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! SAFETY

1, CALIFORNIA PROPOSITION 65 WARNINGS 1.

Diesel engine exhaust and some of its constituents
are known to the State of California to cause can-

cer, birth defects, and other reproductive harm.

The engine exhaust from this product contains
chemicals known to the State of California to cause
cancer, birth defects, or other reproductive harm.

The Above For Diesel Engines

The Above For Gasoline Engines

ARC WELDING CAN BE HAZARDOUS. PROTECT YOURSELF AND OTHERS FROM POSSIBLE SERIOUS INJURY OR DEATH.
KEEP CHILDREN AWAY. PACEMAKER WEARERS SHOULD CONSULT WITH THEIR DOCTOR BEFORE OPERATING.

Read and understand the following safety highlights. For additional safety information, it is strongly recommended that you
purchase a copy of “Safety in Welding & Cutting - ANSI Standard Z49.1” from the American Welding Society, P.O. Box
351040, Miami, Florida 33135 or CSA Standard W117.2-1974. A Free copy of “Arc Welding Safety” booklet E205 is available
from the Lincoln Electric Company, 22801 St. Clair Avenue, Cleveland, Ohio 44117-1199.

BE SURE THAT ALL INSTALLATION, OPERATION, MAINTENANCE AND REPAIR PROCEDURES ARE
PERFORMED ONLY BY QUALIFIED INDIVIDUALS.

/'\ FOR ENGINE
/ e \ powered equipment.

1.h. To avoid scalding, do not remove the
radiator pressure cap when the engine is

hot.
1.a. Tum the engine off before troubleshooting and maintenance
work unless the maintenance work requires it to be running.
1.b. Operate engines in open, well-ventilated
a areas or vent the engine exhaust fumes
outdoors.
0 Q @ ELECTRIC AND
= MAGNETIC FIELDS
:?.’
1.c. Do not add the fuel near an open flame s may be daDQEI'OUS

welding arc or when the engine is running.
/I (A Stop the engine and allow it to cool before
/] refueling to prevent spilled fuel from vaporiz-

ing on contact with hot engine parts and

igniting. Do not spill fuel when filling tank. If
fuel is spilled, wipe it up and do not start
engine until fumes have been eliminated. oh

2.a. Electric current flowing through any conductor causes
localized Electric and Magnetic Fields (EMF). Welding
current creates EMF fields around welding cables and
welding machines

. EMF fields may interfere with some pacemakers, and
welders having a pacemaker should consult their physician

1.d. Keep all equipment safety guards, covers and devices in before welding.

position and in good repair.Keep hands, hair, clothing and

tools away from V-belts, gears, fans and all other moving 2.c. Exposure to EMF fields in welding may have other health
parts when starting, operating or repairing equipment. Sfacts Viich At6 oW nEt G,

2.d. All welders should use the following procedures in order to

1.e. In some cases it may be necessary to remove safet s k g S
y y ¥ minimize exposure to EMF fields from the welding circuit:

guards to perform required maintenance. Remove
guards only when necessary and replace them when the
maintenance requiring their removal is complete.
Always use the greatest care when working near moving
parts.

2.d.1. Route the electrode and work cables together - Secure
them with tape when possible.

2.d.2. Never coil the electrode lead around your body.

1.f. Do not put your hands near the engine fan.

e Do not attempt to override the governor or 2.d.3. Do not place your body between the electrode and
idler by pushing on the throttle control rods work cables. If the electrode cable is on your right

while the engine is running. side, the work cable should also be on your right side.

S
2.d.4. Connect the work cable to the workpiece as close as
possible to the area being welded.
1.g. To prevent accidentally starting gasoline engines while 2.d.5. Do not work next to welding power source,

turning the engine or welding generator during maintenance
work, disconnect the spark plug wires, distributor cap or
magneto wire as appropriate.
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i SAFETY :

e ELECTRIC SHOCK can
kill.

3.a. The electrode and work (or ground) circuits
are electrically “hot” when the welder is on.
Do not touch these “hof” parts with your bare
skin or wet clothing. Wear dry, hole-free
gloves to insulate hands.

3.b. Insulate yourself from work and ground using dry insulation.
Make certain the insulation is large enough to cover your full
area of physical contact with work and ground.

In addition to the normal safety precautions, if welding
must be performed under electrically hazardous
conditions (in damp locations or while wearing wet
clothing; on metal structures such as floors, gratings or
scaffolds; when in cramped positions such as sitting,
kneeling or lying, if there is a high risk of unavoidable or
accidental contact with the workpiece or ground) use
the following equipment:

* Semiautomatic DC Constant Voltage (Wire) Welder.

* DC Manual (Stick) Welder.

* AC Welder with Reduced Voltage Control.

3.c. In semiautomatic or automatic wire welding, the electrode,
electrode reel, welding head, nozzle or semiautomatic
welding gun are also electrically “hot”.

3.d. Always be sure the work cable makes a good electrical
connection with the metal being welded. The connection
should be as close as possible to the area being welded.

3.e. Ground the work or metal to be welded to a good electrical
{earth) ground.

3.f. Maintain the electrode holder, work clamp, welding cable and
welding machine in good, safe operating condition. Replace
damaged insulation.

3.9. Never dip the electrode in water for cooling.

3.h. Never simultaneously touch electrically “hot” parts of
electrode holders connected to two welders because voltage
between the two can be the total of the open circuit voltage

of both welders.

3.i. When working above floor level, use a safety belt to protect
yourself from a fall should you get a shock.

3.J. Also see Items 6.c. and 8.

ARC RAYS can burn.

4.a. Use a shield with the proper filter and cover
plates to protect your eyes from sparks and
the rays of the arc when welding or observing
open arc welding. Headshield and filter lens
should conform to ANSI Z87. | standards.

R4

4.b. Use suitable clothing made from durable flame-resistant
material to protect your skin and that of your helpers from
the arc rays.

4.c. Protect other nearby personnel with suitable, non-flammable
screening and/or wam them not to watch the arc nor expose

FUMES AND GASES
can be dangerous.

themselves to the arc rays or to hot spatter or metal.
9

1 0 5.a. Welding may produce fumes and gases

hazardous to health. Avoid breathing these

fumes and gases. When welding, keep

your head out of the fume. Use enough

ventilation and/or exhaust at the arc to keep

fumes and gases away from the breathing zone. When

welding with electrodes which require special

ventilation such as stainless or hard facing (see

instructions on container or MSDS) or on lead or

cadmium plated steel and other metals or coatings

which produce highly toxic fumes, keep exposure as

low as possible and within applicable OSHA PEL and

ACGIH TLV limits using local exhaust or mechanical

ventilation. In confined spaces or in some circum-

stances, outdoors, a respirator may be required.

Additional precautions are also required when welding
on galvanized steel.

5. b. The operation of welding fume control equipment is affected
by various factors including proper use and positioning of
the equipment, maintenance of the equipment and the spe-
cific welding procedure and application involved. Worker
exposure level should be checked upon installation and
periodically thereafter to be certain it is within applicable
OSHA PEL and ACGIH TLV limits.

5.c. Do not weld in locations near chlorinated hydrocarbon vapors
coming from degreasing, cleaning or spraying operations.
The heat and rays of the arc can react with solvent vapors to
form phosgene, a highly toxic gas, and other irritating prod-
ucts.

5.d. Shielding gases used for arc welding can displace air and
cause injury or death. Always use enough ventilation,
especially in confined areas, to insure breathing air is safe.

5.e. Read and understand the manufacturer's instructions for this
equipment and the consumables to be used, including the
material safety data sheet (MSDS) and follow your
employer's safety practices. MSDS forms are available from
your welding distributor or from the manufacturer.

5.1 Also seeitem 1.b.




SAFETY

6.f.

6.l

6.

6.b.

6.d.

6.9.

6.h.

N.7= WELDING and CUTTING
= SPARKS can
cause fire or explosion.

6.a. Remove fire hazards from the welding area.

If this is not possible, cover them to prevent

the welding sparks from starting a fire.

Remember that welding sparks and hot
materials from welding can easily go through small cracks
and openings to adjacent areas. Avoid welding near
hydraulic lines. Have a fire extinguisher readily available.

Where compressed gases are to be used at the job site,
special precautions should be used to prevent hazardous
situations. Refer to “Safety in Welding and Cutting” (ANSI
Standard Z49.1) and the operating information for the
equipment being used.

. When not welding, make certain no part of the electrode

circuit is touching the work or ground. Accidental contact
can cause overheating and create a fire hazard.

Do not heat, cut or weld tanks, drums or containers until the
proper steps have been taken to insure that such procedures
will not cause flammable or toxic vapors from substances
inside. They can cause an explosion even though they have
been “cleaned”. For information, purchase “Recommended
Safe Practices for the Preparation for Welding and Cutting of
Containers and Piping That Have Held Hazardous
Substances”, AWS F4.1 from the American Welding Society
(see address above).

. Vent hollow castings or containers before heating, cutting or

welding. They may explode.

Sparks and spatter are thrown from the welding arc. Wear oil
free protective garments such as leather gloves, heavy shir,
cuffless trousers, high shoes and a cap over your hair. Wear
ear plugs when welding out of position or in confined places.
Always wear safety glasses with side shields when in a
welding area.

Connect the work cable to the work as close to the welding
area as practical. Work cables connected to the building
framework or other locations away from the welding area
increase the possibility of the welding current passing
through lifting chains, crane cables or other alternate cir-
cuits. This can create fire hazards or overheat lifting chains
or cables until they fail.

Also see item 1.c.

Read and follow NFPA 51B “ Standard for Fire Prevention
During Welding, Cutting and Other Hot Work”, available
from NFPA, 1 Batterymarch Park, PO box 9101, Quincy, Ma
022690-9101.

Do not use a welding power source for pipe thawing.

71

7.b.

7.d.

7.9.

CYLINDER may explode
if damaged.

7.a.Use only compressed gas cylinders
containing the correct shielding gas for the
process used and properly operating
regulators designed for the gas and
pressure used. All hoses, fittings, etc. should be suitable for
the application and maintained in good condition.

Always keep cylinders in an upright position securely
chained to an undercarriage or fixed support.

. Cylinders should be located:

* Away from areas where they may be struck or subjected to
physical damage.

* A safe distance from arc welding or cutting operations and
any other source of heat, sparks, or flame.

Never allow the electrode, electrode holder or any other
electrically “hot” parts to touch a cylinder.

. Keep your head and face away from the cylinder valve outlet

when opening the cylinder valve.

Valve protection caps should always be in place and hand
tight except when the cylinder is in use or connected for
use.

Read and follow the instructions on compressed gas
cylinders, associated equipment, and CGA publication P-I,
“Precautions for Safe Handling of Compressed Gases in
Cylinders,” available from the Compressed Gas Association
1235 Jefferson Davis Highway, Arlington, VA 22202.

8.b.

(] FOR ELECTRICALLY
powered equipment.

8.a. Turn off input power using the disconnect
switch at the fuse box before working on
the equipment.

Install equipment in accordance with the U.S. National
Electrical Code, all local codes and the manufacturer's
recommendations.

. Ground the equipment in accordance with the U.S. National

Electrical Code and the manufacturer's recommendations.

Refer to http://www.lincolnelectric.com/safety for additional safety information.
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v SAFETY v

PRECAUTIONS DE SURETE

Pour votre propre protection lire et observer toutes les instructions
et les précautions de slireté specifiques qui parraissent dans ce
manuel aussi bien que les précautions de slreté générales suiv-
antes:

Sireté Pour Soudage A L’Arc
1. Protegez-vous contre la secousse électrique:

a. Les circuits a I'électrode et a la piéce sont sous tension
guand la machine a souder est en marche. Eviter toujours
tout contact entre les parties sous tension et la peau nue
ou les vétements mouillés. Porter des gants secs et sans
trous pour isoler les mains.

b. Faire trés attention de bien s’isoler de la masse quand on
soude dans des endroits humides, ou sur un plancher
metallique ou des grilles metalliques, principalement dans
les positions assis ou couché pour lesquelles une grande
partie du corps peut étre en contact avec la masse.

c. Maintenir le porte-électrode, la pince de masse, le cable
de soudage et la machine a souder en bon et s(r état
defonctionnement.

d.Ne jamais plonger le porte-électrode dans I'eau pour le
refroidir.

e. Ne jamais toucher simultanément les parties sous tension
des porte-électrodes connectés a deux machines a souder
parce que la tension entre les deux pinces peut étre le
total de la tension a vide des deux machines.

f. Si on utilise la machine a souder comme une source de
courant pour soudage semi-automatique, ces precautions
pour le porte-électrode s’applicuent aussi au pistolet de
soudage.

