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WARRANTY AND DISCLAIMERS

GENERAL

HYPERTHERM, Inc. warrants that Products shall be free from defects in materials and workmanship, under proper and normal
use for which such Equipment is recommended, for a period of two (2) years, except only with respect to the Torch, for which
the warranty period shall be one (1) year, from the date of its delivery to you.

HYPERTHERM, at its sole option, shall repair, replace, or adjust, free of charge, any Products covered by this warranty which
shall be retumned with HYPERTHERM's prior authorization (which shall not be unreasonably withheld), properly packed, to
HYPERTHERM's place of business in Hanover, New Hampshire, all costs, insurance and freight prepaid, and which examina-
tion proves not to be free from defects in materials and workmanship. HYPERTHERM shall not be liable for any repairs,
replacements, or adjustments of Products covered by this warranty, except those made pursuant to this paragraph or with
HYPERTHERM's written consent. This warranty shall not apply to any Product which has been mishandled, incorrectly
installed, modified or assembled by you or any other person. HYPERTHERM shall be liable for breach of this warranty only if it
receives written notice of such breach within the applicable warranty period specified herein above. THE FOREGOING SHALL
CONSTITUTE THE SOLE REMEDY TO DISTRIBUTORS OR THEIR CUSTOMERS FOR ANY BREACH BY HYPERTHERM
OF ITS WARRANTY.

PATENT INDEMNITY

Except only in cases of Products not manufactured by HYPERTHERM or manufactured by a person other than HYPERTHERM
not in strict conformity with HYPERTHERM's specifications, and in cases of designs, processes, formulae or combinations not
developed or purported to be developed by HYPERTHERM, HYPERTHERM agrees to indemnify, protect and hold harmless
Distributors and their customers against any and all liability or claims in any manner imposed upon or accruing against
Distributors and their customers because of the use in or about the construction or operation of Equipment or any design,
system, formula, combination, article or material which infringes or alleges to infringe on any patent or other right. Distributors
shall notify HYPERTHERM promptly upon learning of any action or threatened action in connaction with any such alleged
infringement, and each party may appoint its own counsel for any such action or threatened action.

DISCLAIMER OF OTHER WARRANTIES

HYPERTHERM MAKES NO WARRANTIES REGARDING PRODUCTS MANUFACTURED BY IT OR OTHERS (INCLUDING
WITHOUT IMPLIED LIMITATION WARRANTIES AS TO MERCHANTABILITY OR FITNESS FOR A PARTICULAR PUR-
POSE), EITHER EXPRESS OR IMPLIED, EXCEPT AS PROVIDED HEREIN. This warranty is in lieu of any and all warranties,
express or implied, by law or otherwise; and Distributors are not authorized to give any other warranty purporting to be binding
upon HYPERTHERM upon resale of Products to their customers. IN NO EVENT shall HYPER-THERM be liable for incidental

or consequential damages or injury to the person or property of anyone by reason of any defect in any Equipment sold
hereunder.

PLUMBING AND ELECTRICAL CODES

National and local codes governing plumbing and electrical instatlation shall take precedent over any instructions contained in
this manual. IN NO EVENT shall Hypertherm be liable for incidental or consequential injury to persons or property damage by
reason of any code violation or poor work practices.
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SAFETY

INTRODUCTION

Abbreviated safety precautions are printed on the power supply.
Before using the plasma arc cutting equipment (including compressed gas),

each person operating, maintaining or supervising the use of this equipment
must read the following safety instructions.

NOTES, CAUTIONS & WARNINGS

Throughout this manual, notes, cautions, and warnings are used to describe situ-
ations that require additional information. The following formats are used for each:

Notes: A note offers additional information, such as an operating tip, that aids the
user in operating the plasma system.

Caution: A caution describes a situation that may cause damage to the plasma
system and offers advice to avoid or rectify the situation.
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SAFETY

SAFETY INSTRUCTIONS

Burn Prevention

Eye To protect eyes against burns caused by high-intensity ultraviolet light, sparks and
Safety hot metal:

+ Wear dark safety glasses/goggles with side shields or a welding helmet. Refer to
the chart below for recommended lens shades:

Arc Current Shield Shade
Up to 100 Amps % Shade No. 8

100 - 200 Amps \/ Shade No. 10
200 - 400 Amps Shade No. 12
Over 400 Amps Shade No. 14

* Replace the glasses/goggles or helmet when the shield becomes pitted or
broken.

« Warn other people in the area not to look directly at the arc unless they wear a
glasses/goggles or helmet.

* Prepare the cutting area in a manner that reduces the reflection and transmission
of ultraviolet light:

- Paint walls and other surfaces with dark colors to reduce reflection.

- Instali protective screens or curtains to reduce ultraviolet transmission.

Skin To protect skin against burns caused by high-intensity ultraviolet light, sparks and hot
Safety metal:

* Wear protective clothing:
- Gauntlet gloves, safety shoes and hat.
- Flame-retardant clothing which covers all exposed areas.
- Cuffless trousers to prevent entry of sparks and slag.

* Hold any hand torch away from your body when pressing the start button because
the pilot arc may come on immediately.

1-4 HT4100 Instruction Manual: Maintenance




SAFETY

* Do not touch the front of the torch when starting it. After cutting, allow time for the
front of the torch to cool.

Toxic Fume Prevention

To protect against the danger of toxic fumes which may be produced during cutting:
* Keep the cutting area well-ventilated.

* Remove all chlorinated solvents from the cutting area before cutting. Certain

chiorinated solvents decompose when exposed to ultraviolet radiation to form
phosgene gas.

* Wear proper breathing mask when cutting galvanized metal and use proper
ventilation.

* Do not cut containers with toxic materials inside or containers that have held toxic
materials. Clean such containers thoroughly before cutting.

Fire Prevention

Cutting with a plasma system produces hot metal, sparks and slag. Take the follow-
ing precautions against fire:

* Make fire extinguishers available in the cutting area.

* Remove combustible material from the immediate cutting area to a distance of at
least 35 feet (10 meters).

* Quench freshly cut metal or allow metal to cool before handling it or bringing it into
contact with combustible materials.

* Never use a plasma system to cut containers with potentially flammable materials
inside. Such containers must be thoroughly cleaned prior to cutting.

HT4100 Instruction Manual: Maintenance 1-5



SAFETY

* Ventilate potentially flammable atmospheres before cutting with a plasma system.
Never operate the plasma system in an atmosphere which contains heavy con-
centrations of dust, flammable gas or combustible liquid vapors.

Electric Shock Prevention

All Hypertherm plasma systems use high voltage (up to 280 VDC) to initiate the
plasma arc. Take the following precautions when operating the plasma system:

* Keep your body and clothing dry.
* Do not stand in, sit on or lie on any wet surface when using the plasma system.

* Maintain proper insulation against electrical shock. If you must work in or near a
damp area, use extreme caution. Wear insulated gloves and boots.

* Provide a wall-mounted disconnect switch with proper size fuses close to the

power supply. This switch allows the operator to turn the power supply off quickly
in an emergency situation.

» Conform to all local electrical codes for primary wiring sizes and types.
* Inspect the primary power cord frequently for damage or cracking of the cover.

Bare wiring can kill. Do not use the system with a damaged power cord. If a
power cord is damaged, replace it immediately.

Inspect the torch leads. Replace if frayed or damaged.

* Never operate the plasma system unless the power supply unit covers are in
place. Exposed power supply connections present a severe electrical hazard.

* Do not pick up the workpiece, including the waste cutoff, while you cut. Leave the
workpiece in place or on the workbench with the work cable attached at all times.

+ Before changing the torch parts, disconnect the main power or unplug the power
supply. After changing the torch parts and returning the retaining cap to its
operating position, plug the power supply in again.

* Never bypass or shortcut the safety interlocks.

* Before removing a power supply cover for maintenance, disconnect the main
power at the wall disconnect switch or unplug the power supply. To avoid exposer
to severe electrical hazard, wait five minutes after disconnecting the main power
to allow capacitor discharge to occur.

1-6 HT4100 Instruction Manual: Maintenance



SAFETY

Explosion Prevention

When cutting with the plasma system:

Pressure
Regulators

Compressed
Gas
Cylinders

Do not cut in atmospheres containing explosive dust or vapors.
Do not cut pressurized cylinders or any closed container.

Maintain all pressure regulators in proper working condition. Faulty regulators can

cause damage or operator injury and must be serviced by trained repair techni-
cians.

Never use a regulator for any gas other than that for which it is intended.

Never use a regulator that leaks, creeps excessively or is physically damaged in
any way.

Never attempt to lubricate a regulator with oil or grease.

Handle and use compressed gas cylinders in accordance with safety standards
published by the Compressed Gas Association (CGA ), American Welding Society
(AWS) and Canadian Standards Association (CSA).

Never use a cylinder that leaks or is physically damaged.

Never use a cylinder that is not upright and secured in place.

Never move or transport a cylinder without the protective valve cover in place.

Never use a gas cylinder or its contents for any purpose other than that for which
it is intended.

Never lubricate cylinder valves with oil or grease.
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Hoses

Grounding

Input
Power

Work
Table

Work
Table

Never allow electrical contact between the plasma arc and a cylinder.

Never expose cylinders to excessive heat, sparks, slag or open flame.

Never use hammers, wrenches or other tools to open stuck cylinder valves.

Label and color-code all gas hoses in order to clearly identify the type of gas in each
hose. Consult applicable national or local codes.

Never use the oxygen hose for any gas other than oxygen.

Replace hose that is damaged by physical abuse or by sparks, heat or open
flame.

Lay hose out straight to prevent kinks.

Coil excess hose and place it out of the way to prevent damage and to eliminate
tripping danger.

Examine hoses at regular intervals for leaks, wear, loose connections or other
hazard.

Keep hose lengths to a minimum to prevent damage, reduce pressure drop and to
prevent possible volume flow restriction.

Before operating the plasma system:

Be sure the power cord is-plugged into a properly grounded outlet or that the
power cord ground wire is properly connected to the ground in the disconnect box.

It installation of the plasma system involves connecting the power cord to the
power supply, ensure that the power cord ground wire is properly connected.
Conform to CSA standards by placing the power cord ground wire on the stud
first; then place the other wires on top of the power cord ground. Fasten the
retaining nut tightly.

Make sure that all electrical connections are tight to avoid excessive heating.

Clamp the work cable with good metal-to-metal contact to the workpiece (not the
portion that will fall away) or to the work table.

Connect the work table to a good earth ground. Consult the U.S. National Electri-
cal Code, Article 250, Section H Grounding Electrode System, or other appropri-
ate national or local codes. :

For additional information, refer to the Standards Index in this manual.
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SAFETY REMINDERS

* Al Hypertherm torches are designed with a safety interlock, which turns off the
power supply when the retaining cap is loosened.

* Never bypass or shortcut the safety interlocks on any of the plasma system units.

* Never operate the plasma system with any of its covers not in place. This would
be hazardous to the operator and other people in the area, and prevents the
proper cooling of the equipment.

« Each Hypertherm plasma system is designed to be used only with specific
Hypertherm torches. Do not substitute other torches which could overheat and

present a potentially dangerous situation to the operator and any personnel in the
area.

STANDARDS INDEX

The Standards Index contains a list of publications dealing with plasma arc cutting
equipment safety practices. For additional information, refer to this Standards Index.
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INTRODUCTION

The instructions to install, operate and maintain the HT4100 system have been separated
into three manuals. The following is a list of the manual titles, part numbers, and contents:

HT4100 Instruction Manual: installation (#801650)

This manual gives pertinent information for the pre-installation supply requirements,
installation, and post-installation requirements for the HT4100 system.

Also included in this manual are specifications of the components of the HT4100 system,
system interconnect diagrams, and accompanying drawings.

HT4100 Instruction Manual: Operation (#801660)
This manual describes the controls and indicators for the system units, explains how to

start-up and operate the HT4100 system, contains cut chart tables, gives instructions to

remove and replace consumable parts, and provides routine inspection and cleaning
information.

HT4100 Instruction Manual: Maintenance (#801670)

This manual contains basic troubleshooting tips, and a parts list.

Itis our hope that this manual set will aid and answer most questions on installing,
operating, and ordering parts for your HT4100 system.

If any questions do arise, please call our Customer Service at 1-800-643-0030 or Field
Service group at 1-800-643-9878.

2-2
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General

Hypertherm's HT4100 is designed as a machine-mounted plasma cutting system for
cutting mild steel from gauge to one and one-half inch (38 mm) thick using oxygen as
the plasma gas. A micro-controller on the Master power supply control board helps
to provide extended life for the torch consumable parts. To achieve consumable fong
life, all cuts must begin and end on the plate surface; this allows for the proper
ramping of gases and DC current to extend the life of the torch nozzle and electrode.

The HT4100 system provides the user with capability of locating the power supply
and the torch apart by a maximum of 300 feet (91 m). This is accomplished by
adding a remote High Frequency (HF) Console.

Maximum DC output for clean, dross-free cuts using oxygen with the HT4100 sys-
tem, is 300 amps (See Cut Charts in the Operation section of IM166). The following
descriptions briefly describe the purpose and configuration of the major units which
comprise the HT4100 System.

HT4100 Master Power Supply

This unit houses two 100-amp, 15kHz chopper power supplies to produce constant
current DC output. Also located in this unit is the Torch Height Control (THC). The
power supply interconnects with the HF console, IHS, computer interface, remote V/
C, gas console, the HT4100 Slave power supply, and the workpiece.

HT4100 Slave Power Supply

This unit also houses two 100-amp, 15kHz chopper power supplies. When inter-
connected with the HT4100 Master power supply, up to 400 amps is made

available to the cutting system. The Slave interfaces with the Master supply, and
the Timer/Counter unit.

High Frequency (HF) Console

This unit houses the high frequency starting circuit which permits more effective RF
shielding and allows the power supplies to be installed at a distance of up to 300 feet
(91 m) from the torch. Also located in the console are two door interlock switches,
and a cooling water flow switch.

HT4100 Instruction Manual: Maintenance 2-3
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Remote Voltage/Current (V/C) Control

This unit provides accurate operator control of the arc voltage and current. 1t in-
cludes high intensity LED displays which indicate the setpoints for volts and amperes
prior to starting the arc. After the arc is initiated, the displays automatically switch to
show the actual values of the voltage and current reached. This unit interfaces with

the Master power supply. Three different types of remote V/C controls are
available:

Switch Remote - Includes the voltage and current displays and two potentiometers
used to select the desired values. Also included are start and stop switches for the
power supply, switches for activating the torch height control (THC), and initial height
sensing (IHS) circuits. This unit is for use on guidance machinery that does not
include switches to control the initial height sensing and torch height functions.

Digital Remote - Includes the voltage and current displays and two potentiometers

used to select the desired values. It is used with guidance machinery that already
includes plasma control switches.

Programmable Remote - Includes the voltage and current displays. No switches or
potentiometers are included. All functions are controlled by the guidance machinery
computer. This unit also interconnects with the computer interface.

Gas Console

This unit houses solenoid valves for plasma and shield gas flow control as well as
flowmeters for plasma and shield gas flow, metering valves for plasma and shield gas
preflow, metering valves for shield gas operating flow, and three switches: one to
choose between oxygen or nitrogen, another to select either test preflow, test operate
flow, or run modes, and a third to adjust plasma operate flows during operate mode.

The gas console interfaces with the gas supplies, the motor valve console and the
Master power supply.

Motor Valve Console

This unit houses a motor-driven plasma gas metering valve as well as solenoid
valves to switch the plasma gas and shield gas from preflow to operate modes.
Plasma preflow and operate gas lines as well as shield preflow and operate

lines and interface cable connect the motor valve console to the gas console. The
motor valve console also interfaces with the torch via a lead set consisting of a
plasma gas hose, shield gas hose and a plasma-off valve control cable.

Note: The motor valve console must be mounted 10 feet (3 m) from the torch.

1-93
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Timer/Counter

The timer/counter is provided so that the number of arc starts and arc-on time can
be monitored. This unit is interfaced to the HT4100 Slave power supply.

