly.

a. Tum off both tank vaives. Press the GAS FLOW UP button to set the gas flow to 10. Press the
yellow CUT button on the Handset.

b. Observe a decrease in the pressure of the tank being used. Verify that LO PRES indicator
illuminates for the tank below 10%.

c. Observe a tank switch when the pressure is below 5% and a flashing LO PRES indicator.

d. Continue to press the yellow CUT button on the handset. Verify that the LO PRES indicator
illuminates for the second tank below 10%.

e. Verify that both LO PRES indicators flash and that an audio alarm sounds when both tanks are
below 5%.

f. Press the gray (-) button on the Handset. Verify that the audible alarm does not sound.

g. Press the yellow CUT button on the Handset. Verify that the generator’s yellow lamp in the Cut
mode illuminates.

h. Press the blue COAG button on the Handset. Verify that the generator’s blue lamp in the Coag
mode illuminates.

7. Press the Unit power switch in the OFF (O) position.
8. Press the generator rear panel power switch OFF (O).
9. Remove the REM connector shont.
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Checking Leakage Current and Ground Reslistance
Check the leakage current and ground resistance before returning the Force GSU Unit to clinical use.

Third wire leakage current is measured by opening the green grounding wire at the plug and connecting
the 1k ohm resistor from chassis to ground. The maximum voltage across the 1k ohm resistor for 100
microamps leakage would be 100 millivolts. Commercially available leakage current testers may be used
for this test.

Line cords longer than 15 feet or extension cords increase the third wire leakage and are not

recommended. With the Force GSU Unit turned off, the third wire leakage should be less than 10
microamps.

Equipment Required
DVM
Leakage current tester
0.15 pf 10.2 ohms
— VWA
o— —O
VAYAYA
1000 ohms

Figure 6.2 Leakage Current Test Circuit

1. With the power cord assembly connected only to the Unit, measure the resistance through the power

cord ground prong to all exposed metal on the chassis. The measured resistance must not exceed
0.1 ohms at 25 amps.

NOTE: To eliminate effects of contact resistance, this should be a 4-wire resistance measurement.

2. Measure the leakage current of the Unit following the instructions supplied with your leakage current

tester. This leakage current must not exceed 100 microamps at 120 volts or 50 microamps at 220
volts.

3. Record the results for reference in future resistance/leakage tests. A significant change may indicate
an impending failure.
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SECTION 7
MAINTENANCE PROCEDURES

ROUTINE MAINTENANCE AND INSPECTIONS

Valleylab recommends that the Force GSU Unit be inspected by qualitied service personnel every six
months. Check the power cord assembly periodically for damaged insulation or connectors.

Valleylab recommends replacing the intemal filter and functionally checking the Unit every six months.
Calibrate the Unit every six months if necessary. The procedures describing how to perform this
maintenance are within this manual.

This Service Manual describes the recommended inspection, testing, and calibration procedures. For
major repairs, the Unit or modules can be returned to Valleylab. Repair parts and information are
available from Valleylab. Refer to Section 13, “Service Parts List” and Section 14, “Assemblies and
Schematics” for additional information.

CLEANING INSTRUCTIONS

Clean the Force GSU Unit using standard hospital procedures. Use a mild detergent and damp cloth to
clean the cart surfaces, control panel, and cords. Do not allow fluids to enter the chassis. Do not use
caustic, corrosive, or abrasive cleaning materials. The Unit, cart surfaces, control panel, and cords must
be completely dry before use.

The Force GSU Unit cannot be sterilized.

WARNING

Electric Shock Hazard: Do NOT install a wet power cord assembly into the Unit orinto a
wall outlet.

STORING THE FORCE GSU SYSTEM

When the Force GSU System is not in use, disconnect the Force GSU Unit power cord assembly from
the wall receptacle. The ESU interface cable connecting the Unit and electrosurgical generator should
remain connected unless the electrosurgical generator is used by itself with a footswitch.
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ARGON GAS TANK REPLACEMENT

WARNING

Use only High Purity Grade (99.998% pure, or better) Argon gas. Patient safety may be
compromised.

High Pressure Hazard: Ensure that Argon gas tanks and fittings used with the Force
GSU System have been pressure tested, certified, and fllled according to applicable
standards and local codes. In filling the tanks, ensure your supplier meets all local and
national codes. Do NOT overpressurize the tanks.

The gas line fitting In this Unit is compatible with many common gas tanks (e.g. freon
[tetrafluromethene], hellum, krypton, neon, nitrogen, and xenon). ONLY CONNECT ARGON
GAS TO THE FORCE GSU SYSTEM.

To replace the Argon gas tanks in the Force GSU Unit:
Follow the appropriate safety precautions for handling high pressure gas tanks. Obtain tank safety
cap(s) before proceeding.

Make sure the Force GSU Unit is OFF, the electrosurgical generator is off or in Standby mode, and
the valves on both Argon gas tanks are completely closed.

Lock the cart casters. Open the side door.

1.

TANK VALVE

GAS LINE
COUPLING

N

LARGE KNOB

BUCKLE = |

G @

RETAINING STRAP

Figure 7.1 Argon Gas Tank Replacement

It is normal for a small amount of Argon to escape during this procedure. To disconnect the tank
from the high pressure gas line, hold the gas line coupling stationary and loosen the coupling by
turning the large knob. Use a wrench to assist loosening this connection.

Loosen but do not remove the retaining strap.

Attach the safety cap to the top of the tank.

Unbuckle the retaining strap and carefully lift the tank from the cart. (Tanks weigh approximately 35
Ibs (16 kg).) Retill or replace the tank.

Caretully place the replacement tank into the tank cradle.
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10.

Tl

12
13.

14,

Loosely attach the retaining strap by snapping the buckle together.

Remove the gas tank safety cap and place it in the gas cap holder in the base of the cart. Do NOT
remove the gas tank identification tag(s).

Orient the tank with the valve outlet towards the back of the cart. If there is a safety plug on the tank
valve fitting, remove it.

Secure the tank using the retaining strap.

Verify that the correct hose is connected to the correct tank. (Hose 1 to Tank 1 and Hose 2 to Tank 2
- Looking at the front of the Unit, Tank 1 is on the left side.)

Align the gas line coupling to the tank valve outlet. Carefully connect the coupling by tightening the
large knob hand tight.

15.

CAUTION

Improperly secured gas tanks and/or improper connection of high pressure gas lines may

result in injury.

Qpen the valve and check for leaks.

Press the Unit power switch in the ON ( | ) position.

Connect the Force GSU Handset to the System.

Power on the electrosurgical generator and place it in the Ready mode.

Press the green (+) button on the Handset to place the Unit in the Gas On mode.

Press the yellow CUT or blue COAG button on the Handset. While gas flows to the Handset,
pinch off the gas line to obstruct gas flow. Verify the following:

* The OBSTRUCTION indicator illuminates.
* An audible alarm sounds for approximately three seconds.
* The electrosurgical generator deactivates.

f. Release the pinched gas line.

® oo ow

16. Close the side door.
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INTERNAL FILTER REPLACEMENT

This procedure describes how to replace the internal filter and hose assembly. Valleylab recommends
internal filter replacement every six months. Obtain the internal filter part number from Section 13,
*Service Parts List, " and order it from Valleylab Customer Service at 1-800-255-8522 or your Valleylab
representative.

Equipment Required

Slotted Screwdriver 1/8"
Pliers

1. Tum off both Argon gas tanks.

2. Purge both gas lines. (Refer to Section 11, “Replacement Procedures,” for further information.)
3. Press the Unit power switch in the OFF (O) position.

4. Unplug the Unit power cord from the wall receptacle.
5

Remove the Electronics Chassis Module from the Unit. (Refer to Section 11, “Replacement
Proceduraes,” for further information.)

