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Plasma is
“The Fourth State of Matter”

e The first three states of
matter are solid, liquid,
and gas.

For water, these states
are ice, water, and
steam.

 Plasma is the result of
adding more energy to a
gas.
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Definition:
Plasma is an electrically conductive gas. The ionization of
gases causes the creation of free electrons and positive
lons among the gas atoms. When this occurs, the gas
becomes electrically conductive with current carrying
capabillities. Thus, it becomes a plasma.

Plasma in Nature

 Lightning
- moves electricity from one place to another
- gases In the air are the ionization gases
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Cutting with Plasma

 Plasma cutting is a process that utilizes an optimized
nozzle orifice to constrict a very high- temperature,
lonized gas so that it can be used to melt and sever
sections of electrically conductive metals.

 The Plasma arc melts the metal, and the high velocity
gas removes the molten material.
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Gas Selection

Selecting the proper gas for
the material you are cutting
IS critical to get a quality
cut.
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Plasma Gas- Also called the cutting
gas. Gas that is ionized in the
plasma process, exits through the
nozzle orifice.
e Examples

O Air

[0 Oxygen

0 Nitrogen

0 Argon-Hydrogen
Shield Gas- Secondary gas in the
plasma process; surrounds the arc
and is used to help constrict arc
and cool torch; creates the cutting
environment which among other

things effects the edge quality.

e Examples

0 Air
CO,
Oxygen-Nitrogen
Air-Methane
Nitrogen
Methane

OoOooOooOodd



Selecting the Right Gas

® Gas quality is critical for the proper
operation of plasma arc cutting systems
and optimal cut quality.

® Contaminates can cause misfiring, poor cut
qguality or poor consumable life.

® Includes:
[1gas impurities
[Imoisture
dirt
[ piping system contaminates

improper gases (Air in O2 systems-leaks, not
following proper purge procedures when
changing gases)
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Selecting the Right Gas

System Material Plasma Gas Shield Gas
Hydefinition Mild Steel O, O, &N,

Stainless Steel

up to 1/4" Air Air
above 1/4"  Air Air & Methane
*abowve 1/4" H35 &N, N,
Aluminum Air Methane
Copper O, O, &N,

*Only valid if equipped with six channel gas console
(p/n: 078059 & 078061)
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Selecting the Right Gas

System Material
MAX200 & HT2000 Mild Steel

Stainless Steel
up to 1/4"
abowve 1/2"

Aluminum

Copper

Plasma Gas Shield Gas
O, Air
Alr Alr
H35 N,
Alr Alr
O, Air
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Selecting the Right Gas

System Material Plasma Gas Shield Gas
HT4001 =+ Mild Steel 0, H.,0
Stainless Steel N, H,0
Aluminum N, H.,0
** O, cutting is only for 340 amps maximum. Mustuse N, for higher current
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Selecting the Right Gas

System Material Plasma Gas Shield Gas

HT4400 Mild Steel O, O, &N,
Stainless Steel N, O, & N, or N,
Aluminum N, O, & N, or N,
Copper 0O, O, & N,

*Only valid if equipped with six channel gas console

(p/n: 078059 & 078061)
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Using Cut Charts

Current and Gas Selection e Material Type

Mild Steel . :
200 amps * Air Plasma / Air Shisld 4 —Brief Description The cut charts give parameters

R s e needed to set-up your system to
e W SR o cut.
jo .Ji | .: I':ﬂ EE l .
@ E J 9 ] * Flow rates should a be adjusted
Setup Parameters pr——— Consumable Selection according to chart charts
| fowmemmpes] s moeme sy % iy — unless additional notes section
|21 s o omm M1 oW PR W gives tips on adjusting to improve
2 = iom;om BEm oo cut quality
ot B =i 55 8 S8 B * It may be necessary to adjust
il =i msl B B Travel Speeds and Work-to-
T = e —— - Distance/Arc Voltage settings to
] ERTEN ] o BRI S T optimize cut quality and system
gg ®B BGioELIEEIE B performance.
|7 = 1w ¢ m W ® » Purge gases for at least 1 minute
" ERDEINTENRRIE  — Additional Notes after changing consumables and
T wy A e | e e LI Bartoar e DD b LS K before Cuttlng.
B4 HTZO00 instructon Manual
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Installing Consumables

Conventional
Shiald

@—»

Hydefinition

/v Protect your
investment, use

only genuine
Hypertherm parts

Indicated by label
Front or part number

Nozzle/Shield
i » .
. assembly Electrode
Swirl Rinag

] | .