2. Dans le cas de travail au dessus du niveau du sol, se protéger
contre les chutes dans le cas ou on recoit un choc. Ne jamais
enrouler le cable-électrode autour de n'importe quelle partie
du corps.

3. Un coup d’arc peut étre plus sévere qu’un coup de soliel,
donc:

a. Utiliser un bon masque avec un verre filtrant approprié
ainsi qu’un verre blanc afin de se protéger les yeux du ray-
onnement de l'arc et des projections quand on soude ou
quand on regarde l'arc.

b. Porter des vétements convenables afin de protéger la
peau de soudeur et des aides contre le rayonnement de
l'arc.

¢. Protéger l'autre personnel travaillant a proximité au
soudage a l'aide d’écrans appropriés et non-inflammables.

4. Des gouttes de laitier en fusion sont émises de l'arc de
soudage. Se protéger avec des vétements de protection libres
de I'huile, tels que les gants en cuir, chemise épaisse, pan-
talons sans revers, et chaussures montantes.

5. Toujours porter des lunettes de sécurité dans la zone de
soudage. Utiliser des lunettes avec écrans lateraux dans les
zones ol I'on pique le laitier.

6. Eloigner les matériaux inflammables ou les recouvrir afin de
prévenir tout risque d'incendie di aux étincelles.

7. Quand on ne soude pas, poser la pince a une endroit isolé de
la masse. Un court-circuit accidental peut provoquer un
échauffement et un risque d’incendie.

8. S'assurer que la masse est connectée le plus prés possible
de la zone de travail gu'il est pratique de le faire. Si on place
la masse sur la charpente de la construction ou d’autres
endroits éloignés de la zone de travail, on augmente le risque
de voir passer le courant de soudage par les chaines de lev-
age, cables de grue, ou autres circuits. Cela peut provoquer
des risques d'incendie ou d’echauffement des chaines et des
cébles jusqu’a ce qu'ils se rompent.

9. Assurer une ventilation suffisante dans la zone de soudage.
Ceci est particuliérement important pour le soudage de tdles
galvanisées plombées, ou cadmiées ou tout autre metal qui
produit des fumeés toxiques.

10. Ne pas souder en présence de vapeurs de chlore provenant
d'opérations de dégraissage, nettoyage ou pistolage. La
chaleur ou les rayons de l'arc peuvent réagir avec les vapeurs
du solvant pour produire du phosgéne (gas fortement toxique)
ou autres produits irritants.

11. Pour obtenir de plus amples renseignements sur la slreté,
voir le code “Code for safety in welding and cutting” CSA
Standard W 117.2-1974.

PRECAUTIONS DE SURETE POUR
LES MACHINES A SOUDER A
TRANSFORMATEUR ET A
REDRESSEUR

1. Relier a la terre le chassis du poste conformement au code de
I'électricité et aux recommendations du fabricant. Le dispositif
de montage ou la piece a souder doit étre branché a une
bonne mise a la terre.

2. Autant que possible, l'installation et I'entretien du poste seront
effectués par un électricien qualifié.

3. Avant de faires des travaux a I'interieur de poste, la debranch-
er a l'interrupteur a la boite de fusibles.

4. Garder tous les couvercles et dispositifs de sireté a leur
place.
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for selecting a QUALITY product by Lincoln Electric. We want you
I l |ﬁa]1ﬁ ‘1/' lo take pride in operating this Lincoln Electric Company product
Ou eee a5 much pride as we have in bringing this product to you!

CUSTOMER ASSISTANCE POLICY

The business of The Lincoln Electric Company is manutacturing and seling high quality welding equipmen!, consumables, and cutting equipment,
Our challenge ks to meet the needs of our customers and to exceed their expectations, On occasion, purchasers may ask Lincoln  Electric for advice
or information about their use of our products. Wea respond to our customers based on the best information in our possession at that time. Lincoln
Electnic is nod in a position to warrant or guarantee such advice, and assumes no lability. wilh respect to such information or advice. We expressly
disclaim any warranty of any kind. including any warranty of fitness for any customer's particular purpose, with respect to such information or advice.
As a matter of practical consideration, we also cannot assume any responsibdity lor updating or correcting any such information or advice once it has
been given, nor doas the provision of information or advice create, expand or alter any warranty with respect to the sale of our products.

Lincoln Electric is a responsive manufacturer, but the selection and use of specific products sold by Lincoln Electric is solaly within the control of, and
remains the sole responsibility of the customer. Many vanables bevond the contral of Lincoln Electne affect the results oblained in applying these
types of fabrcation methods and sarvice requirements.

Subjact to Change - This information is accurate to the best of our knowledge at the time of printing. Please refer to www lincolnslectric.com for any updated
information

Please Examine Carton and Equipment For Damage Immediately
When this equipment is shipped, title passes to the purchaser upon receipt by the carrier. Consequently, Claims
for material damaged in shipment must be made by the purchaser against the transportation company at the
time the shipment is received.

Please record your equipment identification information below for future reference. This information can be
found on your machine nameplate.

Product

Model Mumber

Code Number or Date Code
Serial Number

Date Purchased
Where Purchased

Whenever you request replacement paris or information on this equipment, always supply the information you
have recorded above. The code number is especially important when identifying the correct replacement parts.

On-Line Product Registration
- Register your machine with Lincoln Electric either via fax or over the Internet.
= For faxing: Complete the form on the back of the warranty statement included in the literature packet
accompanying this machine and fax the form per the instructions printed on it.
* For On-Line Registration: Go to our WEB SITE at www.lincolnelectric.com. Choose “Support” and then
“Register Your Product”. Please complete the form and submit your registration.

Read this Operators Manual completely before attempting to use this equipment. Save this manual and keep
it handy for quick reference. Pay paricular attention to the safety instructions we have provided for your protec-
tion. The level of seriousness to be applied to each is explained below:

A WARNING

This statement appears where the information must be followed exactly to avoid serious personal injury or loss of life.

This statement appears where the information must be followed to avoid minor personal injury or damage to this equipment.
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BASIC INFORMATION

OVERVIEW

The APEX 2100 Orbital Control System is a preci-
sion microprocessor-controller for use with the Gas
Tungsten Arc Welding process (GTAW), also
known as Tungsten Inert Gas (TIG) Welding.

The controller’'s design provides precision control
over a GTAW Orbital Welding process which has
strict parameters that must be maintained to meet
the requirements demanded of power plants, chem-
ical plants, refineries, pharmaceutical manufactur-
ers, wineries, breweries, etc.

This control system is made up of several compo-
nents each providing a specific task to the overall
system. The principle components are: the control-
ler, pendant, weld head, welding power source, wa-
ter cooler, and a system cabinet.

The controller houses: the power board, two motor
control boards and a control board. The power
board is used to power all of the other boards in the
system. One of the motor control boards controls
Rotation and Wire feed motors, and the other con-
trols the AVC and Oscillation motors. The control
board handles all communication from the operator
/ welder, via the pendant assembly, and provides
command and control parameters for the other
boards and components of the system.

The welding power source control functions are lim-
ited to a contract closure to enable the welding out-
put and an analog voltage value from 0 to 10VDC.

The weld head automatically makes corrections to
match the arc voltage set on the pendant, which
keeps the arc length constant.

The controller has an LCD display that gives a mir-
ror image of Pendant’s display.

The pendant assembly is the primary user interface
to the controller. The pendant has Navigation but-
tons and Selection buttons to navigate the menus
displayed on the pendant’s LCD screen, and an
encoder used to adjust the values of all the parame-
ters necessary for proper control of the welding
process.

There are dedicated Control Buttons for Wire Feed,
Travel Direction, and a Start / Stop button which
begins or terminates the welding process.

An Emergency Stop button is located on the top left
hand side of the Pendant which will terminate all
welding applications.

ARC VOLTAGE CONTROL THEORY

Tungsten Inert Gas (TIG) Welding is an arc welding
process that uses a tungsten electrode to produce
the weld. The weld area is protected from atmos-
pheric contamination by a shielding gas, usually an
inert gas such as argon. The constant current
welding power supply produces energy which is
conducted across the arc through a column of high-
ly ionized gas and metal vapors known as plasma.
If the voltage is not kept constant, the heat (or pow-
er) into the piece being welded is not kept constant
which results in inferior welds.

To provide the high quality and consistency re-
quired of automatic TIG Welding, an Arc Voltage
Control (AVC) system is required. The AVC system
in the APEX 2100 provides this required control.

To initiate an arc without High Frequency, a lift arc
process is used. This enables reliable, automated
non-High-Frequency (HF) arc starting on all metals.
The AVC commands the torch to touch the work-
piece and preheat the tungsten. Once the tungsten
is heated, the AVC Control system breaks contact
between the tungsten and the work-piece creating
the arc. This provides a smooth, consistent arc
start, without tungsten inclusion.

Many factors affect the voltage created from a weld-
ing arc. They include:

tungsten to work distance
tungsten shape

welding current level
shielding gas changes
and others

These variables are monitored by the AVC which
checks the voltages at specific times and compares
them to the input weld parameters. The AVC ad-
justs the arc length or the tungsten to work dis-
tance, keeping the Voltage at the optimal level for a
smooth and consistent weld.
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CONTROL COMPONENTS

APEX 2100

The Apex 2100 consists of a control unit and pen-
dant. The control unit contains electronic circuitry
use solid state circuits which provide long, trouble
free operation and is surrounded by a heavy gauge
steel enclosure. The control unit operates on
115/230 VAC, 50/60 Hz commercial power, capable
of drawing up to 5 amps peak current. Input power
is supplied by a Lincoln Power Wave S500.

LCD Display —+—>
On/Off - Emergency
\
> = Stop
O
Arc Light

Indicator —|

&
O
V AVC Fuse
Oscillation Fuseﬂ / D WF1 Fuse
L0 o ey

Travel Fuse — O~ O<€— WF2Fuse

© @

FIGURE 1 — CONTROL UNIT

The controller contains 6 PCBs; the Power Module
board, Control board, Monitor board, Rotation &
Wire board, AVC & Oscillator board, and LCD
board which is mounted on the front panel.

The Control Unit section has three connectors on
the front of the unit for the Pendant Assembly, the
Power Source, and the Weld Head. There is a
power switch on the front panel that lights up when
power is on, a USB port, and a fuse holder mounted
at the rear of the controller for input power protec-
tion, as well as five fuses on the front panel to pro-
tect the motors (see Figure 1 - Control Unit).

The Monitor / Sensor section on the bottom of the
control assembly houses the gas, water and moni-
tors valid arc signals, relaying these signals to the
controller. The gas and water sensors are used to

monitor flow and set alarms or even terminate the
welding process if the flow is out of an acceptable
flow range.

PENDANT ASSEMBLY

The pendant assembly is the primary user interface.
All parameters and features of the controller are
entered or selected from this pendant.

To make changes in parameters or enable or disa-
ble features of the control system, the operator us-
es Navigation buttons, Selection buttons, and an
Encoder to cycle through the different controller
menus to set up for individual welds. The menus
are shown on the LCD Display.

A Start / Stop button and an Emergency Stop but-
ton are incorporated to initiate or terminate the
welding process.

CABINET ASSEMBLY

The cabinet assembly is a broad term used to de-
scribe the housing for the power source, water
cooler, and the control unit.

WELDING POWER SOURCE
The welding power source used in this system is a
Power Wave S500, K2904-1.

WATER COOLER
The water cooler is a Cool Arc 55, K3086-1.

WELD HEAD ASSEMBLY
The weld head used with this system is a T55 Helix,
K52002-1.

At the time of this publication the T55 is our stand-
ard weld head.

PROCESS TIME LINE

The Orbital welding process is complicated with
many items starting and stopping at different times
throughout the welding cycle. To help eliminate any
confusion, a timeline (see Figure 2 — Orbital Pro-
cess Timeline) was developed to assist in the un-
derstanding of this system and its processes.
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OSCILLATOR DESCRIPTION

The Oscillator provides several benefits for welding
in deep groove applications and cover passes. The
oscillator’s primary benefit is to provide consistent
and reliable arc placement preventing heat from
being concentrated in one location. In addition,
weld bead and weld contouring are easily imple-
mented using the oscillation feature.

There are five parameters required to setup and
control the oscillator: Oscillator Center, Oscillation
Width, In Dwell, Out Dwell, and Excursion Speed.

OSCILLATOR WIDTH

Oscillation Width is how wide the torch travels while
oscillating. The controller provides an Oscillator
Width of 1 inch.

It is not possible to set a width greater than the con-
troller allows (1 inch) or greater than the distance
from Center to one of the physical limits. The mini-
mum oscillator width is .015 inch.

