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Section 1 i
Thermiat S oty JEEPRAXAIR

SECTION 1
THERMAL SPRAY SAFETY

1-1. SCOPE

Haau'nnd'undn{'niand the entire contents of this manual, with
A special emphasis on the safety material throughout this manual,

before installing, operating, or maintaining ipment
IMPORTANT unit and these instructions :::e for use mﬂ? ﬁm: mﬁ

and experienced in the safe operation of ihermal spray equiip=
ment. Do not allow untrained persons to install, operate, or
maintain this unit. Contact & Factory Representative If you do
not fully understand these instructions.

This chapter notes potential hazards and salety issues associated with
thermal spraying, its preparation and finishing processes. Subjects in
this chapter include:

® Firg Pravention and Protestion

* Sale Operating Conditions
- Sterage, Handling and Use of Compressed Gas Cylindars

- Fiow KMalers
- Comprassed Air
* Flame Spray and HVOF Equipment
* Plasma and Arc Equipment
* Abrasive Blast Machines
* Manspulation/Handling Equipment

* Prataction of Personngl
- Eye Protection

- Respiratony Protection
= Hearing Protaction
= Protactive Clothing
- Confined Spaces
= Wantilation

» Toxic Materials
- Baryllium

= Cadmium
- Lead, Lead Alloys, Cobalt, Chromium, and TeBurium
= Tin and Fine

= Sohlvents
- Threshald Limit Values
= Appiicable Safety Standarcds

In this chapter, the words approved or approval mean the process,
actan or part is accepiable to the jurisdictional authority.

Fage 5 Moded 7354
Revision B, January 8, 1993



=15
iy

Section 1
Thermal Spray Safely

A

WARNING

A

CAUTION

A

IMPORTANT

A. General Safety Guidelines

Familiarize all persons concerned with thermal spraying with thase
=afe practices and the safety regulations contained in established stan-
dards. Partinent standards are listed in Section 1-10 at the and of this

chapdar.

Information presented in this manual and on various labels, tags, and
plates on the unil pertains to equipment design, mstallation, operation,
malntenance, and troubleshooting that should be read, understood,
and followed for the safe and effective usa of this equipmant.

The installation, coeration, maintenance, and troubleshooting of plasma
spray equipment requires practices and procedures that ansure per-
sonal safety and the safety of others. Therefore, this equipment is to
be installed, oparated. and mainiained by qualified persons in agree-
ment with this manual and all applicable codes such as, bul not limited
1o, those listed in Section 1 - Safety Rules For Operation Of Thermal
Spray Equipment in this manual, and Section 1 - FRules For Operation
Of Are Welding Powar Sources in the Power Source Owner's Manual.,
Theroughly understand and comply with bocal, state and federal (OSHA)
healh standards, espacially when handling toxic materals.

Safety instructions specifically pertaining 1o this unit appear through-
ot thiz manual highlightad by the intemational waming sign and iden-
ity differant levels of hazard,

WARNING siatemanis include installation, operation, and main-
tenance procedures or practices that could result in serious
personal infury or loss of Wie if not followed carefully.

CAUTION statements include installation, operation, and main-
tenrance procedures or practices that could resuitin minot per-
sonal Injury or damage to this equipment if not followed care-
Fully.

A third signal word, IMPORTANT, highlights instructions that
need special emphasis to oblain the most efficient operation
of this equlpment.

B. Toxic Wastes

Praparations for thermal spraying, the processes itself or subsaquent
finishing cperations may generate loxic materials. Dispose of lhem
according to the EPA Resource Conservation and Recovery Act
(RCRA).

C. Flammahble Solventz and Secaler Baces
Certain de-greasing solvents and sealer bazas ara flammable and re-

quire special use, handling and storage precavtons in and arcund the
thermal spray area.

Modal 7354
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Section | “7ZEPRAXAIR

Tharmal Spray Satfaly [ e —

1-2.FIRE PREVENTION
AND PROTECTION

ﬁ Treat airbarne metal dusts, finely divided solids, or accumula-
tions as explosives. Minimize the danger from dustexplasions
IMPORTANT by providing adeguate ventilation In spray booths, Install 8

cartridge-type dry dust colfection system o collect spray dust.

Thermal spraying requires the same basic precautions as welding and
cutting. Consuil ANSKAWS Z249.1, Salety in Welding and Culting;
NFPA 51B, Standard for Fire Prevention in Use of Cutling and
Welding Processes; and NFPA 58, Standard for the Storage and
Handling of Liquefied Petroleum Gases.

kaintin a clean work area (o avold accumutation of metal dusts, In-
spect raflers, tops of booths and loor cracks for dust accurmukation.

Tharmal sprayving operations generate extremely high temperaturas.
NEVER point thermal spray equipment at any person or flammabée
material. NEVER store paper, wood, ally rags of cleaning solvents within
the spray room or enclosurs,

1-3.SAFE OPERATING
CONDITIONS

A. Storage, Handling, and Use of
Compressed Gas Cylinders

Always comply with local, stabe, municipal and federal regulations re-
garding comprassed gas cylinder storage and follow recommendations
in: ANSIVAWS Z49.1, Safety in Welding and Cutting; CGA Pam-
phiat P-1, Safe Handling of Compressed Gases; NFPA 55 Com-
pressed & Liguefied Gases in Portable Cylinders; NFPA 51 Oxy-
gen-Fuel Gas Systems in Welding and Cutting; and NFPA 516
Standard for Fire Prevention in the Use of Cutting & Welding Pro-
cessas. Impropar storage, handliing and use of gas cyiinders CRE-
ATES A SAFETY HAZARD.

MEVER use oil or grease on oxygen equipment. Use ONLY spacial
oxldation-resistant lubricanis. Consult the equipmant manulaciurars
of a gualified deaker for more information.

If manifolding cylinders to permit longer spray timas before change-
over, follow AMSIAWS 248,71 recammendalions.

A Be sure work srea is adequately ventilated before opening any

gas valves. Drain the reguiator of gas and release the regulator

adjusting serew bafore SLOWLY opening eylinder valves. AL-

IMPORTANT WAYS stand away from the direction of foree when opening
eylinder valves,

Install pressure reducing regulators in accordance with ANSUAWS
Z249.1. Use only the appropriate regulator for sach gas cylinder: USE
OMLY ACETYLEME REGULATDRS OM ACETYLEME TANKS OR

Page 7 Model 7354
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Section 1
Thermal Spray Safety

A

WARNING

MANIFOLD SYSTEMS. Always use the corect size wranch to con-
mect the regulator to the cylnder valve outlet; NEVER force or over-
lighten a connection. NEVER use oil or grease on a regulator,

B. Flow Meters

Install and use flow meters in accordancs with ANSVAWS Z49.1. Avoid
ungafe pperating condiions and ensure proper flame balance by in-
stalling backflow prevention devices in conjunction with the flow meters,
Flace a protective shield on flow meters with glass fubes,

Install and use hose and hose connections according 1o ANSVAWS
£49.1 and the Specification for Rubber Welding Hose published by
the Rubber Manufacturer's association and the Compressad Gas As-
saciatlon, Handle hoses carefully to avoid damage and use hoses only
in applications for which they are designed.

NEVER OVERTIGHTEN the connecting nuts on pressure reducing
ragulators and flow meters, as ovartightening can collapse the nipple
nase. It fitting does not seal withou! undue force, replace the fitting,

Tum requlator adjusting screws slowly fo prevent surges that could
crack or burst flow mater fubes. Blow out hoses to remove amy dust,
Avoid any ignition soufces

Use soapy water 1o check all hose connections for leaks, NEVER use
a flame to check for gas leaks, Soapy water is a safer and more sensi-
g test than a flame.

If amy conneclions leak, depressurize, open the connection, clean the
aealing surfaces ard threads, re-assemble, pressunize and test lor leaks.
If leak persists, depressurize the system.

EXPLOSION HAZARD: NEVER USE LEAKING THERMAL
EPRAY EQUIPMENT. Place a “Danger - Do Not Operate” tag on
the defective equipment.

Obstructed gas lines caused by defeclive hoses, collapsed hose stems
af dirt in the gun head gas passages or nozzle jels require excessive
fas pressune 1o oblain proper gas flow,

If required oxygen and fusl gas pressure are more than 3 psi (21 KPa)
ovEr e racommended, check for a fouled nozzle or incomract air cap

Low pressures often indicate a serious leak. Shut down the eguipment
and correct the condition before restarting the system.

EXPLOSION HAZARD: Acelylene pressures exceeding 15 psig
(103 kPa) MAY CAUSE THE GAS TO DETONATE. If acetylens
pressure of 15 psig (103 kPa) is insufficient, use another foel
gas.

C. Compressed Air

Always refer to gases by their proper names to aveld confusion. Never
use compresaed air, cuygen or tuel gas to clean clothing.

Modsal 7354
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et NPRAXAIR
Thermal Spray Safety

For thermal spraying or blasting operations, use compressed air only
dl recommended prassures, Keep airling free of o and meisture. Con-
Sull equipment dealer for filter and affer-cooler recommendations.

1-4.FLAME SPRAY
AND HVOF/HVAF
EQUIPMENT

Thoroughly read and understand the guninstruction manual and famil-
larize all operators with gun operation before fighting gun. Maintain
guns according to recommendations.

PERSONAL INJURY (BURN) HAZARD: Using a match to light s
flame spraying gun can resull in serlous injury. Use a friction
WARNING lighter, pilat light or arc ignition instead,

Froperly sealing and lubricating the gun's oxygan, Tuel gas and com-
presged air valves helps the gun operate Irealy and shut off completaly,

A Extinguish gun backfires as quickly as possibie. Determine the
cause of gun backfires or blowouts BEFORE relighting.
IMPORTANT

When spray operations are complete or equipment is shut down, left
unaftended, or taken down, release all gas pressure from the reguia-
tors and hoses: close gun valves, close cyfinder valve, opengun vales,
tumn regulator screw out until free, close gun valves, close tank valve
or manifold valve ahead of regulatar

A Explosion or Fire Hazard: NEVER hang a flame spraying gun
of iis hoses on regulators or cylinder valves.
WARNING

When cleaning flame spraying guns, NEVER gst il in the gas mixing
chambers. Do not lubricate valves or ether parts of the gun which con-
fact oxymen or fusl gases. Use ONLY spacial cxidation-rezistant lubri-

1-5.PLASMA AND Sl
ARC SPRAY
EQUIPMENT

o Plasma and arc spray eguipment differs from flame and HYOF agqup-
=E% ment. High voltages and amperages reprezent an electrical hazard.

Prior io using equipment, thorowghly frain operalors in the safe opera-
tians and familiarize them with all aperating and safaty recommenda-
tions in tha instructions manuals, Always cbserve standard safety pre-
cautions for elactrical equipment and operate in accordance with ANSH
AWS Z49 .1

Ba sure the plasma or arc equipment is safe to operate. Al push but-
tons, pilot lights, plugs and cables should be intact and meet ANSY
MFPA 70-1979, National Electrical Code standards, Ground or insu-
fate all exposed plasma gun slecirodes and cable connections.

Fage a Model 7354
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Section 1
Thermal Spray Safety

A

IMPORTANT

1-6.ABRASIVE

Perlodically inspect cables, insulation, hoses and gas lines. Repair or
replace faulty equipment immediately. Mever adjust, clean or repair
any part of the power supply, conscle o gun without first disengaging
the antire systam, Including the power supply.

Ciean arc guns and power supplies frequently to pravent rretal dust
accumulation, which could cause slectrical shar circuits. Properly in-
sulate or ground wire feed units used in conjunction with arc equip-
ment. Il the gun is suspended, Insulate or ground the suspension haok,
Interconnect all ground cables.

Avold contact between any ungrounded portion of the plasma
or are gun and the spray booth or chamber. Electrically isolate
plasma guns and nozzies from support brackels to prevent stray
high-frequency current from damaging other electrical equip-
ment and controls.

BLAST MACHINES

A

WARNING

1-7.HANDLING AND
MANIPULATION

Maintain and inspect abrasive blast machines according fo
manufacturer's nstructions. Ramove and repair or raplace worm parns
as neaded. Do not excead recommended air prassure in the blast tank.

Keep blast hoses as straight as possible between the blast machine
and blasting area. Sham hosa bands causa excessive iriclion and wear
which can lead 1o a Blowout at those points, If hoses must ba curved
around an cbject, use leng radius curves. Store blast hoses in cool, dry
aredks.

Be sura blast hose controls function praperly, requinng confinuous pres-
sure on the activating lever for oparation. Releasing tha lever should
cause the system to shut off (dead man controd).