6. Remove the cover from the module by loosening the two thumb screws located on the module rear
panel.

7. Locate the internal filter, and note the proper flow orientation.

— ESU
° 5 INTERFACE
RELIEF
© < VALVE
INTERNAL
o f ™ FILTER
FLOW CONTROL™"] K
VALVE
° @ ) \
HIGH
TRANSOUGER
HIGH PRESSURE
VALVE
MASS FLOW METER
HOSE
CLAMPS

Figure 7.2 Intemal Filter and Proper Flow Orientation
7. Using the pliers, remove the black hose clamps from each side of the filter assembly.

8. Gently loosen and remove the internal fiiter and hose.
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CAUTION

Do not use a knife or similar metal object to remove the filter assembly hose. This will damage the
barbs and cause the connection to leak.

9. Connect the new internal filter and hose and replace the hardware. Verify the proper flow orientation.

10. Secure the Electronics Chassis Module in the Unit. (Refer to Section 11, “Replacement Procedures,”
for further information.)

11. Verify that there are no leaks.
a. Reconnect the Argon gas hose to the Electronics Chassis Module rear panel.
Plug the Unit power cord into a hospital-grade grounded receptacle.
Press the power switch in the ON (]) position.
Tum on the gas tanks.

Verify that there are no leaks at the Argon gas hose connections and the internal filter assembly
connections.

12. Press the Unit power switch in the OFF (O) position.
13. Unplug the Unit power cord from the wall receptacle.

® 000

14. Place the cover on the module. Attach the cover by tightening the two thumb screws located on the
module rear panel.

15. Secure the Electronics Chassis Module in the Unit. (Refer to Section 11, “Replacement Procedures,”
for further information.)

CALIBRATING THE FORCE GSU UNIT

This procedure contains a Precalibration Check Procedure and a Calibration Procedure. Perform the
Precalibration Check Procedure to verify that the Force GSU Unit is functioning properly before calibrating
it. If the Unit passes the Precalibration Check Procedure, it is not necessary to perform the Calioration
Procedure. If the Unit does not pass a step of the Precalibration Procedure, then adjust the Unit
according to the appropriate corresponding step of the Calibration Procedure. After the adjustment,
continue performing the Precalibration Check Procedure.

PRECALIBRATION CHECK PROCEDURE

The Precalibration Check Procedure contains six steps. Each step contains substeps that must be
performed in order to continue the next Precalibration step.

This procedure assumes that the electrosurgical generator is connected to the Force GSU Unit, and that
the Argon tanks are installed. The test points referenced in this procedure are in the Control Display
Board schematic in Section 14. For complete instructions regarding using the Force Electrosurgical
Generator, refer to the appropriate Instruction Manual.

WARNING

Electric Shock Hazard: The lower heatsink on the power supply is at an elevated voltage.
Do NOT come In contact with it. Do NOT use it for ground. Use the chassis of Electronics

Chassis Module or TP-1 as a measurement ground reference.
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Equipment Required

DMM

Flow meter (21 degrees C, 760 torr, calibrated with Argon gas), Sierra Instruments 821-S, or equivalent
Oscilloscope

Force GSU Handset

Mass flow meter (capable of accurately reading 20 sccm)

Regulated power supply

Pressure gauge and transducer

Slotted screwdriver 1/8°

Small, slotted, plastic or nonconductive adjusting tools

Allen wrenches

The Precalibration Check Procedure includes the following steps:
PRECAL STEP 1.0 Check the power supply.
PRECAL STEP 2.0 Check the tank pressure.
PRECAL STEP 3.0  Check the flow rate.

PRECAL STEP 4.0 Check the obstruction pressure.

PRECAL STEP 5.0 Check the dosage error.

PRECAL STEP 6.0 Check the low pressure regulator.
Perform these steps in the order listed.

PRECAL STEP 1.0 Check the power supply.

1.1 Access the Electronics Chassis Module from the Unit. (Refer to Section 11, “Replacement
Procedures,” for further information).

1.2 Use a DVM with fine point test leads or clip leads and make the following measurements of the
switching power supply voltages at TP1-4 on the Control Display Board.

Test Point Voltage

TP-1 Ground

TP-2 +5.0 Vdc + 0.25V
TP-3 +12 Vdc £ 0.6V
TP-4 =12 Vdc £ 0.6V

1.3 |f the power supply voltages are not correct, adjust them per the Calibration Procedure.

PRECAL STEP 2.0 Check the tank pressure.

2.1 Plug the Unit and electrosurgical generator power cords into a hospital-grade grounded receptacle.
2.2 Press the Unit power switch in the ON ( | ) position. Verify the Unit performs a self test.

2.3 Purge both gas lines. (Refer to Section 11, “Replacement Procedures,” for further information.)

2.4 Verify that the Tank 1 and Tank 2 % PRESSURE indicators display 0% (zero %).

2.5 Ifthe known tank pressures are not correct, adjust them per the Calibration Procedure in this section.
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PRECAL STEP 3.0 Check the flow rate.

3.1 Connect a new Force GSU Handset to the Gas Line Receptacle and 3—-pin connector on the Unit
control panel.

3.2 Connect the Handset nozzle to the mass flow meter.

CAUTION

§°§ Ensure that the Active Adapter is fully inserted into the ACCESSORY receptacle of the
electrosurgical generator and that no metal is exposed. When using the Active Adapter with the
Handset, ensure the RF link has no metal exposed.

Ccres

3.3 Power on the electrosurgical generator and place it in Ready mode.

a. Press the generator rear panel power switch ON (1 ).
b. After the self test, connect a patient return electrode to the generator.
c. Ensure that all generator power levels are set at one. Press the generator READY button.

WARNING

Keep the Handset electrode away from personnel. Use the Accessory Holster to hold the
Handset safely.

3.4 Press the green (+) button on the Handset to place the Unit in the Gas On mode.

3.5 Press and hold the Handset CUT or COAG button, and check the flow rate at settings 1 and 10. If
these flow rate settings are within the acceptable range, proceed to Step 4.0. Check the obstruction
pressure. -

If these settings are NOT within the acceptable range, check all flow rates at settings from 1 through 10.
Verify that the flow rates for each setting are within the specified range.

Setting Nominal Flow Acceptable Range
1 2.0 04-36

2 3.6 20-5.2

3 5.1 3.5-6.7

4 6.7 5.1-83

5 8.2 6.6-9.8

6 9.8 8.2-11.4
7 11.3 9.7-12.0
8 12.8 11.3-145
9 14.4 12.8-16.0
10 16.0 14.4-17.6

3.6 Release the CUT or COAG button to turn off the gas flow.

3.7 If any flow rate is not within the specified range, adjust the flow rate per the Calibrate Procedure in
this section.
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PRECAL STEP 4.0 Check the cbstruction pressure.

4.1

4.2

Press the yellow CUT or blue COAG button on the Handset. While gas flows to the Handset, pinch
off the gas line to obstruct the gas flow. Verify the following:

a. The OBSTRUCTION indicator illuminates.

b. Pressure is released by an automatic actuation of an internal relief valve, and the release of gas
is heard from the Electronics Chassis Module.

¢. The control valve is disabled and no gas flows.

d. An audible alarm sounds for approximately three seconds or until the CUT or COAG button is
released :

e. The line depressurizes.
f. The electrosurgical generator deactivates.

Release the pinched gas line. If the Unit does not respond as described when the gas line is
pinched off, adjust the obstruction pressure per the Calibration Procedurs in this section.

PRECAL STEP 5.0 Check the dosage error.

As a safety feature, the Unit triggers an error condition if the delivered flow exceeds a specified limit. The
dosage error condition must occur for a minimum of two seconds to alarm. To check this feature, monitor
the flow with a mass flow meter. Make sure the Unit is powered on and the gas tank vaives are open.