1 Y i '

5 : .
Indicated by label

. S hield R etaining Frontor partnumber.
Shield Canp Adaptor Cap

« Consumable parts are selected using the appropriate cut charts.

* Install consumables using the tools provided in your parts kit. DO NOT
OVERTIGHTEN.

 Lubricate all consumable o-rings with silicone grease provided in the consumable
parts kits. Do not over apply, only a thin film is needed. Apply the lubricant to your
fingers (only enough to glisten) and then rub on o-rings.

e TIPS

— Electrodes and Nozzles should be replaced as a set.

— Swirl rings should be replaced when necessary, usually every five-ten
electrode/nozzle changes.

— Shields, retaining caps, etc. only need replacing when they are physically worn or cut
quality becomes poor.
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Recording Consumable Life

« Recording consumable life is an important task that should be done
each time consumables are changed.

« With records like this you will easily see when you are having a
consumable life problem and will aid in effective troubleshooting.

 The chart below is a good example for your log.

Consumable Usage Log

Date Part#'s Used Plate & Thickness Current Arc Hr- Start Arc Hr- End  # Pierces Notes
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Consumable Life

LONGLIFE
OXYGEN TECHNOLOGY
COMPARED TO CONVENTIONAL
QXY GEN PLASMA
ELECTRODE LIFE™

1200
1100
1000

900

£ 800
(1l Lenglife
= 60D Oxygen Plasma
& 50

£ 40| Standard
= 3| Dxygen System
200
100

1 10 20 30 40 30 &0

Average Cut Cycle (sec)

Graph does not represent actual number
of starts.
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In addition to proper setup and
operation consumable life can
be increased by following
these simple steps:

— Proper Height
— Minimize errors

The average life of the
consumables is dependent on
the number of pierces and
length of cut. Consumable life
IS not solely gauged by the
number of pierces. See
graphs at left.



Pierce Height

e Proper pierce height is critical for long consumable
life, cut quality and avoiding misfiring.

e Pierce height should be 1.5-2 times the correct stand-off
distance.

e Piercing too close to the plate will cause blow back slag to
enter the torch. This will cause consumable damage and
possibly damage the torch.

e Piercing too high will cause excessive pilot arcing. This will
cause excessive nozzle wear.

If you are using the Hypertherm CommandTHC check the
Instruction manual for more information on piercing and
some of it’s features that will reduce consumable damage.
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Reducing Errors

® Reducing errors will add considerable life to your
consumables. Errors are generally caused by not starting
and/or stopping the cut on the plate or running the arc off the
plate. This interrupts the LongLife process.

® Every error equals approximately 10-15 pierces on most
systems. The HD3070 is more sensitive to errors. Each error

equals more than 15 starts.

® Errors should be less than 10% of the number of pierces.
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System Material Type Max Cut Capacity Max Pierce Capacity
HD 3070 Mild Steel 1/2" 1/2" ° EaCh System ha.S a
Stainless Steel 1/2" 1/2" .
Aluminum 12" 1" maximum recommended
MAX 200 Mild Steel 2" 1" CUt Ca_paCIty and plerce
Stainless Steel 2" 7/8" CapaCIty
Alumi 2" 7/8" . . .
S — If material thickness is
HT 2000 Mild Steel 2" 1" greater than the max.
Stainless Steel 2" 7/8" . .
Aluminum 2 718" pierce capacity, the cut
| " must be started on the
HT 4001 Mfld Steel w/O, 1 1./.4 1" edge Of the plate or a
Mild Steel w/N, 3 1 .
Stainless Stesl 3 iy starter hole must be drilled.
Aluminum 3" 1"
HT4400 Mild Steel 2" 11/4"
Stainless Steel 2" 1"
Aluminum 2" 1"

Copyright, 2000 Hypertherm, Inc.