Water Chiller

The water chiller for the HT4100 system is a refrigeration unit that is capable of
reducing the water coolant temperature well below ambient air and water supply
temperature. Having this capabililty greatly increases the life of the nozzle and
electrode. The water chiller is a three-phase power system that directly interfaces

with the HF console. See Water Supply Requirements in the Pre-Installation
section of this manual.

Initial Height Sensing (IHS) - Optional

This unit, used with two inductive probes, is designed to automatiéally detect the
workpiece surface and index the torch to the pierce position. This system can be
used for underwater, at the water line, or above-water applications. This unit inter-

connects with the Master power supply and the inductive probes, and requires an air
supply to operate.
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SPECIFICATIONS

System Requirements

Power Requirements:
Refer to HT4100 power supply specifications below:

Gas Requirements:

Plasma Gas TYPe .....cocovrvevnereerecenrerrienne Oxygen (Q,), *Nitrogen (N,)
Shield Gas TYPES ......ccvvvereveereererecveeen, Oxygen (O,), and Nitrogen (N,) mixture
Gas Quality :
OXYGEN ..ottt 99.5% pure (liquid gas recommended)
Nitrogen .........cccovveeeveeeceeeeccee e 99.995% pure (liquid gas recommended)
Oxygen Gas Inlet Pressure ............ccoee.e..... 120 psi (8.3 bar)
Nitrogen Gas Inlet Pressure ..........ccccoeeuvun.. 120 psi (8.3 bar)
Oxygen Gas Inlet Flowrate............................ 127 scth (60 I/min) at fullscale
Nitrogen Gas Inlet Flowrate.......................... 338 scfh (160 I/min) at fullscale

* Nitrogen is used for plasma gas preflow

HT4100 Power Supplies (Master & Slave)

Maximum OCV (Uy) ....ccoveirrenenneeenieienenas 275VDC

Maximum Output Current (L)) ....................... 400 amps

Output Voitage (U,) ......cccvvuvrveeececeernencnennne. 150 VDC

Duty Cycle Rating (X) .c..cceoveeeeeeerneieecrennnen. 100%

Ambient Temperatures/Duty Cycle................ Power supplies will operate between

+14° and 104°F (-10° and +40°C).

Power supplies operated in an ambient

temperature above 86°F (30C) may

show some decrease in duty cycle.
COONNG .ot Forced Air {(Class F)

Input Power: (U, - Input Voltage ; I, - Input Current):

#073086 (Master)/ #073087 (Slave)............. 200 VAC (U,), 3PH, 50 Hz @ 108A (1,)

#073089 (Master)/ #073090 (Slave).............. 240 VAC (U,), 3PH, 60 Hz @ 90A ()
480 VAC (U,), 3PH, 60 Hz @ 45A (1)

#073095 (Master)/ #073096 (Slave)............ 220 VAC (U,), 3PH, 50 Hz @ 101 A (1)

380 VAC (U,), 3PH, 50 Hz @ 58A (l.)
415 VAC (U,), 3PH, 50 Hz @ 54A (I,)

#073070 (Master)/ #073071 (Slave)............. 440 VAC (U,), 3PH, 60 Hz @ 49A (I,)
460 VAC (U,), 3PH, 60 Hz @ 47A (I,)
#073100 (Master)/ #073101 (Slave).............. 600 VAC (U,), 3PH, 60 Hz @ 36A (1)

2-6
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Dimensions and Weight:

WAL ... 28-1/4" (71 cm)
Height ... 35-1/2" (90 cm)
DePth.....ooceeeeeee e 41-1/4" (104 cm)
WEIGh ... 760 pounds (345 kg)

PAC610 Machine Torch #028601

Maximum cutting thickness .......................... 1-1/2 inch (38 mm)
Maximum current at 100% duty cycle .......... 260 amps for O, cutting
Plasma and Shield Gas Flow ....................... Reter to the Cut Charts in the Operation

section of the HT4100 instruction
Manual: Operation (IM166) for specific
gas requirements.

Electrode coolant flow rate .................cc....... 1.4 gpm (5.3 I/min)
WeIght ... 3-1/2 pounds (1.59 kg)

High Frequency Console #073077

Dimensions and Weight:

Width .............. et e st e e e e e erees 16" (41 cm)
........................................................... 16-3/4" ( 42 cm)
DEPth....uceiceccntctcre e 13-3/4" ( 35 cm)
WEIght ... 75 pounds (34 kg)

Switch Remote (SR) V/C Control (073053) -

Controls

Activates IHS (if on) and initializes
pilot arc. '
Stop button:
Deactivates main contactor in
power supplies.
IHS On/Off switch:
Turns IHS system on or off.
Auto Height On/Off switch:
Activates THC in Master power
supply.
Voltage adjust pot:
Adijusts arc cutting voltage and
displays value on LEDs.
Current adjust pot:
Adjusts arc cutting current and
displays value on LEDs.

HT4100 Instruction Manual: Maintenance 2-7
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Control Range .........cccocvveeeeveineerecee e, Current: 100 to 400 Amps
Voltage: 100 to 200 Volts

Control Resolution.............cooveeeveineeeveverenienne Current: 20 Amps
Voltage: 5 Volts

Dimensions and Weight:

WIAEH . 11-1/2" (29 cm)

HeIght ... 5" (13 cm)

Depth....eiceeeeceee e 13-1/4" (34 cm)

WEIGh ...ttt eee e 6 pounds (2.7 kg)

Digital Remote (DR) V/C Control #055003

Controls

........................................................

Control Range

..............................................

Control Resolution

Width

............................................................
...........................................................
............................................................

Voltage adjust pot:
Adjusts arc cutting voltage and
displays value on LEDs.
Current adjust pot:
Adjusts arc cutting current and
displays value on LEDs.

Current: 100 to 400 Amps
Voltage: 100 to 200 Volts
Current: 10 Amps
Voltage: 5 Volts

13-3/8" (34 cm)
5 pounds-5 oz. (2.4 kg)

Programmable Remote (PR) V/C Control #055004

Controls

Control Range

Control Resolution

Width

............................................................
...........................................................
............................................................

..........................................................

None. Controlled through guidance
machinery computer.

Current: 100 to 400 Amps
Voltage: 100 to 200 Volts
Current: 10 Amps
Voltage: 5 Volts

12-1/2" (31.8 cm)
5 pounds-5 oz. (2.4 kg)
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Gas Console #073078
Dimensions and Weight:
WIGHH oot 11-1/2 " (29 cm)
Height ... 14-5/8 "' (37 cm)
DEPth.......eerteent e 4" (10 cm)
Weight ... 23 pounds (10.4 kg)
Water Chiller

Refer to Water Chiller Model C Instruction Manual (#802410).

Motor Valve Console #073079

Dimensions and Weight:

WIdEh ..t er e 11-1/2" (29 cm)
Height ..o 6" (15.8 cm)

DEPtN ...ttt 8" (20 cm)

WEIGhE ...t e 18 pounds (8.2 kg)

Initial Height Sensing #053016

INPUL POWET ...ttt 120 VAC from power supply

Air Pressure........ccovveveeeveerevesesieeesesinens 20 psi (1.4 bar) regulated shop air input
to solenoid.

Dimensions and Welight:

WIAh ... 9" (23 cm)
Height ... 4.5" (11 cm)
Depth.......ccoceeeeee e 11-1/2" (29 cm)
WeIght ..o 13 pounds (6 kg)

Timer/Counter #073057

Dimensions and Weight:

W et 6-1/2" (16.5 cm)
HEIGht ...t 2-1/2" (6.4 cm)
DEpth.....oviieceeetc e 8-5/8" (22 cm)
Weight .....ccccovevriieiieree e 3 Ibs (1 kg)
HT4100 Instruction Manual: Maintenance 2-9
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INTRODUCTION

The HT4100, and all Hypertherm plasma systems, undergo rigorous testing prior to
shipment and should require little maintenance if proper installation and operation
procedures as outlined in instruction manuals #801650 (Installation) and #801660
(Operation) are followed. '

Aiter a routine maintenance section, a system initialization sequence of events flowchart
is presented. Following the flowchart, an initial checks procedure is given, followed by a
troubleshooting guide to aid in servicing the HT4100 system, and a troubleshooting guide

for the STATUS indicators. A chopper module test procedure followed by a description of

the Master and Slave control board relays have also been included as diagnostic tools.

Note: When referencing components to the wiring diagrams in Section 5, designations
may appear to be repeated. Ex. C1 appears on sheet 2 of 15 in the wiring diagrams in
five separate locations. Sections of the Master power supply on that page are outlined
with a dotted box and a label. Within different sections, the same designation may

appear. Be certain to check the dotted box label when looking for or cross-referencing
HT4100 parts.

it is assumed that the service personnel performing the troubleshooting testing are

high-level electronic service technicians that have worked with high voltage

electro-mechanical systems. Knowledge of final isolation troubleshooting techniques is

also assumed.

In addition to being technically qualified, maintenance personnel must perform all

testing with safety in mind. Refer to the Safety section for operating precautions
and warhing formats.

If you need additional assistance or need to order parts, call our Customer Service or
Technical Service Group at 1-800-643-0030.
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ROUTINE MAINTENANCE

The HT4100 system is designed to require little regular maintenance under
normal use. The following maintenance checks, are suggested to keep your
system in top running condition.

Torch and Torch Leads

Inspection

Inspect the torch and torch leads on a routine basis.

» The torch consumable parts and torch main body should always be
inspected prior to cutting. Worn or damaged parts can cause gas and water
leaks which can affect the cut quality. Check for pitting and burn marks on
the consumable parts and replace, if necessary. See Changing Consumable
Parts in Section 3 of the HT4100 Operation Manual (#801660).

 Ensure that all connections are tight, but do not overtighten.

* The torch leads should be checked occasionally for cracking and damage.

Power Supplies

Inspection and cleaning
inspect the power supply on a routine basis.

Check the exterior for any damage. If there is damage, ensure it does not
affect safe operation of the power supply.

*+ Remove covers and inspect the interior. Check wiring hamesses and
connections for wear and damage. Check for loose connections, and look
for areas of discoloration due to overheating.

*  Every two weeks, inspect the air filter in the front panel of the power supplies
by removing the access cover and lifting the filter out. Replace filter
(027441) when dirty.

HT4100 Instruction Manual: Maintenance 33
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Gas Console

Inspection
inspect the gas console on a routine basis.

«  Check the exterior for any damage. Look for damaged glass tubes in the
flowmeters and check the pressure gauges for damage.

+Inspect all interconnecting cables, hoses and leads for wear and damage.
Ensure all connections are tight and that there are no leaks. Do not
overtighten fittings.

Cleaning

Keep the flowmeters and pressure gauges free of dirt, dust and foreign matter.

Motor Valve Console

HF Console

inspection

Inspect the motor valve console on a routine basis.

«  Check the exterior for any damage.

* Inspect all interconnecting cables, hoses and leads for wear and damage.
Ensure all connections are tight and that there are no leaks. Do not
overtighten fittings.

Cleaning

Check the motor valve console periodically for dust and foreign matter inside the unit.

«  Open the cover and blow out the unit with compressed air. It is important to

keep the cover closed except when cleaning or when maintenance is being
performed.

Inspection
Inspect the HF console on a routine basis.

+ Check the exterior for any damage. If there is damage, ensure that it does
not affect safe operation of the console.

= Open the cover and inspect the interior. Check all cables and hoses for wear
and damage. Check for loose connections, look for areas of discoloration
due to overheating. Check for plumbing leaks.

Cleaning

*  Open the cover and blow out the unit with compressed air. It is important to
keep the cover closed except when cleaning or when maintenance is being
performed.
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STARTING SEQUENCE OF HT4100

On the following page is a detailed flowchart outlining the starting sequence
during proper HT4100 operation. Shaded boxes represent action taken by the
operator.

The following symbols used in the flowchart are ANSI standard flowcharting
symbols. Their names and definitions are as follows:

S Terminus The terminus is used to indicate the
beginning or ending point of a flowchart.

Task/Process The process or task box is used to
Box indicate any process or task other than
an input/output operation or a decision.
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\ 2 , 4
120V relay (CR2 ) on 24 VAC to: "
S : Master CR2 "Slave
I\B/Iastgr gg‘g‘:r DI'St"b“t'on Slave Transformer temp. switch (in T2), on" closes.
oard ( )closes . Master Transformer temp. switch (TS1), CR1 on Slave
120 VAC to: RHF Door Switches (S1, S2), Power Dlstribution

Master Power Supply Fans
CH1(M2),CH2(M83),T1(M4)

Slave uP board (PCB7),

Gas Console pressure switches (PS1, PS2)

RHF flow switch (FS1)

board (PCB1)
closes.

\ A

24V / 120V relay (CR1 ) on Master Power
Distribution Board (PCB1) closes :
24 VAC to:
Master ON light (LT1).
120 VAC to
Master THC PCB (PCB9),
Master uP board (PCB7)

120VAC to:
Slave Isolation PCB ,
Slave uP board
(PCB?).

24VAC to:
Slave ON light (LT1)

I

All STATUS LEDs on Master Interlock
Display Board (PCBS5) are lit:
System initialization is now complete.
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INITIAL CHECKS

Before tracking down specific problems, it is good practice to do a visual check,
and verify proper voltages are present at the power source, transformer(s) and power
distribution board(s). The following is applicable for both the Master and Slave units.

1. Disconnect line power by turning main disconnect switch off.

2. Using a Phillips head screwdriver, remove top plate, two side plates, front plate, and
rear plate of power unit(s).

3. Inspect interior of power unit(s) for discoloration on pc boards, or other apparent
damage. If a component or module is obviously defective upon visual inspection,
remove and replace it before doing any testing. Refer to the Parts List section to
identify parts and part numbers.

4. If no damage is apparent, plug in the power supply unit(s), and apply power by
turning on the main disconnect switch.

5. Measure the voltage at TB1 between L1, L2 and L3. Referto Figure 3-1 for detail of
TB1. The voltage between any two of the three points at TB1 should be equal to
your supply voltage (200, 220, 240, 380, 415, 480, or 600VAC). If there is a problem
at this point, disconnect main power and check connections, power cable, and fuses
or circuit breaker at main power disconnect box. Repair and/or replace defective
component(s) if necessary.
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Figure 3-1 Primary Power Measurement Location - HT4100 Master & Slave
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Figure 3-2 Power Distribution Board PCB1

6. Measure voltage at power distribution board PCB1. Refer to Figure 3-2 for detail
of PCB1. Look on the board for fuses F1, F2, and F3. Measurements between
each fuse and chassis ground should be as follows:

Fi: 24VAC
F2: 120VAC
F3: 240VAC

If voltages are not present, or incorrect at one or more of these points, disconnect
power and troubleshoot PCB1 fuses and associated pins, connectors and wiring
between power distribution board connector REC1 and transformer secondary T1.

Also, check main power fuses F1, and F2 and associated wiring and
connections between T1, CON1, and L1 and L2 (including linkboard if applicable).

Repair and/or replace defective component(s) if necessary.
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TROUBLESHOOTING

The troubleshooting section is presented by following normal operational sequence.

Before troubleshooting for specific problems, be sure that unit passes Initial Checks
as outlined earlier in this section.

Problem

1. The green POWER ON
pushbutton switch PB1 is
pressed, but the fans are
not operating and the green
POWER ON indicator does
not light.

2. The green POWER ON
pushbutton switch PB1 is
pressed, the POWER ON
indicator lights, but the fans
are not running.

Possible Causes and Solutions

1.1. The green POWER ON (1) PB1 pushbutton is defective.
Check that switch is operating correctly, and that good
contact is being made. The POWER ON switch is normally
open.

1.2. The red POWER OFF (0) PB2 pushbutton is defective.
Check that switch is operating correctly, and that good
contact is being made. The POWER OFF switch is normally
closed.

1.3. Associated wiring not making good contact.
Check wiring and repair or replace, if necessary.

2.1. CR2 on the Master power distribution board (PCB1) is
defective.

Check that CR2 switches when POWER ON pushbutton is
pressed. See Figure 3-2 for location of CR2. If CR2 is
defective, unsolder CR2 and replace.