5.1
5.2
53
54
55
5.6

If not connected, connect the Handset nozzle into the mass flow meter.

Disconnect the flow control valve from connector J7 on the Control Display Board.

Connect a 0—12 Vdc regulated power supply to the end of J7 that goes to the valve.

Connect the + to pin 1 and the — to pin 2. Turn on the power supply, and set it to zero to begin.
Press the green (+) button on the Handset to place the Unit in the Gas On mode.

Activate the Unit in CUT or COAG at settings 1 and 9. Slowly increase power supply voitage until the
dosage error (DOSERROR) condition occurs. (The Unit flashes all 111s and a tone sounds.)
Record the flow rate when DOSERROR occurs (approximately two seconds). Retum the power
supply voltage to zero. Press the Unit power switch to turn the Unit off and on again to clear the
error condition and repeat the test for the next setting. Iif the DOSERROR limits are within the
acceptable range, proceed to Step 6.0. Check the low pressure regulator.

If the limits are not within the acceptable range, then activate the Unit in CUT or COAG at each setting
indicated in the table below:

Flow Setting DOSERROR Limits
3.6-68
52-8.4
6.7-99
83-115
9.8 -13.0
11.4-146
12.9-16.1
145-17.7
16.0-19.2
17.6-20.8

© O N N h WM -

s
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5.7 If a dosage emor does not occur with the specified limits, refer to Section 10, “Overall System

Troubleshooting,” for further information.
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PRECAL STEP 6.0 Check the low pressure reguiator.

6.1 Disconnect the high pressure plate cable from the Electronics Chassis Module rear panel (bottom
middle connector).

6.2 Connect to the high pressure cable to a pressure gauge and verify that the pressure is 35.0 £ 0.5
psig.

6.3 If the pressure is not within this specification, adjust the low pressure per the Calibration Procedure.
6.4 Reconnect the high pressure plate cable to the Electronics Chassis Module rear panel.

6.5 Replace the Electronics Chassis Module in the Unit. (Refer to Section 11, “Replacement
Procedures,” for further information.)

LOW PRESSURE REGULATOR

Figure 7.3 Low Pressure Regulator
This concludes the Precalibration Check Procedure.
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CALIBRATION PROCEDURE

Perform the Precalibration Check Procedure before calibrating the Force GSU Unit. Do NOT adjust the
Unit unless it is necessary. If the Unit does not pass a step of the Precalibration Check Procedure, then
perform the appropriate step of the Calibration Procedure. This procedure assumes the following:

¢ that the Unit is disassembled as the Precalibration Check Procedure requires
o that the electrosurgical generator is connected to the Unit
* that a Force GSU Handset is connected to the Force GSU System
o that the Argon gas tanks are installed.
The Calibration Procedure includes the following steps:
CAL STEP 1.0 Adjust the power supply.
CAL STEP 2.0 Adjust the tank pressure.
CAL STEP 3.0 Adjust the flow rate.
CAL STEP 4.0 Adjust the obstruction pressure.
CAL STEP 5.0 Adjust the low pressure regulator.

CAL STEP 1.0 Adjust the power supply.

Use the small slotted adjusting tool to adjust R26 on the switching power supply module for +5.1 Vdc at
TP-2. R26 controls all three output voltages, so it may be necessary to make several adjustments to get
all three voltages into specification.

Test Point Voltage

TP-1 Ground

TP-2 +5.0 Vdc £ 0.25V
TP-3 +12Vdc £ 0.6V
TP-4 -12 Vdc £ 0.6V

After making these adjustments, continue the Precalibration Check Procedure.

CAL STEP 2.0 Adjust the tank pressure.

2.1 Observe the Tank 1 % Pressure. Adjust R63 (on the Control Display Board) so that the

% PRESSURE indicator disptays 0 (zero) %. Do not adjust R63 bheyond the point where it begins to
display 0% continuously.

2.2 Observe the Tank 2 % Pressure. Adjust R65 (on the Control Display Board) so that the

% PRESSURE indicator displays 0%. Do not adjust R65 beyond the point where it begins to display
0% continuously.

NOTE: Use a full tank for this adjustment. The accuracy of the Unit digital readout depends upon
accurately measuring the high pressure from the tanks.

2.3 Tumon the Tank 1 vaive. Adjust R56 (T1 span) to read the appropriate % for the known pressure in
the tank. Valleylab sets the Unit with full tanks for 100% equals 2000 psig.

2.4 Tum onthe Tank 2 valve. Adjust R51 (T2 span) to read the appropriate % for the known pressure in
the tank. Valleylab sets the Unit with full tanks for 100% equals 2000 psig.

After making these adjustments, continue the Precalibration Check Procedure.
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CAL STEP 3.0 Adjust the flow rate.

NOTE: Various flow meter manufacturers use different standards. Valleylab uses 21 degrees C and a
pressure of 760 torr at sea level as a standard.

3.1 Calibrate the initial flow rate.

3.2
33
34
3.5

eo o

Connect the Handset tube into the mass flow meter inlet.

Press the GAS FLOW UP button to set the flow rate to 10.

Press the green (+) button on the Handset to place the Unit in the Gas On mode.

Press and hold the Handset CUT or COAG button. Adjust the SPAN (upper adjustment
potentiometer located on the rear panel) until the mass flow meter indicates 16.0 + 0.2 SLPM of

flow. Allow the flow to stabilize for approximately 10 seconds between adjustments until the
flow rate is in specification.

Press the GAS FLOW DOWN button to set the flow rate to 1.

Adjust the ZERO (lower adjustment potentiometer located on the rear panel) until the mass flow
meter indicates 2.0 £ 0.2 SLPM of flow. Allow the flow to stabilize for approximately 10
seconds between adjustments until the flow rate is within specification.

Press the GAS FLOW UP button to set the flow rate to 10.

Verify the flow rate is 16.0 + 0.2 SLPM for flow. The SPAN and ZERO adjustments are

interactive and steps 3.1b-3.1g may need to be repeated several times until both flow settings
are attained.

Connect a DMM across the J7 terminals. Pin 1 of J7 is positive, and pin 2 of J7 is negative.
Press the GAS FLOW DOWN button to set the gas flow to 1.
Press the green (+) button on the Handset to place the Unit in the Gas On mode.

Press the yellow CUT or blue COAG button on the Handset. Verify the voitage across J7 is 6.0 +
0.25 Vdc. If the voltage is outside of this range, adjust the control valve orifice screw (on the rear
panel) as follows:

a.

If the voltage is too high, turn the screw counterclockwise. If the voltage is too low, turn the
screw clockwise. Press and hold the yellow CUT or blue COAG button on the Handset while
making this adjustment.

Release the CUT or COAG button and allow the gas flow to cease. Repeat until the gas flow
stops.
Press the yellow CUT or blue COAG button on the Handset. Verify the voltage across J7 is 6.0

+0.25 Vdc. If the voltage is outside of this range, repeat steps 3.5a and 3.5b as necessary to
attain this specification. Release the CUT or COAG button to stop gas flow.

& 5
T ‘ | conmmoL vauve
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Figure 7.4 Control Valve Orifice Screw Location

37



3.6 Check the gas leakage rate (20 cc per minute, maximum). Using a mass flow meter capable of
accurately reading 20 sccm, measure the leakage rate. If a mass flow meter is not available, use a
graduated cylinder filled with water and inverted into a larger container of water. Insert the free end
of the Handset tubing into the open (submersed) end of the cylinder and measure the time to
accumulate 20 cc of gas. An acceptable time is one minute.

After making these adjustments, continue with the Precalibration Check Procedure.

CAL STEP 4.0 Adjust the obstruction pressure.
WARNING

EXPLOSION HAZARD: Do NOT use oxygen for any adjustments. Always use High Purity
Grade (99.998% pure, or better) Argon gas for all adjustments.