These materials cannot be reproduced in any form without the permission of Hypertherm, Inc.



Cutting Capacities

« EXxceeding the recommended pierce
capacity will cause poor consumable life
and possible torch damage

o Consult cut charts to determine maximum
thickness for the gas combination that you

are using.
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Consumable Troubleshooting

Learning how to evaluate consumables will allow the experienced
operator to quickly evaluate the operation of his system and find
any problems that may arise. Below shows common problems

and solutions:

Problem
Hectrode quickly erodes

Possible Cause
Gas restriction, low gas flow

High coolant temperature or low coolant flow

Excessive errors

Solution

Notes
Torch will dive if equipped w ith THC
This problem could also cause misfiring

1) Verify proper flow setting and supply pressure/flow

2) Verify proper consumables are installed

3) Check swirl ring for blockage and proper amount of lubricant
4) Check for hose blockage or kink

5) Find malfunctioning valve.

1) Verify proper temperature if equipped w ith external chiller
2) Perform coolant flow test

Make programming changes to allow systemto ramp up/dow n properly
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Consumable Troubleshooting

Learning how to evaluate consumables will allow the experienced
operator to quickly evaluate the operation of his system and find
any problems that may arise. Below shows common problems
and solutions:

Problem Possible Cause Solution Notes
Blectrode pit w earing Blocked or defective swirl ring Replace swirl ring Excessive lubricant can block sw irl ring holes
non-concentricaly

Defective torch Replace torch main body
Nozzle orifice w ears Excessive pilot arcing 1) Verify proper pierce height
out of round or orifice w ears 2) Check for poor work cable connection Excess slag on table can cause this problem
from the outside in. 3) Shorted torch Measure resistance of torch

4) Pilot arc relay is staying closed
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Consumable Troubleshooting

Learning how to evaluate consumables will allow the experienced
operator to quickly evaluate the operation of his system and find
any problems that may arise. Below shows common problems

and solutions:

Problem Possible Cause Solution Notes
Nozzle erodes on the inside Contamination 1) Check gas supply or check for leak A leak w hen cutting w ith O2 can cause
comtaminates to enter the plasma gas line
2) Verify proper pierce height Hectrode and nozzle will be black.
Torch will rise if equipped w ith THC

Double arcing
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Reading the Cut

 There are four basic measurements used to determine good cut
quality.
 Bevel Angle
 Dross Levels
 Appearance of Cut
 Lag Lines (Mild Steel- Oxygen cutting only)

— The Adjustments that you the operator can make to improve these
gualities are:

e Torch Height or Arc Voltage
 Cut Speed

| Remember: the Cut Charts are the place to start but cut speed and
torch height may need to be adjusted on some materials.
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Bevel Angle

Torch too low Negative Bevel

Zero Bevel

Torch too high

/ Positive Bevel

Note: Running the torch very close to the plate on

Hydefinition systems will show a different result.
The bevel will be positive and the top & bottom
edges will be rounded over.
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« By increasing or decreasing
the height of the torch the
bevel angle can be changed.

— adjust ARC VOLTAGE setting
on plasma system with arc
voltage torch height control
(THC). (Or manually adjust if
system does not have THC.)

TIP: If the angle is not equal on
all four sides then the torch
may not be square to the plate
and will need to be adjusted.

Click here for a demonstration




Decreasing Dross(slag)

Top Dross

High Speed Dross

Lz

Low Speed Dross °

LAY

Copyright, 2000 Hypertherm, Inc.

Top Dross- Splatter appears on the
top edge of both pieces of the plate.
Lower the voltage in increments of 5
volts (maximum) until top dross
disappears. Usually only seen with
Air plasma.

High Speed Dross- Fine roll over
dross that welds to bottom edge.
Cleaning requires chipping or
grinding. Reduce cut speed to
decrease high speed dross.