OSCILLATOR CENTER

The Oscillator Center is a variable value which al-
lows the operator to set the center point of oscilla-
tion. When Oscillation is off, Oscillator Center acts
as steering allowing the operator to guide the torch
to a precise position.

CENTER/ WIDTH INTERACTION

Center and Width have a direct effect on each oth-
er. In Figure 3 there are three examples of how
Center and Width effect each other. The first image
shows that with 1 inch width of Oscillation the Cen-
ter Position must be set at 0. The second image
shows that with a width of 0.8 of Oscillation the
Center point can vary between 0.1 to -0.1. The final
image shows that with a width of 0.4 Oscillation
center can be anywhere from 0.3 to -0.3.

The larger the width the smaller possible area for
the center position; likewise the closer the Center
position gets to one of the physical limits the small-
er the Width.

Center Effects Width

1" of Total Possible Oscillation
Center Position setat 0

-0.5

0.8" of Total Possible Oscillation
Center Position set at -0.1

0.4” of Total Possible Oscillation
Center Position set at -0.3

5 P - A 0.5 on either i A A 0.4” Maximum Travel . 0.2” Travel distance before
= 03 side of Center i P distance from center 0.3 physical limit.
= Y o2 o S before physical limit. o0z ‘--.
O = - Position - T Center Position
u e 0.1 0.1 § e e 0.1
o — /A setat-0.3
c £ 40 4 e 0 \n - 0 L
S O mmol \ e 0.1 Center Position - 0.1 )
= S0 Center Position - 0.2 V7 setat -0.1 . | ©°
b3 == 03 setat0 =403 - 0.3
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—— 5 - E——. —) )5
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FIGURE 3 — CENTER/WIDTH INTERACTION
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NOTE Care should be taken to ensure
Width adjustment is not set greater
than the actual weld joint opening to
prevent torch and other damage.

IN & OUT DWELL
The primary purpose of In and Out Dwell is to allow
proper heat into the sidewalls of the weld joint.

The Dwell adjustment controls the time at each end
of the oscillation width. The In Dwell controls the
time of the Dwell at the limit near (or toward) the
weld head, whereas the Out Dwell controls the op-
posite limit. This adjustment is in seconds and can
range from O (no time spent on Dwell) to 99.9 se-
conds.

EXCURSION SPEED

Excursion speed, which offers greater control over
the bead shape and heat input into the base mate-
rial, is the transition speed from one side of oscilla-
tion to the other. Excursion Speed is measured in
seconds from 0.1 to 4.

TAPER

Taper allows the operator to gradually increase the
Oscillation Width from the Center position to the
desired Oscillation Width during upslope. Likewise,
during downslope, where the most noticeable
change in the width appearance occurs, the Taper
function reduces the oscillation width over the
downslope time to reduce the weld bead at the end
of the cycle (see Figure 4 — Taper Function). The
taper function is automatically implemented on each
upslope and downslope of the weld cycle.

FIGURE 4 — TAPER FUNCTION

Like amperage downslope, the major benefit to the
arc and the weld joint is to prevent thermal shock to
the base material by reducing the amperage from a
high amperage, to a lower final amperage at the
end of the downslope time.

WELD AMPERAGE MODES
There are two weld amperage modes, Straight Am-
perage and Amperage Pulsing.

STRAIGHT AMPERAGE

The orbital controller can provide a straight DC out-
put amperage to the torch, no pulsing at all. The
Primary Amperage is the only amperage value to
adjust, with the exception of Starting Amperage and
Final Amperage.

In this mode, the controller will command a steady
amperage throughout the welding cycle.

AMPERAGE PULSING

The orbital controller can provide a pulsed amper-
age weld output in two methods, Independent Pulse
and Sync to Oscillation.

Independent pulse

Independent Pulse creates a pulsed amperage out-
put made up of four variables, Primary Amps,
Background Amps, Primary Width and (PPS) Puls-
es per Second (see Figure 5 — Independent Pulse
Waveform).

Primary Width

|4_,|.-

Primary Amps

I . 2

e P —
T T TR

Background Amps

1 Second
In this example, 3 PPS

FIGURE 5 — INDEPENDENT PULSE
WAVEFORM

Primary Amps - sets the amperage level
at the top or at the peak of the pulse.

Background Amps —sets the amperage
level at the bottom of the pulse.

Primary Width - adjusts the percentage of
time that the primary amperage level is
commanded versus the background level.

(PPS) Pulses per Second -controls the
frequency of pulses and is displayed as
PPS Pulses per second. This adjusts the
number of times per second the amperage
is toggled between Primary and Back-
ground Amps. Figure 5 — Independent
Pulse Waveform, illustrates the relation-
ships between these four variables.

Sync to Oscillation
The second pulsed amperage method is achieved




INSTALLATION

by syncing the amperage to the Oscillation. When
Sync to Oscillation is selected the only settings
available to the operator are Primary Amps and
Background Amps. All other parameters of this
pulsing method are controlled by the Oscillator Pa-
rameters.

Excursion
Background Amps
Background Voltage

In Dwell

Primary Amps
Primary Voltage

Out Dwell

Primary Amps
Primary Voltage

FIGURE 6 — SYNC TO OSCILLATION
WAVEFORM

In Sync to Oscillation Mode, the Primary Amps are
commanded while the oscillator is in either In Dwell
or Out Dwell. Background Amps are commanded
during the length of the Excursion Time which is set
by the Excursion Speed (see Figure 6 - Sync to Os-
cillation Waveform). Shows the relationship of this
type of pulse method.

ARC VOLTAGE CONTROL

MODES OF OPERATION

Arc Voltage Control has four modes of operation.
They are: Sampled Continuous, Sampled Primary,
Sampled Background, and Off. Depending on the
customer’s application the operator can configure
the system to weld in any of these modes.

Sampled Continuous

In Sampled Continuous mode of operation, the AVC
maintains the selected voltages during both the
primary and background phases of welding.

Sampled Primary

In Sampled Primary mode of operation, the AVC
maintains the selected voltage only during the pri-
mary phase of welding. During the background
phase of operation no voltage corrections will be
made.

Sampled Background

In Sampled Background mode of operation the AVC
maintains the selected voltage only during the
background phase of welding. During the primary

phase of operation no voltage corrections will be
made.

NOTE Sampled Background is not accessi-
ble when the AVC is welding in Non-
Pulsed Applications.

AVC Off

In AVC Off mode of operation, the AVC will not ad-
just for voltage. This mode can be enabled or disa-
bled at any time. This allows the ability to not react
to specific conditions that may affect the welding
operation.

VOLTAGE ADJUSTEMENT CONTROLS
The AVC continually monitors all voltages and ad-
justs the voltage back into the parameters set by
the operator. Deadband and Sensitivity set when
and how quickly these adjustments occur.

Deadband

The Deadband parameter sets an acceptable win-
dow of error. This is useful in minimizing torch
movement while welding rough material, when us-
ing Argon / Helium gas mixture, and during Pulsed
Amperage applications to minimize overcorrecting
during the transition from Primary to Background
Amps and vice versa. This parameter is measured
in voltage and provides the operator with up to a 1.5
voltage high and low window, or a 3 total volt win-
dow centered at the Primary or Background Voltage
setting.

For example, while welding at 12 volts in a non-
pulsed amperage application, if the Deadband is set
to 1.5 volts, the AVC will not correct for any arc
voltage within a range from 10.5 volts to 13.5 volts.
Likewise, if the Deadband is set to .1 volts, the AVC
will not correct for arc voltage within the range from
11.9to 12.1 volts. Once the arc voltage goes below
or above the selected range, the AVC will begin to
correct for this error and will bring the arc voltage
back into the window (see Figure 7 — Deadband
Example).

————

_____

-
-

‘‘‘‘‘‘

FIGURE 7 — DEADBAND EXAMPLE
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Once the AVC brings the voltage back into the win-
dow, the torch will stop correcting. In the first ex-
ample above, the AVC will stop the torch as soon
as the arc voltage is within the window. It may not
adjust the arc voltage to 12 volts when a 1.5 volt
Deadband value is set.

Sensitivity

The Sensitivity parameter adjusts the speed of cor-
rection. This determines how fast the AVC moves
the torch to get the arc voltage back into the Dead-
band window.

Sensitivity is a percentage parameter. Setting Sen-
sitivity to 100% means that the maximum speed is
used to get back into the Deadband window. Set-
ting sensitivity to 0%, means that no adjustment will
occur to correct for the arc voltage error.

A common range for Sensitivity is 25% to 45%.

WIRE FEED

Wire Feed settings allow the operator to adjust wire
speed. There are two wire feed modes, Sync to
Pulse and Continuous.

Primary Wire Speed controls the wire feed during
dwell times in Sync Mode or in Continuous Mode.

When Sync to Pulse is selected the operator must
set the Background Wire Speed as well as the Pri-
mary Wire Speed.

SYNC TO PULSE

Using Sync to Pulse delivers two different wire
speeds during Independent Pulse Amperage Mode
and Sync to Oscillation Amperage Mode. In Inde-
pendent Pulse Amperage Mode the two speeds are
Primary and Background Amperage Pulse wave-
form. In Sync to Oscillation Amperage Mode the
two speeds are during Dwell and Excursion Times.

When two wire speeds are desired, Sync to Pulse
makes the Wire Feed Settings easy to adjust and
synchronize to the rest of the welding process and
parameters; because the wire speed will be synced
with the correct timing whether Amperage is set to
Independent Pulse or Sync to Oscillation.

Primary Width

) |<-—>I--->=
_Primary Amps

Primary Voltage ey ---,
Primary Wire Speed

Background Amps
Background Voltage
Background Wire Speed

FIGURE 8 — WIRE FEED SYNC TO
PULSE

PRIMARY WIRE SPEED

Primary wire speed is used to control the wire
speed during either a non-pulsed application or to
control the wire speed at the primary amperage por-
tion of the pulsed waveform or during the In and
Out Dwell Times of the Oscillation (see figure 8 —
Wire Speed Sync to Pulse and Figure 9 - Wire
Speed Sync to Oscillation Amps).

Excursion
Background Amps
Background Voltage

In Dwell

Primary Amps.
Primary Voltage
Primary Wire Speed Out Dwell
Primary Amps
Primary Voltage

Primary Wire Speed

FIGURE 9 — WIRE SPEED SYNC TO
OSCILLATION (AMPS)

BACKGROUND WIRE SPEED

Background Wire Speed is used to control the wire
speed during the Background Amperage portion of
the Pulsed Waveform or during the Excursion time
of the Arc Oscillation (see Figure 8 — Wire Speed
Sync to Pulse and Figure 9 — Wire Speed Sync to
Oscillation Amps).

CONTINUOQUS
In Continuous mode the wire speed is constant re-
gardless of Primary or Background Amperage.
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INSTALLATION

TECHNICAL SPECIFICATIONS

Mains Connection

Idle/Running VOLTAGE 50-60 HZ CURRENT DRAW
I 100 VAC
R 100 VAC
I 120 VAC
R 120 VAC
I 220 VAC
R 220 VAC

Fuse Type and Value

Fuse Function Fuse Type
Travel 1A Slow
w1 1A Slow

w2 1A Slow
AVC 1A Slow
0osC 1A Slow

Voltage Value

Output amperage

Amperage Output

Mains 100 V

Mains 120 V

Mains 220-240 V

Operating Range

Temperature Ranges

Storage Range
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Warning! Do not attempt to install cables with

power applied to the unit. Ensure the unit is not
attached to input power and all equipment is Off.

NOTE Verify that all systems are set up ac-

cording to Instructions before power-
ing up the unit.

TRACTOR INSTALLATION

Before operating the Orbital Control System, please
ensure proper installation of tractor (see Helix T55
Operators Manual IM6112).

BASIC INFORMATION

The operator needs to ensure proper installation of
all cables and equipment (see Figure 10 Cable Map
Complete System). It is recommended that the sys-
tem be kept on a level surface and that the wheels
be blocked in place throughout the welding process
and before beginning the installation process.

CABLE ASSEMBLIES

The Orbital Control System comes with cable as-
semblies connected between the cabinet equip-
ment. All external cables will need to be attached
before operation. These instructions will guide the
operator through the set up process for all cables.

Refer to Figure 11 — Cable Map Front for locations
of each step for the cable assembly process on the
front of the control unit. Steps 1 & 2 are completed
before shipping.

To Power Control Urst To Pandant

To Weld MHead

To Work

To Water Cooler

® iO 0|

To Welkding Power Source ( L LB

® >

FIGURE 11 — CABLE MAP FRONT

Warning!!! Rubber Lead Covers are installed for
safety and should never be touched when power is
applied to unit.