4.1 Connect a DMM across TP-1 (ground) and TP-6.

4.2 Set R36 fully counterclockwise. Observe TP-6 (DLPRES) with an oscilloscope set to 50 mV div.
Adjust potentiometer R67 until the DC voltage is zero. Do not over-rotate the pot beyond the point
where it zeroes + 1 psig.

4.3 Apply 27 £ 1 psig from a regulated Argon gas supply to the luer fitting going to the pressure
transducer (U19) on the Control Display Board. Do not apply pressure greater than 30 psig to avoid
damaging the transducer.

4.4 Adjust potentiometer R36 until the OBSTRUCTION indicator illuminates and an audible alarm
sounds.

After making this adjustment, continue with the Precalibration Check Procedure.

CAL STEP 5.0 Adjust the low pressure regulator.

5.1 Loosen the locking nut on top of the Low Pressure Regulator, and use an allen wrench to adjust the
output pressure to 35.0 + 0.5 psig.

5.2 Retighten the locking nut on top of the low pressure regulator.

5.3 Couple the hose to the elbow. Connect to a pressure gauge and verify that the pressure is 35.0 £
0.5 psig.

After making this adjustment, continue the Precalibration Check Procedure.
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SECTION 8
OVERALL SYSTEM TROUBLESHOOTING

Refer to the Force GSU Instruction Manual to learn how a properly operating Unit should function and to
determine what the Unit is not doing correctly. Refer to this chapter and the following chapters in this
manual to help locate and correct a malfunction.

Information about troubleshooting and repairing major components in the Electronics Chassis Module is
in Section 9, and the High Pressure Regulator Module is in Section 10.

It you are not familiar with the information in these troubleshooting sections, refer to Section 5, “Theory of
Operation,” to better understand the Unit functions. Refer to the Section 11, “Replacement Procedures,”
for the proper disassembily of the Unit.

WARNING

Electrical Shock Hazard: Do NOT touch any exposed wiring or conductive surfaces while
the Unit is disassembled and energized. Disconnect the power cord before replacing
parts. The lower heatsink on the power supply Is at an elevated voltage; do NOT come in
contact with it; do NOT use it for ground. Use the chassis of the Electronics Chassis
Module or TP-1 as a measurement ground reference.

CAUTION
This Unit contains electrostatic sensitive components. When repairing the Unit, work at a static
control workstation. Wear a grounding strap when handling electrostatic sensitive components.
Handle the circuit boards by their nonconductive edges. Use an antistatic container for transport of
electrostatic sensitive components and circuit boards.

Let the symptoms and the test results be your guide.

¢ Perform a visual inspection of the Unit first.
+ [f only a single function is not working, concentrate on the circuit that controls that function.

+ If several symptoms are present, locate a circuit that is common to all the affected functions. If the
solution to the problem is not obvious, check the power supply circuits first.

s Look for any obvious conditions that may be the cause of the maifunction: loose connections, broken
or burnt (discolored) components.
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Figure 8.1 Force GSU Unit Overall Troubleshooting
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SECTION 9
TROUBLESHOOTING THE ELECTRONICS CHASSIS MODULE

This section describes how to troubleshoot the Electronics Chassis Module.

Refer to the Force GSU Instruction Manual to learn how a properly operating Unit should function and to
determine what the Unit is not doing correctly. Refer to this chapter and the following chapters in this manual to
help locate and correct a malfunction.

If you are not familiar with the information in these troubleshooting sections, refer to Section 5, “Theory of
Operation,” to better understand the Unit functions. Refer to the Section 11, “Replacement Procedures,” for the
proper disassembly of the Unit.

WARNING

Electrical Shock Hazard: Do NOT touch any exposed wiring or conductive surfaces while
the Unit is disassembled and energized. Disconnect the power cord before replacing
parts. The lower heatsink on the power supply Is at an elevated voltage; do NOT come in
contact with it; do NOT use It for ground. Use the chassis of the Electronics Chassis
Module or TP-1 as a measurement ground reference.

CAUTION
This Unit contains electrostatic sensitive components. When repairing the Unit, work at a static
control workstation. Wear a grounding strap when handling electrostatic sensitive components.
Handle the circuit boards by their nonconductive edges. Use an antistatic container for transport of
electrostatic sensitive components and circuit boards.
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SECTION 10
TROUBLESHOOTING THE HIGH PRESSURE REGULATOR MODULE

This section describes how to troubleshoot the High Pressure Regulator Module.

Refer to the Force GSU Instruction Manual to learn how a properly operating Unit should function and to
determine what the Unit is not doing correctly. Refer to this chapter and the following chapters in this manual to
help locate and correct a malfunction.

If you are not familiar with the information in these troubleshooting sections, refer to Section 5, “Theory of
Operation,” to better understand the Unit functions. Refer to the Section 11, “Replacement Procedures," for the
proper disassembly of the Unit.

WARNING

Electrical Shock Hazard: Do NOT touch any exposed wiring or conductive surfaces while
the Unit is disassembled and energized. Disconnect the power cord before replacing
parts. The lower heatsink on the power supply Is at an elevated voltage; do NOT come in
contact with it; do NOT use it for ground. Use the chassis of the Electronics Chassis
Module or TP-1 as a measurement ground reference.

CAUTION
This Unit contains electrostatic sensitive components. When repairing the Unit, work at a static
control workstation. Wear a grounding strap when handling electrostatic sensitive components.
Handle the circuit boards by their nonconductive edges. Use an antistatic container for transport of
electrostatic sensitive components and circuit boards.

A
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SECTION 11
REPLACEMENT PROCEDURES

This section describes how to replace most major subassemblies in the Force GSU Unit. Perform the
leakage current test and ground resistance tests (Section 6) before returning the Unit to clinical use.

WARNING

Electric Shock Hazard: The lower heatsink on the power supply is at an elevated voltage.
Do NOT come In contact with It. Do NOT use It for ground. Use the chassis of the
Electronics Chassls Module or TP-1 as a measurement ground reference.

Take appropriate precautlons (such as use of Isolated tools and equipment; use of the “one
hand rule,” etc.) when taking measurements or troubleshooting the Unit.

Electric Shock Hazard: Do NOT touch any exposed wiring or conductive surface while the
Unit Is disassembled and energized.

CAUTION

The Unit contains electrostatic sensitive components. When repairing the Unit, work at a static
control workstation. Wear a grounding strap when handling electrostatic sensitive components.
Handle the circuit boards by their nonconductive edges. Use an antistatic container for transport
of electrostatic sensitive components and circuit boards.

RECOMMENDED REPLACEMENT EQUIPMENT

You will need the following equipment to perform the repairs described in this section.

Description Specifications
Slotted Screwdriver 1/8" and 1/4"
Hex Wrench 7/64"

Nut Driver or Crescent Wrench 3/8"
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ELECTRONICS CHASSIS MODULE REPLACEMENT

This procedure describes how to remove the Electronics Chassis Module from the Unit for further
disassembly or troubleshooting, and how to install the module into the Unit. It also describes how to
access the module for some repairs and checks.

WARNING

Electric Shock Hazard: Do NOT touch any exposed wiring or conductive surface while the
Unit Iis disassembied and energized.

CAUTION

The Unit contains electrostatic sensitive components. When repairing the Unit, work at a static
control workstation. Wear a grounding strap when handling electrostatic sensitive components.
Handle the circuit boards by their nonconductive edges. Use an antistatic container for transport
of electrostatic sensitive components and circuit boards.

Equipment Required
Slotted Screwdriver 1/8"

Removing the Electronics Chassis Module
To access the Electronics Chassis Module, perform steps 1-5.

—

Verify the Unit power switch is in the OFF (O) position.
Unplug the Unit power cord from the wall receptacle.
Lock the cart casters. Open the Unit side door.