PERSONAL INJURY HAZARD: NEVER point a blast nozzle ot a
person,

Most blasting cperations require respiratory pratection for the opera-
tor. Select, operate, and maintain the protective device according to
ANSI Z88.2: Standard Practices for Respiratory Protection and as
described in a subsequent section,

i

Most tharmal spray and blasting applications require rotallon or other
manipuiation of the part being worked on. Some handling eguipment
can impart high rotational speeds to coating parts. Alix and balance
parts when necessary, Provide protection for the oparator for the event
a rotating part becomes airborne. Mever leave the equipment unat-
tendad while in oparation.

Modsl 7354
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Section 1
Tharmal Spray Safaty

1-8.PERSONNEL
PROTECTION

Table 1-1.
Recommended Eye
Protection Shade Mumbers

Thi ganeral requiremants ter the protection of tharmal Espraying opera-
tors and welders are tha same as setforth In ANSVAWS 248.1, Safety
in Welding and Cuiting; ANSI Z87.1, Standard Practices for Occu-
pational and Educational Eye and Face Protection; ANSI 2882,
Standard Practices for Respiratory Protection: and ANSI Z849.1,
Standard Practices for Industrial Head Protection with Low Volt-
age Hazards

A, Eye Protection

Spraying and blasting operations require eye protection in the form of
helmets, hand shields, face shields or goggles. See ANSI Z87.1 and
Z89.2 for recommendations. Operators MUST use protection againsi
infrared and ulfraviolet radiation and fiying particles. Provide all help-
BrE and adjacant operators with suitable eye protection as well. Equip
the eye protection with a sultable filler plate to protect against ultravio-
let, infrared and intense visible light radiation. (Table 1-1).

Operation Eye Protection
Type Required
Wire Flame Spraying
(except Molybdenurm) Shadas 2-4
Moklvbdenum Wire Spraying Shadas 3-6
Flarma Spraying of Metal Powder Shades 3-6
Flame Spraying of Exothermic

Cearamic Powder or Rod Shades 4-8
Flasma and Arc Spraying Shades 9-12
Arc Bonding Shades 5-6
Fusing Operations Shades 4-6

In thermal spray cperations where additional respiratory protection is
not reguired, operators may wear eye profecting goggles alone, The
gogoles should have ndirect ventilating fins to reduce logging and elimi-
nata danger from tlying particles. In plasma spray operations, replace
the goggles with helmets or hand shields that provide face, chin and
neck pratection from infrared and uliravialet radiaticon.

When blasting, use face shislds or helmets equipped with dust hoods
to protect eves, face, chin and neck, Provide respiratory protection as
wall as discussed In the following paragraphs.

Fage 11

Model 7354
Revision B, January 8, 1929



Section 1
o p——_— Thermal Spray Salety
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B. Respiratory Protection

Respiratory protection i necessary for most spray and blast opera-

tions. Selection of devics is datermined, In accordance with ANSI Z88.2,

. by the nature, type and magniiude of the fume and gas involved. Se-

lect only devices approved by the U.5. Bureau of Mines, National

* Institute of Occupational Safety and Health (NIOSH), or other ap-

proved authority. Suggested devices for typical thermal spraying and
blasting operations include;

- Blasting in the Open: use a mechanical filter respirator with
face shield and dust hood OR a sell-contained breathing ap-
paratus.

- Abrasive Blasting in Confined or Enclosed Spaces: use a
conlinuous flow alr line respirator consisting of a conbinuous
flow albr lime respirator, a full face pieca or helmat and dust beod
sufficient to protect the haad and neck fram rebounding abra-
shva. Minlnum alr flow to the respirator is 4 cfm (11.2 L'min.) al
the face piece and & cfm (12,6 L'min.} amtaring the helmal o
hood, Fresh air blowsrs are prefermed o comprassad alr as a
source of respirator air. If no adequate vantilation 1s provided,
use an in-line vortex cooler when possible for operator cornfort,
Filtar the air supply line to remove objectionable odors, of or wa-
ter mist {or both) and rust particles from the air. Place air intake
o ansure the respirator receives clean, dry air. f gassous air
cantaminanis such s carmon maonoxide are possible, use a
saparate air purfier. Grade D or better compressed air is consid-
ered breathabde,

- Thermal Spraying in the Open or Well-Ventilated Work Area:
addiional respiratony protection may not be necassary. In bor-
detine cases of light work of short duration with noniowxic mater-
als, but with dust exposure use approved mechanical filter res-
plrators for protection againet dust and metal fumes.

- Thermal Spraying in Confined or Semi-Confined Spaces: uze
an air line respirator. Use a device similar to the one dazcribad
for abrashe blasting,

Confimuaus flow air line respirators are adequate for thermal spray op-
eralions involving most commonly used materials. If the respirator ar
supply talls and the contaminant in the space is not immediately hanm-
ful to health, the operator may siop operations, remaove the supply Hne
and return o breathable air, When appiying highly toxec matenals, the
contaminaled air is congidered immediately harmful and the operaior
MUST NOT remove the respirator, In these applications, the respirator
must be aguipped with an emergency auxiliary source of breathable
air which the cperator can breathe while escaping the confined space.

Modal 7354 Page 12
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Thermal Spray Saely

C. Noise Protection

: -n lavale, Provide every
ay processes generate high naisé EVE © ©
Ehngﬂfmi\al gpray operations Wwith gar proteciion i nowse EIE?:]E::E.
the limits established by OSHA In p:amgraph‘ 1810.85, entitled 4
ional Nolse Exposure” of the Occupational Eafew and He
standards. Limi personnel foise eXposUre accarding to federal stan-
dards prescriped under ihe Occupational Satety and Health Act.

Background and Measurement

Tne Occupational Safety and Health Admlrll_istmtiun [DE_HA} re-
quires employers to provide sate working conditions and fErEILIII'EE -
ployess to comply wilh all rules, reguiations and orders which apply 1o
their actions and conduct.

OSHA does not provide thermal spray-specific rules, but establishes
general rules for the conirol of unsafe and unhealthy elements.

Noisa is unneeded and objectionable sound. Excess noisa recucas
produciivity, causes tansion, haaring impairment, nervousness and
slows reaction times. Noise level is & measurement of sound wave
anergy (pressure), The standard unit of sound measurement 5 deck-
bals (dB). Humans can sense approximataly 130 dB.

Tahle 12 shows typical neise levels of vanous erviranmenis. If a pos-
slble problem exists, varify by measuremant.

Noise of sufficient intensity and durafion can creats physictogical ef-
facts. The louder the noise, the shorar the pamissible exposure. Table
1-3 shaws tolerable noisa limits for VaROUS exposure fimas.

Protect operators, nearby workers and transient passers-by from ther-
mal spray noise in any of three ways: at the source; during its trans-
mission; or at the recefver. Managing any ana of these can sohve the
noise problem. Each situation contains many variables, so each case
must be treated indiidually, This manual can provicda only overall sug-
gestions for noise control,

Use enginesring or administrative controls to reduce noise or noise
exposure, Engineering conlrods includas: redesign equipmant; relocate
equipment; change operating conditions; isolate equipment acoust-
cally: insulate work area; and provide operator haarng pratection. Ad-

ministrative controls include planning and scheduling 1o reduce axpo-
sure,

How to Protect Workers' Hearing

Muffiars on thermal spray equipment are impractical and inefiective.
Simple bafflas batween the gun and nearby parsonnel are not ettective
hacause noise scatters around the baffle. Speclally designed sound
absorbing materials provide a 5 dB reduction to adjacant areas. Sound
absarbing materials on walls and hanging balfles can reduce nearby
levels but do not solve the problem for the cperator.
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Table 1.2,
Typical Thermal Spray
Noise Levels
[ Eaumen Set-Up dBA
Are Gung Steal — 24 VOls/200 ampe 111
32 volls/500 amps 116
Powder Gung
(Norma) ﬂﬂﬂl}'[@ﬂﬂ ~ Wi spray booth 89
. Wispray booth a0
wispray booth & air jes coaling | 110
Hydrogen - wip spray booth 100
W spray booth 101
Powdar Guns Acetylane —
) [ = Wrsoray booth 0
o (High Capacity) wigpray booth & air jat cooling | 111
Wire Combustion Guns Acatylene 114
178 & 3116 in, Propane 118
(3.2 & 4.8 mm) Propane & nonioad hardwars 125
Memylacﬁiyiene-ﬂmpadfena gaz| 118
Plasma Gun Nitragen - 600 amps 134
NitrogenHydrogen — 600 amps | 133
Argon — 1800 amps 128
Argan/Hydrogen - 600 amps 133
ArgoniHelium — 600 amps 127
Argon/Nitrogen — 1004 amps 13
Grithlasting Equipmant BO-BA
Exhaust Equipment = G0
Table 1-3.

Allowed Nolse Level Duration

Exposure Duration Sound Level
(Per Day) (dBA)
Haurs 24 80
16 &a
8 a5
d Ha
2 a9
1 G4
Mirnutes 30 97
15 100
7.5 103
3.75 106G
1.88 109
0.9 112
Seconds 2812 115
14,08 118
T.03 121
152 124
1.76 127
(.85 130
044 133
o2z 136
011 135




Section 1
Thermal Spray Safaly

Tabla 1-4.
Decibal Reduction
by Distance

Relocate Equipment

Increasing the distance between the noise source and the receiver
lowers the sound pressure level. Table 1-4 indicates typical decibel
raduction with distance in a free fiald.

Distance Theoretical dBA
from Source Feducton
afL (1 m) o
10 ft, (3 m) 10
30 ft, (9 m) =0
80 R, (27 m) s

Isclate Equipment

Isclate moise by moving it away from affected personnel, or placing the
equipmant in an acoustically insulated enclosure, Praxair offers apray
roaoms (the Model 9700 Acoustical Room) which house spray opera-
tions and confine noise, These rooms are designed to kmit the noise
leval outside the room to specified limits, Conawlt Praxair for additicnal
information.

insulate Work Area

Blocking the path of sound transmission by lining the work area with
sound absorbing malerials provides significant noise reduction. Con-
sult noisa control axpes for material recommendations.

Provide Hearing Protection

If engineerng and administrative contrels do not achieve acceptatie
nokze control, DSHA regulations allow use of suitable personal protec:
tive equipment. This also applies while engineering and administrative
controls are baing established.

Plan and Schedule to Reduce Exposure Time

Engineering controls fecus on eliminating, reducing or containing the
noise hazard, Administrative controls atternpt to reduce exposute time.

Planning and scheduling are best used whare spraying is intermittent.
Usually, spraying time 5 a small percentage of the total job, compared
with setup, surface preparation and finishing.

If spraying fime exceads the permissible levals lor nokse exposure,
scheduls jobs over more than one shift or day to keep exposure within
maximum limits. Jobs can be sprayed by more than one operalor o
keep the exposure of any one person within limits. Off-hour spraying,
outside of raguiar plant hours can control exposure of persons near
the operation. Also, rotate personnel assignments in the vicinity of the
thermal spraying operation o coniral exposure,
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Section 1
Thermal Spray Safety

D. Protective Clothing

Whan working in confined spaces, wear llama resistant clothing and
leather or rubber gauntiet gloves. Clothing should fit snugly arcund the
wrsls amnd ankles to keep spraved materials and dust away from the
sk,

For work in the open, ordinary clathing may be sufficient, However,
ppen shin coflars and unbutloned pocket flaps are potential hazands,
¥aar high-ton shoes and cuffless frousers which covar the lops of the
shias in all cases.

I sprayirng toxic materials, consult matenal suppler tor information on
protective clothing.

Plasma spraying generates intense ultravialet radiation which can cause
a "sunbum® through normal clothing. When plasma spraying, wear cloth-
ing such as thick, tightly woven wool clothing which provides protec-
tion against radiation. For more intense exposure, eather capes or
aluminized clothing is necessary. Take care to aftach aluminized cloth-
ing to the outside of the face shield so radiation is not reflected into the
tace shield. Wear aluminized gloves and dark, fire retardant clothing.

Arc spraying radiation protection is similar to that for electric arc wald-
ing and is cullined in ANSVAWS A49.1, Some arc spraying guns are
aquippad with an arc shield which protects the operator from direct
axposure 10 the arc. This allows reduction of eye protection shads, but
a helmet should still be used if any parts of the body are exposed to
direct arc radiation or if axceptionallty reflective substrates are sprayed.

E. Confined Spaces

spaces such as a closad tank, bailar, pressure vessel or ship compart-
ment are considered confined spaces. Review AWS F3.1, Recom-
mended Sate Practices for the Preparation for Welding and Cut-
ting of Containers and Piping that have Held Hazardous Sub-
stances, If the confined space praviously held combustible materials,

Work in confined spaces requires ventilation. See section 1-8 of this
manual for ventilation requirements.