2.2. Terminal lugs located at the fans (see Figure 4-1 for
location of fans) are not seated together securely and/or

" not getting 120VAC from power distribution board.

»  Check pins, connectors and associated wiring for
good continuity.

3-10
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Problem Possible Causes and Solutions
* Check for 120VAC at the terminals.

2.3. PL2 and REC2 on power distribution board (see Figure
3-2 for location of REC2) are not seated together well.
Check pins, connectors and associated wiring for good
continuity. Repair or replace, if necessary.

3. The green POWER ON 3.1. Pushbutton PB1 was not held down long enough.
pushbutton switch PB1 is Press and hold PB1 for a minimum of five seconds.
pressed, the fans are
operating, but the green 3.2. Relay CR1 on the Master power distribution board
POWER ON indicator does (PCB1) is defective.
not light. Check that CR1 switches when POWER ON pushbutton is

pressed. See Figure 3-2 for location of CR1. f CR1 s
defective, unsolder CR1 and replace.

3.3. One or more of the green STATUS LEDs does not light,
indicating a fault condition.

Release PB1 and observe that all the STATUS LEDs go out.
Press and hold PB1 again to observe which indicators are
not lit. The LEDs are connected in series, so the topmost
LED that is not lit is the first problem that must be corrected.
To troubleshoot STATUS fault conditions, see Status LED
Troubleshooting later in this section.

4, The green POWER ON 4.1. There is no spark between the spark gap electrodes.
indicator Is lit, the START (Spark gap assembly is located in the HF console)
command is given and red Clean (with emery cloth), align, and/or regap (.020" per gap)
DC ON indicator is lit, but the electrodes, if necessary. Ensure that the electrode
there is no high frequency surfaces between the gaps are flat. If surfaces are rounded,
and no pilot arc. replace and regap.

» Visually inspect the high voltage transformer T1 in the
HF console for leaking oil or overheating. See
Figure 4-15 for location of T1. Replace T1 if leaking or
overheating.

» Check for 120VAC at T1 after START command
is given. Note that door interlock switches S1 and S2
have to be closed in order to pass the START sequence.
Switches will close in both IN position, and if pulled OUT.

HT4100 Instruction Manual: Maintenance 3-11
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Problem

5. The green POWER ON
indicator Is Iit, the torch
START command Is given
and the red DC ON
indicator lights, and there
is high frequency, but
there is no pliot arc.

Possible Causes and Solutions

+ lfthere is no 120VAC at T1, use wiring diagrams and
check pins, connectors and associated wiring from T1 to
Master control board PCB7. If connections are O.K.,
there may be a problem with control PCB?7.

* Ifthere js 120VAC at T1, shut down system and
remove capacitors C7A and C7B in HF console. Restart
system and see if a faint spark is now observed across
the gaps.

« If aspark is not observed at the gaps, replace T1.
If there s a spark, shut down system, and replace
capacitors C7A and C7B. (Always replace the
capacitors in pairs).

4.2. There is no high frequency at the torch.

Check for a shorted torch, a damaged pilot arc lead, or loose
lead connections. Replace the torch or pilot arc lead or
tighten the lead connections.

5.1. Pilot arc relay CR1 is not closing (not getting 120VAC
from Master control PCB?7).

See if the CR1 relay contacts close after the START
command is given. (See Figure 4-3 for location of CR1) If
CR1 does pot close:

*  With an AC voltmeter across the relay, see
if 120VAC is coming from PCB7 after START
command is given.

* Ifthere is no 120VAC, check connectors, terminals,
pins, and associated wiring to PCB7.

+ I wiring is O.K., there may be a problem with PCB7.
5.2. Pilot arc relay CR1 is defective.

If there js 120VAC across the relay (see above steps), and
CR1 does not close, replace CR1.

5.3. Main contactor (CON1) or PCB?7 is defective.

*  With an AC voltmeter, see if contactor CON1 is

getting 120VAC after START command is given.
(See Figure 4-6 for location of CON1)

3-12
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Problem Possible Causes and Solutions

Iif there is no 120VAC, check pins, connectors and
associated wiring from CON1 to PCB7.

» Ifwiring is O.K., PCB7 may be defective.

= I CONt is getting 120VAC from PCB7 as described
above, measure the voltage between all terminals A1,
B1 and C1 and A2, B2 and C2 of main transformer T2
after the START command is given (See sheet 2 of 15 in
wiring diagrams). The voltage between any two of the
three points should be equal to 200VAC.

If there is no voltage at any of the above points, replace
CON1.

If there is voltage at some but not all of the above points,
check wiring and connections to and from T2. If wiring
checks out OK, return to Initial Checks section and repeat
steps 1-5.

5.4. Choppers are defective or not functioning.
See Chopper Module Test Procedure later in this section to

troubleshoot.
6. The unit stops cutting 6.1. Arc not transferring to workpiece.
during cut, or cuts poorly. Check work cable. Good contact must be made in order for
the arc to transfer to the workpiece. Connect or repair the
work cable.

6.2. There is insufficient air or gas pressure.

Check gas inlet pressure specifications under Cut Charts in
Operation section of HT4100 Operation Manual (#801660).
Check plasma and shield gas pressures in TEST and RUN
modes as specified under Cut Charts in Operation section
of HT4100 Operation Manual (#801660).

6.3. Torch is getting insufficient current.

Check the arc current setting for the type and thickness of
metal you are cutting from the Cut Charts in the Operation
section of HT4100 Operation Manual (#801660).

HT4100 Instruction Manual: Maintenance 3-13
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Problem Possible Causes and Solutions

6.4. The power supply has overheated.

Shut down system and wait for unit to cool down. If unit
will not restart, see Status LED Troubleshooting guide
later in this section.

6.5. Choppers are defective or not functioning.
See Chopper Module Test Procedure later in this
section.
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STATUS LED TROUBLESHOOTING

Be certain that the power supply has been through the Initial Checks as outlined earlier
in this section before troubleshooting STATUS LEDs.

When any one of the STATUS LEDs does not light, there is a fauit condition that must be
corrected in order for the HT4100 power supply to become operational. The LEDs are
connected in series, so the upper-most light that does not light represents the first
condition that must be corrected.

See wiring diagrams 013-1-231 for reference.

Problem

1. Slave Transformer LED not lit:

Slave Transformer
Master Transformer
RHF Interlock
Slave Interlock
Plasma Gas
Spare

Coolant Flow

S SIS
0000000

2. Master Transformer LED not
lit:

Possible Causes and Solutions

1.1. Slave Transformer T2 is overheating.

This LED will light when main Slave transformer (T2) is
operating in a normal temperature range (under 165° C).
Temperature switch TS1 will open and turn off LED when
transformer overheats.

If transformer is not hot, take TS1 connector PL2 apart
and check for continuity. TS1 is normally closed.

Check pins, connectors and associated wiring from TS1
to REC3 of Master PCB1.

If transformer T2 is excessively hot, it needs to cool
down. Leave the fans running, and try restarting the
unit after one hour. If transformer still overheats,
re-check incoming voltage (See Initial Checks earlier
in this section). If incoming voltage is OK, T2 may
need to be replaced.

2.1. Master Transformer T2 is overheating.
This LED will light when the main transformer (T2) is operat-
ing in a normal temperature range (under 165° C). Tem-

" STATUS =———=——\  perature switch TS1 will open and tumn off LED when trans-
former overheats.
l Slave Transformer
i Master Transformer o f r:rarllsfformer is Q:)t hgts, 1ta_ke TS1 cI:;om}ectodr apart and
7 RHF Inferlock check for continuity. is normally closed.
e Slave Interlock +  Check pins, connectors and associated wiring from TS1
2« &3 Plasma Gas to REC3 of PCB1.
—e- Spare |
=g + lIf transformer T2 is excessively hot, it needs to coo
ki) Coolant Fl ’
=2 ant Fiow down. Leave the fans running, and try restarting the
unit after one hour. If transformer still overheats,
re-check incoming voltage (See Initial Checks earlier
HT4100 Instruction Manual: Maintenance 3-15
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Problem

3. RHF Interlock LED not lit:

O Slove Transformer
QO Master Transformer
© RHF Interlock

3 Slave interlock

¢4 Plasma Gas

Spare

0
© coolant Flow

4. Slave Interlock LED not lit:

= STATUS —

l O siave Transformer
l ) Master Transformer

T3 Q) RHF interlock

—o Slave Interlock

- g Plasma Gas

- @ Spare

= @) coolant Flow

Possible Causes and Solutions

in this section). If incoming voltage is OK, T2 may
need to be replaced.

3.1. Door switch S1 and/or S2 in remote HF console

is not closed.
This LED will light when 24VAC is able to complete a path
through S1 and S2 in the HF console. S1 and S2 are
closed when the doors of the HF console are shut.

* Verify continuity between pins 34&35 of the HF cable
on the 1X4 connector end. (See sheet 6 of 15 in wiring
diagrams)

* Verify that S1 and S2 are functioning correctly.

*  Check cable, connectors and associated wiring from
RECS3 of PCB1 to remote HF console.

Repair and/or replace defective component(s), if necessary.

4.1. Slave control PCB7 not on.

This LED will light when 24VAC is able to complete a path to
pins 13&14 of REC4 on Slave PCB7. If PCB7 has not been
powered on, the circuit can not be completed.

*  Verify that pbwer has been applied to Slave PCB7.

If Slave PCB7 is on, go to step 4.2.
If Slave PCB7 is not on:

» Check for 120VAC at pins 7&8 of REC?2 of Slave PCBH.
»  Check for 24VAC at pins 3&4 of REC3 of Slave PCB1.

If there is no 120VAC at pins 7&8 and/or no 24VAC at pins
3&4, trace paths back to Master CR2 "Slave On" (See sheet
8 of 15 in wiring diagrams. See also Fig. 4-6 for location of
CR2.).

If there is no 120VAC or 24VAC at the output of Master CR2,
trace path back to pins 5&6 of REC3 of Master PCB1.
(Master CR2 relay is turned on by 24VAC).

Repair and/or replace defective component(s), if necessary.

4.2. Slave PCB7 defective.
If power has been applied to Slave PCB7, check for 24VAC
between pin 20 of REC3 of Master PCB1 and chassis

3-16
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Problem

5. Plasma GAS LED not lit:

Possible Causes and Solutions

ground. If there is no 24VAC there, check connectors
and associated wiring from REC3 of Master PCB1 to
REC4 of Slave PCB7.

If wiring is OK, Slave PCB7 may need to be replaced.

5.1. Plasma gas pressure too low.
This LED will light when PS1 and PS2 in the gas console
close after sensing plasma gas pressure of at least 80

f STATUS \ psi (5.5 bar).
l Q Slave Transformer * Verify that both N, and O, incoming plasma gas
I Q) Moster Transformer pressures are 120 psi (8.2 bar).
RHF Interlock
E O Siave | :r :’c K * Check for gas leaks or loose gas connections if
ave Interioc pressure is inadequate.
- Plasma Gas
e @ Spare
= @ Coolant Flow 5.2. PS1 and/or PS2 in gas console not functioning.
* Check cable, connectors and wiring from REC3 of
Master PCB1 to pins 14&15 of gas console 3X1
connector.
If wiring is OK, and inlet gas pressure is OK, PS1
and PS2 may need to be replaced.
Repair and/or replace defective component(s), if neces-
sary.
HT4100 Instruction Manual: Maintenance 3-17
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Problem

6. Spare LED not lit:

w
B
3
c
w

I Q Slave Transformer
I O Master Transformer
3 ) RHF Interlock
— O Slave Interlock
>« () Plasma Gas
e @ Spare
= Coolant Flow
.

7. Coolant Flow LED not lit:

VER RIS

©00C0CO

|

Slave Transformer
Master Transformer
RHF Interlock
Slave Interlock
Plasma Gas
Spare

Coolant Fiow

Possible Causes and Solutions

6.1. No jumper between pins 27&28 of REC3 of Master
PCB1.

This LED will light when there is a short circuit between pins
27828 of REC3 of Master PCB1.

*  Verify that there is continuity between pins 27828 of
Master PCB1.

Repair and/or replace defective component(s), if necessary.

7.1. Coolant flow too slow.

This LED will light when flowswitch FS1 in the HF console
closes after sensing a coolant flow of at least 1.25 gpm (4.7
I/m) to the torch.

*  Verify that water chiller is plugged in and is ON.

*  Verify that water supply is connected to water chiller and
is ON.

*  Vefify that there are no leaks from water‘ chiller to HF
console to torch.
7.2. Flow switch FS1 in HF console not functioning.

*  Check cable, and wiring from REC3 of Master PCB1 to
pins 7&8 of HF console 2X1 connector for continuity.

If wiring is OK and inlet coolant flow is OK, FS1 may
need to be replaced.

Repair and/or replace defective component(s), if necessary.

3-18
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CHOPPER MODULE TEST PROCEDURE

This procedure applies to either Master or Slave power supply.
Note: Take voltages with a digital multimeter capable of storing min. and max. readings

1. Turn all power to the HT4100 system OFF.
Disconnect mating receptacles in the HF console to disable the high
frequency transformer T1. See Figure 4-15 for location of T1.
Note: RHF console door must be reshut before attempting to start system.

2. Remove large fuses F3 and F4. Check to see if fuse(s) is (are) open.

3. Place the positive lead to the + side of the bridge and the negative lead to
the - side of the bridge. See Fig. 3-3. Note that actual connection points
are hidden by cap support bracket in Fig. 3-3.

4. Turn power to the HT4100 ON, and start system up. After the START
command has been given, check voltage. The input to the chopper at these
points should be about +280 VDC. If the input is O.K. and corresponding
fuse F3 or F4 was blown, replace the chopper module.

If there is no +280 VDC input, check input to bridge for shorts. Also, check
contactor (CON1), connections and associated wiring to the contactor.
Repair and/or replace defective component(s) if necessary.

5. If voltage from above step is +280 VDC and corresponding fuse is not blown,
check output of CH1 by putting the positive lead of the voltmeter at point
#48A and placing the negative lead on point #39A. (Check output of CH2 by
placing positive lead of voltmeter on point #48B and negative lead on point
#39B.)

6. Turn the system on and press the START command. After the START
command has been given, check the voltage. If the output from each
chopper at these points is +280 VDC, then choppers are OK.

7. It the chopper does not output +280 VDC, check to see if LED1 logic power
light is on. If LED1 is not on, check if 120V is going to JP6. If there is no

HT4100 Instruction Manual: Maintenance 3-19
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120V at JP8, check wiring back to power distribution board. Repair or replace defective
component(s), if necessary.

Also check to see if LED3 is turning green when enabled (normal condition). If LED1 is on
and LED3 is red when enabled (fault condition), then make sure that JP9 is seated
properly. If JP9 is connected, disconnect one side of the thermo switch wire (TS1) and try
again. If voltage comes up and LEDS3 turns green, the unit is either too hot or thermo

switch is shorted. Allow unit to cool and repeat test. If LED3 still turns green, replace
chopper module.

8. If chopper still does not output 280V after completing step 7, there may be a problem with the
control signal or the chopper module.The chopper drive signal comes from the control board

PCB?7 as an analog level from 0 to +8 VDC, which varies the duty cycle and subsequent
output current of the chopper.

To determine if there is a problem with the chopper modules or with control board PCB?,
proceed as follows:

+  Ensure that high frequency is still disabled (see step 1).

« Disconnect PL7 from REC3 on PCB7.

*  Place voltmeter across output of chopper and press the START command.

» I the voltmeter reads +280 VDC, then replace control board PCB7.

«  If the voltmeter réads 0 volts, then replace corresponding chopper module CH1 or CH2.