A 0P

Loosen (turn 1/4 counterclockwise) the four wing screws located on the Electronics Chassis Module
rear panel. Gently wiggle the screws to unseat them.

5. Carefully slide the Electronics Chassis Module out from the front of the Unit and rest it on the Unit or
table top to work on it. Do not pull it out so far that it strains the cables and gas line.

6. Disconnect the following from the module rear panel:
¢ High Pressure Sensor Cable
« High Pressure Valve Cable
e ESU Extension Cable
o Power Cable (use a slotted screwdriver to remove the strain relief)
e Argon Gas Hose.
7. Remove the module from the cart.
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Installing the Electronics Chassis Module
WARNING

Electrical Shock Hazard: Do NOT touch any exposed wiring or conductive surfaces while
the Unit is disassembled and energized. Disconnect the power cord before replacing
parts. The lower heatsink on the power supply is at an elevated voitage; do NOT come In
contact with it; do NOT use it for ground. Use the chassis of the Electronics Chassis
Module or TP-1 as a measurement ground reference.

Place the Electronics Chassis Module in the cart.
2. Reconnect the following to the module rear panel:

» High Pressure Sensor Cable
e High Pressure Valve Cable
e ESU Extension Cable
e Power Cable (use a slotted screwdriver to attach the strain relief)
¢ Argon Gas Hose
3. Ensure the Unit functions properly.
a. Plug the Unit power cord into a hospital-grade grounded receptacle.
b. Press the power switch in the ON (| ) position.
¢. The Unit conducts a self test. Check the following:
*  Both tank indicators illuminate for approximately 0.5 seconds.

*  All other LED indicators illuminate for the remainder of the self test (approximately 10
seconds).

d. After the self test, make sure that:
* Tank 1 Is selected. (if Tank 1 is empty or closed, Tank 2 is selected.)
*  Asingle tone sounds. ,
* GAS FLOW is set to 1 and the Unit is in the Gas Off mode.
* The % PRESSURE indicator displays the appropriate pressure.

4. Press the Unit power switch in the OFF (O) position.

5. Unplug the Unit power cord from the wall receptacle.

6. Carefully slide the module into the front of the Unit.

NOTE: When inserling the module, orient the wing screws vertically.

7. Press the module towards the rear of the Unit. Fasten the module into place by tightening (1/4 turn
clockwise) the four wing screws on the module rear panel until snug.

8. Close the Unit side door.
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HIGH PRESSURE REGULATOR MODULE REPLACEMENT

This procedure describes how to remove the High Pressure Regulator Module from the Unit for further
disassembly or troubleshooting, and how to install the module into the Unit.

WARNING

Electric Shock Hazard: Do NOT touch any exposed wiring or conductive surface while the
Unit is disassembled and energized.

CAUTION

The Unit contains electrostatic sensitive components. When repairing the Unit, work at a static
control workstation. Wear a grounding strap when handling electrostatic sensitive components.
Handle the circuit boards by their nonconductive edges. Use an antistatic container for transport
of electrostatic sensitive components and circuit boards.

Equipment Required
Hex Wrench 7/64”"
Nut Driver or Crescent Wrench 3/8”

Removing the High Pressure Regulator Module

1. Purge the Unit of Argon gas before disconnecting the gas lines. (Refer to “Purging the Gas Lines”
procedure within this section for further information).
Press the Unit power switch in the OFF (O) position.
Unplug the Unit power cord from the wall receptacle.

Disconnect the gas tank lines from the Unit.

a. Follow the appropriate safety precautions for handling of high pressure gas tanks. Obtain tank
safety cap(s) before proceeding.

b. Lock the cart casters. Open the side door.

¢. Asmall amount of Argon may escape during this procedure. To disconnect the tank from the
high pressure gas line, hold the gas line coupling stationary and loosen the coupling by turning
the large knob. Use a wrench to assist loosening this connection.

d. Loosen but do not remove the retaining strap.

e. Attach the safety cap to the top of the tank.
5. Remove the Unit storage compartment.

a. Open the storage compartment.

b. Remove the plastic caps from the screws in the bottom corners of the compartment.
¢. Using a hex wrench, turn the two hex screws clockwise (screws inward).
d

. Remove the storage compartment by grasping the handle and lifting the compartment until it
clears the screws at the bottom. Slide the compartment bottom forward and lower it. The High
Pressure Regulator Module is on bottom of the cart. Removing the Module

6. Disconnect the following from the High Pressure Regulator Module:
¢ Tank 1 and Tank 2 High Pressure Hoses
¢ Tank 1 and Tank 2 select cables
+« Tank 1 and Tank 2 pressure transducer cables
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Some residual gas may escape.

7. Using a nut driver, loosen the four hex nuts and lockwashers located on the high pressure plate.
Save the hardware.

Carefully remove the plate and hose assembly from the bottom of the cart.

8.

Installing the High Pressure Regulator Module
Place the High Pressure Regulator Module in the cart.

1.
2.
3.

© N o o

Using a nut driver, attach the module to the cart using the four hex nuts and lockwashers.

Reconnect the following from the High Pressure Regulator Module:

Tank 1 and Tank 2 High Pressure Hoses
Tank 1 and Tank 2 select cables
Tank 1 and Tank 2 pressure transducer cables.

Connect the gas tank lines to the Unit.

a.

b.
c.
d.

Remove the gas tank safety cap and place it in the gas cap holder in the base of the cart. Do
NOT remove the gas tank identification tag(s).

Orient the tank valve outlet toward the back of the cant.
Secure the tank with the retaining strap.

Align the gas line coupling the fank valve outlet. Carefully connect the coupling by tightening
the large knob hand tight.

Close the side door.

Plug the Unit power cord into a hospital-grade grounded receptacle.

Press the power switch in the ON (1) position.

After the Unit self test, open both Argon gas tanks.

Listen for gas leaks. If there is a gas leak, check all the fittings and refer to Section 10,
“Troubleshooting the High Pressure Regulator Module,” for further information.

If there are no gas leaks, replace the storage compartment in the Unit.

a
b.
c.
d

e.

Catch the storage compartment flange under the top frame of the Unit opening.
Lift and tilt the lower part the storage compartment into the Unit opening.
Lower the storage compartment over the screws protruding from the Unit side frames.

Using a hex wrench, back out the two hex screws in the side frames from the inside of the
storage compartment to secure the compartment in the Unit.

Place the plastic caps over the screws and close the storage compartment.



PURGING THE GAS LINES

This procedure describes how to purge both Argon gas lines. Always purge both gas lines before
disconnecting them.

1. Ensure that both Argon gas tanks have a pressure greater than 5%.
2. Tum off both tanks.

Press the power switch in the ON (1) position. After the self test, the Unit automatically selects
Tank 1. :

Press the GAS FLOW UP button to set the flow rate to 10.
5. Press the PURGE LINE button to purge Tank 1 gas line.

Open Tank 2. The pressure should rise above 5% and the Unit automatically selects Tank 2. Tum
off Tank 2,

With Tank 2 selected, press the PURGE LINE button to purge the Tank 2 gas line completely.
The Tank 1 and Tank 2 % PRESSURE indicators should display 0%.

CONTROL DISPLAY BOARD REPLACEMENT

This procedure describes how to remove and install the Control Display Board. The Unit must be
calibrated after replacing the Control Display Board.

WARNING

Electric Shock Hazard: Do NOT touch any exposed wiring or conductive surface while the
Unit Is disassembled and energized.

CAUTION

The Unit contains electrostatic sensitive components. When repairing the Unit, work at a static
control workstation. Wear a grounding strap when handling electrostatic sensitive components.
Handle the circuit boards by their nonconductive edges. Use an antistatic container for transport
of electrostatic sensitive components and circuit boards.