When thermal spraying in any confined space, kesp the gas cylinders
out of the work space. If oparators must enter a confined space through
a small opening, provide means for rapld emergency exit. If using safety
bels and life lines for this purpose, attach them io the operator's body
20 they will not jam in a small exit, Station at least one attendant trained
in rescue work outside the confined space at all times and verify this
person’s ability to remove the operator from the confined space if an
emargency should ocour

Te eliminate the chance of gas escaping through leaks or improperty
closed valves, closa the gun valve and shut off the gas supply at a
paint outsids the confined area. if possible, remove the gun and hose
from the confined space. Evaluate oxygen level inside the confined
space with oxygen monitorning equipment.

Modal 7354
Revision B, January &, 1999
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Thermal Spray Safety

1-9. VENTILATION

ol

The amount of contamination to which an operator is exposed during
Epray operations depends on a number of factors, including:

- Volume of space in which the operation is performed

- Number of spray/abragive blast units aperating in that space

- The evolution of hazardous fumes, gases or dusts (varies, de
panding on material sprayed)

- Heat generated by the spraying procass

- Presence of volalibe solvants

Consider all factors whan selecting ventilation systems for operalor
safaty.

Where thermal spraying operations are incidental to general opera-
tions, apply local exhaust ventilation to the spray areas to prevent con-
tzmination of the general work araa.

Carefully maintaln individual respiratory protective devices. Clean and
disinfect devices betore transferring between employees (sea ANSI

£88.2). Use grade D or betier air in forced air respiratory devices.

Prowide meachanical ventilation for cperations not performed in the opan
of in a properly designed and ventilated room. Ventilation equipment
usually consists of motor driven portable exhausters with flexible pip-
ing or ducts which removes dust rapidly and allows operators sultabla
visibility. & venlilation system does not praciude the need for respira-
tory protection davicas. See section 1-7.B for recommendations on
protective devices and filtration systems.

When thermal spraying on a machine ool such as a lathe, mount an
exhaust hood at the end of the carriage sa that it fravels with the gun,
axbausting dust and fumsas into the dust collsctor. Aim the gun sa the
sprayed material enters tha face of the hood. An average lathe hood is
abraut 2 sq. ft. (3.2 m*) and the welocty of gir entering the opening
should be at laast 2040 . min. {1 mds). Tha hoad opening design should
alminate turbulence along the sides that could Torce spray dust into
the operator's breathing zone. In some permanent installations, the
antire tool is enclosed except the front and air enters the enclosure at
approximately 300 fimin. (1.5 m/s}, The hood top can be hinged to
facilitate loading and unloading with a crane. In automatic and produc-
tion spraying. the entire mechanism is often totally enclosed. Consult
“Indusirial Ventilation™ published by the American Conference of Gaoy-
emmantal Industrial Hygienists,

Frovide exhaust equipment for dry grinding or lapping operalions per-
formed on sprayed coatings. Consult ANSI 243.1, Ventilation Con-
trol of Grinding, Polizhing and Buffing Metals

Equip spray cabinets used for spraying small and medium size parts
with exhiaust ventilation with an air velocity of 200 to 400 ftfmn, (1 to 2
mis} entering the hood. Operate the spray equipment within 1he face
area of the hood and direct the spray into it Design the cabinet to
eliminate furbulent currents, Consult “industrial Ventilation” published
by the Amarican Confarence of Governmantal Industrial Hygienists.
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Thermal Spray Safety

1-10. TOXIC
MATERIALS

Design blasting rooms with adequate lighiing and ventilation, Ventila-
tion down draft and longitudinal air flow at a velocity of 80 to 100 ft./
min. (0.2 to 0.5 mdés). Equip the blasting room with a dust collection
syslam as is usually required by local ordinagnces, Fully investigate
local, state, and federal regulations before exhausting directly into ihe
atmosphers. Avaid using the blasting room for thermal apraying as the
dust collectors can quickly become clogged with spray dust and may
create a fire of axplosion due o accumudation of metallic dust (see
table 1-2). Provide aperatars with respiratory protection &s detailed in
1-7.8.

Replace ventilation-remaoved air with clean, breathable air, Size fans
to provide at least 10 air changes per minute. [fusing portabla gasaline
or diesel angines to drive ventilators, be sure they are located $0 en-
gine exhaust cannot be drawn into tha ventilating systam or the intake
of the respiraior gir COMpressos.

Lise closed type dust collectors suitable tor use in tharmal spray emvi.
rommeents,

Ground all fang, pipes, dust arresiors and moltors, DO NOT ground fo
pipirg that carries fuel gas or oxygen, Bun ventilation fans when clean-
ing out booths, pipes, ete. 1o pravent accumulation of dust or fumes In
the systam. NEVER weld or cut while repalring any ventilation or dust
collecting eguipment unless the equipment has been thoroughly
chaanad,

Wear fresh air helmets and protective clothing when spraying on un-
usually large chiects or in'large confined spaces such as boilers or
fanks

bAost any matarial, i finely divided Torm, can be damaging 1o the respi-
ratory system. Precautions for protecting the health of spray equip-
ment aperators vares acconding (o the fypse of matenal Sprayed. Gare-
full attention to this hazard is important, becauss the damage is ofien
mix sensed mmadiately. Take care to keep floors, work benches and
booths free of dusty residues. Carefully clean protective clothing to
rermaye dust, or discard after wse.

A. Beryllium

Bardlium and its compounds are highly toxic and potentially hazard-
g, Spray beryllum-containing alkoys only with adequate local exhaust
ventikation and alr live regpirators. Handie the ventilation system ax-
hawst safely while directing It i a restricted area. Protect workers in
the immediate vicinity of the thermal spray cperations as necessary by
lpcal exhawst ventilation or air line respirators (see 1-7.8 and 1-8).

Always seek exper advice from certified industrial hygienists, the
Muckear Regulatory Commission, insurance companies, state agen-
cles and Q3HA when working with DeryHium.

hMoce! 7354
Revision B, January B, 1923
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B. Cadmium

Cadrnium Is highly foxic and hazardeus. Use respiratory protective
squipment such as fume respiralors approved by the U.S. Bureau of
Mines, Mational Institute of Cecupational Safety and Health (MIOSH)
or other approving authority (see 1-7.8 and 1-8).

C. Lead, Lead Alloys, Cobalt, Chromium,
and Tellurium

The principal hazard when spraying or blasting these materials comes
from ingestion, inhalation and the subsequant absorption of fumes, dust
OF Vapors.

The furmes and dust from lead, lead alloys (such as solder and lead
base babbitts), chromium alleys (such as stainless steels, nickel chro-
friurm and chromium oxide) and tellurium are toxic and potentially haz-
ardous. Provide respiratory protection and adaguate ventilation wher-
ever the furme and dust concentration is above the thrashokd limit, (see
1-7.B, 1-8 and 1-8.E).

D. Tin and Zinc

Usually encountered in tha forms of their oxides and not considered
lowic, tin and zine may cause vickent [Iness, including coughing, head-
acha and, particularly in the case of zinc oxide fumes, nausas, vomit-
ing, chillz, fever, muscle and joint pain, and marked thirst. (In the case
af zinc oxide, the efect has been known as “brass founders ague”,
“orass chills”, “zine levar”, or “metal fume fever.) Temporary short term
imnmunity can be devalopad.

Pravantion cangists of adequate ventilation and proper respirators (see
1-7.B and 1-8}. Praclude from the work any operators with pulmonary
diseaze or thosa who coniinue to suffer discomfor, even with proper
vanlidlation and respiraior measures,

E. Solvents

The radiation generated by plasma or arc spraying causes rapid de-
campasition of some salvent vapors into roxious and oxic gases, aven
&t considerable distance trom ihe arc. Slow extraction of the part from
he soivent cheaning tank can reduce this problam, When spraying va-
por-degreased parts, take exira care to see that all solvent (vapors or
fiquid films or drops of soivent caught by pockets and crevicas) s re-
micvad priar o thermmal spraying.

The ultraviclet radiation from plasma and arc spraying generaies air-
bormse azana, The amount of o2zons produced may excesd the maxi-
mum allowable concentration in confined spaces.

F. Threshaold Limit Values
Threshold Limit Values (TLV) are air concantration levels of hazard-

ous materials for exposures not exceaeding a total of eight howrs daily,
TLVs are published annually by the American Conference of Gow-
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Thermal Spray Safety

1-11. SAFETY
STANDARDS

ernmental Industrial Hygienists (ACGIH). Consult a current TLY list
concerning the maximum allowabla concentration of toxic material al-
lowed,

Conduct air sampling to detarmine the venlilation requirements for op-
erations involving the previously listed materials, When less loxic mel-
als are sprayed, the concentration of dust o fumes in the work arsa
miust ot exceed the TLY lor eight hour exposure. Provide respiratory
protection devices and exhaust ventitation when the dust or fume con-
centration is sufficiently high o cause oeperator discomiorn, even when
the appropriate TLY is not excaedad.

OSHA establishes mandatory federal safety regulations. For informa-
tion an these regulations. refer o OSHA Standards, Code of Federal

Regulations, Title 28, Part 1910,

Among tha safety hazards associated with thermal spraying is com-
prassad gas handling. Safe handling of compressed gases is addressed
in ANSIFAWS Z49.1, Satety in Welding and Cutting and in the Will-
iams-Steiger Decupational Safety and Health Act of 1970 (B4 Stat.
1943}, More recantly the Resource Conservalion and Recovery Act
(RCRA), dealing with the dizposal of toxic wastes, potentially impacts
the thermal spray industry,

Whera atandards and other documents are referenced in this publica-
ten, they rofer o the latest adition,

Decupational Safety and Health Act Standards [(29CFR 1910), avall-
able from the Supenntendent of Documents, LLS, Govemment Print-
ing Office.

Ventilation Control of Grinding, Polishing and Buffing of Metals,
AMNEl Z43.1, available from the American MNational Standards Institute.

Safety in Welding and Cutting, AWS/ANS] 249.1, available from 1he
American Welding Society.

Standard Practices for Ocoupational and Educational Eye and Face
Protection, ANSI 287.1, avadable from the Amercan MNational Stan-
dards Instiute.

Standard Practices for Respiratory Protection, ANS| Z88.2, avail-
abie from the Amencan Mational Standards Instifute.

Safety Requirements for Industrial Hand Protection, ANSI Z89.1.
available from the American National Standands Instilute.

Mational Electrical Code, ANSI/NFPA TO-1979, avallable from the
Mational Fire Proteciion Association, updated annually,

Safe Handling of Compressed Gases, CGA Pamphiet P-1, avail-
able from the Compressed Gas Association,

hadel Ta54
Ravision B, January &, 1929
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Oxygen. CGA Pamphlet G4, available from the Comoressed Gas
Associaton,

NFPA 51 Dxygen-Fuel Gas Systems In Walding and Cutting; NFPA
518 Standard for Fire Prevention in the Use of Cutting & Welding
Processes; NFPA 55 Compressed & Liquefied Gases in Portable
Cylinders, available from the Mational Fire Protection Association

Recommended Safe Practices for the Preparation for Welding and
Cutting of Containers that have Held Hazardous Substances, ANSY
AWS F4.1, available from the American Welding Socisty.

Safety Releaze Device Standards - Cylinders for Compressed
Gases, CGA Pamphlet §1.1, available from the Compressed Gas
Azzapiztion.

Standard for Gaseous Hydrogen at Consumer Sltes, CGA Pam-
phlet G5.1, available from the Compressed Gas Association.

Power Plping, ANSI B31.1, available trom the American National Stan-
dards Inslitute.

Acetylene, CGA Pamphlet G-1, available from the Compressed Gas
Association,

Oxygen-Fuel Gas Systems for Welding and Cutting, ANSUNFPA
51, available from the Mational Fire Prataclion Association,

Standard for Fire Prevention In Use of Culting and Welding Pro-
cesses, ANSUNFPA 51B, availablz from the MNational Fire Protection
Assockation,

Standard for the Storage and Handling of Liquefied Petrolaum
Gases, ANSUNFPA 58, available from the Mational Fire Protection
Association.
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Section 2
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SECTION 2
INTRODUCTION

2-1. SPECIFICATIONS

WEIGHT

Turntable Weight 730 Ibs. (329 ka)

Contraller Weight B0 Ihs. (27 k)

TOTAL WEIGHT 780 Iba. (356 k)

DIMENSION

Height [platen horizontal} | 38.35 in, {1000 mm)

{platen vertical) 42.45 in. (1078 mm)

Width 0 imk. {1016 rmm)

Length 42 i, {1067 rrm)
_Platen Diameter 24 in, (810 mmj

Flaten Thickness A4 m. (19 mm}

Flaten Four slots: & in. {152 mm) lang x
Mounting Facility 916 In. (14 man) wide

Load Capacity* BO0 I, {225 kg} (evanly distributed) |
ELECTRICAL

Supply Voltage 220 VAC, 3-phase, 5060 Hz —l

ROTATION AXIS

1-403 BPM (In 1 BPM increments),

Speed Range clockwise & counterclockwise
| Index Resolution a.1"
| Brake 24VDC Fail-safe Positive Aelease
TILT AXIS
Tilting Range 0-90" (0" = horizontal) |
Tilt Speed 107 par second I
Positioning Resolution 1° Platen _ |
iliﬂ 24VDC Fail-sale Positve Haleass |

* The capacity of the manipulator |5 defined a8 the ability to control @ eylindsr
24 inches long, 12 inches in dismeter, weighing 500 s meunted sedically to
the center of the platen
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Seclion 2
Imtreduction

Figure 2-1.
Model 7354 Dimensions

2-2. DESCRIPTION

LEFT BOE W

%
|

5120 i
L3 't

The Praxair Mode! 7354 Computerized Turnlable is a negged industrial
miation contral device prowviding preciscn iting, indexing, and rotation
oof a workpisce,

The 7354 operates with any ABB Robot with an 54 controller {the furn-
table i not configured for stand-alone operation) and functions as bwo
indapendent axes under robot program contral. The 7354 is fully pro-
grammable via the robot teach pendant,

Although acting as an extemnal axis, the 7354 is NOT cennected to the
robot a5 an actual axis, Constant rotational movements are not taught
points, o no unwinding is necessary at the end of the constant rotale
function. Rotation direction is specified in the robot program as a pos-
live (chockwise) or negative (counterclockwise) value. The turniabhke
fliit, indax, and rolate movements can be coordinated with the robot
arm movement, creating an ideal system for coating complex compo-
nents.