Bridge (+) -Bridge (-)

+Thermo
Switch

TS1

-LED3

LED1

rJP9

JP6

Figure 3-3 Chopper Module - Front View
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RELAYS ON PCB7

Master uP Control PCB7

The following are the left-to-right physical locations of the Master control board
relays and their function. Microprocessor ports are labeled in each relay. Refer
also to sheet 15 of 15 in Section 5 Wiring Diagrams to reference port

assighments.
4 )
2.0 2.1 22 2.3 2.4 2.6 25
d / / l \ ™

N N TN

Pilot Arc relay HF Xfrmr Plasma Pre/Cut Shield Cut Shield Pre PlasmaPre Main Contactor

CR1 T1 Svs Sv2 Sv3 Sv1 CON1
SV5 SVé6 Sv4
Sv7
3.1 2.7

Arc Transfer Ramp Up

Figure 3-4 Relays on Master uP Control PCB7
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RELAYS ON PCB7 (Cont.)

Slave uP Control PCB7

The following are the left-to-right physical locations of the Slave control board
relays and their function. Microprocessor ports are labeled in each relay. Refer
also to sheet 15 of 15 in Section 5 Wiring Diagrams to reference port

assignments.
4 )
2.0 2.1 2.2 2.3 2.4 2.6 25
/ \

avava \ Vo
Shield OFF N2/02 Interrupt Ramp Error Plasma OFF Spare Main Contactor
Sv10 Svii SV9 CON1

3.1 2.7

] A

| \

Spare P Interlock

N J

Figure 3-5 Relays on Slave uP Control PCB7
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PARTS LIST

INTRODUCTION

In this section is a parts list breakdown with accompanying drawings for the HT4100 plasma

torch system.

The format to list and call out Hypertherm parts is as follows:

Part _
ltem Number D.Q.S.Q[ID.UQII_ Designator Qty,
029320 Chopper SA, 15KW, HT4100 CH1 1
1 001232 Bracket, HT4100 Chopper Module 2
2 004304 Bracket, Cap Mtg. 1
35 041118 PC BD Assy Snubber PCB1 1
009282 Cap: Pol .022uF 10% 250V C1-C6 (onPCB1) 6
009353 MOV, 250V, 40A MOV1-3 3
36 041121 Chop Mod MAX100/80/200 PCB3 1
tem; Refers to item call out on opposing page.
Number (Ex. 1) refers to numbered call out@on opposing page.
Pant
Numbetr:; Refers to Hypertherm part numbers.
Bold part numbers (Ex. 029320) signify parent or subassemblies
that contain additional items.
Normal-style part numbers (Ex. 001232) signify items under parent
or subassembly.
Description: Describes the item.

Bold descriptions not indented (Ex. Chopper SA, 15KW, HT4100)
signify parent assemblies that contain additional items.

Normal-style part numbers that are indented (Ex. Bracket, HT4100
Chopper Module) signify items under parent or subassembly. In this
example, parent is Chopper SA, 15KW, HT4100.

Bold descriptions that are indented (Ei(. PC BD Assy Snubber)
represent subassemblies that are under a parent assembly.

Page 4-2

HT4100 Instruction Manual: Maintenance



PARTS LIST

In this example, parent assembly is Chopper SA, 15KW, HT4100
and subassembly PC BD Assy Shubber contains additional items.

Designator: Represents a.cross reference to wiring diagrams or pneumatic diagrams.
(Ex. CH1 refers to chopper assembly CH1 shown in wiring diagrams)

Note: When referencing components to the wiring diagrams in Section 5,
designations may appear to be repeated. Ex: C1 appears on sheet 2
of 15 in the wiring diagrams in five separate locations. Sections of
the Master power supply on that page are outlined with a dotted box
and a label. Within different sections, the same designation may
appear. Be certain to check the dotted box label when looking for or
cross-referencing HT4100 parts.

Qty.: Refers to the number of items in the parent or subassembly.
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- PARTS LIST

FINDING PART NUMBERS

On the following page is an interconnect diagram with reference numbers to system
components, cabling and hosing. Find the system component reference number in the
diagram, and find the same reference number in the parts list. Components with many
parts (such as the HT4100 Master power supply) are additionally broken down to
major components and subassemblies.

Ex: Refers to(1)in the parts list.

®

HT4100
Master
Power

Supply

Note: Some components common to both the Master and Slave power supplies are
shown and referenced together.

Page 4-4 HT4100 Instruction Manual: Maintenance



uoIo8s siy} Ul

‘wislsAs Q0L LH 9y} ul shed ajeooj 0} apinb e se ‘enoqe
umoys “1d- ainbi4 asn “weibeip »o0|q Siy} uo suoneubisap sjoeldasal pue 2[qeo au) Yyorew jou jim weiberp 320iq Jey) uo suoneubissp sjoejdasas pue
ajqeo ey “A|uo eousisjes Bunssuibue uusyuadAH Joj si fenuetw siy} jo uoioes welbelp Buuim syy ul G| jo | abed uo umoys weibelp 3201q YL 810N

SHI Yyum weibeiq wa)sAg 199Uu00IajU| 00LYLH T1d-b 3inB1d

®  9IA
aj0Way YouMs

pajsi| siequinu Wed o) souassjed ‘018 ‘G (8
soIge) ——— -————— (8 J/A N
spes| yoio} pepjelys A sjowsy ajouwsy
Buisoy A1y _ oomw_m#:_ -weibouid reubig
Buisoy Jo1epm | Jendwo) e
Buisoy seb poiys | aulyoewy mxm\e_ @ &y 2Xg
Buisoy seb ewseld L =il ol Taxt
by ext |2xi [exi
Sm_e___o; 8(qel oM - axd Xt
® ® dwy ooz ®
® Aiddng samog (&)
«4 4210
yolol Jajuno) ool oAeR|S 00LV1H @ QE< 002
[euilL ) ® Addng
_ @ _ amod
SAEA 1O | _WMH oXe ® laise
@ ® wn@ | OOWLH
u’o @2
Lxef Ixef—ex x| ®
D)
weshg
- 00L¥LH Puooes oL (1)
@)
H‘ € HES O) EXL VXE
i ® | [exs ¢_ow_“h_00 vd X1
1BUD | ® S TR
4H

| e]ixe]

4-5

Maintenance

HT4100 Instruction Manual

8-96



PARTS LIST

See Figure 4-2 for detail of control panel

Figure 4-1 HT4100 Master Power Supply - Front Panel
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PARTS LIST

HT4100 Master Power Supply (1) : Front Wall Outside

Part
ltem Number Description Designator Qty,
029860 Enslosure SA, Master 1
1 001233 Panel, HT4100 Front 1
2 027080 Fan 225 CFM 120VAC 50/60Hz M3 1
3 027080 Fan 225 CFM 120VAC 50/60Hz M2 1
4 027079 Fan 450-550 CFM 120VAC 50/60Hz M4 1
5 008509 Bushing 1.75 MTG X 1.37 ID 3
6 008245 Bushing, 7/8™ Hole X 11/16" ID 1
7 027265 Timer DPDT Solid State 5A CR3 1
8 041314 PCB Assy: HT4100 Miprcs PCB?7 1
9 081007 Firmware: HT4100 Master 1
029675 HT4100 THC SA
10 001297 Cov: HT4100 THC Dust 1
11 004338 Hinge - THC Pan, HT4100 2
12 075092 M/S, 10-32 X 1/2, PH, Pan, S/Z2 6
13 075160 Kepnut, 10-32, S/Z 2
14 041290 PCB Assy: HT4100 THC M other PCB9 1
15 041186 PCB Assy: HT4100 Torch Hght Cntrl PCB10 1
16 075078 M/S, 8-32 X 5/8, PH, Pan, S/Z 8
17 075073 M/S, 8-32 X 1/2, PH, Pan, S/Z 4
18 075159 Kepnut, 8-32, S/Z 12
19 003140 Relay:120VAC DP AU Cont CR4 1
001566* Panel:Front Filter 1
001567 Cover:Front Filter Panel 1
027441* Filter:24 X 24 X 2 Fiberglass air 1
* ltems not shown in Figure 4-1
HT4100 Instruction Manual: Maintenance Page 4-7
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Figure 4-2 HT4100 Master Power Supply - Control Panel
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HT4100 Master Power Supply @ : Control Panel

Part

Item Number Description Deslgnator Qty.
029860 Enclosure SA, Master 1
029745 Contr Pnl SA, HT4100 1

1 001398 Pnl: HT4100 Mstr Cont 1

2 005088 Lamp holder 1

3 005168 Bulb, 28VDC, 40 ma LT2 1

4 005091 Lens: Red for 005088 1
041149 PC BD Assy Intlk Dsply 200/1070  PCB5 1

5 008516 Post Header, 8-pin RA MTA-156 1

6 008517 Standoff, .19 OD .12 ID .50 LG 7

7 009399 Diode, Ind LED Gm 7

8 009705 Clip & Retain ring, T1-3/4 LED 7

9 041148 PC BD only Intick Dsply 200/1070 1
029655 Harness SA 1

10 005121 Pushbutton, 2 NO Green lllumin PB1/LT1 1

1 005122 Pushbutton, 2 NC Red Extended PB2 1

HT4100 Instruction Manual: Maintenance Page 4-9
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For detail of HF I/O board,

see page 4-26

Figure 4-3 HT4100 Master Power Supply -- Rear Wall inside
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PARTS LIST

HT4100 Master Power Supply @ : Rear Wall Inside

Part
Item Number Description Designator Qty,

029860 Encl SA HT4100/4000 Master

029655 Harness HT4100 MA Main
1 008073 Terminal Strip (16) TB3 1
2 008079 Terminal Strip (12) TB4 1
3 008201 RCPT Shell: CPC 17-14 Rvs Sex 1X3 1
4 008201 RCPT Shell: CPC 17-14 Rvs Sex 1X6 1
5 008201 RCPT Shell: CPC 17-14 Rvs Sex 1X9 1
6 008208 Receptacle, 23-37, Rev sex 1X2 1
7 008208 Receptacle, 23-37, Rev sex 1X4 1
8 008208 Receptacle, 23-37, Rev sex 1X7 1
9 008210 RCPT Shell: CPC 11-4 Rev Sex 1X8 1
10 008447 Receptacle, 23-37, Std Sex CPC 1X1 1
11 008447 Receptacle, 23-37, Std Sex CPC 1X5 1
12 003021 Relay, 120VAC NO SPST CR1 1
13 009015 Res: 10K Ohm, 10W R5 1
14 009808 Res: 2 Ohm, 50W R4 1
15 009506 Cap: 250pF, 350VDC c1 1
16 008610 Strain relief, 1.5 1D, 1.5NPT 1
17 001400 Pnl:HT4000/4100 MA Rear 1

HT4100 Instruction Manual: Maintenance Page 4-11
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Figure 4-4 HT4100 Master Power Supply -- Rear Wall Outside
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HT4100 Master Power Supply @: Rear Wall Outside

Part
tem  Number Description Designator Qty,
029860 Enclosure SA HT4100 Master 1
1 001400 Pnl: HT4000/4100 MA Rear 1
2 002209 Brkt: Shunt 1
3 007030 Shunt: 600A 100 MV 100% R3 1
HT4100 Instruction Manual: Maintenance Page 4-13
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PARTS LIST

HT4100 Master & Slave Power Supplies @,@ : Base Plate and Components

Part
item Number Description Designator Qty,
1 001229 Base, HT4100 1
2 014111 Transformer 30KW 200V/3PH/50 Hz T2 1
014078 Transformer 30KW 240-480V/3PH/60 Hz T2 1
014088 Transformer 30KW 380-415V/3PH/50 Hz T2 1
014158 Transformer 30KW 440-460V/3PH/50-60 Hz T2 1
014082 Transformer 30KW 600V/3PH/60 Hz T2 1
3 005102 Thermostat, 160°C, 6 Amp TS1 1
029860 Enclosure SA, Master 1
4 014080 Inductor, 4mh 100A L1 1
5 014080 Inductor, 4mh 100A L2 1
029638 Enclosure SA, Slave 1
4 014080 Inductor, 4mh 100A L1 1
5 014080 Inductor, 4mh 100A L2 1
6 075241 M/S, 1/4-20 X1/2,SL, IHW, S/Z 4
7 075199 Fiwshr, 1/2, .632, 1.06, .099, S/Z 4
8 075242 M/S, 1/4-20 X 3/4, SL, IHW, S/Z 1
HT4100 Instruction Manual: Maintenance Page 4-15
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Figure 4-6 HT4100 Master & Slave Power Supplies - Center Wall Right Side
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HT4100 Master & Slave Power Supplies (1), (2) : Center Wall Right Side

Part
item Number Description Designator Qty.
1 001230 Panel, MAX200 Center 1
2 *008551 Fuse, 7.5 Amp, 600V F1 1
2 **008709 Fuse, 20Amp, 500V F1 1
3 *008551 Fuse, 7.5 Amp, 600V F2 1
3 **008709 Fuse, 20Amp, 500V F2 1
4 008301 Fuseholder, 2 Pole, 30 amp 1
5 003092 Contactor, 90A 3 Pole 24VAC CON1 1
6 003093 Switch, aux contactor S2 CONt 1
7 003074 Relay:24VAC 10A DPDT CR2 1
8 075237 M/S, 10-32 X 3/8, PH, TRS, SSB 5
9 075062 M/S, 6-32 X 1/2, SL, Pan, S/Z 2
10 075055 M/S, 6-32 X 5/8, PH, Rnd, S/Z 4
11 075056 M/S, 6-32 X 1, PH, Rnd, S/Z 4
12 075241 M/S, 1/4-20 X 1/2, SL, IHW, S/Z 2
075160 Kepnut, 1/4-20, S/Z2 2
13 075200 Fiwshr, #10, .250, .562, .047, S/Z 2
14 008603 Grommet Strip 18"
029316 Incoming Power TB1 SA, MAX200 TB1 1
15 004290 Rail, 400E TB12/200 TB1 : 1
16 008295 Holder, E/UK Term Block End 1
17 008358 Terminal Block 1
18 008485 Terminal Block 3
19 041147 PC BD Assy Pwr Dist 200/1070 - PCB1 1
20 °029359 Linkboard SA, MAX200 240-480V 1
21 029422 Cont Xf'mer SA 200V ™ 1
029318 Cont Xf'mer SA 240-480V T1 1
029362 Cont Xf'mer SA 380-415V T1 1
029713 Cont Xf'mer SA 440V T 1
029404 Cont Xf'mer SA 600V T 1

*

Used when incoming power is 415V, 440V, 460V, 480V or 600V
** Used when incoming power is 200V, 240V or 380V
° Used when incoming power is 240 or 480V (If applicable)
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Figure 4-7 HT4100 Master & Slave Power Supplies - Center Wall Left Side
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HT4100 Master & Slave Power Supplies @ ; @ : Center Wall Left Side

Part
Item Number Description Designator Qty.
1 001230 Panel, HT4100 Center 1
2 004261 Bar, Lift, MAX100 & 80 1
3 004262 Plate, Lift, MAX100 & 80 1
4 004334 Busbar, HT4100 Shunt 1
5A 007022 Shunt, 100A, 100mv R2 1
5B 007022 Shunt, 100A, 100mv R1 1
6 008316 Fuseholder, 100A 2
7A 008317 Fuse, Semiconductor 125A, 250V F3 1
7B 008317 Fuse, Semiconductor 125A, 250V F4 1
8 075137 Hhdcap, 3/8-16 X 1 1/4, Hex, S/Z 3
9 075166 Hexnut, 3/8-16, S/Z 3
10 075194 Lkwshr, 3/8, Splitlock 3
11 075092 M/S, 10-32 X 1/2, PH, Pan 10
12 075241 M/S, 1/4-20 X 1/2, SL, IHW 4
13 075136 Hhdcap, 3/8-16 X 3/4, Hex, S/Z 3
14 075216 Fiwshr, 5/16 3
15 075192 Lkwshr, 1/4, Splitlock 4
16 008245 Bushing, 7/8" hole X 11/16" ID 2
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Figure 4-8 HT4100 Master & Slave Power Supplies - Front Wall Inside
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HT4100 Master & Slave Power Supplies @ , @ : Front Wall Inside

Part :
ltem  Number  Description Designator Qty.
1 029922 CH130 Chopper SA CH1 1
2 029922 CH130 Chopper SA CH2 1
3 008509 Bushing 1.75 MTG X 1.37 ID 3
HT4100 instruction Manual: Maintenance Page 4-21
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Figure 4-11 HT4100 Master & Slave Power Supplies - High Frequency & /O PCB Assembly
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HT4100 Master & Slave Power Supplies (1) (2): High Frequency and /0 PCB

Part
Item Number Description Designator Qty.