Equipment Required
Slotted Screwdriver 1/8”
Nut Driver or Crescent Wrench 1/4"

Removing the Control Display Board
1. Verify the Unit power switch is in the OFF (O) position.

2. Unplug the Unit power cord from the wall receptacle.

3. 'Remove the Electronics Chassis Module from the Unit. (Refer to the “Electronics Chassis Module
Replacement” procedure within this section for further information.)
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4. Locate the Control Display Board. Disconnect the following cables from the board:
¢ Keyboard Cable (7 pin connector) from J1
¢ Jackstrip Cable (3 pin connector) from J2
¢ Tank Vaive Power Cable (5 pin connector) from J3
e Internal Interface Cable from (4 pin connector) from J4
» DC Power Cable (6 pin connector) from J5
* Pressure Sensor Cable (8 pin connector) from J6é
¢ Flow Control Valve Wires (2 pin connector) from J7
¢ Relief Vaive Wires (3 pin connector) from J8
¢ Flow Meter Cable (4 pin connector) from J9

5. Remove the six nuts, two screws, and lockwashers from the Control Display Board. Save the
hardware.

6. Carefully remove the Control Display Board from the module.

Installing the Control Display Board
1. 'Carefully place the Control Display Board in the module.

2. Secure the Control Display Board to the module using six nuts, two screws, and lockwashers.

3. Reconnect the following cables to the Control Display Board:

o Keyboard Cable (7 pin connector) to J1

¢ Jackstrip Cable (3 pin connector) to J2

e Tank Valve Power Cable (5 pin connector) to J3

¢ Internal Interface Cable from (4 pin connector) to J4
o DC Power Cable (6 pin connector) to JS

¢ Pressure Sensor Cable (8 pin connector) to J6

¢ Flow Control Valve Wires (2 pin connector) to J7

+ Relief Valve Wires (3 pin connector) to J8

¢ Flow Meter Cable (4 pin connector) to J9

NOTE: Make sure the Keyboard Cable does not get trapped behind the Control Display Board.
4. Place the Electronics Chassis Module in the can.
5. Reconnect the following to the module rear panel:
o High Pressure Sensor Cable
¢ High Pressure Valve Cable
¢ ESU Extension Cable
¢ Power Cable
¢ Argon Gas Hose.
6. Ensure the Unit functions property.
a. Plug the Unit power cord into a hospital-grade grounded receptacle.
b. Press the power switch in the ON ( | ) position.
¢. The Unit conducts a self test. Check the following:

*  Both tank indicators illuminate for approximately 0.5 seconds.

* Al other LED indicators illuminate for the remainder the self test (approximately 10
seconds).
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d. After the self test, make sure that:
*  Tank 1 is selected. (If Tank 1 is empty or closed, Tank 2 is selected.)
* Asingle tone sounds.
* GAS FLOW is sst to 1 and the Unit is in the Gas Off mode.
*  The % PRESSURE indicator displays the appropriate pressure.

Open both An"gon gas tanks, and check for leaks.
Press the Unit power switch in the OFF (O) position.
Unplug the Unit power cord from the wall receptacle.
10. Calibrate the Unit. (Refer to Section 7, “Maintenance Procedures,” for further information.)

11. Install the Electronics Chassis Module in the Unit. (Refer to the “Electronics Chassis Module
Replacement” procedure within this section for further information.)

POWER SUPPLY REPLACEMENT

This procedure describes how to remove and replace the power supply.

WARNING

Electric Shock Hazard: Do NOT touch any exposed wiring or conductive surface while the
Unit Is disassembled and energized.

CAUTION

The Unit contains electrostatic sensitive components. When repairing the Unit, work at a static
control workstation. Wear a grounding strap when handling electrostatic sensitive components.
Handle the circuit boards by their nonconductive edges. Use an antistatic container for transport
of electrostatic sensitive components and circuit boards.

Equipment Required
Slotted Screwdriver 1/8"
DVM

Removing the Power Supply
1. Verify the Unit power switch is in the OFF (O) position.
2. Unplug the Unit power cord from the wall receptacle.

3. Remove the Electronics Chassis Module from the Unit. (Refer to the “Electronics Chassis Module
Replacement” procedure within this section for further information.)

4. Using a slotted screwdriver, remove the four screws and lockwashers from the module rear cm)ér.

Carefully remove the rear cover. Do not pull it out so far that it strains the cables and gas line inside
the module.

5. Locate the power supply. Disconnect the following cables from the power supply:
¢ Power Supply Cable from J1
e Power Supply Ground Cable from P1
¢ DC Power Cable from J2.
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6. Using a slotted screwdriver, remove the three metal screws and one nylon screw from the power

supply. Save the hardware and cable clamps.

DC POWER
CABLE

CABLE CLAMP

POWER
SWITCH
AC TO POWER
SWITCH.

5 POWER SUPPLY

AC TO POWER
SUPPLY

T~ FUSE

CABLE CLAMP
& NYLON SCREW

Figure 11.1 Power Supply Replacement

7. Remove the power supply from the module.
Installing the Power Supply

1.

Orient the power supply so that fuse is at the bottom of the module, and the J2 connector is at the
top of the module. Using a slotted screwdriver, attach the power supply to the Electronics Chassis
Module using three metal screws and one nylon screw as shown in Figure 11.1. Verify the nylon
screw and cable clamps placement before attaching them to the module.

Reconnect the following cables to the power supply:

¢ Power Supply Cable to J1

¢ Power Supply Ground Cable to P1

e DC Power Cable to J2
Place the Electronics Chassis Module in the cart.
Using a slotted screwdriver, attach the module rear cover using four screws and lockwashers.
Reconnect the following from the module rear panel:

+ High Pressure Sensor Cable
o High Pressure Valve Cable
o ESU Extension Cable

e Power Cable

¢ Argon Gas Hose

Use a DVM with fine point test leads or clip leads and make the following measurements of the
switching power supply voltages at TP1—4 on the Control Display Board.
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Test Point Voltage

TP-1 Ground

TP-2 +5.0 Vdec £ 0.25V
TP-3 +12Vdc 0.6V
TP-4 -12Vdc £ 0.6V

If the power supply voltages are not correct, adjust them per the Calibration Procedure in Section 7.

7. Ensure the Unit functions properly.

a.
b.
c.

Plug the Unit power cord into a hospital-grade grounded receptacle.
Press the power switch in the ON ( 1) position.

The Unit conducts a self test. Check the following:

*  Both tank indicators illuminate for approximately 0.5 seconds.

*  All other LED indicators illuminate for the remainder of the self test (approximately 10
seconds).

* The % PRESSURE indicator displays the appropriate pressure.
After the self test, make sure that:

* Tank 1 is selected. (if Tank 1 is empty or closed, Tank 2 is selected.)
* Asingle tone sounds.

* GAS FLOW is set to 1 and the Unit is in the Gas Off mode.

8. Press the Unit power switch in the OFF (O) position.

9. Unplug the Unit power cord from the wall receptacle.

10. Install the Electronics Chassis Module in the Unit. (Refer to the “Electronics Chassis Module
Replacement” procedure within this section for further information.)

FUSE REPLACEMENT

This procedure describes how to replace the fuse on the power supply.

Electric Shock Hazard: Do NOT touch any exposed wiring or conductive surface while the
Unit is disassembled and energized.

Fuse Replacement: For continued protection against fire hazard, replace only with the same
type and rating as the original fuse.

WARNING

CAUTION

The Unit contains electrostatic sensitive components. When repairing the Unit, work at a static
control workstation. Wear a grounding strap when handling electrostatic sensitive components.
Handle the circuit boards by their nonconductive edges. Use an antistatic container for transport
of electrostatic sensitive components and circuit boards.