The 7354 system includes the fumtable, controller, and 20 11 (6 m)
cable connections to the robot controller.

Supported by a rugged steel frame, the Model 7354 provides masx-
murm rigidity Tar high-speed workpiece manipulation required in her-
mal spraying operations, The unit comes with a hard-anodized alumi-
num platen containing four slots ideally suited for fixiure and chuck
aftachments.

Bodel 7354
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SECTION 3
INSTALLATION

4-1. UNPACKING/

MOVING
The TA54 Tumtable and its contrellar are shipped in separate cratas.
Cipean the controller crate first:

1.  Remowvea the panels marked "TOP" and "FROMNT™ from the small
shipping crate fo revaal contrallar.

2. Remove packing matarial and parts containars frorm arolmed
contrallar.

Befare moving, inspect for any shipping damage. Purchaser
must file any claims for logs or damage incurred in transit with
CAUTION the carrier. If the need o file a claim arises, request a copy of
the bill of lzding from the manulacturer. Be sure to supply Modal
Description and Serlal Number information for the aquipment
whenever regueating information about this equipment.

3 Appreach controller front with a lift truck rated for S00 b, (227
kgl or mere, Adjust iff fruck forks fo fit bebween the controller
casiers. Move the Iift truck forks under the controdler.

4. Slowly raise lift forks high enough to remove the contrcller
iwelght: 222 Ihs, [101 kg]) from the crate, and back the lift truck
and controler away from the crate.

5. Lower thae controlier io the floor, remove the it truck and have
bero workers push the confraller to its intended location,

&, FAemove top and side panels of large shipping crate to reveal
fumitable.

7. Remove packing materlal and any pars containers from arcund
turmtable.

B Approach turntable front (the skde opposite from tumtable ma-
tor) with a lift truck rated for 1,000 pounds (454 kgh or more,
Adjust ift truck forks to the frame-mounted Hiting lugs (Fig, 3-1})
and maove i1 truck forward, placing the [t forks in the liffing
Iuggs, Maove the [l truck as far forward as possible withiout con-
tacting the upper portion of the tumtable with the truck.

8.  Raise tha lurniabde just high enough o clear the crate, and back
the §ift truck and wmtable away from the crate,

10, Keep the turmtable raisad |ust high enough to transpor it safely,
use the Iift ruck (o move the lumtable 0 its aparating location.

Revision B January 8, 1993



Saction 3
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Figure 3-1.
Controller Lifting Points

[l -
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Lifting fr_m'r_:‘;t

Figure 3-2.
Turntable Lifting Points

Turntabile
Front Side
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Figure 3-3.
Securing Turntable to Floor
ag Belt
Wasrer
'_'_Eu:-hing
Turntabie Frame
"

3-2. LOCATION

4" Cononele Flear

/_ frecommended)

gy Shisid

Holg Drille |
in Hl}l:lh-

The Model 7354 Turntable reguires few special location considerations,
ather than sufficiant space to accommaodate its range of tilting, a floor
sufficient to support the waight of the umtable and workpieces and a
220VAC slacirical power supply. The controller is to be located out-
side of the actual spray booth, preferably in & contral room providing
visual confact with the lumtable, In additicn, a remate emergency stop
conirol box must be located In the work area and connected to the E-
stop circuit via the controller.

Place componerts so all inlerconnecting cables terminate without stram.
Verlfy that a 220VAC slectrical outlet is within 24 f1, (7.3 m} of the
controfler,

Most often, the umntable/manipulator (s moved into position in & spray
booth, leveled and connecied 1o the contraller, If the turntable will be
handling heavier loads (over 200 pounds) and aspecially if those loads
will ba tilked, recommended installation includes securing the tumtable
te the Hoor, To accomplish this, install a sacuring bushing:

1. LUse the holes in the bottom frame ralls as guices and drill at
least 3in, (76 mm) into the floor at each location (see Fig. 3-3).

2. Place alag shield into each drilled hola.
3. Insert bushings (P/N 5006833) Into frame hokes.
4. Insen lag bolts {with washers) through the frame holes and

bushings, inte the drilled hole and lag shigld (see Fig. 2-3).
Tighten securely.

Faga 27

Model T354
Fevision B January 8, 1999



ZNPRAXAIR Section 3

(PO P Installation

A. Primary Electrical Requirements

The 7354 system requires a 3-phase, 220 VAC, 50-60 Hz power source.

3-3. CONNECTIONS

ELECTRIC SHOCK HAZARD: Do not touch live electrical parts,
A Shut down the power supply and disconnect input power em-
ploying lockoutiagging procedures before making cable con-
nections,

WARNING

and regulations and in accordance with general safety instruc-

ﬂ Install the 7354 using a floor plan compliant with local rules
tlans described in Seclion 1.

IMPORTANT

After positioning system components, connect the tumtable to the con-
tredler. Sae approoriate cperators manualks for more infarmation on
connacting other system comoonents. Cable numbers refer to the call-
aut rurmbears in Fig, 3-3.

ﬁ Most cable part numbers end with dash and 8 number telling
cabie length in feet (example: 5005224-25 is a 25 ft. cable). Since
IMFGHT‘HT cabrle lenrgths are custom, we do not reference actual lengths,

uniess it is not variable. Standard cable and hose lengths are
listed in Section 6.

A. Main Power Connection

Main powar is brought into the contrafler via a connector supplied by
thie manufactener

1. Connect one end of a cable of required length (purchaser sup-
plied) to the factory-supplied 3-pole, 4 wire connector (PN
BOOTE1E),

2. To the cther end of the operator-supplied cable, attach the
connectoris) required o access a 220 VAC, 3 phase @ 304
powWer source,

3. Connectthe lactory-suppliad connector end of the cable to con-
nector J4 on the rear bulkhead of the Controller. then connect
the other end to a locked/tagged out 220 VAG, 3 phase @ 304

power SoUrce
A Only licensed electricians are to make electrical connections
te plant wiring. All wiring must be in compliance with ail appli-
CAUTION cable local and natienal laws, codes and reguiations.
Model 7354 Page 28
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Inside the Coniroller, power is routed to 3 type LP-CC-30 fuses [Rel.
designations F101, F102, F103), These fuses provide interrupt isola-
tion of 200,000 symmetrical AC rms amperes and 20,000 DC amperes.
Line currents exceeding these levels require additional fusing.

B. Signal Cabling

Cotimize system performance by routing signal cabling away from com-
panents and cabling which ganerate high levels of slectronic noise
(radio frequency interference), such as a high frequency unit or com-
panents camying nigh levels of cument, such as water cooled gun cables,
In some installations, adding Ine reactors o lilters can prevent nolse
from infiltrating the system. Reactors or fillers can also prevent emitted
elecirical noise from inkedering with surrcunding eguipment.

Part # Cabe Contrdier Mari pud a o

Function Connect ion Connecl ion
J1(8 Socke JE (B BN
500000 | Moo Dive Ampherol ) Anpharol )
Mot or J2 {18=d Phoe e | J1 {16 Phos ik
Feedback Haavycon) Hev-a'-fy_m[‘i-_
Raba! TT J3 (16x4 Phoarix | JP1] 1624 Phoe nix
| rterf ace Heawvycon) Haawycon)
ESopthan
| nput Jx
E3op Chan J
Ot puk ! _
Ses Figure 3-4 for general syvstem connection diagram, The connec-
tions are numbared and referenced in the following detailed instruction
following the part number {in parentheses),
Remove power from umtable controller and 54 controller. Connect
systemn as follows:

1, Afiach cable 45 (F/M 5007836) to the umtable's J2 connactor,
then to the tumiable controller's J1 conneclor,

2. Alach cable 47 (P/N 5007834} to the tumtable's J1 connector,
than to the turntable controlier's J2 connactor.

3. Ablach cable 45 (P 5007835) to the 54 robot controliers 24-
pin connector, then to the tumtable controller's J3 conmedcior.

4, Attach cabile 40a (P/N S007777) 1o the E-stop conlrol box or to
the system control console, then attach it 1o the wurmtable con-
trofler JX connector,

5. Altach cable 40b (PN 5007777) 1o the next control device in
line (robiot controfler, process control console, atc.) and then o
the JY connectar on the controfler OR install the E-siop end
jumper connector in the JY socket to complate the E-stop cir-
cult
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SECTION 4
OPERATION

4-1. TURNTABLE
OPERATING TERMS
AND CONCEPTS

Rotate Mode - The 7354 s In BROTATE MODE any fime the
platen is commanded and turning at a constani valocity. Rotata
mode iz indicated to the robot program via digital input
INDEX_RDY=0, and if the platen is rotating within 0.5 RPM of
commandged velocity, digital input RPM_SF = 1 (high).

Index Mode - The 7354 Is in INDEX MODE any time the platan
iz at the commanded RPM setpoint of O (zero) BPM. Whils in
INDEX mode, the rotate platen may be "INDEXED" to any palnt
within a single platen rofation from 0 to 358 degrees. [The tit
axiz may be moved regardiess of rotate axis made.} ANy com-
mand outside of these parameters generates an eror mEessane
from the robrot system, An indexed rofate axis movement (ROT/
INDEX) may not be commanded while in rotats mode. Index
maode Is indicated by digital input INDEX_RDY=1.

Angular Displacement - For a disk rotating about a fixed axis
through its center, the distance A S traveled by a point P on tha
disk ks dependent on radius r, but the angular displacement is
the sama for all points on the disk. When the disk makes ohe
complete revolution, the ARC LENGTH & St 2rr, and the an-
guiar displacement A8 s 2ro'r = 21 = 360 degrees.

Angular Velocity - The rate of change of the angle in respect
to time. Az, is the same for all points on the disk. Angular
Valocity = o = A &1 Angular Velocity, o 5 pasitive or negative,
depanding on whether the angle q is increasing or decreasing
in respect fo O degrees refarence, Unit of measurement = radi-
ans per second,

Circumterence - The number of radians in the circle multiphed
by the diameter of the circle. There are 2= radians In a circle,
tharefore; Circumisrence = nd ar 2r

Moment of Inertla - A maasure of the resistance of 3 body 1o
changes in its rotational motion, The magnitude is dependent
on the mass distribution relative to the body’s axis of rotation.

Angular Momentum - The angular momentum “L” of a body is
definad as the product of the moment of inertia and the angular
velocity. Angular momentun = L = la.

Page 31
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4-2. PROGRANIMING
THE TURNTABLE

The Model 7354 system s designed to operate with the ABS 34 con-
trolier, and is not configured for stand-alone operaton. Accordingly,
tne operator must first be familiar with rabot functions and prograr-
ming befors attampting to program and operate the hModel 7354 See
tebat owners manual for more information on robot oparation and pro-
gramming through the S4 robat contraller's pendant.

A Read and understand all instructions in this manual and re-
move ALL loose objects (tools, parts, chucks, etc.) from the
IMPORTANT turntable piaten before powering up the furntable system.

A. Digital Input/Output (1/O)

The S4 Robat Controller comes standard with 16 digital inputs and 16
digital outpute. Some of those 0 are reserved for use with the Model
7354 and 4X00 Computerized Process Controd. The names of those
rasarvad LD reflact their usage 10 make programming more infuitive

lar the usar.
Digital Inputs
[ name | Description

1ilt_rdy High input indicates that tumtable is available to
accept tift command.

High nput indicales tumtable synchronized, no
tilt_err arrors prasent, Signal low on til axis ermor. sats
tran bo t_errar routing

High input indicates indax mode, TT available
| for rovate axis cornmand from robot,

e High input indicates rotate moade, platen RPM is
rpm_sp withirn = 1% of setpoint.