Low Speed Dross- Globular dross
that forms in large deposits. Comes

off very easily, in large pieces.
Increase cut speed to decrease
low speed dross.
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More on Dross

« Some types of metal inherently cut with more dross than others. Some of the
more difficult plates and treatments are:

— High carbon content - Shot blasted plate
— Cold rolled steel - Clean metal surfaces
— Aluminum - Warm/hot metal

« Some of the easier types are:
— Hot rolled steel
— Oil pickled

 If plate has an oily or scaly/rusty surface cut with this side down.

 Using a water muffler or underwater cutting will tend to increase dross levels.
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Appearance of Cut

 When cutting metals besides mild steel with oxygen, lag lines are not a
good indicator of cut speed.

 Bevel angle, dross levels and appearance of the cut must be factored
together. The smoothness or roughness of the face and the dross levels
will determine correct speed.

e Concave cut face is due to torch standoff being too low or consumables are
waorn.

e Convex cut face is due to torch standoff being too high or consumables are
worn.

Good quality Stainless Steel Cut
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Reading Lag Lines

Mild Steel, O, Cutting Only

Correct Speed _ _
| e Using the lag lines of a cut are

an excellent way to determine
proper cut speeds.

 The lines should generally trall
the cut by approximately 10 to
15 degrees.

 When the lines are more
vertical the speed is too low

 When the lines are more
trailing the speed is too high

Lzoeplahie hesr
Lap lines less than 15

Demss knocks ofl wilbaul grisding

Promiunced hevel

Lag fines Greak marg than §5

MMay sal sxhizve 3 ciean ar “drip oo

Hanl dress
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Effects of Cutting Speed

on Arc Voltage

o

(+)
[

Arc

Voltage
[
] (+) ®

Cutting Speed
note; Graph s indepedent of system and metal thickness

[

Copyright, 2000 Hypertherm, Inc.

These materials cannot be reproduced in any form without the permission of Hypertherm, Inc.

As cutting speed increases arc
voltage decreases and vice
versa.

Cutting speed changes:
[1 When going in and out of corners
[1 At beginning and end of a cut

[1 When cutting circles and contours.
This will cause dross in corners and contours

Reaction of THC

[J Torch will dive as speed decreases

[J Torch will raise as speed increases

THC must be turned off or “Locked Out” when speed
decreases



Cutting Direction

Direction

A

.ﬂ'\'\-\.\_\. .-.-.__
Production Piece

Clockwise: Cutting outer boundary of part. Part
falls out.

Counter-Clockwise: Cutting inside hole. Scrap
falls out
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Due to the swirling action of the
plasma gas one side of the cut
will always have a bevel angle.
This is called the “bad side” of
the cut.

In order to get the minimum
amount of bevel on your
production pieces you must
travel in the proper direction.
The “good side” is on the right
as the torch is traveling away
from you. Refer to picture at left.

The swirl direction can be
reversed, by using different
swirl rings, on some models to
achieve the opposite results.
Used for cutting mirror image
parts



Cutting Holes

Plate With Intermal Hole

End Point
et |l'":'“n
P SN

| \
[/ ' vy
| I I 1 |
|
I 1
| ! il
l_Il ll'l'il -_| |'I
LY 1'1. g
!.I X -|'
et
— Bordar

— Cut line, cantar of cul

Arrows indicate
cut direction
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Cutting internal holes can be very difficult with
plasma. The minimum hole size, assuming
excellent motion control characteristics are:

HyDefinition(O, on Mild Steel)
— 1/8"(3 mm) plate and less: 3/16 (3 mm)
— Above 1/8”(3 mm): 1.5 times material thickness
Conventional(O, on Mild Steel)
— 1/8"to ¥2" (3-13mm) plate: 2 times material thickness
— Above 1/2” (13 mm): 1.5 times material thickness

— For best results:
e Turn THC off.
* Reduce Speed.
* Make lead in perpendicular to side.
* Minimize lead out. Only enough for part to drop out.
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Operator Troubleshooting

e Status LED’s- The green or
amber lights on the front of the
power supply are good indicators
of common problems. If the LED’s
are green then they should be on,
If they are amber they should be
off. Check your Instruction
Manual to see how to troubleshoot
with these LED's.

o Tips:

— System shuts off during cut or
when trying to cut: Hold down
on the Start button to see
which LED “flickers”. This may
be the one causing the system
to shut down.
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Constant Bevel: Check for the
proper direction of cut, torch
height, cut speed, condition of
consumables or torch
alignment(perpendicular to plate).
If all appear to be in good
condition have maintenance
check for leak/restriction, then
replace torch.