1. Lift the protective rubber covers and using
a % inch wrench bolt the two 500 W Power
Cables from the Control Unit Positive and
Negative Leads to the Power Supply
Leads.

a. Connect 35" Cable # S29194 from
Negative to Negative.

b. Connect 36" Cable # S29195 from
Positive to Positive

2. Using an 11/16 inch wrench, connect the
Water Outlet Hose and Water Inlet Hose
from the Control Unit to the Water Cooler
Unit.

a. Attach Water Outlet Hose #
S29190 to the left connector water
outlet on the Control Unit, the
Quick Disconnect end of the cable
hooks into the top, Water Cooler
Input.
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b. Attach Water Inlet Hose # S29189
to the right connector water outlet
on the Control Unit, the Quick Dis-
connect end of the cable hooks into
the bottom, Water Cooler Output.

3. Lift the protective rubber cover and bolt the
Lug end of the Work Cable to the Lead on
the Right side of the Control Unit.

4. Attach all Tractor Assembly cables to the

Control Unit.

a. Lift the protective rubber cover and bolt
the Electrode cable to the Left Lead on
the Control Unit.

b. Connect Water Input and Water Output
Quick Disconnect Hoses, Male to Fe-
male and vice versa.

c. Using an 11/16 inch wrench connect
the gas line to the far right connector.

d. Connect the Control Cable to the Am-
phenol plug.

5. Connect the Pendant Cable from the Pen-
dant to the Control Unit. The cable end
with the protective white sheathing con-
nects to the Pendant.

6. Connect the 27" Power Supply Command
Cable from the Control Unit to the Power

Supply.

Refer to Figure 12 for locations of each step for the
cable assembly process on the back of the cabinet.
Steps 7 & 8 are completed before shipping.

‘Al 1)
A_\ e
;
|
)
{
@
1 ®
7|r\'uP'Jm
@ .
®
!
GasLnen

FIGURE 12 — CABLE MAP BACK

7.

10.

Connect the power cable from the back of
the Control Unit to the supplied plug on the
Power Supply.

Connect the Power Cable from the back of
the Water Cooling Unit to the Power Sup-

ply.

Connect the Gas input to the back of the
Control Unit.

Verify that all safety precautions have been
followed and attach the Power Supply cable
to appropriate Input Power. Refer to Power
Wave S500 Operator’s Manual IM10118.
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OPERATION PENDANT
The pendant has an LCD display and several but-
GENERAL OPERATIONAL tons to quickly access all the parameters. In addi-
DESCRIPTION tion, an encoder allows the operator to easily adjust

The APEX 2100 Orbital Control System is a micro-
processor-controlled system that automatically con-
trols the processes of pre-purge, starting the arc,
travel, wire, Arc Voltage Control (AVC) and Oscilla-
tion from start to ending the cycle.

The operational parameters required to run the

parameters.

Figure 13 — Pendant, shows the features of the
pendant and illustrates the quick access to all weld
parameters.

The Pendant can be broken into 5 sections:

welding process are entered through a small, con- e Display
venient pendant assembly (see Figure 13 — Pen- « Navigation
dant). e Selection
e Encoder
e Control
DISPLAY
/
Emergency Stop /
)
SELECTION I
éf“’ ‘"‘\ oll NAVIGATION
T f[ ' &
ENCODER i i “‘l‘c-.,-f;f‘ T Weld
) fa = <.
=00 — T T——— Amps
CONTROL il —7 | W
1! o Q <
Wirefeed /'H/ : TT—— Volts
On/Off -
( ) Jll nlofl o < Oscillate
Travel — | _ cf a .
(Direction) T (o < Wire
4 — fa < Setup
Start/Stop L\_ 1N o
\ - .
\_ |l se
S | e
N

FIGURE 13 — PENDANT
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Display

The Display Screen is an LCD Screen that shows
the current menu selected by the User. This screen
is mirrored on the Control Assembly.

Navigation

The Navigation Buttons enable the user to switch
between menus on the pendant. The Navigation
Buttons are Weld, Amp, Voltage, Oscillate, Wire &
Setup. Pressing each button once brings up the
selected menu on the display making it possible to
change the parameters using the Encoder, and Se-
lection Buttons.

Selection

The Selection Buttons are variable use buttons,
whose purpose is determined by the menu options
on the Display. Different words or images will be
displayed directly above each of the 5 buttons.
Pressing the button below the desired word or sym-
bol will select the function for that word or symbol.

Encoder

The Encoder knob is used to adjust most welding
parameters, clockwise rotation increases selected
value and counter-clockwise rotation decreases the
value. Height and oscillation control will be
changed using the Encoder. Clockwise will in-
crease height and oscillation or move the weld head
out, counterclockwise rotation will decrease height
and oscillation or move the weld head in towards
the tractor.

Control
There are four control buttons and they are:

Wire (On/Off)
Travel (Direction)
Start/Stop
E-Stop

Selection Images

The selection buttons will display words, images or
arrows which allow the operator to change or con-
firm the system settings

Images

Images will guide the opera-
ENTER SELECT | tor through the screens, (se-
lecting Amp, Volts, Wire,
etc.) and will allow the selec-
NO BACK j[ion of certain opt'ions, as
PULSE illustrated by the images to

the left. These images will

be displayed on the LCD screen just above the se-
lection buttons on the Pendant. When the button
below the image on the LCD is pressed the option
above that button will be selected.

Arrows
‘ . Arrows appear on the screen
in many of the pendant men-
us. These arrows are used to
select between parameters
’ being displayed on the LCD
screen. Pressing the button
beneath the Arrow on the
screen will move the cursor from one field or pa-
rameter to the next, where the Encoder can be
used to change the value.
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Power on Initial Screen

When the Control System is powered on, the pen-
dant LCD display will present a login screen (see
Figure 14 — Initial Power Screen). Adjust the En-
coder to cycle through the letters and numbers.
Once the correct character is displayed Press the
Next Selection button, the cursor will advance to the
next character. When the entire code is entered,
press the Enter Button to gain access to the sys-
tem.

The default code is 1123.
NOTE If an incorrect code is entered the sys-

tem requires power to be cycled be-
fore entering a new code.

Log In

Enter Code

Enter Next ‘

FIGURE 14 — INITIAL POWER SCREEN

Program Selection Screen

Once granted access to the controller the first
screen presented to the operator is the Program
Selection Screen (see Figure 15 — Program Selec-
tion).

From this screen the operator can load new pro-
grams and access saved programs. This screen
also allows access to Calibration, Tools, and Menus
Screens.

All Program Menus and their functions are dis-
cussed later in the manual in the Program Screens
section.

NOTE

By default, changes made to the sys-
tem are automatically saved so that
when power is cycled the system will
return to the same state. These
changes are saved when changing
menu screens or when starting the
weld cycle.

Program #:

Load

Save | Calibrate | Tools | Menus

FIGURE 15 - PROGRAM SELECTION

SCREEN
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BEGIN WELDING

To begin welding using the current program; weld-
ing and setup parameters, press the Weld button at
the top of the Navigation Buttons on the Pendant
(see Figure 13 — Pendant on page 12).

JOG MENU

Pressing the Weld Button brings up the Jog Menu
(see Figure 16 —Jog Menu Screen Wire). This
screen allows the operator to make adjustments to
or verify five different functions:

Wire Speed

Travel Speed (Selectable)
Direction

Torch Height

Gas

The Wire and Travel Selection Buttons each bring
up a separate menu (see Figure 16 — Jog Menu
Screen Wire and Figure 18 Jog Menu Screen Trav-
el). DIR, Torch Height and GAS can be engaged
from either menu.

Jog Program #
Jog Wire Speed (ipm) 000 FWD
Torch Height OFF
wire | Travel | DIR | °™" | Gas
Height

FIGURE 16 — JOG MENU SCREEN WIRE

Jog Menu Items

To make adjustments to any of the Jog Menu
options, press the selection button under Wire or
Travel to bring up the individual menu. The DIR,
Torch Height and Gas options can be activated in
either screen. Adjustments can be made with the
Encoder.

When changing from Wire to Travel
or Torch Height, or any combination
of these, the speed is always reset to
zero, no matter what was selected in
the previous menu.

NOTE

Wire

The Jog Menu Screen for wire is the default menu
that appears when the Weld Button is pressed (see
Figure 16- Jog Menu Screen Wire). Pressing the
Wire Selection Button will toggle between the Jog
Wire Speed and Torch Height. Adjust the Jog Wire
Speed value using the Encoder.

To switch between the Primary and Secondary Wire
Press the Control Button labeled Travel (see Figure
17 — Travel Button). The Fwd light will be illuminat-
ed for Wire 1 and the Rev light will be illuminated
for Wire 2.

FIGURE 17 - TRAVEL BUTTON

NOTE Cut wire cleanly to prevent binding

when retracting wire.

Travel

The Jog Menu Screen for Travel is accessed by
pressing the Travel Selection Button. Press the
Travel Selection Button again to highlight the value.
Pressing the Travel Selection Button will select be-
tween Jog Travel Speed and Torch Height.
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Gas
Jog Program # Pressing the Gas Selection Button will activate the
gas solenoid for 8 seconds, allowing the operator to
Jog Travel Speed {ipm) 00.0 FWD verify the proper flow rate and adjust as necessary.
Pressing the Gas Selection button a second time
during the 8 seconds will keep gas on until the gas
button is pressed a 3" time.
Torch Height OFF Shielding Gas is also purged when
NOTE " .
the control unit is powered on. This
allows the lines to be purged auto-
Torch matically, which is useful if the unit
Wire Travel DIR Height GAS has been off for a long period of time.
€19 The gas will be purged for 8 seconds
FIGURE 18 - JOG MENU SCREEN
TRAVEL
NOTE Verify that the weld head is secure

and free from obstructions before
adjusting travel speed.

Adjust the Encoder clockwise to increase the weld
head speed and counter clockwise to decrease
speed. To change direction press the DIR Selec-
tion Button or the Travel Control Button.

Pressing the Back Selection Button will halt travel
and return the user to the Jog Wire Speed Menu.

DIR

The Direction Selection Button (DIR) switches be-
tween forward and reverse movement for the Wire
and Weld Head Travel. To reverse the travel direc-
tion, press the DIR button, the weld head will re-
verse direction at the same speed.

NOTE Changing direction of speed while

tractor is at full speed will run the risk
of blowing the travel motor fuse.

Torch Height

Pressing the Torch Height Selection Button will tog-
gle the Torch Height Button On and Off. Adjust the
torch height using the Encoder; clockwise for will
increase torch height, counterclockwise will de-
crease torch height.
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WELD SCREEN

Once the Torch Height, Weld Head and Wire are
positioned to the operator’s satisfaction, press the
Weld Button once more to bring up the Weld
Screen (see Figure 19 — Weld Screen). Pressing
the Weld Navigation Button will boggle between
Weld Screen and Jog Menu.

The Weld Screen allows the operator to adjust the
values for:

e Amps
e Voltage
e Wire
e Travel
e Center/Width
Setting Mode Program #
220
Primary Amps
220 ] 124 18 2219 00
Amps \Voltage Wire  Travel ﬁ;ﬁ
140 124 118  Weld 0.0

FIGURE 19 —- WELD SCREEN

AMPS, Voltage & Wire Functions

Primary and Background

Amps, Voltage, and Wire, all have Primary and
Background Values. To select between the Primary
and Background Values press the Selection Button
below the desired function. Pressing the Selection
Button below Amps will change from the Primary
Amps to Background Amps (see Figure 19 -Weld
Screen and Figure 20 - Weld Screen Background).

The same process used to change between Prima-
ry and Background Amps is used to change be-
tween Primary and Background values for Voltage
and Wire.

The selected value will appear at the top of the
screen.

Setting Mode Program #
140
Eackgruund Amps
220 124 18 221 00
Amps Voltage Wire  Travel {i:mr
140 | 124 18 Test 00

FIGURE 20 - WELD SCREEN BACK-
GROUND

The Amps, Voltage, and Wire values can be adjust-
ed while welding or not. While welding, adjusting
the Encoder will change the selected output or
speed, as well as changing the value on the screen.
When not welding, only the value on the screen will
change.

Travel Functions

The Travel Speed can be selected in the same
manner as the Amps, Voltage and Wire. Travel
Speed can also be adjusted while welding or not.
While welding, adjusting the Encoder will change
the speed of the tractor, as well as the value on the
screen. When not welding, only the value on the
screen will change.

Center/Width Functions (Oscillator)

Pressing the Selection Button below Center/Width
will select between Center and Width Adjustment
values. A box will appear around the Selected Val-
ue and the value will also appear in the center of
the screen.

Center Position

The Center Position can be adjusted at any
time during the weld or while preparing to
weld. When the system is not oscillating
the arc, the Center Position acts as steering
to adjust the torch position.