029806 4000/4100 HF & I/O PCB SA 1
1 004313 Spacer, .42ID X .750 X .50 Ig 1
2 041152 Panel, MAX200 Output 1
3 004311 Standoff, MAX200 Anode 2
4 075153 Hexnut, 3/8-16, Finish, Brs 11
5 075156 Hexnut, 1/2-20, Finish/Jam, Brs 1
6 075193 Lkwshr, 5/16, Splitiock 2
7 075194 Lkwshr, 3/8, Spilitlock, Brz 10
8 075217 Fiwshr, 3/8, .390,.875,.063, Brs 5
9 075229 Bolt, 3/8-16 X 1 1/2, FTH, Hex, Brs 1
10 075335 M/S, 8-32 X 1/2, SL, Bin, Nyl 3
11 075347 Bolt, 5/16 X 11/4, Hex, Brz 1
12 075360 Fiwshr, 5/16, .328,.520,.032, Brs 1
13 075361 Fiwshr, 3/8, .394, .625, .032, Brs 2
14 075408 Hhdtap Bolt, 3/8-16 X 2", Hex, Brs 1
15 009356 Coll, A.C.T., 8G THHN T1 1
16 004136 Connector, cathode 1
17 041145 PC BD Assy MAX200 i/0 PCB8 1
18 029202 Current Sensor SA CS1 1
19 075072 M/S, 8-32 X 1/2 6
20 075152 Hexnut, 5/16-18 Finish Brs 2

HT4100 Instruction Manual: Maintenance Page 4-27
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See Figure 4-13 for detail of control panel

Figure 4-12 HT4100 Slave Power Supply -- Front Wall Outside
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HT4100 Slave Power Supply (2) : Front Panel

Pant
ltem Number Description Designator Qty,
029638 Enslosure SA, Slave 1
1 001233 Panel, HT4100 Front 1
2 027080 Fan 225 CFM 120VAC 50/60Hz M3 1
3 027080 Fan 225 CFM 120VAC 50/60Hz M2 1
4 027079 Fan 450-550 CFM 120VAC 50/60Hz M4 1
5 008509 Bushing 1.75 MTG X 1.37 ID 3
6 008245 Bushing, 7/8" Hole X 11/16" ID 1
7 027265 Timer DPDT Solid State 5A CR3 1
8 041315 PCB Assy: HT4100 Slave Cont. PCB7 1
9 081008 Firmware: HT4100 Slave 1
10 075078 M/S, 8-32 X 5/8, PH, Pan, S/Z 8
11 075073 M/S, 8-32 X 1/2, PH, Pan, S/Z 4
12 075159 Kepnut, 8-32, S/Z 12
001566* Panel:Front Filter 1
001567* Cover:Front Filter Panel 1
027441* Filter:24 X 24 X 2 Fiberglass air 1
*  Items not shown in Figure 4-12
HT4100 Instruction Manual: Maintenance Page 4-29
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Figure 4-13 HT4100 Slave Power Supply -- Control Panel
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HT4100 Slave Power Supply @ : Control Panel

Part '
ltem Number Description Designator Qty.,
029638 Enclosure SA, Slave 1
029640 Contr Pnl SA, HT4100 Slave 1
1 001399 Pnl: HT4100 Sive Cont 1
2 005088 Lamp holder 2
3 005168 Bulb, 28VDC, 40 ma LT1 1
4 005168 Bulb, 28VDC, 40 ma LT2 1
5 005091 Lens: Red for 005088 1
6 005089 L.ens: Wht for 005088 1
HT4100 Instruction Manual: Maintenance Page 4-31
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For detail of HF 1/0 board,

see page 4-26

Figure 4-14 HT4100 Slave Power Supply -- Rear Wall Inside
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HT4100 Slave Power Supply @ : Rear Wall Inside

Part
ltem Number Description Designator Qty.
029638 Encl SA HT4100/4000 Slave
1 001401 Pnl:HT4000/4100 Slave Rear 1
029639 Harness SA HT4100/4000 Slave
2 008079 Terminal Strip (12) TB4 1
3 008178 RCPT Shell: CPC 23-24 Std Sex 6X5 1
4 008201 RCPT Shell: CPC 17-14 Rvs Sex 6X6 1
5 008212 Strainrif: 1/2NPT X .197-.354 1
6 041274 PCB Assy Iso-Amp 1
7 008610 Strain relief, 1.5 1D, 1.5NPT 1
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High Frequency Console @ (073077)

Part
ltem Number
073077
1 001403
2 004078
3 005100
4 008082
5 008212
6 008482
7 008643
8 008792
9 015001
10 015012
11 024111
12 024256
13 027014
029641
14 002135
15 004074
16 009224
029833
17 004144
18 009040
19 009214
20 009246
21 009280
22 009795
23 014170
24 009015
25 009249
26 009439
27 009809
28 008615
29 009281
30 009320
009321
31 004061
32 004081
33 004089
34 014004
029734
35 005140
36 015015
37 015510
029735
38 008193
39 008205

Description

HT4100 RHF Console

Encl: HT4100 RHF CSL

Shid Adptr:200/400/500/HD1070
Switch, Door Interlock

Bshg: 1/2 ID X 5/8 Hole

Strainrlf: 1/2NPT X .197-.354

. Strainrlf, .92/1,25 Dia

Locknut, 1/2" NPT
Hole Plug: 3/4 Hole Blk
Adapter, Bulkhead, 1/4 NPTF
Adapter, 1/4 NPT X #6
Hose Assy, #6 X 13"
Hose Assy, #6 X 6-1/2"
Lockwasher, UW 004078 SH Adapt
Neg Bus SA
Pnl: Neg Bus
Blk: 200/400/500 Cath Neg Bus
Cap, Pol .22 uF 1000 WVDC 10%
Hi Freq SA
Bar:009350 Spk Gap Cap Mtg
Filter, AC, 3 Amp 3WI .
Cap: Pol .047uF 1000WV
Cap: Poly-Paper .5uF 2500V
Cap: .002uF 15kV
Diode: 1200V 20A Fast RCW
Inductor: 4MH Start
Resistor: 10K-OHM 10W 5% VIT
Cap: 800UF 350WV +50-10
Brkt:009438 Res Mounting
Resistor: 3-OHM 50W 5% VIT
Term Bd: 1-Term 2-Row
Cap: .022uF 1000WV
Inductor, Hi Freq Coil
Spark Gap Assy
Electd: Spk Gap 1/8 X 1.6

Base:500L/400/200 Spk Gap Porc.

Electd: Spk Gap 1/8 X 2
Transformer; 5000V 30 MA
Fisw Manf: HT4100
Flsw:1.20 GPM SPST 1/4 NPT
Adapter 90, 1/4 NPT X #6
Nipple 1/4 X Cl, Hex
Harn: HT4100 RHF Csl
Rcpt Shell: CPC 17-16 Std Sex
Pin: 18-16 AWG Type I

$1, 82

FL1

C6A,C6B
C7A,C7B
D1,02,D3
L2
R5
c2

R4
TB1
C3,C4,C5

T2
SG1

™

FS1

2X1

3
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Gas Console (4) (073078)

Part
ltem Number Description Designator Qty.
073078 HT4100 Gas Console
1 001335 Encl: HT4000/4100/2000 Gas Csl 1
029742 Front Pnl SA HT4100 Gas Csl 1
2 001405 Pnl:Front Gas Cnsl HT4100 1
3 005042 Tgl Sw: SP MOM ON/OFF/ON S3 1
4 005044 Tgl Sw: SPDT Maint ON/ON S1 1
5 005156 Tgl Sw: SPDT Maint ON/OFF/ON S2 1
6 011053 Flowmeter, 7.8 GPM/44CFH FM3 1
011058* Flowtube/BP-8 Float:0-10 SC Cal. 2% 1
011008* Shield, Plastic, 63S0503M0010 1
6A 011056 Flowmeter, 0.45 GPM/1.9 SCFM FM4 1
011057 Flowtube/BT-8 Float:0-10 SC Cal. 2% 1
011008 Shield, Plastic, 63S0503M0010 1
7 011053 Flowmeter, 7.8 GPM/44CFH FM1 1
7A 011053 Flowmeter, 7.8 GPM/44CFH FM2 1
029736 Meter Valve 1 SA Gas Csl HT4100 1
8 006057 Sol Valve: 150# 1/SFPT 120V 3W sV 1
9 006065 Meter Valve:1/8 FPT .062 Orf MV1 1
10 004117 Cap:Ndl Valve 1
029737 Meter Valve 2 SA Gas Csl HT4100 1
11 006057 Sol Valve: 150# 1/SFPT 120V 3W sv2 1
12 006065 Meter Valve:1/8 FPT .062 Orf MvV2 1
13 004117 Cap:Ndi Valve 1
029738 Meter Valve 3 SA Gas Csl HT4100 1
14 006057 Sol Valve: 150# 1/SFPT 120V 3W SV3 1
15 006065 Meter Valve:1/8 FPT .062 Orf Mv3 1
16 004117 Cap:Ndl Valve 1
029739 Meter Valve 4 SA Gas Csl HT4100 1
17 006057 Sol Valve: 150# 1/SFPT 120V 3W sva 1
18 006065 Meter Valve:1/8 FPT .062 Orf Mv4 1
19 004117 Cap:Ndl Valve 1
029740 Meter Valve 5 SA Gas Csl HT4100 1
20 006057 Sol Valve: 150# 1/SFPT 120V 3W SV5 1
21 006065 Meter Valve:1/8 FPT .062 Orf MV5 1
22 004117 Cap:Ndl Valve 1
029741 Meter Valve 6 SA Gas Csl HT4100 1
23 006057 Sol Valve: 150# 1/SFPT 120V 3W SV6 1
24 006065 Meter Valve:1/8 FPT .062 Orf MV6 1
25 004117 Cap:Ndl Valve 1
029744 Harness: Wire SA Gs Csl HT4100 1
26 008208 Rept Shell: CPC 23-37 Rvs Sex 3x2 1
27 008447 Rept, 23-37, Std Sex 3X1 1
28 029748 MV11 SA: HT4100 Gas Csi 1
29 029749 Oxy In SA :HT4100 Gas Cs! PS2 1
30 029750 N2 In SA: HT4100 Gas Csl PS1 1
* Parts are common to all #011053 flowmeters.
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Motor Valve Console @ (073079)

Part
tem Numbetr Description Designator Qty.

073079 Motor Valve Console, HT4100
1 002221 Encl: HT4100 Mtr Valve Csl 1
2 006057 Sol Valve: 150# 1/8FPT 120V 3W Svs 1
3 006057 Sol Valve: 150# 1/8FPT 120V 3W SV10 1
4 006057 Sol Valve: 150# 1/8FPT 120V 3W Sv7 1
5 006063 Mtr Valve: Elec 1/8FPT .125 orf MvV7 1
6 015050 Adapter, Bulkhead, 1/8 X 1-1/2 6
7 015116 Adapter, 1/8 NPT X Oxy ‘A’ 3
8 015210 Adapter, 1/8 NPT X Acet 'A"-LH 3
9 015611 Connector Male 1/4 Tube X 1/8 4
10 015612 Elbow, Male 1/4 Tube X 1/8 NPT 6
11 029760 Harn: HT4100 Mtr Valve Csl 1
12 008210 Rept Shell: CPC 11-4 Rvs Sex 4X2 1
13 008447 Receptacle, 23-37, Std Sex CPC 4x1 1

029763 Wire GP: HT4100 Mtr Vaive Csl 1
14 008176 Pin: 24-20 AWG Type Il + CRP
15 008186 Skt: 24-20 AWG Type Il + CRP 3
16 - 002222 Pnl: HT4100 Mtr Valve Csl 1
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Remote V/C (6) : Digital (DR) Control Station (055003)

g

DN WN =

11
12

13
14
15

16

17
18
19
20

21
22

Part

Number

055003
002107
002106
002119
004119
008069
008165
008164
014012
002118
001133
001131
001137
001138
029068
009336
008175
008176
074016
074038
074041
074067
041070
008097
041075
004116
042059
009274
008097
008098
041076
041077

Description

Control Station, Digital V/C (DR)

Cov: DR/PR V/C Top
Cov: DR/PR V/C Bottom
Panel, Rear, DR V/C
Bracket, Mtg, DR/PR V/C
Fuse, 3/8 Amp 313, 375
Fuseholder, REM V/C
Knob
Transf'mer, DR/PR/SR V/C
Encl, Assy DR V/C
Pl: HT400 DR V/C MDL FR
Fig: HT400 DR/PR V/C MDL Fr
FR: HT400 DR/PR/ST V/C MdI LS
FR: HT400 DR/PR/ST V/C Md! RS
Filter PNL-PCB SA DR/SR V/C
Potentiometer, 500 Ohm 10 turn
Receptacle, Shell Size 13-9
Pin, 20-24 AWG Type lll+
Term 22-18 .250 FEM QC Insul
Term 22-18 FEM QC Insul
Term 22-18 #6 Ring Uninsul
Term 22-18 .25 MAL QC Insul
PC BD Assy Opto-lso
Terminal, PC HHS 2022C
PC BD Assy Dig/Sta DR/SR V/C
‘Heatsink, DR/PR SR V/C
IC, LM340AK-5.0
Capacitor, 2600 UF 15VDC
Terminal, PC HHS 2022C
Terminal, PC CAM
PC BD Assy Rem Volt Disp
PC BD Assy Rem Curr Disp
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Remote V/C (6) : Switch Remote (SR) Control Station (073053)

tem

WN =

A

14
15

17
18
19
20
21

22
23
24
25

Part
Number

073053
002107
002125
004123
029302
009336
041070
008097
041187
004116
042059
009274
041076
041077
008175
008176
074016
074038
074041
074067
002179
001243
001141
001137
001138
005044
005082
005083
008164
029304
008185
008186
008193
008176
074016
074027
074038
074041
074053
074067
029301
002176
008069
008165
014012
003096

Description

Control Station, SW Rem V/C

Cov: DR/PR V/C Top
Cov: SR V/C Bot
Bracket, Mtg, SR V/C HT400
Filter PNL-PCB SA DR/SR V/C
Potentiometer, 500 Ohm 10 Turn
PC BD Assy Opto-iso HT400
Terminal, PC HHS 2022C

PC BD Assy Dig/Sta V/C MAX200
Heatsink, DR/PR SR V/C HT400

IC, LM340AK-5.0
Capacitor, 2600 UF 15VDC
PC BD Assy Rem Volt Disp
PC BD Assy Rem Curr Disp
Receptacle, Shell 13-9 Size
Pin, 20-24 AWG Type lll+
Term 22-18 .250 FEM QC Insul
Term 22-18 FEM QC Insul
Term 22-18 #6 Ring Uninsul
Term 22-18 .25 MAL QC Insul
Encl:MAX200 SR V/C
Pl: MAX200 SR Fr
Fig: HT400 SR V/C Mdi Fr
FR: HT400 DR/PR/ST V/C MdI LS
FR: HT400 DR/PR/ST V/C Mdl RS
Switch, Tog 1Pi Maint On/On
Switch, PB, Green, Full Guard
Switch, PB, Red, Mushroom Head
Knob
Harness, SA MAX200, SR V/C
Plug, Shell 13-9 Size
Socket, 20-24 AWG Type I+
Receptacle, Shell 17-16 Size
Pin, 20-24 AWG Type lil+
Term, 22-18 .250 FEM QC Insul
Term, 22-16 #6 LCK Fork Insul
Term, 22-18 FEM QC Insul
Term 22-18 #6 Ring Uninsul
Term 22-18 FEM QC Inusl
Term 22-18 .25 MAL QC Insul
Rear Panel SA, MAX200
Pni: MAX200 SR V/C Rear
Fuse, 3/8 Amp 313, 375
Fuseholder, Rem V/C HT400
Transf'mer, DR/PR/SR V/C HT400