Maintenance

Preventive
Maintenance
Protocaol
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To optimize performance,
minimize overall operating costs
and prolong the life of your
Hypertherm plasma cutting
system, a regular preventative
maintenance schedule should be
followed.

Contact Hypertherm Technical
Service for a free copy of our
Preventative Maintenance
Protocol.



Maintenance

« Dalily:

Verify proper inlet gas pressures.
Verify proper gas flow settings.

Verify proper coolant pressures and
temperatures.

Replace consumables as needed and
inspect torch.

Weekly:

Clean power supply with compressed
air or vacuum.

Verify cooling fans are working properly.

Clean torch threads and current ring.
Verify proper coolant level.

* Monthly:

Inspect for loose wiring connections.
Inspect main contactor for wear.
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Inspect pilot arc relay.

Inspect air filter on front panel of
system if equipped.

Verify proper operation of
coolant flow switch(es).

Perform coolant flow test
Perform gas leak test
Inspect cable connections.
Inspect spark gap assembly

* Bi-Annually:

Drain & Flush main coolant
system. Replace coolant filter
element. Replace coolant with
genuine Hypertherm coolant.

« Annually:

Replace pilot arc relay



System Overview

This basic overview describes how an arc is established and maintained. This must be understood to effectively
troubleshoot your plasma arc cutting system.

1

ol

4+

nc

HE

=R B — R — ) e e il e

—ﬁEBT

200Y¥AC 50/60 H2

F1

Surge Injection  High Freq

Start Circuit

2 Mhz

0
—L 1]

I Workpiece

10-15 KYAC h Torch

Arc Resitor

CR1
Pilot Arc
Relay

—:l_-'
L1
DA\
St
Resktar
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Chopper- DC constant current
power source used in most
Hypertherm mechanized plasma
arc cutting systems

High Frequency Start Circuit-
Method of initiating plasma arc
using high voltage, high frequency
AC.

Surge Injection Circuit- Maintains

output current while high
frequency is on.

Pilot Arc Circuit- Used to initiate
arc by connecting nozzle to (+) and

providing path for high frequency.



Sequence of Operation: Pre-Flow

mMMmMmmmoOImr
7 n

Gas Stafis-
Pre-How: ON

Surge Injection High Freq
Circuit Start Circuit

Charging o

F1

—:l_r'

10-15 KYAC
2 Mhz

.

—L 1

| |
1
CR1

Pilot Arc

Relay
RE Pilot

Arc Resitor

1
RN
St

Reskitar
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Workpiece

A start signal is given to
the power supply. The
main contactor is
closed, creating Open
Circuit Voltage(OCV).

Plasma gas pre-flow is
turned on

Surge Injection circuit
charges
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Sequence of Operation: Pilot Arc

1 e The pilot arc relay is closed
M) P and the high frequency

circuit is turned on.
!
| Surge Injection High Fre .. . . .
oc ! Gircuit Start Circui () Surge |nject|on circuit
ﬁ Dis-Charging oN ) i i
o| ] | ST a rorh discharges to maintain
el |1 & circuit voltage while high
E ]
R — frequency is on
H Workpiece
R 1
Pilot Arc
Fl Relay
—_— RE Pilot
Arc Resitor
(T
N
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Sequence of Operation: Cut Mode

e Arc comes into contact

ﬂf s Status with the work, CS 1
Cut Aow- O
rrrreen senses current flow and
goes to alogic low
)
o Surge Injection  High Freq state- Arc transfer has
oC Circuit _ Start Circuit
" Charging orF occurred.
E ¢ 10-15 KYAC E]Tmh
- 2 Mhz
Pl ) . .
R ! ﬂ e High frequency circuit
" kg is turned off, pilot arc
. o B relay is opened
_ éREPilnt
Arc Resitor
A~ - e Gas flow is increased to
prel cs1 Logic Low the cut flow setting
Click here for high frequency start
Copyright, 2000 Hypertherm, Inc. Click here for contact start
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Troubleshooting-

Systerm Shuts of
Al LED's showe fault condition,
fans confinue to rur.