High input indicates +24VDC from TT present.
tt_pwr_ok Signal low on loss of TT Controller powar, sots
brap o f_srror routing.

rot_drv status | Signal high on rotate serve amplfier enabled.
tilt_drv_status | Signal high on tilt axis servo amplifier enabled.

Digital Outputs

index_rdy

e

Mame Description

tetal_red Usad for communication sychronization for tilt axis
status request. Used in manual or aulo mode.

Jogs tumtable up towards honzontal position.
tilt_up Available only in manual mode with motors on and
TT synchronized. Output set by pressing button
PS5 on robot pendant.

Jogs titt axis down floward the vertical position.
tit_dn Available only in manual mode with motars on and
TT synchronized. Oulpul set by pressing butlon
P4 on robot pendant.

. Chart continusd at fop of page 20

Maodel 7354 Page a2
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Digital Output chart eonlfimwed from page 26

Hama | Dezseription |

Synchronizes tilt axis. Cross-connected to rot_kim
output. Avaitable anly in manual mode with motors on
Activated by pragsing butten P1 en robat pendant.

tilt_hm

rstat_req Used for communication sychronization for rolate axis
status request. Lsad in manual of auto mode.

Synchronizes rotate axis, Gross-Connected to tift_hem

rot_hm cutput. Avaiable only in manual mode with motors on.
| Activated by pressing butlon P1 on robot pendant.
™ Sets TT to aute mode. Indicates aute mods and
Pg program s running. System output fied 1o robot
“Cyclaln”.
Sels TT amplifiers to enabled state. Systam output
mir_stale | yiod to “MatorState”.
it _reset Fesets TT. Pedorms warm boot on 7354 internal

program,

Usad within robot system medule fo indicate
emd_strobe | command ready to send to TT. Signal high sets trap to
ol _write routine, No |1EErd_ wired connection to TT.

-

B. Modular Programming Techniques

The rebet and turntable use modular programming, the process of cre-
ating a program by breaking it down into smaller parts, writing subrou-
tines to solve those smaller problems, and combdining the subroutines
inta one functioning unit,

B-1. 7354 Program Interface, MC1 Instruction
Pick List (IPL)

Programming instructions for the 7354 are selacted from the IPL2 menu,
sub-heading MC1

A Although this pick list {shown on next page} is not fixed and

may be changed, it is programmed for eperation with the Model

7354 andior 4X00 Plasma Control System. Praxair recommends

IMPORTANT leaving the pick list unchanged. See robot awners manual for

instruction on MC2 and MC3 preferences fo customize an in-
struction pick list for specific individual preferences.

IPL2 (MC1) Pick List

Name Description
TT _Sync | SynchronlzeHome 7354
1T _Rotate | Place 7354 inte Rotate Mode at X REM
TT Tik Place 7354 info Index Mode and Tilt to X dearees
TT_ Index | Place 7354 into Index Mode and Index Platen
WarDi | Walt for Digital Input
Waitlintl | Wait for a condition
AETUAN | Retum lrom a called procedura

Fage 33 Model 7354
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C. 7354 Turntable Control Routines

The 54 Controller is deliverad with a number of subroutines loaded as
a SYSTEM MODULE, Use these subroutings to contral the Model 7354
from within a robot program medule. Access these routines |ust as amy
robot instruction, by selecting them from the Instruction Pick List{IPL),
Most Commean 1 (ME1 ) sub-haading:

1. Using the robat controller pendant, select the IPL2 menu.
2. Select the MC1 sub-heading,
3. The IPL2 (MS ) list displays.

4. Soroll dawn the list until the desired instruction is highlighted
and press ENTER to select.

The following sections describe the furntable controd routines,

C-1. TT_SYNC: Synchronize/Home
T354 Turntable

Usetha TT SYMC command to synchromze the turntable after system
power-up, an error, or a resal. The motien control computer needs o
determing where the platen is in respect 1o a "HOME" positien. When
the turntable completes synchronization, digital inpuls it_rdy,
index_rdy, filt_err, and rot_srr will be set te 1 [high). The TT Syne
routting should be executed based upon the status of titt_err and ral_err,

Example of TT_Sync usage:

IF filt_err=0 OR rot_sm=0 Then
cle_imt
TT_Sync.
Waitlintll tiit_err=1 ANMD rol_armr=1;
Wally irchax_ndy. 1
WiaitDy tilt_rdy. 1;
5ys_nit

RETURN

A Executing TT Sync reseis and re-initiates the turntable prior

o system synchronization as though power was cycled. This
sets signals tili_err and rot_err low. Transitioning the signals
from high to low can generale a false system error. Avold this
error by calling procedure clr_int before executing t_sync. After
tumtable completes initialization, execute procedure sys_init
to enable system interrupts.

IMPORTANT

To help reduce cycle fime, check the 1ilt err and rol_err status before
axecuting TT_Sync. If both signals are already 1 (high), executs TT_TIR
and TT_Folate commands with argumants of O {see examples below),

Maodel 7254 Page 34
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C-2. TT Index: Index Platen to Position
TT_Indax positions fumtable platen to a specific point within a 360°
cirche.
Platen position s always within cne revalution of home posifion. For
examale, if current position = 0°, commanding an indexed mave ta
270" indexes the platen clockwise 1o 270°, If current position is 270,
commanding an indexed move 1o 107 indexes the platen counter-chock-
wise to 10°. The user can thus predict table direction when prograrm-
ming an indexed move,
Sejecting TT_Index displays a prompt asking for an “Index Position.”
Input position with the keypad. or pass data with a register.
[ PASSING STRAIGHT | PASSING DATA USING
MUMERIC DATA A REGISTER
PROC maini) PROC maini)
IF reg1=0 THEN IF reg1=0 THEN
WaitD! Index_Rdy.1; WaitD| index_Rdy,1;
TT _index 90.0; rega=50
WaitDl Index_FRdy, 1; TT_Imdex reg2;
rHome Light; WaitDl Index_Rdy.1;
FASS_CNT, rHorme_Light;
WaitTime 2; rPass_Cnt;
WaitDl loop_enable, 1; WaitTwne 2;
ELSE WaitD locp_snable, 1;
rSafe_Zone: ELSE
ENDI rSafe_Zane;
RETURMN; EMDI
ENDPROC RETURN;
ENDPROC
Example of TT_Index:
Program Execution
The tumtabie can only execute this instruction fromindex moda. Varily
that system is in index mode by exscuting a TT_Rotate command with
an argument of 0 RPM. When the digital input Index_rdy becomas 1
{high, the system is in index maode. Valid index values range from 0.0
to 360.0°, Values outside these imits generate a programming ermor.
Page 35 Model 7354
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C-3. TT_Tiit: Tilt Platen to Position
TT_T“' command filte the lumtable platen to a specific position be-
tween 0.0° (platen parafle! to the floor) and 90.0° (platen perpendicular
to the floor), Selecting TT_Titt from IPL2 MC1 displays a prompt agk-
ing for a “Ti Pasition™. Input a number fram the numens keyvpad, or
use a register ko pass the data to the routine.
PASSING STRAIGHT PASSING DATA USING
NUMERIC DATA A REGISTER
PROC main(} PROC main()
IF reg1=0 THEN IF reg1=0 THEN
WaitD| Index_Fdy.1; WalD| Index_Rdy.1;
TT_Tii 45; TT_Index reg?;
WiaitD] Inclex_Ridy, 1 WaitDl Index_Rdy, 1;
rHame_Light; rHome_Light;
rPasa Cnt: rPass_Cnt;
WaiTime 2; WaitTime 2;
WaitDl loop_enable,1: WaitDl loop_anable,1;
ELSE ELSE
raafe o rSafe_Fone;
EMNDIF EMDIF
RETUAN: FETURHN:
ENDPROC ENDPROC
 Example of TT_TIilt
Program Execution
TT_Tilt can execute with the turntable rofating, but cannot execute if
the tilt axiz i busy executing another melion command, Monitoring the
Ti_rely input as part of the program seguence ensuras the tilt axis is
available 1o accept a command,
While TT_Tilt is executing, the W_rdy input resets to O (low). After
complation of the command, Hit_rdy resets to 1 (high). signaling the
robol program that the tilt axis is ready for another command,
fndal 7354
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c-4. TT Rotate: Rotate Platen at a
Constant Velocity

TT_Rotate command rotates the turntable platen at a constam welosity
(= 400.0 to 400.0 APM). Selacting this command from 1PL2 MCT dis-
plays a prompt asking for “APM". Input a number from the numeric
keypad, or use a register to pass the data to the routine.

Example of TT_Rotate

PASSING STRAIGHT PASSING DATA USING
NUMERIC DATA A REGISTER

PROC main() PROC maind}
IF reg1=0 THEN IF regi=l THEN
WartDi tilt_rdy, 1; WaitUntil rprn_sp=1 Or index_rdy-1;
TT Tt 45; WaitDl tilt_rdy.1;
WaitDi tilt_ndy,1; reg3=60.5;
TT_Rotate 60.5; TT_Rotate reg3;
WailDi rpm_sp,1; WaitDh loop_enalbia.l;
rHoma_ Light; rHomme_Light:
rPass_Cnt; rPaza_Cnf;
Waittl mpm_sp. 1, WaitDl loop_enabide. 1]
ELSE ELSE
raafe_Zone; roafe_Jone;
EMDIF EMDIF
RETLIRM RETUAN:
ENDPROC ENDPROGC

Program Execution

Execute TT_Fotate with an argument other than O to place tumiabla
inte rotate mode, TT_Rotaie may NOT ba axecuted with turniabla in
motion in index mode, OR while executing an indexing instruction
(TT_Index). To ensure that the system is ready fora TT_Rotats com-
mand, the program miust wait for digital input index_rdy 10 become 1
{high} whis in index mode, OR until rpm_sp=1 while In rotate mode.

Execution of TT_Rotate resets digital inputindex_rdy 1o 0 (low} or digi-
tal Input rpm_sp fo O (low), depending on the operating moda. Once
the rolate axis reaches setpoint velocity, digital Input rpm_sp sets 1o 1
{high, signaling the program that the turntable is rotating at setpoint
{+/- 0.5 rpm} and the filt axis can execute a Uit movemeant.

Commanding TT_Rotate with an argument of 0 RPM ramps the tum-
table to & stop and then indaxes it fo home positien. When this action
is complete, the rpm_sp sets to O (low). and the index_rdy inputsets o
1 {high), signafing to the robot controller that the rotate axs is ready
for another command, Use thess inputs 1o synchronize program ex-
eculion,

The controller ignores any commands executad with the tumtable in
Frnproper mode.,

Page 37
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4.3 PROGRAMMING

EXAMPLES &

RECOMMENDATIONS

This section looks at the roufines individually. The comments in bold
are fo ald user understanding and are not part of the program. The
complete program is listed in the Technical Appendix section.

A. Control Routines for use with
4X00 Computerized Process Control

It using a Model 4X00 Compiterized Process Cantral System, the ro-
bot progeam MUST allow process control coordination. Use the follow-
ing routines for such an application,

A-1. Main Routine

Each rebot program module contains a routine named “main”, The main
routing executes at program runtime, as the focal point of the entire
robol program. The 4X00 Computenzed Process Control stores tha
robot program on its hard disk. At process start, the 4X01 downloards
tha program o the robot and exacutes the main routine.

The main routine outlined hera provides program flow and contral with
the 4X00 Computerized Process Control. The digital Y0 allows the
program o work with the process controd and gives the user conirol of
lhe number of passes mada on the workpiaca,

| PROC main()

1 ; Position Robot/'Gun to a Gu
right_Puesi Light Position
rPass_Count: ::i&g 4X00 that gun is ready to

kgt
. . Wait for 4X00 to enable Spray

YWalld loop_enahle, 1: Ssrations
regl=1; Use REG1T as an enabling flag
WHILE regi=1 DO Roufinel; | Execute spray routine

rPass Couht Motify 4X00 that a pass has

been completed

Walt for 4X00 to command
another pass or stop

Exit loop if loop_dizable

WaitLinfil loop_enable=1
DR loop_disable=1;

IF loop_disable=1 ragl:=0;

eommanded
ENDWHILE
RETURMN,; Return to program baginning
EMNDPROC

Model 7354
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A-Z. Pass Count Routine

Thig roufine coordinates and controls passes with the 4X00 Computar-
zad Process Control. Al the beginning of the program, the routine sends
a pass count ta the 4X00 signaling that the gun ia ready to light. A pass
count sent atter completion of a spray pass increments the X000 inter-
nal count, and the 4¥00 either commands anather pass or ends the
program, depending on the process recipe parameters. Refer to the
400 Users” Manual for inlormation on the interface with robat pro-
gram.