Equipment Required
Slotted Screwdriver 1/8”

DVM
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1. Verily the Unit power switch is in the OFF (O) position.
2. Unplug the Unit power cord from the wall receptacle.

3. Access the Electronics Chassis Module from the Unit. (Refer to the “Electronics Chassis Module
Replacement” procedure within this section for further information.)

4. Using slotted screwdriver, remove the four screws and lockwashers from the module rear cover.
Save the hardware. Carefully remove the rear cover. Do not pull it out so far that it disconnects the
cables and tubes inside the module.

5. Locate the fuse on the power supply. Remove the fuse and replace it with the same type and rating.

6. Use a DVM with fine point test leads or clip leads and make the following measurements of the
switching power supply voltages at TP1—4 on the Control Display Board.

Test Point Voltage

TP-1 Ground

TP-2 +5.0 vde + 0.25v
TP-3 +12 Vde £ 0.6V
TP-4 -12Vdc £ 0.6V

If the power supply voltages are not correct, adjust them per the Calibration Procedure in Section 7.

7. Using a slotted screwdriver, attach the rear cover to the module with four screws and lockwashers.

8. Ensure the Unit functions properly.

a. Plug the Unit power cord into a hospital-grade grounded receptacie.
b. Press the power switch in the ON (1) position.
¢. The Unit conducts a self test. Check the following:

*  Both tank indicators illuminate for approximately 0.5 seconds.

*  All other LED indicators illuminate for the remainder of the self test (approximately 10
seconds).

d. After the self test, make sure that:
*  Tank 1 is selected. (If Tank 1 is empty or closed, Tank 2 is selected.)
* Asingle tone sounds.
* GAS FLOW is set to 1 and the Unit is in the Gas Off mode.
*  The % PRESSURE indicator displays the appropriate pressure.

9. Press the Unit power switch in the OFF (O) position.
10. Unplug the Unit power cord from the wall receptacle.

11. Install the Electronics Chassis Module in the Unit. (Refer to the “Electronics Chassis Module
Replacement” procedure within this section for further information.)
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COMPONENT REPLACEMENT GUIDELINES

WARNING
Electric Shock Hazard: Do NOT touch any exposed wiring or conductive surface while the

Unlt is disassembled and energized.

CAUTION

The Unit contains electrostatic sensitive components. When repairing the Unit, work at a static
control workstation. Wear a grounding strap when handling electrostatic sensitive components.
Handle the circuit boards by their nonconductive edges. Use an antistatic container for transport
of electrostatic sensitive components and circuit boards.

The following are guidelines that relate to installing and mounting components on the circuit boards.

1. Install all non—polarized components so that the value, tolerance, and part number are visible.

2. Install polarized components so that the positive symbol (+), negative symbol (=), or other
polarization markings are visible and the correct polarity.

3. Components with coating on the leads may have the coating removed only to the point where that
lead enters the component body. For example, use a soldering iron to remove coating on the leads.

4. Center the component body between bends (except for miniature diodes, it is desirable to leave the
cathode lead longer than the anode lead for identification). Line up the leads, where required, with
the mounting holes prior to installation.

5. Position lead-mounted components so that the major axis of the component is parallel to any two of
the three major planes (sides) of the Unit. Mechanically support any component having a weight in
excess of 1/2 ounce by means other than the leads.

6. Properly insulate all component leads which are, or could be, forced into a shorting condition with
another component lead or circuit.

7. Do not stress component leads between mounting pins. Provide an adequate strain relief to prevent
damage to the component and solder pins.

8. When installing components on circuit boards with the circuitry on the component side of the board,
insulate the sleeving of the components with metallic bodies.

9. Mount resistors rated at 2 watts or less flush to the circuit board (0.0 — 0.006 inch clearance).

10. Mount resistors of greater than 2 watts or more 0.25 + 0.06 inch from the surface of the printed
circuit board.

11. Radial lead capacitors (dip): if installation requires bending the lead, the bend should be no closer to
the body than 0.06 inch. Mounting height should be 0.032 — 0.25 inch from the board surface to the
potting material .

12. Soldered surfaces should be clean and free of contaminants that would result in poor soldering.
13. Control soldering temperature to prevent damage to components or circuitry.

14. Remove flux residue on the board surface. For example, use isopropyl alcohol and a brush to
remove the flux residue.
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SECTION 12
FACTORY SERVICE

RETURNING THE EQUIPMENT FOR SERVICE

Before you retum the Unit to Valleylab, call the Valleylab Service Department (1-800-255-8522) for a
Retum Authorization Number, or call your Valleylab representative for assistance. Have the following
information ready:

¢ Hospitalclinic name/customer number

¢ Technician's name

e Telephone number

e Department/address

o City, state, and ZIP code

¢ Model number

¢ Serial number

o Description of problem

¢ Type of repair to be done

Attach a tag with this same information to the Unit when shipping it for service.
Do NOT return gas tanks to Valleylab.

Returning the Force GSU Unit
Package the Unit in the original packaging container, if available. If the original packaging is not
available, use the following guidelines for packaging:
¢ Place the interface cable in the Unit storage compartment.
o Use a packing container with double wall construction.
Place a plastic bag over the Unit.
Use non—abrasive packing material that will not damage the surface of the Unit.
Use four crossed straps to secure the box.
Returning Circuit Boards and Other Subassemblies

When packaging circuit boards or other subassemblies, use the following guidelines:

» Place each PCBA or subassembly in an ESD (Electrostatic Discharge) bag or container.
¢ Provide a separate packing container for each PCBA or subassembly.

¢ When retumning the Electronics Chassis Module and/or the High Pressure Regulator Module, use at
least four inches of tightly packed industry approved shock absorbing packing material on all sides
including the bottom. - ’

Ordering Replacement Parts
When ordering replacement parts for the Unit, include this information:

¢ Model Number (located on the rear of the unit)
¢ Serial Number (located on the rear of the unit)
+ Part Number (refer to Section 13, "Service Parts List")
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SECTION 13
SERVICE PARTS LIST

When ordering replacement parts for the Unit, include the following information:

Model Number: located on the rear of the Unit

Serial Number: located on the rear of the Unit

All components must be replaced with parts of identical construction and value. Replacement part ratings

and tolerances must be equal or better than original. Unit performance can be adversely affected by

substitution of | ower grade parts.

All tems referenced in this Section are found in Section 14, Assemblies and Schematics.

FORCE GSU UNIT
REFERENCE VALLEYLAB
DESIGNATOR DESCRIPTION PART NUMBER
item 1 Gas Coag Cart 207 500 122
item 2 Electronic Chassis Module 202 701 594
item 3 High Pressure Regulator Module 202 701 593
item 4 High Pressure Hose 202 701 522
ltem 5 Tank ID Label 216 101 384
tem 6 Inside Door Label 216 101 385
item 7 Gas Line ID Label 216 101 389
ltem 8 High Pressure Sense Cable 202 701 586
ltem 9 ESU Interface Cable 202 400 844
item 10 Power Receptacle Cable 202 400 891
tem 11 Cord Retainer Bracket 223 301 108
item 12 High Pressure Valve Cable 202 701 591
4~pin Plug Connector 208 300 648
#18 Cable Clamp 213 150 049
item 13 Power Cord 202 400 846
tem 14 Argon Gas Tank (not supplied) GT100
Not Shown Active Adapter E0502-12
Not Shown Force GSU Unit Instruction Manual 945 110 060
Not Shown Force GSU Unit Service Manual 945 100 141
Not Shown Mufti-Language Instruction Cards 225 500 528
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ELECTRONICS CHASSIS MODULE 202 701 594