Relay: 24VAC DPDT Bifurcated Cont

3
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Figure 4-19 Remote V/C - Programmable (PR) Control Station
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Remote V/C @ : Programmable (PR) Control Station (055004)

NOOThA WN =

10
11

12
13
14

15

16
17
18
19

20
21

Part
Number

055004
002107
002106
002123
008069
008165
014012
004119
002122
001139
001131
001137
001138
029089
008175
008176
008193
074016
074038
074041
074067
041070
008097
041085
004116
009274
042059
008097
008098
041076
041077

Description

Control, Programmable V/C

Cov: DR/PR V/C Top
Cov: DR/PR V/C Bottom
Panel, Rear, PR V/C
Fuse, 3/8 Amp 313, 375
Fuseholder, REM V/C
Transf'mer, DR/PR/SR V/C
Bracket, Mtg, DR/PR V/C
Encl Assy, PRV/C
PL: HT400 PR V/C MDL FR
Flg: HT400 DR/PR V/C MDL Fr
FR: HT400 DR/PR/ST V/C MdI LS
FR: HT400 DR/PR/ST V/C MdI RS
Filter PNL-PCB SA PR V/C
Receptacle, Shell 13-9 Size
Pin, 20-24 AWG Type lll+
Recp, CPC 17-16 Standard Sex
Term 22-18 .250 FEM QC Insul
Term 22-18 FEM QC Insul
Term 22-18 #6 Ring Uninsul
Term 22-18 .25 MAL QC Insul
PC BD Assy Opto-Iso
Terminal, PC HHS 2022C
PC BD Assy, PRV/C
Heatsink, DR/PR SR V/C
Capacitor, 2600 UF 15VDC
IC, LM340AK-5.0
Terminal, PC HHS 2022C
Terminal, PC CAM
PC BD Assy, Rem Volt Disp
PC BD Assy, Rem Curr Disp
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1
11
12

3

Figure 4-20 IHS Console
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IHS Console (7) (053016)

Rem

OCONOOTLH WN -

— ok -d
N =O

13
14
15
16
17
18

Part

Number

053016
002095
006021
008073
008071
008175
008176
008177
008186
008210
009041
015001
015005
015006
015100
015502
024038
041043
041023
008094

ripti

Control Module, IND IHS, HT400

Encl., Control Module UW-IHS
Valve, SOL 75# 1/4 NPTF
Terminal Strip (16)
Strain Relief, 1/2 X .375-.500
Receptacle, Shell Size 13-9
Pin, 20-24 AWG Type lil+
Grommet, HHS 91107
Socket, 20-24 AWG Type I+
Receptacle, 11-4
Filter, AC, 1 Amp 1B3
Adapter, Bulkhead, 1/4 NPTF
Adapter, 1/4 NPT x #4
Swivel, #4
Adapter, 1/4 NPT x 1/4 Poly
Nipple, 1/4 x CL.
Hose Assy, #4 x 7"
PC BD Assy UW-IHS
Power Source, IHS
Terminal Strip (8)

g
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Figure 4-21 Timer/Counter
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Timer / Counter (073057)

Part
Item Number Description Designator Qty.
073057 HT4000/4100 Cntr-Tmr
1 001068 Encl:DCC/PCC/RCC RVR 1
2 001391 Pnl:DCC RCVR Rear 1
3 001392 Pnl:DCC RCVR Front 1
4 005161 PB Sw:BIk SPST NO Sub-Mini 2
5 008176 Pin:24-20 AWG Type Ill + CRP 4
6 008193 RCPT Shell:CPC 17-16 Std Sex 10X1 1
7 027274 Counter, Self Powered LCD 2
8 027275 Meter, Elapsed Time LCD 1
- 003140 Relay:120VAC DP AU Cont 2

(See HT4000/4100 wiring diagram)
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PARTS LIST
INTERCONNECTING CABLES, LEADS AND HOSES

Part Cable Plug
Number Ref. Description Designations Qty.
028506 @ MPS/SPS Interconnecting Cable Set, 10 Ft. - 1
028734 Lead: HT4100 Master/Slave Interconnect
023501 Cable, I/O 1X5/6X5 1
023502 Cable, Current 1X6/6X6 1
023508 Negative/Positive Cable, 2/0 X 3/8 Lug, 10 Ft. - 2
023509 Ground Strap, 12 AWG X 5/16, 10 Ft. - 1
MPS/HF Console, Negative Cable, 4/0 - 1
023136 Cable, 20 Ft. (6.1 m)
023078 Cable, 25 Ft. (7.6 m)
023101 Cable, 30 Ft. (9.2 m)
023135 Cable, 40 Ft. (12 m)
023079 Cable, 50 Ft. (15 m)
023124 Cable, 75 Ft. (23 m)
023080 Cable, 100 Ft. (30.5 m)
023081 Cable, 150 Ft. (46 m)
023316 Cable, 180 Ft. (55 m)
023188 Cable, 200 Ft. (61 m)
023815 Cable, 250 Ft. (76 m)
023643 Cable, 300 Ft. (92 m)
(11) MPS/HF Console, Pilot Arc Cable
023521 Cable, 50 Ft. (15 m)
023522 Cable, 75 Ft. (23 m)
023523 Cable, 100 Ft. (30.5 m)
023524 Cable, 150 Ft. (46 m)
023525 Cable, 200 Ft. (61 m)
023580 Cable, 300 Ft. (91.5 m)
@ MPS/Ground, Work Cable (+) - 1
023136 Cable, 20 Ft. (6.1 m)
023078 Cable, 25 Ft. (7.6 m)
023101 Cable, 30 Ft. (9.2 m)
023135 Cable, 40 Ft. (12 m)
023079 Cable, 50 Ft. (15 m)
023124 Cable, 75 Ft. (23 m)
023080 Cable, 100 Ft. (30.5 m)
(13) MPS/HF Console, HF Cable 1X4/2X1 1
023503 Cable, 50 Ft. (15 m)
023504 Cable, 75 Ft. (23 m)
023505 Cable, 100 Ft. (30 m)
023506 Cable, 150 Ft. (46 m)
023507 Cable, 200 Ft. (61 m)
023579 Cable, 300 Ft. (91.5 m)
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INTERCONNECTING CABLES, LEADS AND HOSES (Cont.)

Part Cable Plug
Number Ref, Description Designations Qty.
MPS/Gas Console Cable 1X2/3X1 1
023496 Cable, 50 Ft. (15 m)
023497 Cable, 75 Ft. (23 m)
023498 Cable, 100 Ft. (30 m)
023499 Cable, 150 Ft. (46 m)
023500 Cable, 200 Ft. (61 m)
023819 Cable, 300 Ft. (92 m)
@ MPS/Computer Interface Cable 1X6/Cl
023334 Cable, 25 Ft. (7.6 m) 1
023335 Cable, 50 Ft. (15 m)
023336 Cable, 75 Ft. (23 m)
023337 Cable, 100 Ft. (30 m)
023338 Cable, 150 Ft. (46 m)
023339 Cable, 200 Ft. (61 m)
MPS/DR V/C & PR V/C Control Cable 1X2/5X2 1
023346 Cable, 25 Ft. (7.6 m)
023347 Cable, 50 Ft. (15 m)
023348 Cable, 75 Ft. (23 m)
023349 Cable, 100 Ft. (30.5 m)
023350 Cable, 150 Ft. (46 m)
023351 Cable, 200 Ft. (61 m)
023818 Cable, 300 Ft. (92 m)
MPS/SR V/C Control Cable 1X4/5X1 1
023319 Cable, 25 Ft. (7.6 m)
023328 Cable, 50 Ft. (15 m)
023329 Cable, 75 Ft. (23 m)
023330 Cable, 100 Ft. (30.5 m)
023331 Cable, 150 Ft. (46 m)
023332 Cable, 200 Ft. (61 m)
@ PR V/C/Computer Interface Control Cable 5X2/Cl 1
023098 Cable, 10 Ft. (3 m)
023099 Cable, 25 Ft. (7.6 m)
023100 Cable, 50 Ft. (15 m)
HF Con/Torch, Shid Coolant Water/Torch Pwr Lead Set  — 1
028508 Lead Set, 10 Ft. (3 m)
028509 Lead Set, 15 Ft. (4.5 m)
028510 Lead Set, 20 Ft. (6 m)
028511 Lead Set, 25 Ft. (7.6 m)
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INTERCONNECTING CABLES, LEADS AND HOSES (Cont.)

Part Cable Plug
Number Ref. Description Designations Qty.
028512 Lead Set, 30 Ft. (9 m)
028513 Lead Set, 35 Ft. (10.7 m)
028514 Lead Set, 40 Ft. (12 m)
028648 13100 Leads : PAC610 Tch Pwr 40 Ft. (12 m)

HF Con/Water Chiller, Cooling Water Hoses 2
028440 Hose set, 15 Ft (4.6 m)
028441 Hose set, 25 Ft (7.6 m)
028442 Hose set, 50 Ft (15 m)
028443 Hose set, 75 Ft (23 m)
028444 Hose set, 100 Ft (31 m)
028445 Hose set, 150 Ft (46 m)

Supply Hosing

024155 O, to Gas Console, Hose Assy, 3/8 Blu, 50 Ft (15 m) 1
024112 @ N,to Gas Console, Hose Assy, #6, 50 Ft (15 m) 1
029773 @ Valve Cons/Torch SA : i - 1
024261 Lead, Shield Gas, 10 Ft. - 1
024212 Lead, Plasma Gas, 10 Ft. - 1
023804 Cable, Plasma Off, 15 Ft. 4X2/0ff Valve 1
024253 Hose, Off valve to torch - 1
029649 Valve, Plasma Off - 1

@ Valve Cons/Torch SA, MG Beveling Head
029792 13100 Hose SA: PAC610 Torch - 1
024339 13100 Hose SA 12" 1/4 Blu Oxy 'A' #4 - 1
024338 13100 Hose SA 10 Ft. 3/16 Blu Oxy 'A' #4 - 1
023804 13100 Cable: 10 FT. PAC610 Off-Valve 4X2/0ff Valve 1
029774 13100 Off-Valve SA, PAC610 Torch - 1
020747 13100 Bracket: PAC610 Off-Valve Mtg. - 1
006082 Sol Valve:120# 1/8FPT 120V 3W
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INTERCONNECTING CABLES, LEADS AND HOSES (Cont.)

Part
Number

024032
024033
024018
024034
024035
024036
024037
024208
024258

024324
024325
024326
024327
024328
024329
024330
024331
024332

024316
024307
024320
024308
024321
024309
024322
024310
024323
024311

024317
024026
024027
024017
024028
024029

Bef.

&

@

Description

Console to Motor Valve Console

Shield Preflow gas hosing
Hose, 10 Ft. (3 m)
Hose, 15 Ft. (4.6 m)
Hose, 20 Ft. (6.1 m)
Hose, 25 Ft. (7.6 m)
Hose, 30 Ft. (9.2 m)
Hose, 35 Ft. (10.7 m)
Hose, 40 Ft. (12.2 m)
Hose, 45 Ft. (13.7 m)
Hose, 50 Ft. (15 m)

Shield Cut Flow gas hosing

Hose, 10 Ft. (3 m)

Hose, 15 Ft. (4.6 m)
Hose, 20 Ft. (6.1 m)
Hose, 25 Ft. (7.6 m)
Hose, 30 Ft. (9.2 m)
Hose, 35 Ft. (10.7 m)
Hose, 40 Ft. (12.2 m)
Hose, 45 Ft. (13.7 m)
Hose, 50 Ft. (15 m)

Plasma Preflow Gas Hosing
Hose, 5 Ft. (1.5 m)
Hose, 10 Ft. (3 m)
Hose, 15 Ft. (4.6 m)
Hose, 20 Ft. (6.1 m)
Hose, 25 Ft. (7.6 m)
Hose, 30 Ft. (9.2 m)
Hose, 35 Ft. (10.7 m)
Hose, 40 Ft. (12.2 m)
Hose, 45 Ft. (13.7 m)
Hose, 50 Ft. (15.2 m)

Plasma Cut Flow Gas Hosing
Hose, 5Ft. (1.5 m)
Hose, 10 Ft. (3 m)
Hose, 15 Fi. (4.6 m)
Hose, 20 Ft. (6.1 m)
Hose, 25 Ft. (7.6 m)
Hose, 30 Ft. (9.2 m)

Cable Plug
Designations Qty.
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INTERCONNECTING CABLES, LEADS AND HOSES (Cont.)

Part Cable Plug

Number Ref, Description Designations Qty.
Plasma Cut Flow Gas Hosing (cont.) - 1

024030 Hose, 35 Ft. (10.7 m)

024031 Hose, 40 Ft. (12.2 m)

024207 Hose, 45 Ft. (13.7 m)

024340 Hose, 50 Ft. (15.2 m)
@ Cable, Gas Console to Motor Valve Console 3X2,4X1 1

023619 Cable, 5 Ft. (1.5 m)

023646 Cabile, 15 Ft. (4.6 m)

023647 Cable, 20 Ft. (6 m)

023583 Cable, 25 Ft. (7.6 m)

023648 Cable, 30 Ft. (9 m)

023649 Cable, 35 Ft. (10.7 m)

023650 Cable, 40 Ft. (12 m)

023651 Cabile, 45 Ft. (13.7 m)

023584 Cable, 50 Ft. (15.2 m)

Inductive IHS Lead Sets

028244 Lead Set, 25 Ft. - 1
023111 MPS/IHS Control Cable, 25 Ft. P4/P14 1
023115 IHS/Inductor Sensor Assy, Cable, 40 Ft. - 2
024144 IHS/IHS Probe Assy Air Cylinder Hose, 50 Ft. ~ 1
028245 Lead Set, 50 Ft. - 1
023112 ' MPS/IHS Control Cable, 50 Ft. P4/P14 1
023115 IHS/Inductor Sensor Assy, Cable, 40 Ft. - 2
024144 IHS/IHS Probe Assy Air Cylinder Hose, 50 Ft. - 1
028282 Lead Set, 75 Ft. - 1
023155 MPS/IHS Control Cable, 75 Ft. P4/P14 1
023115 IHS/Inductor Sensor Assy, Cable, 40 Ft. - 2
024144 IHS/IHS Probe Assy Air Cylinder Hose, 50 Ft. - 1
028246 Lead Set, 100 Ft. - 1
023113 MPS/IHS Control Cable, 100 Ft. P4/P14 1
023115 IHS/Inductor Sensor Assy, Cable, 40 Ft. - 2
024144 IHS/IHS Probe Assy Air Cylinder Hose, 50 Ft. - 1
028247 Lead Set, 150 Ft. - 1
023114 MPS/IHS Control Cable, 150 Ft. P4/P14 1
023115 IHS/inductor Sensor Assy, Cable, 40 Ft. - 2
024144 IHS/IHS Probe Assy Air Cylinder Hose, 50 Ft. - 1
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INTERCONNECTING CABLES, LEADS AND HOSES (Cont.)

Part Cable Plug
Number Ref. Description Designations Oty.

Inductive IHS Lead Sets (cont.)