Width Adjustment

While oscillating the arc, the width adjust-
ment controls how wide to make the bead.
Adjusting this when the torch is not oscillat-
ing will only change the value displayed on
the screen. While welding, the bead nar-
rows or widens as the Encoder is adjusted.
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See Figure 3 — Center/Width Interaction, on page 4
for more information.

WELD / TEST FUNCTION

The system can be configured to either Weld or
Test weld. In Weld configuration when the Start /
Stop button is enabled the system will start the
standard welding sequence and proceed to weld.
When in Test Weld configuration, the system will
simulate welding to allow verification of setup and
operation of the system.

To cycle between Weld and Test Weld, select the
button below the Travel section until Weld or Test is
highlighted. Pressing the button again will toggle
between Weld and Test Weld.

AMPS SCREEN

Pressing the Amps Navigation button will bring up
the Amps Screen which is used to select between
three modes of operation:

e Pulsed Arc
e No Pulse
e Sync Pulse

The selected mode will be displayed at the bottom
of the screen. To switch between the 3 modes
choose the appropriate selection button (see Fig-
ures 21-25).

Pulsed Arc

Once Pulsed Arc has been selected adjustments
can be made to Primary Amps, Background Amps
Primary Width and Pulses Per Second (PPS). To
switch between each value use the Arrow down
Selection button (see Figure 21 — Amps Screen
Pulsed Arc).

Welding Amperage Program #
Primary 200 Primary 50 %
Amps Width

Background 100 PPS 01.0
Amps

Pulsed Arc

No Sync | Const

Pulse Pulse | Travel

FIGURE 21 — AMPS SCREEN PULSED
ARC

In both Pulsed Arc and Sync Pulse modes Step
Travel can be toggled on or off using the Selection
Buttons.

Travel

There are two modes of Travel. Step Travel and
Constant (Const Travel). Pressing the selection
button beneath the Const Travel (see Figure 21-
Amps Screen Pulsed Arc), will toggle travel to Step
travel (See Figure 22 — Amps Screen Pulsed Arc
Step Travel).




19 OPERATION 19

Step travel ties the tractor's movement into the
Background Amps, which will only allow the tractor
to move while in Background Amperage.

Welding Amperage Program #
Primary 200 Primary 50 %
Amps Width
Background 100 PPS 01.0
Amps
Pulsed Arc
No Sync Step
Pulse Pulse | Travel

FIGURE 22 -- AMPS SCREEN PULSED
ARC STEP TRAVEL

In Const Travel the tractor will move at the pre set
speed regardless of background amperage (see
Figure 23 - Travel Examples).

Ot Crwell

| Background Amps
I Background Amps
in Drevnll

L

-

Cacillation if-r\-!r

Coostant Traesl of 1 inch pee minule

Constant 1 1P regaciiess of the Oscillabon

Travel

01pm

Traned of 1 Inch pae minuge only during
Background Amporage

Stap I Ipem
o L] LU L L

FIGURE 23 — TRAVEL EXAMPLES

Sync Pulse

In Sync to Pulse mode, the amperage is tied to the
Oscillation Motion. From this menu adjustments
can be made to the Primary and Background Amps.

To select between each value use the Arrow down
Selection button (see Figure 24 — Amps Screen
Sync Pulse).

Primary Amps sets the amperage from the power
source during the time the oscillator is in either In
Dwell or Out Dwell time periods. In this menu, Pri-
mary Amps are generally set higher than Back-
ground Amps to allow good sidewall penetration.

Welding Amperage Program #
Primary 200
Amps
Background 100
Amps
Sync Pulse
No Pulsed Const
Pulse Arc Travel
FIGURE 24 — AMPS SCREEN SYNC
PULSE

Background Amps sets the time the Oscillator tran-
sitions from the In and Out Dwell Times, moving the
torch from the In to Out positions of the Oscillator
and determines the amperage value commanded
from the welding power source during this excur-
sion time.

No Pulse

With Amperage set for No Pulse or Continuous Cur-
rent, only the Primary Amps Value can be adjusted
(see Figure 25 —Amps Screen No Pulse).

Welding Amperage Program #

Primary 200
Amps

Continuous Current — No Pulse

Pulsed | Sync
Arc Pulze

FIGURE 25 - AMPS SCREEN NO PULSE
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VOLTAGE SCREEN

Voltage Modes
Pressing the Volts Navigation button will bring up
the Voltage Screen.

There are four modes of AVC voltage operation,
providing maximum flexibility of arc voltage control
of the welding arc. The four modes are:

Sampled Continuous
Sampled Primary
Sampled Background
AVC On/Off

The operator can change between modes by press-
ing the Selection button below the desired mode.

Sampled Continuous

In Sampled Continuous mode of operation, the op-
erator has control of both primary and background
voltages, as well as Deadband and Sensitivity (see
Figure 26 — Volts Screen Sampled Continuous).

Arc Voltage Program #

Primary 10.0 Deadband 0.8

Voltage

Bkgr.
Voltage

08.5 Sensitivity 035

Sampled Continuous (ON)

Sampled
Primary

AVC
On/Off

Sampled
Bkgr.

) 4

FIGURE 26 — VOLTAGE SCREEN
SAMPLED CONTINUOUS

This mode of operation is the most sophisticated,
requiring the operator to set both primary and back-
ground voltages to adjust the arc voltage smoothly
from primary to background voltage without exces-
sive AVC overcorrection.

Sampled Primary
In Sampled Primary mode, the operator has control
of the Primary Voltage, Deadband and Sensitivity.

There is no background voltage to adjust in Sam-
pled Primary. The controller will lock out the AVC
drive mechanism from moving or correcting for arc
voltage during the Background Amperage Pulse
when in Pulsed Arc mode. The controller will also
lock out the AVC during Excursion time, when Am-
perage is set to Sync to Oscillation (see Figure 27 —
Volts Screen, Sampled Primary).

Arc Voltage Program #
Primary 10.0 Deadband 0.8
Voltage
Sensitivity 035
Sampled Primary (ON)
AVC Sampled | Samped
On/Off Bkgr. Cont.

FIGURE 27 - VOLTAGE SCREEN
SAMPLED PRIMARY

Sampled Background

In Sampled Background mode, the operator has
control of Background Voltage, Deadband and
Sensitivity (see figure 28 - Volts Screen Sampled
Background).

Arc Voltage Program #
Deadband 0.8
Bkgr. 06.5 Sensitivity 035
Voltage

Sampled Background (ON)

Sampled Sampled
Primary Cont.

AVC
On/Off

\ 4

FIGURE 28 — VOLTAGE SCREEN
SAMPLED BACKGROUND

AVC On/Off
The AVC can be engaged or disengaged by press-
ing the Selection button below the AVC On/Off.
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When turned off, the AVC will not track for any volt-
age errors. Selecting On/Off will turn Voltage on or
off for all modes of operation. A status and confir-
mation message will appear on the screen just
above the text, e.g. Sampled Primary On or Sam-
pled Primary OFF.

NOTE Only AVC On/Off mode can be

changed while welding.

Voltage Parameters

The Volts Screen has all settings needed to control
the Voltage parameters of the welding arc and of
the Arc Voltage Control incorporated in the control-
ler. When first selected, the Volts screen displays
the parameters:

Primary Voltage
Background Voltage
Deadband
Sensitivity

Of these four values, the default highlighted value is
Primary Voltage, where available (see Figure 26
Voltage Screen Sampled Continuous).

Primary voltage
Primary voltage is used to control the arc voltage
during the primary amperage pulse (during the Pri-
mary pulse width time) when pulsing in Pulsed arc
mode or during the Dwell Time when Amperage
Sync to Oscillation is selected.

NOTE Primary Voltage can also be consid-
ered Dwell Voltage when Amperage
is set to Sync to Oscillation.

Background Voltage
Background Voltage is used to control the arc volt-
age during the background amperage pulse, when
in Pulsed Arc mode; or during the Excursion Time,
when Amperage is set to Sync to Oscillation.
NOTE Background voltage can also be con-
sidered Excursion Voltage when Am-
perage is in Sync to Oscillation.

Deadband

Deadband creates an acceptable window of devia-
tion voltage centered at either the Primary or Back-
ground Voltage; where if the arc voltage is within
this acceptable window, the AVC system incorpo-
rated in the controller will not track / make adjust-
ments to the arc voltage. See Deadband in the
Basic Information Section on page 7.

Deadband can create value of .2 volts to 3.0 volt
window (+.1 volts to £1.5 volts from either the se-
lected Primary or Background Voltage).

Sensitivity

Sensitivity works in conjunction with Deadband to

allow for smoother corrections of arc voltage, mini-
mizing the AVC drive mechanism from constantly

overcorrecting. See Sensitivity in the “Description
of Equipment” section. See Sensitivity in the Basic
Information Section on page 7.

This parameter is a percentage of the maximum
speed of the AVC drive mechanism and can range
from 0 to 100 percent. Visible motion may not be
noticed until 20 to 35 depending on motor.
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OSCILLATOR SCREEN

Pressing the Osc. Navigation button will bring up
the Oscillator Screen. This menu displays five op-
tions available to the operator:

e Center Position
e Oscillation Width

e In Dwell
e Excursion Time
e  Out Dwell

Osc. Test and Osc On/Off can be activated with the
Selection buttons (see Figure 29 — Oscillator
Screen).

Mechanical Oscillator Program #
Center Position in.
Oscillation Width 0.05 in.
In Dwell 00.5 sec
Excursion Time 00.1 sec
Out Dwell 00.5 sec

Oscillation (ON)

Osc. Test Osc.
OFF CnfOFf

4

FIGURE 29 — OSCILLATOR SCREEN

For more information about the Oscillator, please
review the Basic Information section on page 5.

Osc. Test

Osc. Test allows the user to verify settings and to
observe the weld head oscillation. Press the Osc.
Test Selection Button and the weld head will begin
to oscillate at the settings entered on the screen.

NOTE Before testing oscillator, verify that

there is sufficient space to allow the
oscillation’s width movement (17).

When testing is completed, press the Osc. Test Se-
lection button to turn the oscillation Off and be driv-
en to the center position.

Osc. On/Off

Oscillation is an optional function. To select wheth-
er or not the weld head will oscillate during welding,
press the Osc. On/Off Selection Button. Turning on
Oscillation will display the “Oscillation (ON) at the
bottom center of the screen.

There are five parameters that can be set for Oscil-
lation.

Center Position

Sets the center point of the weld head.
This value is measured in inches and goes
+/- 0.50 for a total of 1.0 inches. 0 sets the
weld head at the very center.

Oscillation Width

Determines how wide the torch head will
travel during oscillation. This goes from O
to 1.0 inch.

In Dwell

The In Dwell represents the time the weld
head oscillator and torch will stay toward
the weld head carriage, measured in se-
conds from 0 to 99.9.

Excursion Time

Excursion Time determines the transition
time between in and out dwell times, it is
measured in seconds from 0.1 to 4 se-
conds.

Out Dwell

Out Dwell time represents the time the weld
head oscillator and torch stay out away
from the weld head carriage, measured in
seconds from 0 to 99.9.
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WIRE SCREEN

Selecting the Wire Navigation button will bring up
the Wire Screen which allows the operator to
choose between two modes, Sync. To Pulse, and
Continuous. Pressing the Sync. On/Off button will
switch between these two modes. Wire 2 is an op-
tional wire feeder which can be enabled or disabled
from this menu by pressing the Wire 2 ON Selection
Button.

Wire Feed Program #
Primary Wire 045 ipm
Speed
Bkgr. Wire 000 ipm
Speed
sync. to Pulse
Wire 2 Sync.
ON On/Off

FIGURE 30 - WIRE SCREEN SYNC TO
PULSE

Sync to Pulse

Sync. to Pulse ties the Wire Speed to the Amper-
age Pulse.

While in Sync to Pulse, there are two adjustable
parameters to control the wire speed during weld-
ing: Primary Wire Speed and Background Wire
Speed (Bkgr. Wire Speed). Both of these values
are measured in Inches per minute (ipm) (see figure
30 Wire Screen Sync to Pulse).

Primary Wire Speed

This value determines the wire speed dur-
ing Primary Amperage mode. Paired with
Background Wire Speed these values will
insure a consistent amount of wire is fed to
the weld for smooth welding applications.

Background Wire Speed
This value determines the wire speed dur-
ing Background Amperage.

The Primary and Background Wire
Speeds can also be considered Dwell
and Excursion Wire Speeds when
Sync to Pulse and the Amperage is
set to Sync to Oscillation.

NOTE

To change the Wire speed mode of operation and
sync the wire speed to pulsed amperage, press the
button below Sync On/Off.