REFERENCE VALLEYLAB
DESIGNATOR DESCRIPTION PART NUMBER
item 1 Module Box 223 200 489
item 2 Rear Panel Assembly 202 701 587
item3 Top Cover 223 400 528
tem4 0.25 Cross Barb Tube Fit 243 500 122
item 5 0.25 ID, 75 psi, PVC Tube 249 101 494
tem 6 Female 3/16 Barb Luer Lock 223 100 717
item 7 0.43 OD Nylon Hose Clamp 213 150 055
item 8 Power Switch 243 075 000
item 9 (D Tube Bulkhead Fitting 243 500 075
item 10 Power Supply Cable 202 400 886
item 11 Power Supply Assembly 207 000 151
ltem 12 DC Power Cable 202 400 895
item 13 Cable Clamp 213150015
item 14 Power Supply Ground Cable 202 400 900
item 15 Fuse 2 amp, 250 Vac 215005 017
item 16 Control/ Display Board 201 285 002
Item 17 Front Panel Assembly 207 500 135
item 18 internal Power Cable 202 701 497
ltem 19 Chassis Ground Cable 202 400 901
item 20 Luer Lock, Male 3/16 barb 223100716
item 21 Nylon Spacer _ . 213110448
item 22 Standoff, M/F 6-32SS 5/16 213110513
item 23 Standoff, M/F 6-32SS 7/16 213110514
Item 24 Jackstrip Assembly 202 701 511
Banana Jack, white 208 400 063
Jackstrip .223 100 695
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REAR PANEL ASSEMBLY 202 701 587
REFERENCE VALLEYLAB
DESIGNATOR DESCRIPTION PART NUMBER
ltem 1 Hose Clamp, 0.43 OD, Nylon 213 150 055
ltem 2 HP Sensor Cable Assembly 202 701 585
item 3 Filter Assembly 202701556 {46-5'F
item 4 Solenoid Valve 202 701 547
ltem 5 ESU Cable Assembly 202 701 545
Circular Connector, 4 pin 208 300 646
item 6 Chassis Ground Cable 202 400 901
item 7 Flow Control Valve 202 701 525
item 8 Mass Flow Meter 245 500 087
ltem 9 Flow Meter Cable 202 400912
item 10 Tubing 0.25 ID, 75 psi, PVC 249 101 494
item 11 HP Valve Internal Cable 202 701 592
Chassis Connector, 4 wire 208 071 000
item 12 1/4 NPT Hose Barb 243 500 077
item 13 Rear Panel 223 200 488
item 14 Hose Panel Coupling 243 500 081
item 15 Internal Power Cable 202701497
Power Receptacle 208 300 669
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CONTROL DISPLAY BOARD

201 285 002

REFERENCE
DESIGNATOR

Resistors
R1, 15, 16, 19, 22, 23, 58, 59, 86

R25-27, 37, 39, 40, 41, 72-76, 80, 81

R7,8,9, 10, 11, 12
R13, 14

R17

R18, 85

R20, 77

R28

R29

R30

R31, 33, 35, 43, 45, 47, 49, 61, 70
R32, 34, 60
R36, 51, 56
R38

R44, 46, 48, 50
RS3

RS54

R57

R63, 65, 67
Ré62, 71

Ré4, 66

R68, 79

R82

R83, 84

R87, 88

RA1, 4

RA2

RA3

RAS

Capacitors

C1-9, 14-18, 26, 35 - 47, 50, 51
C12

C13, 22, 23, 27, 28, 30

C20, 31,32, 33

c21

c29

C34

C48

Ca9

CA1

DESCRIPTION

1 k ohm £ 5%, 1/4W

10 k ohm + 5%, 1/4W

51 ohm + 5%, 1/2W

10 k ohm £ 5%, 1/2W

4.3 k ohm + 5%, 1/2W

3 k ohm + 5%, 1/4W

5.1 k ohm £ 5%, 1/4W

51 k ohm + 5%, 1/4W

11 k ohm + 5%, 1/4W

240 ohm + 5%, 1/4W

10 k ohm £ 1%, 1/8W

100 k ohm £ 1%, 1/8W
Trimpot 50 k ohm

1 Meg + 5%, 1/4W

340 k + 1%, 1/8W

32.4 k ohm + 1%, 1/8W
5.11 ohm £ 1%, 1/8W

68 ohm £ 5%, 172W

Pot 10k £ 20%

715k ohm+ 1%, 1/8W
100 k ohm + 5%, 1/4W
330 k ohm + 5%, 1/4W

15 ohm + 5%, 3W

49.9 k ohm+ 1%

33 k ohm + 5%, 1/4W
Resistor Amray, 1 k ohm, 9x
Resistor Array, 10 k ohm, 8x
Resistor Array, 10 k ohm, 7x
Resistor Array, 1 k ohm, 8x

0.1 pf £ 20%, 50V

100 pf + 5%, 100V

1.0 pf £ 20%, 50V

10 pf + 20%, 35V
0.0047 pf + 10%, 100V
0.027 pf + 5%, 50V

22 pf + 20%, 25-35V

* 2200 pf £ 10%, 100V

4.7 uf + 20%, 10V
Capacitor Array 0.01 uf, 8x
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VALLEYLAB

PART NUMBER

234 024 063
234 024 087
234 014083
234 014 068
234 024 078
234 024 074
234 024 080
234 024 104
234 024 088
234 024 048
234 201 385
234 201 481
236 200 038
234 024 135
234 201 532
234 201 434
234 201 357
234 014 032
236 200 036
234 201 467
234 024 111
234 024 123
234 400 252
234 201 452
234 024 099
234 100 134
234 100 148
234 100 098
234 100 147

204 118 007
204 200 013
204 118 014
204 104 048
204 200 033
204 400 101
204 102 030
204 200 029
204 074 001
204 200 241



Integrated Circuits

u2

us

U4

us
ue,7
us, 20
us
u10
U11
U4
U1s
u1é
u17, 21
U8
ut9
u22
uz23
U24

Diodes

CR1,3-9
CR2, 10-13

Transistors

Q4-7,10, 11, 13, 15-18,
Q8,9,12

Q14

Q17

Transformers
T
LEDs

D1-8

D9, 10

D11

D12, 13,14

Miscellaneocus

OP1,2,3
Y1

L1

K1,2

DS1232
74L5374
74LS240
ADC0809
DACO0832
LM324N
74HCTO04
40138
74HCTO02
LM336-5.0V
ICM7218
2803A
LM339A
401068
Pressure XDCR 30 PSIG
LM350
TLO84
74HCT32

1N4148
1N52408

VN10KM
MPS$-U45
2N2907A
MTD 2955-1

HV Toroid Isobloc

LED Display HDSP7501
LED Array HLMP2450
LED Array HLMP2550
LED Array HLMP2350

Photo Isolator OP112648
XTAL Osc. 3.0 MHz

RF Choke 55 pH

Relay Dip Reed SPSTNO 12V

Speaker 8 ohm
Speaker, 8 ohm
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210 760 015
210 520 374
210 520 240
210 740 000
210 750 001
210 022 000
210 240 004
210 027 001
210 240 002
210300018
210 700 001
210 800 002
210300 015
210211 106
209 001 000
210 300 086
210 200 040
210 240 032

239 014 000
239 600 001

239 200 012
239 100 002
239100012
239 200 036

251 300 013

239 750 054
239 750 059
239 750 057
239 750 058

239 750 019
250 100013
251 100 098
230 010 000
241 003 001
241 003 000



SECTION 14
ASSEMBLIES AND SCHEMATICS

See Section 13 "Service Parts List” to reference corresponding item Numbers and Reference Designators.
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Figure 14. 1 Force GSU Unit
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Figure 14. 1 (continued)
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Figure 14.2 Electronics Chassis Module
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Figure 14.2 (continued)
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Figure 14.4 Rear Panel Assembly
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Figure 14.5 High Pressure Assembly
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Figure 14.6 Control Display Board
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Figure 14.7 Control Display Board Circuit Schematics
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Figure 14.7 (continued)
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