028356 Lead Set, 200 Ft. - 1
023284 MPS/IHS Control Cable, 200 Ft. P4/P14 1
023115 IHS/Inductor Sensor Assy Cable, 40 Ft. - 2
024144 IHS/IHS Probe Assy Air Cylinder Hose, 50 Ft. - 1
005074 Inductive Probe Assy Cable - 2
023514 Timer/Counter cable, 10 Ft. (3 m) 10X1 1
023697 Timer/Counter cable, 25 Ft. (7.6 m)
023698 Timer/Counter cable, 50 Ft. (15 m)
023699 Timer/Counter cable, 75 Ft. (28 m)
023700 Timer/Counter cable, 100 Ft. (31 m)
023701 TIimer/Counter cable, 150 Ft. (46 m)

(31) Hold Cable, MPS to MPS - 1
023340 Cable, 15 Ft. (4.6 m) -
023341 Cable, 25 Ft. (7.6 m) -
023342 Cable, 50 Ft. (15 m) -
023343 Cable, 100 Ft. (31 m) -
023344 Cable, 150 Ft. (46 m) -

@ Refer to Water Chiller instruction manual #802410
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Figure 4-22 PAC610 Machine Torch Assembly
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PAC610 MACHINE TORCH ASSEMBLY @

PAC610 Machine Torch Assembly

Part
Number Description Qty.
028601 Oxy-Dry Torch Assy, PAC610
020749 Sleeve, PAC610 Tch 1
120103 Cap, Nozzle Retaining 1
120096 Nozzle, 260A Oxy-Dry 1
120108 Swirl Ring, PAC610 Oxy-Dry 1
020721 Electrode, PAC610 Oxy-Dry 1
120107 Torch Main Body 1
044028 "0O" Ring, Buna 2
120025 Water Tube 1
HT4100 Torch Mounting Bracket
Part
Number Description
020046 Bracket, Torch Mounting
PAC610 Consumable Parts Kit
Part
Number Description Qty.
028554 PAC610 Spare Parts Kit
001067 Box, Gray Plastic 1
004663 Nozzle Wrench:120096 Nozzle 1
120103 Cap, Nozzle Retaining 1
120096 Nozzle, 260A , .099, 02 10
120108 Swirl Ring, PAC610 6
020721 Electrode, PAC610, O2 10
025028 O-Ring Kit 1
027001 Socket Wrench, Electrode 1
027012 Lubricant, Silicon 1
027347 Tool: Water Tube Removal 1
PAC610 Counterclockwise Consumable Parts
Part
Number Description
120116 Nozzle:PAC610 260A CCW Oxy-Dry
120115 Swirl Ring:PAC610 CCW Oxy-Dry
HT4100 Instruction Manual: Maintenance Page 4-55
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Figure 4-23 MG Beveling Head PAC610 Machine Torch Assembly

Page 4-56 HT4100 Instruction Manual: Maintenance

6-96



PARTS LIST
MG BEVELING HEAD PAC610 MACHINE TORCH ASSEMBLY  (33)

MG Beveling Head PAC610 Machine Torch Assembly

Part
item Number Description Qty,
028693 13100 PAC610 Oxy-Dry Torch w/valve 1
029792 13100 Hose SA:PAC610 Tch Gas 1
1 024032 Hose Assy 1/4 Red AC'A’' X 10° 1
2 024338 13100 Hose 3/16 Blu O2 A/#4 10’ 1
3 023804 13100 Cable:PAC610 Off-Valve B
029774 13100 Off-valve SA:PAC610 Tch 1
4 006082 Sol Valve:120# 1/8 FPT 120V 3W 1
5 020747 13100 Brkt:PAC610 Off-Viv Mtg 1
6 015243 Adptri/8NPT X #4 Male 90 STL 2
7 024339 13100 Hose: 1/4 Blu 02 'A’ /#4 12" 1
028603 13100 Oxy-Dry Torch Assy, PAC610
8 020717 13100 Sleeve, PAC610 Hiprcn Posn 1
9 120107 Torch Main Body 1
10 044028 "O" Ring, Buna 2
11 120103 Cap, Nozzle Retaining 1
12 120096 Nozzle, 260A Oxy-Dry 1
13 120108 Swirl Ring, PAC610 Oxy-Dry 1
14 020721 Electrode, PAC610 Oxy-Dry 1
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LEAD PACKAGES

HT4100 Power Supply to Remote HF Console - Cables

Part Number Length
028639 50 ft (15 m)
028640 75 ft (23 m)
028641 100 ft (31 m)
028642 150 ft (46 m)
028643 200 ft (62 m)
028644 300 ft (93 m)

Gas Console to Motor Valve Console - Hoses

Part Number Length
028675 15 ft (4.6 m)
028676 20 ft (6.1 m)
028677 25t (76 m)
028678 30 ft (9.2 m)
028679 35 #t (10.7 m)
028680 40 ft (12.2 m)
028681 45 1t (13.7 m)
028682 50 ft (15.2 m)
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RECOMMENDED SPARE PARTS

Power Supplies
Page (Ref)
Showing
Part Number Description Designation Qty. ltem
005121 Pushbutton: 2 NO Green Illumin PB1/LT1 2 4-9
005122 Pushbutton: 2 NC Red Extended PB2 2 4-9
005168 Bulb: 28VDC, 40ma LT2 2 4-9,4-31
027080 Fan: 225CFM 120VAC 50/60 Hz M2,M3 1 4-7,4-29
027079 Fan: 450-550 CFM 120VAC 50/60 Hz M4 1 4-7,4-29
041314 PCB Assy: HT4100 Master Controller PCB7 1 4-7
041315 PCB Assy: HT4100 Slave Controller PCB7 1 4-29
081007 Firmware: HT4100 Master 2 4-7
081008 Firmware: HT4100 Slave 2 4-29
041290 PCB Assy: HT4100 THC Mother PCB9 1 4-7
041186 PCB Assy: HT4100 THC PCB10 1 4-7
003140 Relay: 120VAC DP CR4 1 4-7
003021 Relay: 120VAC NO SPST CR1 1 4-11
005102 Thermostat: 160°C, 6 Amp TS1 2 4-15
008551 Fuse: 7.5 Amp, 600V F1,F2 4 4-17
008709 Fuse: 20 Amp, 500V F1,F2 4 4-17
003092 Contactor: 90A 3 Pole, 24VAC CON1 1 4-17
003093 Switch: Aux. Contactor S2 CON1 1 4-17
003074 Relay: 24VAC 10A DPDT CR2 1 417
041147 PCB Assy: Power Distribution PCB1 2 4-17
008317 Fuse: Semiconductor 125A, 250V F3,F4 4 4-19
029922 CH130 Chopper SA PCB6 1 4-21
029202 Current Sensor SA CS1 2 4-27
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RECOMMENDED SPARE PARTS (CONT.)

High Frequency Console

Page (Ref)
Showing
Part Number Description Designation Qty. Item
009246 Cap: Poly-Paper .51.F 2500V C6A,C6B 2 4-35
009280 Cap: .002uF 15 15kV C7A,C7B 2 4-35
004061 Electrode:Sprk Gap 1/8 x 1.6 2 4-35
004089 Electrode:Sprk Gap 1/8 x 2 1 4-35
014004 Transformer:5000V 30mA T 1 4-35
005140 Flowswitch:1.20 GPM SPST 1/4 NPT FS1 1 4-35
Gas Console
Part Number Description Designation Qty.
006057 Solenoied Valve: 150# 1/8FPT 120V 3W SV1-6 1 4-37
011056 Flowmeter: 0.45 GPM/1.9SCFM FM4 1 4-37
011007 Float: Tungsten Carbide for 011056 2 4-37
011057 Tube: SK 1/4"-33-G5-2FS for 011056 2 4-37
011053 Flowmeter: 7.8 GPM/44CFH FM1,FM2,FM3 1 4-37
011055 Float: Glass 1/4" Diameter for 011053 1 4-37
011058 Tube: SK 1/4"-33-G5-2FS for 011053 1 4-37
011008 Shield: Plastic, for 011053 or 011056 1 4-37
Motor Valve Console
Part Number Description Designation Qty.
006057 Solenoid Valve: 150# 1/8FPT 120V3W SV8-10 1 4-39
006063 Motor Valve: Electric 1/8FPT .125 Orif. MV7 1 4-39
Page 4-60 HT4100 Instruction Manual: Maintenance
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Section 5 WIRING DIAGRAMS

In this section:

Introduction
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WIRING DIAGRAMS

INTRODUCTION

This section contains the wiring diagrams for the HT4100 system. When tracing a

signal path or referencing with the Parts List or Troubleshooting sections, please be aware
of the following format to assist you in understanding the wiring diagrams' organization:

* Sheet numbers are located in the lower right-hand corner of the HYPERTHERM iitle block.

* Page-to-page referencing is done in the following manner:

SHEET
Source Connection” Source Reference Block Destination Sheet# Destination
Coordinates
SHEET
2-B2 C\
Source Sheet # Source Coordiates Source Reference Block Destination

Connection

Destination and Source Coordinates refer to letters A-D on the Y-axis of each sheet and numbers

1-4 on the X-axis of each sheet. Lining up the coordinates will bring you to the source or destination
blocks (similar to a road map).

Notes: ¢« The block diagram shown on page 1 of 15 in the wiring diagrams is for Hypertherm
engineering reference only. The cable and receptacle designations on that block
diagram will not match the cable and receptacle designations of your system. Do
not attempt to install interconnecting cables using the wiring block diagram. See
the HT4100 instruction manual (801650) for installation instructions.

*  When referencing components to the wiring diagrams, designations may appear to be
repeated. Ex. C1 appears on sheet 2 of 15 in the wiring diagrams in five separate
locations. Sections of the Master power supply on that page are outlined with a dotted
box and a label. Within different sections, the same designation may appear. Be certain
to check the dotted box label when looking for or cross-referencing HT4100 parts.

5-2 HT4100 Instruction Manual: Maintenance
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Section 6 STANDARDS INDEX

In this section:

Standards Index

HT4100 Instruction Manual: Maintenance



STANDARDS INDEX

For further information concerning safety practices to be exercised with plasma arc cutting equip-
ment, please refer to the following publications:

1.

10.

1.

12.

13.

ANSI Standard Z49.1, Safety in Welding and Cutting, obtainable from the American Welding
Society, 550 LeJeune Road, P.O. Box 351020, Miami, FL 33135.

NIOSH, Safety and Health in Arc Welding and Gas Welding and Cutting, obtainable from the
Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402.

OSHA, Safety and Health Standards, 29FR 1910, obtainable from the U.S. Government
Printing Office, Washington, D.C. 20402.

ANSI Standard Z87.1, Safe Practices for Occupation and Educational Eye and Face Protection,

obtainable from the American National Standards Institute, 1430 Broadway, New York, NY
10018.

ANSI Standard Z41.1, Standard for Men's Safety-Toe Footwear, obtainable from the American
National Standards Institute, 1430 Broadway, New York, NY 10018.

ANSI Standard Z49.2, Fire Prevention in the Use of Cutting and Welding Processes, obtainable
from the American National Standards Institute, 1430 Broadway, New York, NY 10018.

AWS Standard A6.0, Welding and Cutting Containers Which Have Held Combustibles, obtain-

able from the American Welding Society, 550 LeJeune Road, P.O. Box 351040, Miami, FL
33135.

NFPA Standard 51, Oxygen — Fuel Gas Systems for Welding and Cutting, obtainable from the
National Fire Protection Association, 470 Atlantic Avenue, Boston, MA 02210.

NFPA Standard 70-1978, National Electrical Code, obtainable from the National Fire Protection
Association, 470 Atlantic Avenue, Boston, MA 02210.

NFPA Standard 51B, Cutting and Welding Processes, obtainable from the National Fire Protec-
tion Association, 470 Atlantic Avenue, Boston, MA 02210.

CGA Pamphlet P-1, Safe Handling of Compressed Gases in Cylinders, obtainable from the
Compressed Gas Association, 1235 Jefferson Davis Highway, Arlington, VA 22202.

CSA Standard W117.2, Code for Safety in Welding and Cutting, obtainable from the Canadian
Standards Association Standard Sales, 178 Rexdale Boulevard, Rexdale, Ontario MOW 1R3,
Canada.

NWSA booklet, Welding Safety Bibliography, obtainable from the National Welding Supply
Association, 1900 Arch Street, Philadelphia, PA 19103.
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14.  American Welding Society Standard AWS F4.1, Recommended Safe Practices for the Prepa-
ration for Welding and Cutting of Containers and Piping That Have Held Hazardous Sub-

stances, obtainable from the American Welding Society, 550 LeJeune Road, P.O. Box 351040,
Miami, FL 33135.

15.  ANSI Standard 788.2, Practices for Respiratory Protection, obtainable from the American
National Standards Institute, 1430 Broadway, New York, NY 10018.

16.  Canadian Electrical Code Part 1, Safety Standards for Electrical Installations, obtainable from

the Canadian Standards Association, 178 Rexdale Boulevard, Rexdale, Ontario, Canada
MOW1R3.
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APPENDIX

IEC SYMBOLS USED
== Direct Current (DC). .
f\J .Alternating current (AC).
f& Plasma cutting torch.
b;{p\ AC input power connection.
@ The terminal for the external protective (earthed) conductor.

1~ [ s .|
(O)- M| A chopper-based power source.

/{:—. Anode (+) work clamp.
H Tempgrature switch.
_>§<._ Pressure switch.
é; Plasma torch in the TEST position (cooling and cutting gas exiting nozzle).
| The power is on,

The power is off.

O
_I:L Volt/amp curve.
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AC

amp

anode

arc
AWG
bar

breaker

cap
capacitor
cathode
consumable
CSA

current

DC
dross

duty cycle

electricity

Ailternating Current. Motion of current alternately in one direction, then the other.
The number of times per second the direction changes (the "frequency") is measured
in hertz.

Amperes. Measurement of the electron flow (the number of electrons per second) in
an electrical circuit.

The "positive" (+) side of a DC power source. Electrons leave the cathode and move
toward the anode; ions move in the opposite direction. Plasma cutting requires the
work and the nozzie to be the anode, and the electrode to be the cathode.

Motion of electricity in a gas.

American Wire Gauge. Defines the diameter of wires.

A unit of pressure equal to one million dynes per square centimeter.

A device which interrupts an electrical current if the current exceeds a preset
amperage setting. Breakers can be returned to their conducting (non-interrupting)
state by some mechanical action, such as flipping a switch.

Nozzle retaining cap. Holds the swirl ring, electrode and nozzle inside the torch.

A device that stores electric energy in the form of voltage.

The "negative" (-) side of a DC power source. (See anode)

Electrode, nozzle, swirl ring and retaining cap.

Canadian Standards Association. A product standards and testing agency.

Movement of electricity, measured in amperes. Current is said to move in a direction
opposite that of electron flow.

Direct Current. Motion of current in one direction only, from anode (+) to cathode (-).
Globs of metal hanging around the kerf, usually on the bottom side.

Percentage of on-time (measured in minutes) in a 10 minute period in which a device
can be operated.

Fundamental property of atoms that atoms can have their electrons pulled away
("ionized") and then the electrons can move about in metals or gases. An atom
missing one or more electrons is called an ion. Both electrons and ions can move
about in gases.
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electrode A part inside the torch connected to the cathode (-) of the power supply. Electrons
come out of the electrode.

ferrule A ring of metal surrounding the end of a cable or wire to strengthen a connection.

fuse A protective device which melts when the current running through it exceeds the
usage rating.

ground An electrical connection buried in the earth to establish a voltage of zero (0) volts.

Hertz (Hz) Measurement of "frequency” of an AC voltage or current in cycles per second.

{EC International Electrotechnical Commission. An international standards organization.

interlock A safety device which must be activated before another device can be activated.

ion An atom which has an excess or shortage of electrons.

P International Protection. An IEC designator, describing the degree of protection an

enclosure offers against entry of objects and water.

1 Rated supply current. The supply current to the power source at a rated cutting
condition (given U,, U, and 1,).

1, Rated output cutting current.

kert Slit made in a workpiece by a cutting torch.

kilowatt Thousand (kilo) watts. Measurement of electrical power.

LED Light Emitting Diode. An electronic indicator lamp.

line As in "line voltage." Utility voltage from a branch circuit (wall outlet).

liters/minute A measure of gas flow.

hozzle Tip of the plasma torch, made from copper, out of which the plasma arc comes. The
nozzle pinches the plasma arc. It is usually an anode (+).

oCcv Open Circuit Voltage. U,. The highest voltage from a electrical power supply. It
occurs when the power supply is on and active but not producing a plasma arc.

pilot arc A plasma arc that attaches to the torch nozzle rather than the work.

plasma An electrically charged gas is said to be "ionized". A cloud of ionized gas together

with its electrons is called "plasma.”
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plasma arc

pressure
psi
quench
regulator
ripple
scfm

single phase

swirl ring

transfer

VAC
vDC

volt

watt

work(piece)

X

Movement of electric current in a plasma (ionized gas). An intensely hot and bright
arc which exists between the cathode (-) (electrode) and the anode (+) (either the
nozzle or the work).