Continuous
Continuous sets the Wire Speed at a constant rate

of feed regardless of Primary or Background Am-
perage (see Figure 31 — Wire Screen Continuous).

Vire Feed Program #
Wire Feed 045 ipm
Speed
Continuous
Wire 2 Sync.
ON On/Off
FIGURE 31 - WIRE SCREEN
CONTINUOUS

Wire 2

When the weld head is equipped with two wire feed
motors, one for each direction, the second wire
needs to be enabled. To enable the Wire feeder 2
on the controller, Press the Wire 2 Selection Button.
Pressing the Wire 2 ON Selection Button multiple
times will toggle Wire 2 On and Off.

NOTE If the weld head has only one wire
feed motor installed and the Wire 2 is
enabled, there will not be any wire
fed in the reverse direction of travel.

NOTE If the weld head has 2 wire feed mo-

tors installed and the Wire 2 is disa-
bled, the controller will feed wire from
wire feeder 1 in both directions.
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SETUP SCREEN All menus will return the operator to the Setup De-
fault Screen by pressing the Back Selection button.
The Setup Screen is the first screen displayed after
the operator logs onto the system (see Figure 32-
Setup Screen). lItis also accessed by pressing the
Setup Navigation Button. The Setup Screens are
useful in saving programs to internal memory or to
a USB Flash Drive. In addition, programs from in-
ternal memory or from a USB Flash Drive can be .
loaded for use in the controller for current welding Prﬂgrﬂm # 0000
parameters or for future program needs. Calibra-
tion functions are accessed from this Setup menu
screen. Calibration routines are not covered in this
Section (see the Maintenance Section page 33).
The remaining two menus available are Tools and
Menu buttons.
Load Save | Calibrate | Tools | Menus
The Setup Screen allows the Operator to access
the following menus: FIGURE 33 - SETUP SCREEN
e Load
e Save Refer to Figure 33 for a quick flow chart of the Set-
e Calibrate up Screen options.
e Tools
e Menus
SETUP Swisclabia Gt
MENU LQAD ., Irferral Epaom Esternal Flrsh
SCREEN SAVE — |5 Deete Sl Hama
— CALIBRATE — |FeedCa O5C Cheek
Salatuiie Desoms TOOLS —§ (e
MENU
Start of Weid L, [Perew  [TeeweiPes [Sstame  [Swiow  [Uswene | AVC SwaDeey [ TrveOswy | Ve Doy
End of Weid | O Sicpe Tene | Pl Arve Wer Stop Dy | Ve Reetract E'T..-.-mn.-nm [—y—.
Access Contral — ';‘T“.u'-.'ﬁ-;" User Lemas dengn e Vots Mo w Ratn Merss | W Wera 35.";'.'-«;;‘" EEI&J@ A
Firmware Revision | — [LC0 Controle Fendent Comtoler ﬁﬁ?—,ﬂhx a};:r‘:w .Lﬁéﬁ:’"
Fault Monitoring — A8 Wittes Amgs Vol |
Owverride Settings —_— | Vs [ Travel | T Waty
Increments — | ATperage WVolage Wire Fead Travel |
Bpaamtiesh | [P Conter | |Pcsrrn | Pems

FIGURE 32 — SETUP SCREEN OPTIONS
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Load

The Load Selection Button takes the operator to the
Save Parameters Data screen (see Figure 34 —
Save Parameters Data), which allows the operator
to load saved programs from internal memory (In-
ternal EPROM) or External Flash Drive (USB).

Save Parameters Data

Please Select Destination Device:

Internal System Memory
OR

External Flash Drive

(Pleaze install external Flash drive at power-up)

Back Internal External
EPROM Flash

FIGURE 34 — SAVE PARAMETERS
DATA

Pressing the Internal EPROM or External Flash Se-
lections buttons will bring up the Scroll Programs
screen which will allow the operator to select all
available saved programs (see Figure 35 Load
Screen Scroll Programs). Using the Encoder the
operator can scroll through all available programs.
Once the correct program is highlighted pressing
the Select Selection Buttons will load the program
parameters and take the user to the Weld Screen.

Load Program From Memory

Scroll Programs

Program#: 0001

Back Select

FIGURE 35 - LOAD SCREEN SCROLL
PROGRAMS

Program 0001 is the default startup, it is not a valid

selectable program. Once the operator has chosen
values, those values can be designated as Program
0001 though the Save Screen.

Save Screen

From the Setup Screen pressing the Save Selection
Button brings up the Save to Memory Screen (see
Figure 36 — Save Screen), which allows the opera-
tor to save a program to internal or external
memory, there are 5 selections buttons to choose
from Back, Save, Delete, Scroll, and Name.

Save To Memory

Program#: 0001

Scroll Programs

Back Save Delete Scroll | Mame

FIGURE 36 — SAVE SCREEN

Save

Pressing the Save Selection Button allows
the operator to save to either internal or ex-
ternal memory and brings up the Save Pa-
rameters Data screen (figure 34). Save will
use current parameters and store them as
the Program # that appears on the screen.

For Figure 36, pressing the Save Selection
Button will save the current parameters as
Program 0001. If the name is already
saved there will be a warning message:

“Program Name already Exist!
Overwire Existing Program?”

At this point the operator can either press
Yes to overwrite or press the Back Button.

Delete
Delete will allow the operator to delete a
saved program.

Pressing the Delete Selection Button will
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delete whatever Program Number is on the
screen. The operator will see a warning
message:

“This Will Delete Selected Program! Per-
manently Delete Program?”

At this point the operator can either press
Yes to delete the program or press the
Back Button.

Scroll

Scroll allows the operator to choose be-
tween saved programs using the Encoder.
Once a program is selected the operator
can delete or name the program.

Name
Name will allow the operator to Program

Speed CAL

This screen allows the operator to set the
calibration speeds for all the software cali-
brations. All speeds should be set to the
minimum speeds that will still allow move-
ment without hesitation

OSC (Oscillator) Check

The Oscillator check measures the voltage
necessary for oscillator to travel a specific
length. This procedure will automatically
populate the Oscillator Speed Value and
determine the length of oscillation.

Tools

The Tools Menu (see Figure 38 — Tools) grants ac-
cess to the Codes Menu (see Figure 39 — Codes
Library).

current selections with any available pro-
gram name. Valid names are between Tools Program# 0001
0001 and 9999. The Operator must press
the Save Selection Button for settings to be
saved.
Tools
Calibrate
The Calibration Screen (see Figure 37 — Calibration
Screen) allows for two types of calibration. Oscilla-
tor Calibration and Speed Calibration.
NOTE Oscillation Calibration is only required
after significant weight or motor Back Codes
changes. Complete Software Cali-
bra_tlon procedurells covered in the FIGURE 38 — TOOLS
Maintenance section.
Calibration Selection Codes .

- | Codes allow a supervisor to set up access
codes for operators to use when running
the equipment.

Please Select a Calibration
Operation Use the Down Arrow to select the value to
change. A box will surround the current
Value.
Assign User # using the Encoder. Valid Us-
er Numbers are 1 through 25.
Back Speed 0sc User’s Code is a humeric code from 0000
CAL | Check to 9999.
FIGURE 37 — CALIBRATION SCREEN User’s Access Level is changed by press-

ing the Set Level Selection button. Options
are User and Supervisor (Super).
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Press the Save Selection button to Save MENUS SCREEN
Settings to the system .

The Menus screen gives the operator access to the
following Options:

Codes Library Program# 0001

User #:

User's Code: 0000

Start of Weld
End of Weld
Access Control
Firmware Rev.
Fault Monitoring
Override Settings
Increments
System Health

Set
Back Save Level ’ Edit Program #

Menus:

User's Access Level: User

FIGURE 39 — CODES LIBRARY Start Of Weld

Fault Monitoring
End of Weld Override Settings
Access Control Increments

Firmware Rev. System Health

Back Select * ’

FIGURE 40 - MENUS SCREEN

To navigate the Menus Screen, (see Figure 40 —
Menus Screen), press the Arrow Selection Button to
switch between the selections until the desired item
is highlighted. Once highlighted, press the Select
Selection Button to go into the desired screen.

The eight menu options with the exception of Firm-
ware Rev. and System Health open up into sub
menus with selectable options. These Sub Menus
will be covered in detail beginning with Start of
Weld Menu.

Start of Weld Menu

The Start of Weld Menu allows the Operator to ad-
just the parameters required to start the welding
process and form an appropriate weld puddle (see
Figure 41 - Start of Weld Parameters Screen).

For a complete timeline of the welding process,
please review Figure 2 Orbital Process Time Line in
the Description of Equipment Section Page 3.
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The parameters on this menu are:

e Pre-Flow
e Tungsten preheat
e Start Amps
e Start Gap
e Upslope Time
e AVC Start Delay
e Travel Delay
e Wire Delay
Start of Weld Program# 0001
Pre flow: 00.0 sEC
Tungsten preheat: 00.0 sec
Start Amps: 00.0 Amps
Start Gap: 00.0 sec
Upslope Time: 00.0 sec
AVC Start Delay: 00.0 sec
Travel Delay: 00.0 sec
Wire Delay: 00.0 sec
Back * *

FIGURE 41 — START OF WELD

Pre-Flow

Pre-Flow is the amount of time Gas is to be
purged before the arc is started to ensure
adequate gas coverage is provided at the
arc. This is measured in seconds and can
go up to 99.9 seconds.

Tungsten Preheat

Tungsten Preheat is a time setting used to
allow adequate preheating of the tungsten
in order to strike an arc reliably each time
without using High Frequency. This time is
measured in seconds and can be as high
as 99.9 seconds.

Start Amps

This value is commanded during tungsten
preheat. The controller commands an am-
perage from the power source, this amper-
age is adjustable from 0 to 500 Amps. Start
amps is ramped to the Primary Amps value
through the Upslope Time Function.

Start Gap
Start Gap is a time function used to lift the
torch upward off of the work once Tungsten

Preheat time is complete. This should be a
relatively small time value to minimize a
long starting arc with high arc voltage. The
range of this function is from 0.0 to 02.0
Seconds. It is recommended that the oper-
ator stay below 1 second.

NOTE When oscillation is active for a weld
program and either upslope or
Downslope time is used, the oscilla-
tor's Taper Function will be enabled.

Upslope Time

The Amount of time the controller takes to
increase from Start Amps to Primary Amps
is called Upslope time. Upslope Time is
measured in seconds and can range from
0.0 to 99.9 seconds.

AVC Start Delay

Arc Delay describes the delay the Arc Volt-
age Control waits beyond Upslope Time
before the AVC begins to track and correct
for arc voltage errors.

This delay is in seconds and has a range
from 0.0 to 99.9 Seconds. It is recom-
mended the time be set as low as possible
to allow the AVC to begin compensating for
arc voltage errors as quickly as possible
once the Primary Amps have been
reached.

Travel Delay

Travel Delay is the time the weld head
travel carriage is delayed once an arc is es-
tablished. This delay is typically set to a
time close to the Upslope Time setting to
allow a weld puddle to form before travel
commences. This function is measured in
seconds and has a range from 0.0 to 99.9
seconds.

Wire Delay

Wire delay is measured in seconds and has
a range from 0.0 to 99.9 seconds and be-
gins counting down once the arc is estab-
lished. This delay allows the weld puddle
to form before wire is added. Typically, this
time is set close to the Upslope Time set-
ting.

To go back to the Menus Screen, press the
Back Selection Button.
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End of Weld Parameters

The End of Weld Parameters (see Figure 42 — End
of Weld) are used to provide proper control of the
end of welding cycle.

End_of Weld Program# 0001
Down Slope Time: 04.0 sec
Final Amps: 070 Amps
Wire Stop Delay: 00.5 sec
\Wire Retract: 00.3 sec
Torch Retract: 01.0 sec
Post Flow: 04.0 sec

K

FIGURE 42 — END OF WELD

The parameters in this menu are:

Down Slope Time
Final Amps

Wire Stop Delay
Wire Retract
Torch Retract
Post Flow

Down Slope Time

Down Slope Time is measured from the
moment the Start/ Stop Button is pressed to
begin the End of Weld sequence.

Down Slope Time has a range from 0.0 to
99.0 seconds and is important to prevent

craters and cracking at the end of the weld
(see Figure 2 - Orbital Process Timeline).

Final Amps

Final Amps is the amperage level when
Down Slope Time is complete. Once Down
Slope Completes, Final Amperage is
reached and the welding arc is extin-
guished. Final Amps can range from 0 to
500 Amps.

Wire Stop Delay

Wire Stop Delay is used to add wire during
some portion of Down Slope. Wire is typi-

cally fed for no more than 30% of the Down

This value is measured in seconds with a
range of 0.0 to 99.9 seconds. This delay

time begins counting down at the moment
the Start/ Stop button is pressed to begin

the End of Weld Sequence.