A-3. Light Position Routine

This routing movas the robot manipwator away from ihe turnmtable and
workpiece, positioning the gun to point inte the dust collecior. Frogram
at least three separate moves to ensure the robot am does not move
across the part or collide with any surmounding objects. This routine
may also use the Safe Zone as the position for lighting the gun.

FROC rLight_Pos()

Maoved [[100,200.300,11.0,0,0101.2,-3.01,[230,-10.8862 0,34,
-120,0,0 23] w1 000 250 toal

Movid [[100,200.300],[1.0.0.00.[1.2.-3.00.[230,
-10.8862,0.34 -120,0,0,23]],w1 000,250, took0;

Moved [[100,200,300],[1.0,0.01.[1.2,-3,0],[230,
-10.8862,0.34 -120,0,0,23]],»1000,250, to0i0;

RETURN;
ENDPROC

A-4. Safe Zone Routine

This routing moves robot manipulaior away from ihe furniable and the
workpisce. Program thres or mors separate moves to ensure the robot
arm does not move across the part or collide with surrcunding objects.

PROC rSafe_ZJone(}
ktoved MO0, 200,3001,M1,0,0,01,1,2,-3,00,[230,-10.8862,0.34,
=1 20,0031 W1 000,250 ookl
Rovel [T100,200,3001,1,0.0.01[1,2,-3,00,1230,-10.8862,0.34,
«120,0,0. 23]}, w1 D00, 250, too;

Miowe.) [T100, 200300101 ,0.0,0001,2,-3.011230,-10.8862 (.24,
-120,0,0.23]],v1000,250, looiD;
RETURM;
EnNDFROC
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A-5. Routine1 Routine

Within this tamplate program, this routine aflows the main contred rou-
time to call 3 procedure for executing a pass or operation. The user
gither insertzs his own sxpressions intg this routine, or creates a new
one from scratch. Routine1 allows loading of the template module into
robot mamary withowt errars.

PROK routine1 (]
TPErase;
TPReadFK chk,"This is routaned ™™™ ™™ "OK",
RETURM;
EMDPROC

B. Turntable Control Programs

B-1. TT_Sync: Home Turntable Routine

The lermtable must be synchronized to establish a HOME position
from which all Indexed movemenis are measured) before accepting
and executing a movement command. A program error ocos if the
robot program orders movement (Rotate, index, Tilt) before system
inifialization.

The TT_Sync command synchronizes the turntable. The following rou-
tine moves the robot arm to a safe position and checks digital Input
status to venfy turniable synchronization status, [flumtable s synchre-
nized, the routineg siops turniable rotation (If in rotate mods), places
system into INDEX mode, tilts platen 1o horizontal and indexes platen
to home position at standard Index Mode speeds and acceleration.

PROC rHome() Send TT to Home pos.

rSafe_Zone; Verify Robot is clear

IF tikt_err=0 OF rot_eir=0 THEN If TT not Sync'd, syne
clr_int Disable syst. interrupts
TT_Syne; Execute Sync routine
Waitlntl tiltf_rdy=1 AND index_rdy=1; | Wait for syst. ready flag
Sve_init Enable syst. interrupts

ELSE f TT Sync'd, Home

Waitlintil index_rdy=1 OF rpm_sp=1; | Wait for syat. ready flag

IF mpm_sp=1 TT_Rotate 0; Stop Rotation, Place TT

into INDEX Mode
WaitDl index_rdy . 1; Wait for sysl ready flag
ELSE
WaitDl index_rdy.1; Wait for sysl ready flag
t_index 0; Index Platen to 0°
WaitD| index_rdy.1; Wail for sysl. ready flag
EMDIF
T titt O Tilt Table to horiz.
WaitDi titt_rdy, 1;
RETURN; Ret. to calling routine
EMDPROC
Model 7354 Fage «40
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B-2. Rotate Routine
This routine checks the digital 1'0 lo verty that the system is ready fo
accept a command from the robol program before exscuting the
TT_Rotate command, The routing then commands a constant furn-
fable rotation. The varable REG2 passes the desired "RPM” param-
eter to the TT_Rotate system routine, and must be defined pror 1o
calling this roufine.,
. Rotabe Platen al
PROC rROT _reg2() constant RPM,
Waitlnfil inclex_rdy=1 OR mpm_sp=1; | Wait for ayst. ready fiag
: Command TT Rolation
TT_Fotate rege; at REG2 RP
WOV _ i REG2 was 0, then wait
IF reg2=0 Waltl index_rdy,1; for i
Wait for APM to reach
IF -
rega--0 Wallli rpm_sp, 1; int if REG2 not 0
RETURN;
ENDPROC
B-3. Index Routine
Thiz rauting indexes the tumtable to a positon rom 0.0-252.0° and
checks the condition of the digital /G to verify the system is ready fora
command fraom the robo program before execubing the command. H
the fumtable is in rofate mode, the routine stops rotation, placing the
syslem into index mode before executing the TT_Index routine, The
variable “reg2” passas the Index Position parameter to the TT_index
system routineg, and must be defined prior to calling this routine.
PROC rndex_regl) index TT Platen to a point
Wailntil index_rdy=1 OR rpm_sp=1; | Wail for ayst. ready flag
IF rpm_sp=1TT_Rotate 0; Put TT in INDEX Mode
Waitlh index_rdy.1; Wait for syst. ready flag
TT_Index reg2; Execute Indexed mymnt.
T Wait for TT to complete
Wail =
DM ivcle_rchy, 1 i |
RETURM;
EMDPROC
Page 41 Muode| 7354
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4-4. MOUNTING
WORKPIECE

B-4. Tilt Routine

This rautine tilts the platen 1o a position from 0.0°-80,0" and checks the
digital inpul tiH_rdy 1o verfy the turntable is ready fora TT_Tili com-
mand fram tha robot program bafore axecuting the command. The vari-
able “reg?” passes tha TILT POSITION parameter to the TT_Tilt sys-
tam routine, and must be defined prior to calling this routine,

PROC (TILT reg2(} | Tilt TT Platen to a point from 0-90°
WaltDi 1t _rchy, 1; Wait for system ready flag
TT_TiN pegge2; Execute Indexed movement
WaltDi tilt_rdly, 1; Wait for TT to complete its movemean!
RETURN,

EMDPROC

A

CAUTION

A

WARNING

A

CAUTION

The shapea of the workgpiece to be sprayed defines how it will be mounted
o the tumitable. The umtable platen has four equally-spaced tooling
shots o recaive wooling o hold-down clamps. The platen is tifted to the
desired angle of horzontal or vertical plane by tuming the hand wiheel
on the tilt gear box. An optional 6-Inch, three-jaw chuck ks availlabie for
Instafation in place of the platen and is held In position by six boits,

Generally, cylindrical pleces are befier held by the three-jaw chuck,
Cither shapes are sometimes better mounted directly (o the tumtable
face,

Do not place an unbalanced load on furmtable.

ENTANGLEMENT HAZARD: Stay well away from rotating hoad
on turmiahie.

if turntable is to be operated with platen off horizontal, the load's
center of gravity MUST be within 10 inches (254 mm) of the

platen.

Modal 7354
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SECTION 5

MAINTENANCE
& TROUBLESHOOTING

5-1. MAINTENANCE

Table 5-1.
Suggested Maintenance
Schedule

Regular maintenance is critical to assure safe and accurate operation
of the 3702 consola. Praxair recommends developing a maintenancs
schadule to asaurs the correct tasks are perormad al the propar imes.
A suggested schedule follows:

gearbox oil change

Procedure W hen Due Performed By
Chack motor
ankd cll Tl Each Start-up Crparator
Chack ralate axis
gearbox oll leval Each Star-up Chpesratar
Check it axis
gearbox oll level Each Start-up Crparator
Inapect cables for Cuts,
Cracks or Abrasion Waekhy Crparator
{Replace as Regquired)
Check urntable leveling Monthhy Maintenance
Test salely Elxcirical
CirCLts oty Techniclan
First rotate axi Aftar 500 Kilahinai

operating hours

RAsgular rotate axi
| gearbox gil changes

Every 2000 ocperating
hours or annually

Tilt axis gearbox
oil change

Maintenance

Semi-annual or every
2500 pperating hours

Maintemance

Check bearing housing
for adequate greass

Sarmi-Annually

Maintenance

Inspect tif gear sectar
for adeguale grease,
alignmen and wear

Semi-Annually

Malntenance

Wipe DR Excessive
Dirt'Dust

AL Meeded

Oparator
Maintenance

Page a5
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A

WARNING

A

IMPORTANT

ELECTRIC SHOCK HAZARD: Do not touch live electrical parts,
Before inspecting, maintaining, or servicing, shut down the
cantrol unit and disconnect input power employing lockout!
tagging procedures (padiocking line discennect switch in open
position, removing fuses from fuse box, or other disconnect-
ing device).

MOVING PARTS HAZARD: Before starting inspection, service
of maintenance, verify that all parts have siopped motion. Keep
away from any meving parts uniil completely stopped.

BURN HAZARD: Turntable platen can become hol from ther-

mal spray operations and mofors can generate heat during
extended operation. Allow cooling period before servicing.

Troubleshooting to be performed by gualified persons only.

Use the information and schematics in this seclion while performing
frounteshooting procedures, If the problem is not corrected after per-
forming these procadurss, contact a Praxair Surface Technologies Ser-
vice Aepresentative. In case of equipment malfuncticn, the
manufacturer's recommendations must be strictly followad.

A. Rotate Axis Gearbox Maintenance
and Lubrication

The rotate axis gearbox’'s safety, accuracy and longevity depend largely
an proper lubrication. Gearbox il provides lubrication AND cooling of
the assembly. in high-speead or high-temperature applications, monitar
gearbox iemperatura to ansure it remains within the accaptable range
of 176°F to 212°F (88°C to 100°C). If the gearbax regulardy axcesds
these temperalures, additional cooling is required, Contact your Praair
Surface Technologies Service Represantative for addifional informa-
tion.

Always check the oil level with the ol sight on the front of the gearbox
bafore operating the turntable. Gearbox oll capacity is 2.4 gquarts (2.25
liters). For propar operation and parformance, frequently check and
maintain the ol leval, Low oll levels provide insufficient cooling. Over-
filled il can rasult in thermal breakdown and viscosity breakdown of
thie od

Change the rotale axs gearbox oil after the first S00 hours of opera-
ticn, Perform subsequent ol changes every 2000 hours of NORMAL
operation, If the unit consistently operates al high speads or with haawy
locads, shoren the interval between ol changes.

Moded 7354
Revision B January 8, 1999
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S Maintenance & Troubleshooting

C. Tilt Axis Pillow Block Bearing Housings

Two bell-shaped bearing housings are separated reservoirs af Mobilplex
44 or aquivalent liquid grease. The housings must be removad to ac-
cess the bearings for repacking if the grease needs to be replaced,
Chack the oll level once every 2,000 1o 3,000 hours for olf braakdown
or grease leakage. If there Is grease in the oll reservoir, the grease
should not need replacing

5-2. TROUBLE-

SHOOTING
A. Types of Error Messages
The robot system generates one of two types of amor messages in
response 1o a iumlable armor;
Programming error  Error in program caused by incorrect data,
o improper sequence of operations.
System error Errer Generated by the 7354, genarally
hardware ralated
B. Error Message Syntax
Header Type of aror message, Program/System
Reason Code Mumerical Code identifying the sxact error
Description Textual description of errar
Correct Data Range Correct Range of data for instruction if
applicable
EXAMPLE: Program Error, 7354-001 Rotate Data Out of Harge,
TT_Rot -400 - +400
Mods| 7354

Revizsion B January 8, 1909 Fage 44
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Ll
S

The manutacturer fills the gearbox with Degol BG4E oil, 150 Viscasity
class BG4S, per European standard DIN 51518, Other approved sup-
pliers and thelr products include;

Producer oil
Aral Degol BG 46
|BP GR-XP 46 }ISO)
Castrol HYSPIN AWS 48
| ESS0 Mutch 46
Klusber Lamora 46
Mobil D.T.E. 25
Sheatl Tellus Ohl 46
| Texaco Rando O HD B-46 |

A Do not use heavy weight gear oil, as this will cause excessive
fmtﬂgmmnﬁ@m:hmhmmaﬁaw

CAUTION or thelr egiivalents.

B. Tilt Axis Gearbox Maintenance
and Lubrication

The filt axis gearbox of leval is indicated by an ofl plug on the side af
the gearbox. Fill gearbox oil to the boftom adge of the oil level plug.

Overfilling the gearbox could cause failure and possible equip-
ment damage or personal injury.