I

Attemptta ([dentify unsatistied
irteriock by holding on QR button
and watch for the "Nickering” LED

!

iy

L.

"...‘I
']

System Shuts Off

Satisfy interock or

ﬁ?ﬂu idantify the >—‘I'B-3—I- replace switchfsensar it

@Terlncw

Jump oot

MBCessan

T

YES

D_DES |
“system stay

interlocks
Iriddivkd ually

running 2.

Jurrp out QN switch
or swap 24 VAC and
T20WAC contacts.

1) Replace Power Distribution Board
I 24 VAT s drooping, ind the:short or
re-link contral transformer for lower
woltage.

L~ Dines
q—ﬂo__(svs'tiam stay ™
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Reglace Gp
Switch




Troubleshooting- No Pilot Arc

Start signal diven,
bhut no arc from
the tarch

T

YES

|5 there gaxg\
flowe attorch? -

éw prasent at
spatk gaps?
—~

m
th
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Oesthe PLASMA STAR
LED lllurminata? 00— phnfgnguh?gyaa'ripﬁlxr
(See LED List '

Warity signal
fram contraller
and.cabling

+
YES
0as I_E“\I:\i:»>
Hurminates?
\\\l/
HO

v

Replace control
board

1y verifiappropriate LED s llluminated an relay
hoard and 120%AC s presentat relay hoard fuse
) Check forvollage at appropriatesvalve.

13 ¥arify HOLD signal 1s notan
2y Perfarm HF testifollow
procedure)
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Troubleshooting-
No Pilot Arc (cont.)

Check for Oy at chappersdallow
choppermoduletest procedure in
instruction manualy

SO0y
-——bﬁ\pra 5 ent?\\‘
-

NO

Replace failed components (Chopper,
e a0 OF control board, AC supply or
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YES

l

Check QCW agaln with
semiconductar fuse
Installed

gl contactor

1) Check far shored torch
21 Check PAcontraller an
HEZ070 and HT4001

g QY
present? 0—p

i

YES

!

19 Check surge
Injection circult
2 Replace torch leads




Troubleshooting- Loss of Arc e

':f .
Swsterm pilotarcs
hut then goes out

=R

Does PLASHMA
START LED ramain
Nurminated?

Liogs "=
S TRAMSFER

: LED 3
JIIurhinaty'
YES

'

mariually apply start sigrial

NO B [T the arc stays onthen the problem s with the cantroller dr

cabling. Wthe not replace contral board.

17 Checkwork cable commection(attach directly to-plate)
P 2 Fefiorm current sensor test an instruction manual)

1) Werliv pierce delay
fime | not excasive
2y Jumnpoout current’
sensof
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3} Verit proper plerce helght

Replace current
Sensar

Doesars
stay on?

YES—»

MO

|

1) Checkincaming
powerTlSe S, wire' s5ize,
main contactor)

2 Replace torch leads
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Troubleshooting-

Arc transfars to plate,
hutdoes notcut
comipletely through

Yerify proper current & gas
flowesettings-and propet
coreumables are installed

Measura out put currant
mMegsure o work cable with
clamp ar current neter ar
across shunt

"...‘In-
] I LI

‘“‘) Arc doesn’t cut through

i Yerify egqual autputfrom choppers, If
|5 current ‘; NO ) arje is |ow disconnect duty cyile wirgs,
Wt correct? ifcurrent Increases raplace

7

r

YES

v

cotitralfanalog toard.

Varify praoper curtent is being et
—Egual Curtput— by |Umping out BCD selécton
cantral hoard.

Check for gas leak; restriction or
contarrination
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