Wire Retract

Wire Retract is used to pull the wire out of
the weld puddle area to prevent the wire
from getting stuck to the base material at
the end of the cycle. Wire retract begins at
the moment the Wire Stop Delay is com-
plete.

The Wire Retract is measured in seconds
with a range from 0.0 to 99.0 seconds. Itis
recommended to set this value as low as
possible to prevent the wire from unspool-
ing. The time should be selected to retract
the wire approximately 2" to 1” in length.

Torch Retract

Torch Retract begins when the arc is extin-
guished and is measured in seconds from 0
t0 99.9. Its main purpose is to remove the
Torch from the weld area to prevent the
puddle from contacting tungsten, and make
manually jogging the tractor easier.

Gas Post-Flow (Post-Flow)

Gas Post Flow is used to provide adequate
gas flow to the weld area after the arc is
turned off to prevent porosity and contami-
nation of the weld.

This time is measured in seconds, having a
range from 0.0 to 99.9 seconds and begins
counting down at the moment the arc extin-
guishes.

Gas Post-Flow should be longer than the
Down Slope Time to allow for gas coverage
after the arc is turned off. For example, if
Down Slope Time is set for 15 Seconds of
Gas Post-Flow then the Gas Post-Flow
Time should be set to 30.0 Seconds; 15
(Down Slope) + 15 (Post-Flow) = 30 se-
conds.

NOTE Gas Post Flow must be longer than

the down slope time.

Slope Time, but can be changed to the op- Access Control
erators preference. The Access Control List (see Figure 43 — Access
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Control List) allows the supervisor to control what

values can be adjusted or changed by the operator.

This feature is used in conjunction with the Codes
Menu, see Tools section on page 26.

Access Control List
eturn to We Creen: Ho

Program# 0001

User Limits: OFF
Amps Menw: Ho

Volts Menu: Ho
O=zcillator Menu: No
Wire Menu: No

Start of Weld Menu: Ho
End of Weld Menu: No

Back Set

A 4

FIGURE 43 — ACCESS CONTROL LIST

This list includes the options for:

Return to Weld Screen
User limits

Amps menu

Volts menu

Oscillator Menu

Wire Menu

Start of Weld Menu
End of Weld Menu

These values can be set to Yes or No, except for
User Limits, which is an On / Off value.

Firmware revision

The Firmware Revision screen (see Figure 44 —
Firmware Revision) provides the current revisions
of all the program code used in the system. The
screen shows the revisions for the:

e LCD controllers

e Pendant Controller

e AVC / Oscillator Controller

e Motor Controller

e CPU Controller-Processor A
e CPU Controller-Processor B

Firmware Revision

Revision /Checksum

LCD Controller: 04.12
Pendent Controller: 04.12 -
AVC Oscillator Controller: 0412 -
Motor Controller: 0412 R
CPU Controller-Processor &: 0412 - ---
CPU Controller-Processor B2 04.12 -

Back

FIGURE 44 — FIRMWARE REVISION

This screen is informational only. There are no set-
tings to be changed.

NOTE This image is provided as a reference
only, actual firmware revisions on
screen will be different.

Fault Monitoring

Fault monitoring (see Figure 45 — Fault Monitoring
Screen) is used to stop the welding process com-
pletely when a fault is detected.

The Parameters available to monitor are:

Gas
Water
Amperage
Voltage

Input values will automatically save into the system.

The Values shown in figure 45 are the recommend-
ed input values.




OPERATION

31

Fault Monitoring Program# 0001

Limit Reference
Gas 00.5 00.0
Water 00.5 00.0
Amps 20
Volts 02.0

] = [#]¥

FIGURE 45 - FAULT MONITORING

Override settings

Override settings are typically set by the supervisor
to allow the operator of the equipment to have
some flexibility when using the equipment to ac-
commodate excessive cool or hot days, where
welding parameters may need to be modified to
achieve the same weld quality (see Figure 46 —
Override Settings).

Owverride Settings Program# 0001

Amps: 0 %
Enter Override %
Volts: 0 %
Wire: 0 %
Travel: 0 %
Osc. Width: 0 %

¥

FIGURE 46 — OVERRIDE SETTINGS

The override parameters available to set for opera-
tor flexibility are:

Amperage
Voltage
Wire
Travel
Osc. Width

These parameters can range from 0 to 100 %. 100
% allows for full range. For Example 200 Amps at
100 % would give 0 to 500A. 200 Amps at 50 %
would give 0 to 250A. The operator can make
changes prior to or during the weld process.

Increments Menu

Increment Values allow the user to determine the
step values during welding, when not welding these
values have no effect. These values are:

Amps
Volts
Wire
Travel

This screen has a Reset Selection button (see Fig-
ure 47 — Increment Values) to allow the user to
quickly reset the increments back to their factory
default values.

Increment Values are not part of the
Program structure and cannot be saved
as part of a program. Loading and
Saving Programs has no effect on the
Increment values. They will retain their
values when Programs are loaded or
saved.

NOTE

Increment Values Program# 0001

Amperage 1 1to 50
Voltage 0.1 0.1 to 50

Wire Feed 1 1to 20
Travel 0.1 0.1 to 50

Back Reset ’ *

FIGURE 47 — INCREMENT VALUES
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System Health

The System Health screen provides the current and
previous errors for the control systems (see Figure
48 — System Health Screen). The screen shows

the errors for the:

e Pendant Controller
e Wire/Travel Controller
e AVC Oscillator Controller

e CPU Controller Processor A
e CPU Controller Processor B

This screen is informational only. There are no set-

tings to be changed.

NOTE

This image is provided as a reference
only, actual errors on screen will be

different.

System Health Information

Errors
Total
Pendant Controller: 0
Wire Travel Controller: 1
AVC O=cillator Controller: 1
CPU Controller-Processor Az 1
CPU Controller-Processor B: 2

Last

2 & & 0

oK

FIGURE 48 — SYSTEM HEALTH

INFORMATION

Some errors may be accumulated during normal

operation.




33

MAINTENANCE

33

MAINTENANCE

The Apex 2100 Orbital Control System is designed
for trouble free operation and normally requires
minimal preventive care and cleaning. This section
provides instructions for maintaining user servicea-
ble items. The suggested repair procedure for all
user serviceable items is to remove and replace
defective assemblies or parts. If users and service
personnel are not familiar with electrical and elec-
tronic equipment, the products should be returned
to the factory or serviced by factory authorized rep-
resentatives for service and /or repair.

Power Wave S500

The Welding power source is a Lincoln Electric
Power Wave S500, and can be serviced at a Lin-
coln authorized Service and Repair Center. Refer
to the Power Wave S500 Owner’s Manual for
maintenance schedule and procedure.

Special weld modes are loaded in the
S500 and can be obtained from Arc
Products Inc.

NOTE

Water Cooler

The Water cooler is a Lincoln Electric Cool Arc 55,
and can be serviced at a Lincoln authorized Service
and Repair Center. Refer to the Cool Arc 55 Own-
er's Manual for maintenance schedule and proce-
dure.

Control Unit Assembly

The control unit assembly consists of an enclosure
housing the major electronic assemblies of the Or-
bital Control System. Maintenance is generally lim-
ited to periodic dusting and blowing out the enclo-
sure using clean dry air.

The user should ensure that the unit is not operated
with the cover open or removed. Exercise caution if
the unit has been exposed to excessive dust or lig-
uid contamination since such conditions may cause
electrical shorting and/or malfunctioning of the elec-
trical/electronics assemblies. The user should con-
sult with the factory if such conditions have oc-
curred. Repair of the control unit assembly is gen-
erally limited to a remove and replace operation.

Warnlng: When repairing the control unit

assembly, turn the power switch OFF and discon-
nect AC Power from the Unit.

NOTE Repair or modification of un-
authorized items will void the
warranty.

NOTE

Observe all precautions for handling
electrostatic sensitive devices.

Assemblies and parts which are authorized for user
replacement are listed in the Parts List Section on
page 40. Replacement should be performed after
the user has determined that the part or assembly
to be replaced is the cause of a system problem .

Replacement of fuses does not require opening the
control unit; however, blowing a fuse may indicate
other system problems. The fuse is replaced by
turning power on the system to off, unscrewing the
fuse holder lid, removing and replacing the blown
fuse with a fuse of the same value, then restoring
power and turning the system ON to perform a test
run.

Replacement of the printed circuit board involves
disconnecting the connectors to the board, remov-
ing the mounting screws and replacing the board
with a new board.

Calibration is not required when re-
placing Power Supply or Power Sup-
ply Board, it IS required when replac-
ing any other printed circuit boards.

NOTE

The service person should exercise care while re-
moving boards to ensure that excessive force is not
placed on the connectors or components on the
board and that the mounting screws are not over
tightened.

The boards are held in place by six to nine screws
threaded into stand-offs mounted in the enclosure.
To remove:
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Disconnect all necessary harnesses at
the connection plugs provided.
Remove the mounting screws.
Remove board.

Install the replacement board.

Replace the mounting screws tighten-
ing until snug. Do not over-tighten as
damage to the board and enclose
standoffs may result.

6. Reconnect all harnesses.

akrwn

Replacement of other user serviceable items is to
be performed according to normal maintenance and
repair standards, usually involving the removal of
mounting hardware, unplugging the old part or sub-
assembly, mounting the replacement part and re-
connecting the connectors.

NOTE See instructions for individual parts
before attempting to replace them.

Cable Assembly

Maintenance of the cable assemblies is to periodi-
cally remove dust, soot, metal particles, slag, etc.,
from the cable’s insulation and checking for crack-
ing in the insulation and sharp bends in the cable at
the connectors. Also, check to be sure the con-
nectors are tightened and seated correctly in their
mating receptacles.

Repair of the cable assemblies is
limited to replacement of defective
cable assembly.

NOTE

Weld Head Assembly

The weld head assembly maintenance should in-
clude periodic inspections for worn parts. Further
maintenance includes removing excess dust, weld
slag, soot, etc., from the assembly. If any connect-
ors or parts are damaged during the inspection op-
eration, the defective parts should be replaced as
soon as practical.

NOTE Repair of the weld head assembly

is limited to the replacement of de-
fective parts, as well as adjustment
of the weld head assembly’s mov-
ing parts to remove play between
wheels and rails, bushing, rack and
pinions or axial play between the
slides.

For more detailed maintenance procedures of the
weld head assembly, please review the weld head
manual.

Preventative Maintenance Schedule

The following schedule is provided to assist in per-
forming timely system maintenance to maintain op-
timum performance.

More stringent maintenance requirements may be
required depending on the work being performed
and the requirements of the customer for whom the
work is performed.

Monthly Maintenance

Weld Head Assemblies

Proper Function

There should be no play in the weld head assem-
bly. Cable connectors and strain reliefs should be
tight and properly seated in their mating recepta-
cles.

Clean slag, dirt and spatter from weld head assem-
bly.

Verify that the weld head assembly functions
properly in all aspects.

For maintenance of the weld head assembly,
please review the weld head manual.

Quarterly Maintenance

Cables
Check for proper installation.

All cables should be connected tightly to the re-
spective receptacles. Be sure that the cables do
not have sharp bends and the insulation is not
frayed or cracked.
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Semi Annual Maintenance
Control Unit Assembly

Be sure the control unit is turned off and unplugged.
Using clean, dry air, blow out dust from the inside of
the control unit.

Be sure all connections in the control unit are seat-
ed firmly in their receptacles and reconnect the
power cord. Turn power on and check for proper
operation.

Calibration

Calibration of the controller is required for motor
control, amperage, voltage, and display accuracy.
The amperage, voltage, and display calibration is
done at the factory and should not need re-
calibrating. The following steps listed for these ad-
justments are provided to check the calibration and
re-calibrate, if needed.

Software calibration is required when a weld head
is changed from one weld head to another or when
set by customer requirements for their particular
applications.

Calibration is required when changing from one
weld head to another because motors have differ-
ent characteristics and performance even within the
same motor type and manufacturer.

The calibration process consists of two steps;
Hardware Calibration and Software Calibration.
Hardware calibration is done at the factory and en-
sures the motor control circuitry is performing
properly. Software calibration is required to ensure
the control unit commands correct motor speeds
and displays these speeds accurately on the
screens.

When changing weld heads it is only necessary to
run a software calibration on the control unit, since
the hardware was performing correctly with the pre-
vious weld head.

SOFTWARE CALIBRATION

The Software Calibration is vital to the operation of
the APEX 2100. By performing the calibration of
the software, the travel speed, wire feed speed, and
oscillation speeds are set at the correct operating
parameters allowing for better control of the weld.