A

IMPORTANT

Change the i &xls gearbox ofl every & months o 2500 operafing hours.
Using the unit in dusty or hurmid environmenls requires morg fraguent
changes. Freguently check the cil level and add lubrication through
fller phug as needed. Recommended Lubnicants:

SRR iy B Ambient Temperature |
i 15°- 60°F {-10°- 16°C) | §50°- 125°F (10°-52°C}) |
Amoco Ol Co. | Worm Gear il Cylinder Oil #6580
Cheavron USA Crdinder il #E0X Cylindar Qi #680X
Exxon Co. USA | Cylestic TH-460 Cybestic TK-B80
Gulf Gil Ca Sanate 456 Senate G800
| Mabil Qil Corp | BOOW Super Extra Hecla Super
Shell Oil Ca. Valvata Oil JA60 Valvata Ol JESO
Sumn Ol Co. Giear Oil 70 Giear Oil BC
| Texaco Honor Cylinder Gil &50T Cylinder Oil
| Union Qil Co. Steaval A Worm Gear Lube 140

Page 45
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C. Program Error List

Program errors may be comected by making the appropriate modifica-

tichs to the robot program,

| PROGRAM ERROR MSG.
_____"“

EHFU;H&T!-DWEEIHHEEHDH
The RPM parameter passad o the

Index Data Out of Range

T354-001 System routine TT_ROTATE ia
Rotate Data autside he allowable range.
Out of Range Allowable RPM for the turntable is
=400 by +400 R
The INDEX POSITION paramete
7354-002 passed to the system routine

TT_INDEX is autside the allowahie
range. Allowable indexing range fer
the tumtable platen is from {3507,

T354-003
Tilt Data Out of Range

The TILT POSITION parametear
passed to the system routine
TT_TILT is outside the allowable
range. Allcwabte tit range for the
tumtable platan is from 0-00°,

The robot program has attempled fo

Program Time Ou

T354-004 exacule a lumtable movarmens
Turntable Mot before the lumtable has been
Synchronize symchronized after powar up, o

resel after a systsm arror,

7453-005 The exacution of a tumiakie

command has taken longer than
gxpected. Chack for system emrors.

Page 47
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D. System Errors

System errors resull feom an error within the turmtalole fiself, and can
e claared onfy by rasetting the wmtable controller:

1. Yerily that tumniable mevement has ceased,
2 Disconnect power to the coniral cabinat,
3. After ten seconds, FRCONNECT powaT.

4. Ra-synchromze furntable.

[ eYSTEM ERROR MSG. | EXPLANATION/CORRECTION
REM_SP = 0, INDEX_RDY = 0,
T354-100: TT_RDY = 0: Internal software errof
7354 internal Error caused Turntabls o ceass intermnal
softwara operations.
RPM_SF =1, IMDEX_RDY =0,
TT_RDY = 0: The diffarence between
: Turmntable’s aciual and expecied
TT:!S«;‘ST.‘I 0% position exceeds allowable lirmits. M
F n“'ﬂ"l'h'ﬂﬁ E'E' :, i b caused by a collision or system
failure. Check that turntable o
warkpiecs is not jaminesd ggairet th
robot army, dust collestor, elc.
BFM_SP =1, INDEY_RDY = Q.
TT RADY = 0: Tilt axis is aufside
7354-102: proper warking area [0-007) ano has
Tiit Axis Outside been stopped by the hardware limit
Waorking Ares gwilches. Loss of synehronization
dala is common cause. Reset and ra-
synchronize tha systam.
RPM_SP =1, INDEX_RDY =0,
TT_RDY = 0 A sero ampiifier
Ta54-003: triggers alarm. Improper medar tuning,
Servo Amplifier or over-temperatura motor or amplifier
Alarm Latch heat sinks can be the cause.
Discennact power and cool systam,
fhen restart sysiem.

Modsi 7354
Reviginn B Jﬁma_r}r,ﬂr 1955
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Figure 5-4,
Ta54 Controller
Electrical Schematic
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Figure 5-5.

7354 Schematic, Molors,

Junction Box and Cabling
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U T e Maintenance & Troubleshoating
Figure 5-7,
7354 Schematic, Servo Con-
treller & Robot Interface
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SECTION 6
PARTS LIST

Figure &-1,
7354 Assembly Key Drawing,

Shest 2af5

Section 6
Parts List
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[y Parts Lisl

Figure 6-2,
7354 Assembly Key Drawing,
Sheot 3 of 5
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Figure 6-3.
7354 Assembly Key Drawing,
Sheal 4 of 5
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(i

Figure 6-4,
7354 Assembly Key Drawing,
Sheet 5 of 5
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ITEM | PART # | DESCRIPTION | aTY
1 s001183 | Gear Box, Tandler 5:1 Spiral Bevel 1
2 E007E16 | Motor, Brushless Servo 7.3 hp #4058 i
3 BODTE1S | Motor, Brushless Servo 2.1 hp #204 1
4 ed21-021 | Platen, 24" Dia. 4 Slot Alum Ancdizad 1
5 5007249 | Channel, 73xx Rotate Motor Mount 1
G 5002337 | Collar, 73xx Tumtable Platen Mounling 1
Fa S002236 | Block, 73xx Rolate Molor'Gearbox Alignmant 1
;] S002%48 | Amphenol, Recep Box 5 pin 1
) 5002550 | Gear, 90 Degree Sector 1
10 5002343 | Gear, 12 Tooth Pinion 1
11 5002346 | Enclosuwre, T354-007 Tilk Prox. Assy 1
12 5002604 | Clamgp, 0.625 Conduit 3
13 5006843 | Enclosure, 7354 TT Jundchon Box 1
14 S006724 | Frame, Tumtable 1
15 5002625 | Bushing 1
16 5002543 | Pivel Ass'y, 73xx Turnlable Right Side 1
17 5001974 | Cable Tie, 14° Mylon AR
18 50DERS4 | Clamp, 2.5 Urestrut 1
18 162337 Gearbox, Grove gear 30:1 Tilt 1
20 FOO0S32 | Screw, Flat Head, Sock. Drave, M16 x 90 d
21 TO00529 | Screw, Flat Head, Sock, Drive, M16 x 70 4
22 7000533 | Borew, Sock. Hd Cap, 10-32 x 375" Ig 3
23 000531 | Screw, Sel, Sock. Dnve, 1/2-20x 1"g 4
24 5002334 | Spacer, Gear 1
&5 002350 | Sansor, NG, Proximily 3
26 S002341 | Cover, Dhive Belt 1
27 5002338 | Bel, BMOE2T 2Tmm Tlming i
28 5002339 | Pully, 8mm &0 groove, 21mm belt 1
24 5007348 | Publey, BM-305-21-2dmm Bore Drive Motor 1
30 5002333 | Bearing, Pivot 2
31 TOOOOTS | Washer, 1/4" Lock 2
a2 000636 | Washer, 568" 10
33 5002345 | Trigger, Prox. 3
34 2002584 | Inzerd, 1/4-20 4
a5 7000384 | Screw, Button Hd, Sock, Drive, 10-32 = 25" a
36 TOOD468 | Screw, Sock. Hd Cap, 516 - 18 ¥ .ThH" IE &
a7 TOP0203E | Washer, 38" Lock 12
2B TOOD202 | Washear, 516" Lock 14
38 TOO0431 | Serew, Bull. Hd Sock Drive, 1/4-20 » 75" Ig 2
44 FLO0200 | Washsar, #10 Lock 11

Page 59 Miodeal 7354
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E ITEM | PART # DESCRIPTION | aty
————— e

41 TO00A23

Screw, Socket Hd, Cap, 3/8-16 x 1.5% Ig

g2 T 22

Bolt, Hax Hd, 3/8-16 x 1.25" Ig

43 F00ET24

Screw, Hex Hd., 18mm x 12

44 TO0E18

Sorew, Flat Hd. Sock. Drive, 3/8-16 x 1.5" Lg

45 TO00AGE

Scraw, Skt Hd Cap 1/4-20 % .75 Lg

A6 7000420

Wazsher, 38" Flal

47 7000111

Scraw, Hex Hd Cap 516-18 x 75" Lg

48 002330

Irnsart. 516" Stesl Nutsen

44 7000378 | Screw, Sck Hd Cap, 6-32 x 1/2

54 TOO0209 | Washer, 85 Star

a1 TOOO3E2E | Screw, Set, 1/4-20 x 187 Lg

52 TOD0530 | Screw, Flat Hd, Sock Drive, M1E x 40

53 TO0121 | Serew, Hex Hd Cap 3/8-16 x 1.0

54 BO025ET | Shatt, 4' x 1" Dia 73xx Tumtable Tl Piwot
55 BOOZEZ2Z | Shaff, 8 x 17 Dia 73xx Turmtable Tl Preat
5& 1007-52 | Nameplate

57 FOODOT4 | Nuf, Hex 3/6-16

58 TR004ed | Sorew, Ski Hd Cap #4-40 x 500 Lg

54 5008833 | Bushing, 4° Tubular Frame Mounting

B0 S102951 | Phnx, Heavycon-D Insert Male

] S002590 | Phnx, Heawyeon-0 Base Panal Mount

B2 002867 | Phnx, Heavyeon-D Cramp Pin 20-22 ga
e 5007841 | Cable Asay, Tilt Axis Motor Drive

s SO0TE3T | Cable Asgy. Rolate Axis Molor Drive

G5 S007E40 | Cable Assy. Tilk Axis Motor Feadback

BE BO07E3S | Cable Aszy, Holate Axis Motor Feedback

a7 TO00ESS

Scraw, 10-32 x 38 Pan Head

L] 5007838

Cable A==y, Rotaie Axis Sensor

G0 5004315

Amp, Recep CPG-1 24 pin #23 Shell

T S0038E2

Amp, Cramp Pin CPC-1 24-20 ga.

T 5006133

Amp, Recep, CPC-3, 7 Soc #23 Shell

Amp, Grimp CPC-3 Socket 10-08 ga.

Te 5004721
T3 5004404

Amip, Recap CPC-1 VDE Rev Sex 7 Soc 13 Shell

74 5003863

Amp, Crimp CPC-1 Soe 24-20 ga

T 002544

Amphenal, Recep Box B Pin

ol el Sl R L ol (S ol E Bl T B P - BN B (PN (SN N BO R B N e e e e e R A R A T r e e

Fil=) 7000544 | Scraw, Bin Hd 6-32 x 58 Lg 24
IV TOOO440 | Washer, Flat Mo, & 24
TH FOO00ES | Nut, Hex 6-32 a4
78 T000545 | Washer, Lock No. & Spring Stesl a4
&0 7000337 | Screw. Mach Pan Hd B-32 x 58 Lg d
kodel 7354 Page B0
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ITEM| PART # DESCRIPTION < aTyY
£1 JO00061 | Mut, Hex B-32 4
82 FOOO99 | Washer, Lock Mo. 8 4
83 7000181 | Washer, Flat No, 8§ d
84 FA00517 | Screw. Bin Hd 4-40 x 36 Lg 4
85 FO00541 | Washer, Flat No 4 SAE 4
BG FO00408 | Washer, Lock No. 4 4
a7 FOODEE4 | Mut, Hex 4-40 » 25 OD 4
a8 002503 | Cable, Bulk TW 20 ga 1PR/ShId 18.3'
80 5000601 | Cabile, Bulk, Cti 22 g4 3 Con/Shid .25
{2 4] SOO4360 | Wike, 10AWS BMTW Black ooV 3
& SO06E3Y0 | Wira, 10AWE MTW Graen 800V 1°
a2 004278 | Wire, 14AWG MTW Black 500V g
a3 004279 | Wire, 14AWG MTW Grean 600V 1.25'
24 SMO5268 | Amp, Crimp, CPC-3, Skt 14-12 ga Type X i
85 5000172 | Anchaor, Wira Tie 1
a6 FIC2EA2 | Capacitor, 47UF 50V Axial 1
a7 5002614 | Resiator, 1 Watt 12000 Ohm 5% Tol i
98 S000113 | Tubing, Ht Shrk 1 |
] SO00B983 | Labal, Angle Indicator 1
100 5000312 | Terminal Block, THW &-140 1
101 9007838 | Schematic, Electrical 7354 CE Turntahle Faf
102 5007832 | Phnx, Heavyeon-D Keying Pins 17-72.72-2 2
103 5007566 | Screw, Bin Hd 1/4-20 x 50 Lg 2

Page &1 Model 7354
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Figure 6-5.