Force per unit area.

Pounds per Square Inch. Measurement of gas pressure.

Put in water to cool.

A mechanical device to control the outlet pressure of a gas supply.

Unwanted variations in current or voltage from an electrical power supply.
Standard cubic feet per minute. A measurement of gas flow.

An alternating current carried by only two wires. In the U.S. the "hot" carries the AC
voltage and the "neutral" is at approximately "ground” voltage. The “ground" wire

carries current only in fault conditions.

An insulating ring that separates the electrode from the nozzle and causes the air
inside the plasma torch to swirl and aid in squeezing the arc.

A pilot arc transfers to the work when the plasma arc leaves the surface of the nozzle
and attaches to the work.

Rated Open Circuit Voltage occuring at the rated input voltage (U,).

Rated Supply Voltage. The supply voltage for which the power source is
constructed. :

Conventional load voltage. The output load voltage at which rated input current (1,),
rated output current (1,) and duty cycle (X) are measured.

Volts Alternating Current.
Volts Direct Current.

Measurement of electrical force required to move an electric current through an
electrical circuit.

Measurement of electrical power. The ability to heat the work equivalent to a current
of one ampere times an electrical force of one volt.

The object to be cut.

Duty cycle at a given U,, U, and I,

HT4100 Instruction Manual: Maintenance g-3



GLOSSARY

g-4 HT4100 Instruction Manual: Maintenance






0L 40 6
l€¢—¢—¢10
4AMOd 00 3AVIS ‘HIS O0L¥1H

¥

ANHSod
)

=

sr

anyuBay
)

I
i
Wy
i
-
11
i In}
[
[
i Ey
i1
Y
1
r
It
el
157
i1
Yt
r¥r1ITT 7
I ]
b4 i
$2aw025]
sl 31
J R S s & 4
009-SI5
08v-0¥2
m_vnﬁ —mm.
[*] =

-SIWICA AddS 40
SHMVIO ONTAIA A0
SI 40 21 13:s 33S AlN







Gl 40 0Ol
1eC—¢—¢10

NOILNGIY1SId ¥3IMOd 3AVIS ‘HOS O0L¥IH

q

ORI

[mE>—7T1

B2d

E
8
8

Adel
N 43804

[

25
N2 o[ o > |3 Ll Lidig | “m
= = @ [N e o
g : N
5F Rl 2 3l 13k Bk gl
] oW el
- P susmo
f LR ] I X EZE. v + + IR RS @e\ W
0 814 1222 G292 €E¥e C 9 HEL 06 9ECE 2E1E 8242 ¥e€2 0261 SIS AU B L ¥
. 203 _[ sa3y

b

FF

)
HEIEIR o

834 vornary ST JaNod

= &
o " 1 1
1
[ _ u j
IIIIII X X X S S X X X P ~
= I o
€9 60 E1¥ £8 2212 29 620E EEVE SESE Ba/2 €2y2 26l_S19 AN L8 ve 2l ] 9
26800 - 105800
Tl (A2 24 22 24 44 44 22048 aa 4 24 A4 22 »ﬁ P! G d
Aa_.l__ul_ sls lsle Lx: o t
A[S 3R (318
<[z |<|a e ———-VA 02
e Sle |%)8 cla p-— =1 —— avA 021
Sl= ! £ ot ot iy il i WA 12
><d¢“| ¥ m__ P o
NI WSV [ 2
20l | f3 Yvi 2 u =
m
g NN £8-6
I 3 Addns WA I E
z |¢ =
m Iz [m
s |5 o
1S HOWIM]
STl A2
LIS A ¥2
wsog ND Jauod

QE]l







Gi 40 L1
1€¢—¢—¢10
g0d 104INOD 4N 3AVIS HOS 00LvIH

3P0pA
o
7
1A 3531
o~
2y Ayddng
w aq 2| v
l“‘llxxos L
SEHETEHE
H
o -l
i wn =33
GIE|E|aIRIR|xIx ule [o)®
oo™ |mjw s aje zlc [=le
2(9|5[3=1co]e EE Bfp s
ol|z|F|Z|coj<|5
€£2800 ]
¢ 3 T¥TY 6w IFTIITT I7 «e....ﬁ
l2€evrc9L86 _mmn::m_mv s5 U
r——lYYYYYYY = _ly Yyy vy yyl¥® ——-
_ _ i T | oo
Foooooo=—— 1 H
[ T 2 B e (€
1 WMLy ] - “ [ Ld] e(q /2N st
T _ N0 WSV, T F | — [r] 4
“ nvh TH “ AN \V L1 Ny
llll K
ey M T L7 | AN Y1 ls| dr—om
1L s vievigl= 0 | 1] 5} o i g1 | o dme—— g
H T yaion ! AN Siewo vl k [2| gg—e——rdnsemr
||||| i T ‘ %)
__-_lﬂEEBuuB&m."lu. fl fl 1.0%| 72 B2 { AN €99 104607 IA T 16 1
“rlhalal&cm.l._. o n e R | 624 1< |8] |
e —3 AT
L 62520 Juv 9 “ s < W) ava
WUNTOAHIL Pueel oo S == [ < | of dprer———  P%PS
L PR ' N T \ -
| ISt ToTE® VA 02
[ ﬁ < VTR sosuas
! < |6 e\ 3%m
A ESE S Yo W bl [T
“ »_f 1 ] S [\37 -
=l
B L @6 E ¥ SO
¥E2800
2asraaqss o0d g

P e— ey

9 g
G 119012341 e.@
m sS04 Ar2
rd
Y
d
L
J¥A 02T NE







Gl 40 ¢l
1€¢—¢—¢10
S9VLIOA 1V A1dS ¥Md “HOS 00LvIH

rec——

“l%ln _|;H\J
_wm_ al “ i
e >
b= P P
r [ | | ———— b=d
I lnt | | _., | “
» | ) ot
{ 1o
! L c I N SR =
1 12 ! ]
T B O R
! | | = | ! “ P
! "n " “ LS“I “ “ | I I
” = ||| e o kil
| rm._.L I | - L_J
| A | [
i g | 0 ! wog |
| Posdans | I soomors |
1 Jauoysn] “ & n 1 | panddns |
4 4 L__J =
JYA 002 04 QIAIM g - WA Obb 304 TIUIA iy
09-0S/002 23 09
i cwmrm M 09/09Y-0%F ) ek M
e €T

|||||||| J
J
<Elg
_.R\._ _.%._ T _.%._

: B N 15
] Bl | R
1 I - -

I 1

“ [ AW In| 1ot :":_
h T MA SI8 [ [ o
e - -1 g

_ “ - “ a _“.Iu " 1 _“ll lfod— = " Eal ml
1

Nt - - -
L e ol o b
H i [ [ [

| rm—.L L_d _lm.hL

m m vuu_-_uwwh " xo“ | | uu_!o“a |
] i panddng “ panddng “ “ «121&“ “
“l L_ <auoysny 1 rl <Jauoysn) 1 X\ i Jawoysn) 1

pRp— L {3 L

JVA 009 d04 T3AIM 3 JVA 08F 04 Q3IIM 3 JIVA SIY a4 Q3N e ¥
09/009-G/S Zpaai 03 M 09/08%-0v2 o B M__ 0G/G1¥-08€-02¢2 onak M
VA DBY
WA ET T o

| Syepep———







Gl 40 €1
1e€C—¢—¢10

IVANING % JWIL 3AYIS/YILSYW :HOS 00L+1H

AOY3g TUSOIJ 2N ‘WATOA BuuRW  FAH

WSTY 20/2K ‘JAA POUACS [IAS A0l PINIS 20 ‘WA Duuaga  EAK
440 PI?MS MAICA POUANS OIAS  aolyng PRNS 20 ‘WA Duuazan 2AN

340 TNST)d FAJOA PIOUAIOS  GAS  sOadd OuSOYd 20 DAIOA Oudaram 1AW

1n]/344 MSTYJ FAICA POUANOS  BAS

03xboN 03 ._s..«uu_u.

I
1
|
]
LT
1
“
1
]
I
1
|
1
|
!
I
I
i
!
I
I
1
1
|
|
)
}
I
1
|
]
|

e ——————— e ——————— e

IN0/3dd PIIMS FAIDA PIU0S  LAS 43)U] 20 \Pyiag dsmssadd 28d
== """ "] 80413dd PYIMS 2N ‘JAIDA POUINS  IAS 1IN N oS arssayy 1S
i | A03MO PIAMS 2N BAIUA PINAOS  CAS 13N} 20 ‘20nvg aunssaud 20d
| pasory Anoudon = 1 | 4013344 DUSDL 2N BAOA POUAKS  FAS 3anp 2N by anssaxg Tod
] | AGl3Id PRMS 20 FADA PUSKSS  EAS
1 uadg KjiudoN = € i ACW3ND PIRMS 20 FAI0A PIOUIOS  2AS Jazop Bunooy Ydoyms Aol 1S4

ooy = 2 BOYdd ST 2T FAOA POLAOS  TAS
| 1} #0)J3Ud 2N YAy 4OV ¥
b — —ohoy 40133N) TuSHYS BAIUA BusaraM LW BOYINO 2N WA MOL ENd
ACW3d POMS 2N DATA Buuaian IAW 80)3aud 20 AN 4O Md
A0 PRMS 2N ‘JATOA Buuaian  GAW aoy3ng 2n g S0 WY
/ A | ettt ] r————- k!
| | | @ “
|
il 1 i Tamotay |
] osue] JHY | I I
| I I |
| H usm.ay Bujooy | 1 a0y |
i +3 & L Addrns | !
S i t
i 1Tt ooy ¢ = ks | Ayddng
I ovamta | e (Ml _ | vamog!
“ “ | apoyoy | 1 ]
1 H I } I ow 1
| T~ pea7 5a o1d n "] t " !
| oud f
i i Iowas Lo _
| |
“ “ U, ] [ a3
[ [
[ |
| |
i 1
poal | 1
| | |
“I.Lxlll ..“ m_omcoun
S04
6As
wsod 0] ProuS m@_
&
\=4
[ ﬂ
. T _ AS 54
OAS AR
Aoyasd PlamMs
€AS
EAN
S|

“aogang prans

1
“
|
i
|
]
[
|
T
1
|
I
1
1
!
]
i
!
__
t
|
|
1

————fr—m e ——————

M ———— 1

H-—— ———

R |

ILYAIdO sszrhen

1

§§
z

U0y apisuy
anssadd Son
aBoioA 20
JWadun] a0
20/2N vustig As
140 P oiAs
440 wustyd 6AS
3n0/add vusold 8AS
ASuINg PIAS 9AS TAS
20aud LS LAS BAS ‘2AS
AC1434g DMSOL PAS TAS
20 uny
JAJSuBA] Idy
3SUIS JAYSUTS) asuag
Kejay vd w1
Jaddoug 2T 1D
3303u0) NOD
13vLs ouseyg 1
P03 2SI
440 Jasod 2ad
N0 Jasod 18d
a2U242Y4
vorun g sapjug

Ayddng uamoyd







Gl 40 vl
1€¢—¢—¢10
WYIOVIQ D1907 “HIS

COL¥1H

OIAS 3AIPA 92 d
440 Plams

o anvs

UAS S8 12d
20/20 vesod

o v

Apay ydnsapy g2 d
o yonsa

dn anos

i S
% o "
)
834 Jasog
voj
A
rd 20 €3d Jasad
voq THY
< i
N a0l
Jaduny
- uummm 2N SA}SUR god Janoy
JYA 021

EVRITN

VA g2t

LAS 3AIOA
—A

8AS 3ATPA wm d
A

/34
on

ﬁJ
SAS 09
L<

EAS S99 ¥e d
801334d PRMS
|?|_ an s
Sy e
g2 d w3 N
s 52 A0jJadd DUSOLY EdD Jayson
dn Ja3soH
——
g g
T
I
i_t |
VA 021
raL J335OH
wHU0J N

43d dn I

&34 i I

v.—Il

n;..._

n
{) A
LNVLS wusT
aAD) Saduny
..o ] S 34
NG 90
T
G B v
B2 e gad e
b JaysoR #d
i

Apoay

WA

O—

I
g3d Jasag  S9NMayq saysoy

ND' 9Av§
§3d Jaaod

JVA e

w>ddw A ¥2

L

HiD 03 O/ INA ¥2
81 433504

w0 524 daduny
4335 8d " gag Janog
N JaySoH

O'Il

wi il

O—t

O—f

uny

O

WA O

4 2HO

[19]
a0
g3d 4arod

YA 021
J31SO}

VA O WA D







Gl 40 Gl
1€¢-¢—¢10
STVNIIS dN" ‘HOS 00LvlIH

dn aAos

dn Jajysop

__l Jndy AULA]) 2 ALY GE 1“
1 Jndy QuJaayD [ uadng e |
| andyng qouaaup Ayng 3as €€ |
“ andyng awaap Jaddowy € "
1 ndyng 3uvdS e
| Aol IN VS re !
“ 3ndynp mis SHI  OE “
| foey N woam p 2
“ andyng A0 pasp 3N 92 M
{ W A2 wymeey g2
| andyng Av2 oy g2 O
" andyng AR oSy ¥e M
| anding Aot Jous3 usog duny €2
| andyng Agzt foay pnasay 72 01
“ andyng A2t 2D/eN wsoy T2 %
| anding Ag2l igeeas 02
i 3ndup sy st T
“ wdyng quesasp SopatA 91 “
I andyy [ I
| ndy w2 vl !
_ 3ndy maws el
| andy] 08 338 21 [
| 3ndy [T S
I @ss 0
“ Jnduy dn duvy aaors 0 _
3ndi anmds 59

" andyng H_ ands 9t “
" andu] aJnds o0 “

anding ajeds  Lg
“ 3ndy aQaduo) Dad  #0 _
| andy) s wsog €0 L
_ ndu asds 2 |
\ anduy EAZC RN VR | S oo s —
i yndu aswds oo |
_Fll v SISO/ 198 1"
nl andu) qUuaagu) g uasang  GE |“ nﬂ
i ndy QUUBWD [ a0 ¥E |
I andyng ouaayp kg 3o et | -—+
| awam guanip w stz | p0 3av |1
| andng " EV RN PR !
[T NG 3N IE _||._|. P ]
- wmS ST 0E | i
| Ao N ) duoy aavs 2 nHHHHHHHHHHH& !
| andarg gz sy oo 92 mu|?l_ H “
| ndng Ar2 .|.”_ w03o0w0) 52 | |
1 ancam Av2 ooy g2 om0 ' !
“ Indyng AR Mg pRMS 2 @ H i
1 3dyna AG21 aoyang pRMS €2 | |
| ndyng Agat e sz NV ! !
| sntang hoarbauy B 12 wwwwwwnmmu |l
| anding AL kg vd 02 LI.H: !
I anduy aadoy sy o b H \.l“
“ andanp qouaapgy BopymvA 91 " 1 |
i andy oy 398 81 u i
b w2 v ! wseal
! andy s el el
1 Jndyy s 21 [ W 11
“ ndiy ITEC T UEel !
H Jndy @23s 01 [ gy |
| andy  auew 3amas oestd [0 >
N paspyoN g0 FTT 2 anaoam s st
| aeding H_ PloH 9B | ONOKIH PR
“ andu) oy o ™

andyng Ropduog DY LT Gl v
" anduy H_ Baduy D 40 I
“ Jndu 1avis ousod  £0 i

3ndu) aoyadd 353 20 o
" 3ndy] aoiang 3saL 1o wlhl|..l_ &=
“ 3ndy a0 _ﬂ\hH_ Josuag juang
FIEWO/00IP 10

W

10u6iS JVAY2







	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