Setup

Wire 1 (and Wire 2 if installed) need to be set to
Forward in the Weld Jog Screen. See Operations
section for details.

Set torch height to allow free movement as well as
plenty of space to cut the wire for Wire Speed Cali-
bration.

CALIBRATION SCREEN

NOTE Oscillation Calibration is performed in
the factory and is only required to be
re-done after significant weight or
motor changes.

The calibration screen is accessed by pressing the
Program Navigation Button, and selecting the Cali-
brate Selection Button. This screen has two op-
tions: OSC Check and Speed CAL.

OSC Check and Speed CAL can be done with the
tractor in any position on the work surface. Be sure
to allow 6 to 8 inches from the center point in each
direction for measurements.

Oscillator (OSC) Check

The Oscillator check measures the voltage neces-
sary for oscillator to travel a specific length. This
procedure will automatically populate the Oscillator
Speed Value and determine the length (Length 1)
necessary for Oscillation Speed Calibration.

Speed CAL

This screen allows the operator to set the calibra-
tion speeds for all the software calibrations. All
speeds should be set to the minimum speeds that
will still allow movement without hesitation (Refer to
Table 1 — Minimum Speed Values).

Minimum Speed Values

Recommended Starting Point Actual Value

Oscillator Speed 250

Travel Forward Speed | 2.3

Travel Reverse Speed | 2.3

Wire 1 Speed 007

Wire 2 Speed 007

TABLE 1 — MINIMUM SPEED VALUES
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NOTE Verify that these speeds are correct
by entering in vales from Table 1
Recommended Starting Point and
decreasing speed until movement
begins to hesitate, then increasing
speed until hesitation stops and
movement is smooth. Enter new
value into Table 1 Actual Value

column if significantly different.

Oscillator Check Screen
From the Calibration Screen press the Osc Check

Selection button. This will bring up to the Osc
Check Screen.

1) Enter in the following Values:

Center 0
Excursion Width 500
Excursion Speed 500
In Dwell 1 Sec
Out Dwell 1 Sec

2) Press the On/Off selection Button. The Weld
Head should begin to oscillate the full width.

3) While the Weld Head is Oscillating highlight the
Excursion speed.

4) Reduce Excursion Speed until head stops mov-
ing or the speed reaches 250. If movement stops
increase speed until uninterrupted movement re-
sumes.

NOTE Verify in both directions of movement.

5) Record Excursion Speed Value in Table 1. This
value will be used to determine the minimum speed
of the Weld Head.

6) Measure the actual oscillation distance the weld
head travels from extreme in, to extreme out. Rec-
ord this value for Oscillation Speed Calibration
Length 1 Value.

Speed Calibration Screen

1) Set the Oscillation Speed to the appropriate
value from Table 1.

2) Press the Set Min Speed Selection button. This
brings up the calibration screen.

3) Enter the recorded length from Osc Check pro-
cedure into Length 1. This sets the distance of the
travel and measures the time it takes to move that
distance allowing the processors to calculate the
voltage need for the motor to travel at the speed
needed for each distance under the 1 inch meas-
urement.

4) Press RUN CAL Selection Button to start the
calibration cycle.

An indicator will appear at the bottom of the screen
as the calibration program is running. When the
indicator vanishes the Calibration cycle has been
completed for the oscillation. Complete Calibration
takes approximately 10 minutes.

5) Select the Save Selection button to save the
parameters to memory.

Travel Calibration

NOTE The Travel Speed sets both the for-
ward and reverse movements of the
tractor.

1) Using the down arrow, highlight the Travel For-
ward Speed.

2) Enter the appropriate value from Table 1. The
head should move without hesitation, if not increase
value.

3) Press the Set Min Speed Selection button to set
the speed. The Software will now highlight the
Travel Reverse Speed.

4) Enter the appropriate value from Table 1. The
head should move without hesitation, if not increase
value.

5) Press the Set Min Speed Selection button to set
the speed. This will bring up the calibration screen.

6) Press the Reset Selection button to reset all
fields to zero.

7) If not already selected, use the Arrow Selection
button to highlight Length 1.
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8) Mark the tungsten position.

9) Press the Run CAL Selection button to start the
calibration cycle. An indicator will appear at the bot-
tom of the screen as the calibration program is run-
ning. When the indicator vanishes the Calibration
cycle has been completed for the Length.

10) Measure the distance traveled and mark the
tungsten position so that the next length can be
measured.

11) Enter the measurement into the selected
Length.

12) Use the Arrow Selection button to highlight the
next Length.

13) Repeat Steps 8 - 11 for Length 2 through 8.

14) Press the Save Selection button to save the
parameters to the memory.

Wire Calibration
Wire 1

1) Using the down arrow highlight the Wire 1
Speed.

2) Enter the appropriate value from Table 1 using
the Encoder. The wire should move without hesita-
tion, if not increase the value.

3) Press the Set Min Speed Selection button to set
the speed. This will bring up the Calibration
Screen.

4) Press the Reset Selection button to reset all
fields to zero.

5) Cut the wire at the tip of the wire feeder.

6) Using the Arrow Selection Button highlight
Length 1.

7) Press Run CAL Selection Button to start the
calibration cycle. An indicator will appear at the
bottom of the screen as the calibration program is
running. When the indicator vanishes then the Cal-
ibration cycle has been completed for the Length.

8) Measure the wire fed and enter the measure-
ment into the selected Length.

9) Cut the wire so that the next length can be
measured.

10) Use the Arrow Selection button to highlight the
next Length.

11) Repeat steps 7 through 10 for Lengths 2 — 4.
12) Press the Save Selection button to save the
parameters to the memory.

Wire 2

Follow steps 1 through 12 from Wire 1 calibration
instructions. In Step 1 choose Wire 2 Speed.
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FIGURE 49 — APEX 2100 WIRING DIAGRAM
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WARNING

P

& Do not touch electrically live parts or
electrode with skin or wet clothing.

@ Insulate yoursall from work and
ground,

"

& Keep llammable materials away.

-4

& Wear eye, ear and body protection,

N

Spanish

AVISO DE
PRECAUCION

@ Notoque las paries o los elecirodos
hajo carga con la piel o ropa moja-
da,

® Aislese del trabajo y de |a tierra.

@ Manlenga el material combustible
fuera del drea de trabajo.

@& Proléjase los ojos, los oidos y &l
CUerpo.

Franch ® Ne laissez ni la peau ni des véte- ® Gardez & I'écart de lout matériel & Protégez vos yeux, vos oreilles et
ments mouillés entrer en contact inflammable, volre corps.
ATTE NTI 0 N avec des pidces sous lension,
@ [solez-vous du travail et de la terre.
German ® Berithren Sie keine stromfiihrenden | @ Entfernen Sie brennbarres Material! | ® Tragen Sie Augen-, Ohren- und Kar-
Teile oder Elektroden mil lhrem perschutz!
WARNUNG Korper oder feuchter Kleidung!
® |solieren Sie sich von den
Elektroden und dem Erdboden!
FoMuguass - @ Nio loque partes elélricas e elec- | @ Mantenha inflamaveis bem guarda- | @ Use protecio para a vista, ouvido e
AT EN G AO’ frados com a pele ou roupa maolha- dos. COTpO.
da.
® [sole-se da pega @ lerra.
Japanfw e ERFOENEE, TURHEE | *HAPTULLOOMTORENR |o 6. NAUAKCEARELTT
-.I = $IE JPRhARTMAG LS E, HBMELTIREY A, au,
T B CRINT7 75 RENRES
RTUEHELTTFaL,
Chinese

S HERAXNYIEMBRNEAR | o E—URMMABNI AR sEEN. HRSHNSLANAR
- ol
E = oA E MRS EE
Korean
e HEHY BSHEG e #y == | *Uy BE 2 MFX opMR. | eF, WY B4 R2ETE
o E‘I meE Yo H&s oA, ABsHAIR.
T &= ® 22l MEE H&x opae.
Arabic
. S g g AT H) peals Y @ ey NS G AL Sl s @ |y e e Ay ey Sl e @
[T o el alpg 2y SO g A e ey
«# iy AL ety
aall e ap e Y pae @

READ AND UNDERSTAND THE MANUFACTURER'S INSTRUCTION FOR THIS EQUIPMENT AND THE CONSUMABLES TO BE
USED AND FOLLOW YOUR EMPLOYER'S SAFETY PRACTICES.

SE RECOMIENDA LEER Y ENTENDER LAS INSTRUCCIONES DEL FABRICANTE PARA EL USO DE ESTE EQUIPO Y LOS
CONSUMIBLES QUE VA A UTILIZAR, SIGA LAS MEDIDAS DE SEGURIDAD DE SU SUPERVISOR.

LISEZ ET COMPRENEZ LES INSTRUCTIONS DU FABRICANT EN CE QUI REGARDE CET EQUIPMENT ET LES PRODUITS A
ETRE EMPLOYES ET SUIVEZ LES PROCEDURES DE SECURITE DE VOTRE EMPLOYEUR.

LESEN SIE UND BEFOLGEN SIE DIE BETRIEBSANLEITUNG DER ANLAGE UND DEN ELEKTRODENEINSATZ DES HER-
STELLERS. DIE UNFALLVERHUTUNGSVORSCHRIFTEN DES ARBEITGEBERS SIND EBENFALLS ZU BEACHTEN.
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Vs

@ Keep your head out of fumes.
@ Use ventilation or exhaust to
remove fumes from breathing zone.

@ Turn power off before servicing.

o Do not operate with panel open or
guards off.

WARNING

@ Los humos fuera de |a zona de res-
piracion.

o Mantenga la cabeza fuera de los
humos. Utilice ventilacion o
aspiracidn para gases.

@ Desconectar el cable de ali-
mentacién de poder de la maquina
antes de iniciar cualquier servicio.

@ No operar con panel abierto o
guardas quitadas.

""AVISO DE
PRECAUCION

© Gardez la t8te a |'écart des fumées,

© Utilisez un ventilateur ou un aspira-
teur pour dter les lumées des zones
de travail.

@ Débranchez le courant avant |'entre-

tien,

@ N'opérez pas avec les panneaux
ouverts ou avec les dispositifs de
protection enlevés,

French

ATTENTION

@ Vermeiden Sie das Einatmen von
Schweibrauch!

o Sorgen Sie fiir gute Be- und
Entliiftung des Arbeitsplatzes!

@ Strom vor Wartungsarbeiten
abschalten! (Netzstrom vollig off-
nen; Maschine anhalten!)

® Anlage nie ohne Schutzgehause
oder Innenschutzverkleidung in
Betrieb setzen!

German

WARNUNG

o Mantenha seu rosto da fumaca.
@ Use ventilagdo e exhaustio para
remover fumo da zona respiratdria.

@ Nao opere com as tampas removidas.

@ Desligue a corrente antes de fazer
SBvico,
@ Niotoque as partes elétricas nuas.

@ Mantenha-se afastado das partes
moventes.

@ Nao opere com os paineis abertos
ou guardas removidas.

Portuguese

ATENCAO

SLa—LrSMEMTESICLT
Fa,

O ALFT LA -Y—~EAZRY I

/AN HN—ERUNLLLEE

TiEEE

PEMICE, $TREBRS 258 TREMFELEVTTFEL,
O MUCHRA+FREBLTTF &, BTAD>TTFEL,
eHEINAR e MEMUNRN, CMEHITMMANT 2 Ay Rppy | Chinese
© 7505 O I 10 1 3 JE O 0 06 28008 =, g =
Korean
® UZBNE| BHUIIAE WANUAIR.| @ 4Nl HNE HOSUAIL. o Ehgo| Yl Aem TE2
® TRXNCBNE BUIIAR ohlAIR. ol = _|
A HE 2IAN7|Y ..r{ o
REE MBSUAR. |
Arabic
w#mgﬁ"w‘m—buo Al Ayl S L 40 A el @ Lhaby ZOS 1l gl i iV @ "
gAML ais g ) Al Sl @ Adde Sl A1 ) Lyaganll -
e i 0 ARl e G aag 8 Jﬁh—i

LEIA E COMPREENDA AS INSTRUCOES DO FABRICANTE PARA ESTE EQUIPAMENTO E AS PARTES DE USO, E SIGA AS
PRATICAS DE SEGURANCA DO EMPREGADOR.

EIMBPEHOA =D —DHERBELC(ES, ETERLTTEV. TLTRHORERECE>TTE L

MEENREENUERRENBRPEURREEANRIHE, ERIFTRIANAMNPIDRENE.

ol HiFEol S8 ZUXAME XS FAIR HUX} eRiSAFE FEFEAP| vhEdch

el caalual 8 g1 Slaslad 1)y Lgllaniaal 31 gd) land) 3! gt) al] bl pgll y (el 8
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