2384 Control Box, Sheet 2 of 4
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Figure 6-6.
7354 Control Box, Sheet 3 of 4
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Figure 6-7.
7254 Conrol Box, Sheet 4 of 4
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ITEM | PART #_ DESCRIPTION aTy |

1 5007814 | Box, 7354 Control

Z 1GB25 Fan, Enclosure a-2AXFN

3 SO0T7Ee | Transformer, 240 4801 20VAC EZ80

4 E002611 | Power Supply, 24VDC @ 3.6A HN24-3 B-A

5 BOO7798 | Power Supply, SVDC @ 1.54 HAS-1.5'0VP-A

& | 5007796 | Ampifier, AG Brushless Servo 220/405¢

7 5007707 | Amplifier, AC Brushless Servo 206/20482

B BOO77A5 | Power Supply, Amplifier Kollmorgan

4 007734 | Fier, Elecmical, 240VAC & 304

10 007793 | Filter, Electncal, Choke

11 s007752 | Contactor, 3 Pale 304 24VDC Coil

12 £006748 | Filter, Blectrical 1200420VAC, 24 @ 120VAL

13 504612 | Relay, 2PDT 24VDC

14 | 5002982 | Socket, Relay 2PDT

15 5007217 | Relay, 4PDT 24VDC

16 5002085 | Socket. Beyay 4PDT

17 500479 | DIN Rall, Typr NS 35/7.5 2M

18 5003782

Phinx, Term Block, Fuse UKE.3 Lit 15-30V

19 5002744

Prinx, Term Block, Fuse UKES LIT 110-250V

20 5001053

Ptinx, Term Block, UKSE 344 780V 10AWG

M 001057

Phnx, Tarm Biock, End Clamp

22 5001054

Phnx, Tarm Biock, GHD USLEGY 12 AWG 344

23 5002743

Phrx, Tarm Biack, Fuse UK 10.3 HEEI

24 5007598

Switch, Operator. 2 Function 2 Pushbutton

25 E007 128

Eutton, (Greamn nghled

26 5007128 | Contact Assy,, For Green Button

27 5007130 | Butten, Red Mushroorm E-Stop

28 E007131 | Contact Asst., For Hed E-Stop

29 EOOT132 | Legend, Blank Yellow

A 5007800 | Circuit Board, Opte22, 24Pos

31 5003796 | Module, Opta22, IDCS Input 12-32V0DC

32 5003700

Module, Optaz2, OCDS Output 5-60VDC

a3 B2 590

Phine, Heawycon-0, Base Panel kouni

34 5002838 | Phnx, Heavycon-O, Insert Female
a5 8002837 | Phnx Heavycon-D, Crimp Sochket
35 8004703 | Amp, Becp, CPC-1 14 Skt 917

ar 5004339 | Amp, Recp. GPC-1 16 Pin #17

35 5004274 | Amp, Crimp, CPC-1 Pin 18-16AWG
39 5004275 | Amp, Crimp, CPC-1 Skt 18-186AWG

40 5002635

Amphanol, Hecp. B Soc MS-31028-24-65

-'Eﬁ—h—lgmmﬁ:h}m—'—h—l-—l-—-mmpgﬂm%mmmm—nmm_-u_.._n__._n_.
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ITEM | PART # DESCRIPTION | ey |
41 SO0GETE | Wireway, Cover, White 2" AR
42 S003608 | Wireway Duct, White 2 x 2° AR
43 5001055 | Phax, Term Block, Bridge FB10-6 AR
44 S001056 | Phne, Tern Block, End Cover D-UK 410 g
45 2007308 | Fuse, 3048, LPCC-30 3
45 So07E08 | Fuse, 258, LP-CC-25 3
47 5003114 | Fuse, 254, 3AG #313.250 a
45 S002527 | Fuse, 3A JAG SLO-BLOW 31 3003 4

49 FO0T161 | Fuse, 14, 3AG SLO-BLOW 313004 1
50 5001193 | Fusa, 1.54, 31301.5 1
&1 TOOOOIT | Mut, Hex 1/4-20 1
53 A001ETE | Dhocle, IM4004 7
53 5007158 | Ralay, 1PDT, 24VDC, RHIB-U-UDC24Y 1
54 F0E0E6 | Socket, Relay, 1PDT, SH1B-050C i
56 BOOT0E2 | Switch, Interdock, Doar 2
56 5007810 | Phnx, Fuse Connaction Pin, 30-04-53-7 2
57 S007B17 | Recp. 3 Pole, 4 Wire, 250V 304 2725 1
58 S007882 | Phnx, Subcon 9 91819 9F-SH 2
59 | 5007088 | Label, Protective Earth Symbol 8
g0 5004586 | Relay Hold Downs AR
61 5002418 | Label, Brady Component Marker AR
G2 S002738 | Cable, Flat, 50 Conductor 38 3811/50 4.3
B3 5002734 | Connector, 50 Pin Sockel, 3M 3425-6500 2
B 2002740 | Connector. Sirain Relief 50 Pin 3M 3448-3050 2
65 S003776 | Butt Conn, 10-12 ga Yellow iz
HE JU07EA0 | Conmeclor, Gard Edge 50 Pos 3M 3415 &
67 5007832 | Phnx, Heavycon-D, Keying Pins, 17-72-72-2 4
EH SO03308 | Cable, Bulk, TW20GA 4PR g
64 2007845 | Lexan, Top Panal 1
70 7000505 | Screw, Mach Rd Hd 6-32 x 1,000 4
71 | 7000627 | Washer, Flat #6 Black Nylon 4
T2 BO0030? | Labal, Praxsir L-Dg-:l 2
i) FO00359 | Screw, Bin Hd 6-32 x 0.250 12
74 FOO0G12 | Screw, Bin Hd B-32 x 0,250 11
75 FO00335 | Sorew, Bin Hd 10-32 x 0.500 8
76 15911 Caster, 2* 160 Ibs Svi Dual Whi Faultless

[ FOO0111 | Screw, Hex Hd 518-18 = (,.750 16
Fi] 000638 | Washer, Flat 518 a2
i) Fo00202 | Washer, Lock 516 16
B0 F000064 | Mut, Hex 5/16-18 16

Page &7 Modal 7354
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E Parta List
ITEM | PART # DESCRIPTION aty

yuyo o e —_

81 7000058 | Rivet, 1/8 Pop i
B2 5007204 | Label "PE" Ground 7
23 FoO022 | Washer, Lock #8 Star Inll Pid i2
&4 7000024 | Screw, Skt Hd Cap 1/4-20 £ 3/'8 20
85 7000019 | Washer, Lock 1/4 22
Be 7000040 | Screw, Skt Hd Cap 1/4-20 x 2.00 2
a7 5001186 | Standoff. §-32 ¥ 12 16
28 7000208 | Washer, Lock #6 Star Intl Pid 16
84 FOO0060 | Mut, Hex 6-32 20
an 1007-52 | Labed, Serlal Numbear i
a9 8007004 | Label, Waming CE 2
g2 5007087 | Label. Elac. Hazard Symbaol

893 sn02408 | Tape, Brady Wire Marker, Size Code 105 AR
Tl 5003625 | Tape, Brady Size Code 111 AR
a5 007134 | Brackel, Interlock Swilch 2
g5 | 7000212 | Stand Off #8 CLx0.25Lg 4
ar 5003219 | Phnx, Term, Bass 2
{2 51 2003520 | Phax, Term, Plug 2
e E001680 | Wireway, Cover, 1° A
100 5001678 | Wireway, 1" x1° AR
101 007158 | Label, "Made In Tha US.A" 2x1.5 1
102 EO01B77 | Wireway, 2" x 1" &R
103 7000622 | Serew, Btn Hd B-32 x 0625 Lg 4
104 | 5000588 | Term, Fork. 10ga #8 17
105 5007946 | Term, Ring, 10ga 48 Stud 5
106 007947 | Term, Ring, 10ga 0.250 Siud 10
107 5002170 | Tie Down, Wire Saddle on Basa 2
108 sobeT2a | Fuse, 1A FLO-1 2
109 5007818 | Plug, 30A 250V 3PL 4WR 1
110 | 5007504 | Bulb, Light 24V 1
111 | 8007597 | Contact Block Assy 1 N.O. - 1 N.C. 1
112 5007152 | Transorb, 24V 1
113 BE07953 | Transork 5Y 1
114 TOOD440 | Washer, Flat #6 &
115 005102 | Labsl, "J1” 1
116 5006103 | Label, "J2° 1
11¥ s0ovass | Label, "J3" 1
118 5007859 | Label, "J4" 1
119 ROOTEGE | Label, "JX” i
120 BOOTERT | Label, "JYT 1
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ol ﬁ::IFULATIDH

Figure A-1.

Surlace speed. pitch, standofl, and angle of impingement are signif-
cant varables In producing & coating with desired characterstics.

Generally, a gun surface speed of aboul 1200 infmin (5 mysec) s
dasirable for most applications. The ideal surface speed ypically cre-
ates deposits of approximately 001 infpass (25.4 micronaipass) lor
matallic and coarse materials and 0005 infpass (12,7 microns/pass)
for caramic and fire materals. Targeting this thickness bulldup rate
decreases residual stress, iIncreases maximum thickness bulkdup, and
decreases porosity, Adjustments in raverse speed are usually required
o ablain the desined buildup.

Pitch or increment is the siep or teed of the gun molion associaled
with traverse. Ganerally a pitch or increment of D125-0.200 in. [3-5
mim) per ravalution is desirable. Pitch may nead adustment 1o prevent
sfriping or "barber poling.”

Standoff is the distancs from the front of the gun o the surface of the
par baing sprayed. It is usually that pairt whera the paricles ane hat
encugh to form the coating while the heat fransfer from the gun to the
partic as low as possible. Spray stream should be perpandicular (within
+- 15 degress) to the part surlace.

Cylindrical part spraying requiras the calculation of tfraverss spead to
achieve the desired pitch. Spraving cylindrical objects is analegous to
machining thraads: the rotalional speed of the part and the gun raverse
speed are Tocked” based on the desired surace speed and plich.

Increment on rotating workpieces.

Hame position

Aﬁpmy stream center path

vaarnn."
direction

Cylindrical part Rotation
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Tocalculate the gun fraverse speed, usa tha following formulas. Make
sUre 0 use consistent units of measure thraughout the calculations:

1. To calculate RPM of the part:

1t = pi (approximatedy 3.14)

2. To calculate traverse speed in indmin:

A-Z. PARAMETERS FOR
USE WITH THE
4X00 CONTROLLER

Desired Surface Speed
(part diameter x x*)

RPM x pitch

The robot paramelars listed hera refer only to those which are modi-
fird for oparatian with the 7354 Tumtable and the 4500 Computerized
Process Control Systems. All other parameters are io left at their de-
fault values.

TOPIC: Controllar
TYPE: Event Routines

Event | Routine | Task
STOP | cir_int 0
START |sys_init |0
TOPIC: Communication
TYPE: Physical Channels
Name Siol: Coma
Type Sig Sio
Channel 1 2
_baud Rate 9600 3600
Parity LGt none
No. of Bits 8 8
Me. of Stop Bits | 1 1
RTS/ICT OH CF
Duplex Fuill Full
TYPE: Transmission Protocol
Mame Slgp_4500
Type Slip
Phy Channel =
Local Address 100,100,100, 101
Remote Address | 100,900 100,102

Modal 7354
Revision B, January 8, 1992
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TYPE: Application Protocol

. ——

Hame Hap_4500
Type RAF

| Trans Protocol Slip_4500
Port No. -1
SendStertupMsg. | No

Enable Subsew Mo

TOPIC: VO
TYPE: User I/D

|
Name | MName iﬁ o FH"'*I et | iwverted
fitt_rby Board11 8] 1 4 o no
bt _air Boardi{ L 2 0 0 o
_rol_rdy Board11 Di 3 Q 0 no
rod_arr Board11 8] 4 0 o no
| TR0 Boawdi1 8] 5 0 0 (i3]
f_per_ ok Board! 1 8] £ Y (1 o
Di11 7 Board11 Di 7 0 0 no |
Di1_8 Board11 oi 8 0 0 no
| rol_drv stat | Board!1 Di 9 0 o no
filt dry_sist Board! 1 ]} 10 o ] 1]
D11 11 Board11 K] 11 Q 0 (1]
D1 12 Board11 o 12 1] 0 N
DIt _13 Board11 D 13 o o o
_£!I‘|‘|_14 Boardi1 ]| 14 o ] o
lcop_enable | Board11 ¥ 15 0 i i
Inop_disable | Board11 1] 16 0 0 no
tetat_reg Bosrd11 oo 1 n'a n'a |
fil_Lip Board11 Do 2 n'a v [L%]
fi&_dn Board11 O 3 ] n'a o
#it_hm Board11 Do 4 mva na ne
retat_res Eoand11 Do 5 n'a n‘a no
ot _inces Board11 DO & na na (1)
ferl_hm Boardi1 o 7 na rva P
| pgm_en Board11 Do 8 va nva no
mirs. on Boandi1 O | vz nfa M
_neset Board11 Do 10 na na H
cind_strobe | Boardi1 0o 11 na v i
Ao on Board11 Do 12 ma L] ne |
| DO11.13 | Boardd1 | DO 13 va nia ho |
D114 Board11 ] 14 n'a na na
| rob_stopped | Boardt Do 15 na | na no |
| pass_count | Board11 DO 16 | na 1 nin no |
Page &7 Model 7354
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




