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Section 1

INTRODUCTION and INSTALLATION REQUIREMENTS

1. INTRODUCTION

1.1.

1.2.

Rev J3

Manual Contents Organization

This manual is intended for users of the Radiant Technology infrared furnace system. The
manual will help in understanding the machine's capabilities, uses, routine maintenance, and
basic design features. The introductory section sets forth requirements for proper installation
and initial startup.

Section 3 will be of specific interest to personnel who will set up and operate the furnace
system. The service manual, beginning with Section 4, contains detailed information,
including adjustments, alignments, maintenance, and troubleshooting. Section 5 contains a
theory of operation. The Product Specification, which introduced and laid the groundwork
for the machine, isincluded in Section 6. Technical information applicable to your machine
is covered in this section. Section 8 contains special operating instructions for options and
custom features not found on standard production machines.

Each model and furnace contains many unique parts and assemblies that are not common to
al. In addition to the unique parts, many custom features and options are routinely ordered
and shipped with these furnaces. In order to control and record these variations, a top
assembly bill of material, or "customer configurator”, has been included in Section
Appendix A of thismanual. This document, controlled by a serial number, isthe index to all
the documentation, which built a particular furnace.

Installation Requirements

1.2.1. Unpacking

Remove the banding from the shipping container and carefully disassemble. The
shipping container should contain the shipping manifest listing the model of your
furnace system and all options, accessories, and special configurations, which were
ordered according to the original purchase order or specification. If any item listed
is unaccounted for, immediately notify the carrier and the Radiant Technology
Customer Service Department.

1.2.2. Machine Placement

L ocate the machine on an unyielding floor in the final installation position. Lift the
machine at the approximate locations shown on the instalation drawing (see

Copyright ©2000 by Radiant Technology Corporation. All rights reserved. No part of the document may be used or Page 2
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123.

124.

125.

126.

Documentation Section), and slide the shipment skid out from under the machine.
Do not atempt to lift the machine a one point or at points other than
recommended; failure to follow these instructions invites frame damage and will
void the warranty.

NOTE: The lifting device must extend under the machine and support both
sides of theframe structure.

Remove the base covers and adjust the leveling screws to level the frame within .06
inch overall. Each of the leveling screws should support an equal amount of
weight.

Machine Inspection

Remove the upper and lower side covers from both sides of the machine. Inspect
all lamp connections for soundness and for loose hardware that may have become
dislodged during shipment. Inspect the lower electrical compartment for shipping
damage, loose connections, or components. Finally, inspect the furnace interior,
checking for broken lamps, foreign objects, or any components that may have come
loose during shipment. Report any shipping damage immediately to the Radiant
Technology Customer Service Department.

Providing Power

These machines are built and tested to the voltage specified on the nameplate
located adjacent to the power entrance hole in the lower electrical compartment.

Electrical power, matching the specifications on the nameplate, is to be connected
to the contactor or circuit breaker located directly above the entrance hole. A
ground terminal is provided for a safety ground. (5-wire system is optional.) All
city and local codes should be followed when wiring this system for power.

Providing Gas and Air

Oil-free dry shop air, a a maximum recommended dew point of 59°F, is to be
brought to the machine through a customer supplied line with a minimum inside
diameter of 3/4 inch. In addition to the supply line, a pressure gauge and regulator
isrequired if the supply pressure fluctuates or goes above 70 psi. Connections for
gas require the same line size and a regulator to control the pressure to 70 psi
maximum. The supply temperature of both gas and air should be above the dew
point of the room air to prevent condensation from forming on the feed lines and
dripping into the furnace.

WARNING: The flowmeters on these furnaces arerated at 70 ps maximum;
oper ating beyond 70 psi exposes the operator to possibleinjury.
Process Exhaust Requirements

In most applications, process exhaust and heat should be vented to the outside
atmosphere. It is the customer's responsibility to review the process, local laws,
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and facility in deciding on an exhaust system. Insulated exhaust tubing and a
collector hood with a 4 inch inside diameter, or larger, is routinely used. Do not
make any direct connections to the chamber exhaust stacks. A minimum 8.0"
clearance between the exhaust stacks and venting deviceis required

1.2.7. Installation of the Transport Belt

A portion of the transport belt which goes through the furnace chamber was
intentionally left uninstalled to protect the furnace interior during shipment. When
installing the belt, it will be helpful to have an assistant available to help guide the
belt into the furnace entrance.

1.2.7.1. The portion of the belt which goes through the furnace is rolled up and secured
at the entrance end of the furnace. Unroll the belt and attach it securely to the
pull wire that was left in the furnace chamber.

1.2.7.2. Pull the belt through the chamber from the exit end of the furnace, while an
assistant guides the belt into the entrance.

1.2.7.3. Once the belt has been pulled completely through the chamber, remove and
discard the pull wire. Splice as shown in Figure below.

DIRECTION P
of
TRAVEL

1.2.8. Removal of Shipping Restraint Screws

Large furnaces operating at high temperatures experience considerable growth from
thermal expansion. All models are equipped with support slides which allow stress
free expansion to take place. To secure the process chamber during shipment,
restraining brackets (painted red) attach directly between the chamber and frame.
The screws which secure these brackets to the frame must be removed before
bringing the furnace up to operating temperature.
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129.

WARNING: Failure to remove dide restraint screws invites structural
damage and will void the warranty.

Radiant Technology Customer Service Startup (Optional)

It is the customer's responsibility to accomplish the tasks described in 1.2.1 through
1.2.8, prior to scheduling a visit by a Radiant Technology Customer Service
technician. When the Customer Service technician visits the user's plant, the
technician will require the full-time help of at least one customer representative
who will be responsible for the operation and maintenance of the furnace system.
Tasksto be performed by the Customer Service technician include:

1.2.9.1. Prepare the machine for operation.
1.2.9.2. Apply power and bring up the machine to afully operational state.
1.2.9.3. Run through the installation test procedure.

1.2.9.4. Report to the customer any deficiencies noted in the installation of the
machine.

1.2.9.5. Instruct the appropriate personnel in the customer's plant how to set up and run
the furnace system.

1.2.9.6. Teach the appropriate personnel in the customer's plant how to do the
necessary preventive maintenance.

1.2.9.7. Turn over the machine and documentation to the customer.
1.2.9.8. Specification Limitation.

1.2.9.9. The specifications, as noted in this manual, are for standard production
machines only. These specifications may not apply if the machine was ordered
with custom features or non-standard options.
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Section 2

SAFETY

2. GENERAL SAFETY GUIDELINES

2.1.

2.2.

2.3.

Rev J3

The following set of guidelines isintended to create awareness of potential health and safety
hazards. Refer to the Infrared Furnace System Safety Features Addendum and Appendix D
for more information.

Electric Shock Hazard

RTC furnaces operate at high voltages. Operation with side covers off constitutes a safety
hazard. Ensure that main power is off while side covers are removed.

Hazardous M aterials

Persons performing maintenance tasks such as replacement of lamps may become exposed
to silica fiber compounds. Such tasks should be performed by qualified personel wearing
gloves, eye protection and a facemask to prevent inhalation of particulates.

Normal Good Laboratory Practice

Normal good laboratory practices apply to the operation of RTC furnaces. Do not use the
space above the furnace as storage. Do not block the cabinet doors preventing the cooling of
the electronic equipment inside. Do not operate with side covers off as this will prevent
normal cooling of the electronic equipment thus voiding the warranty. Tuck electrical cords
out of the way. Do not store flammables in the vicinity of the furnace and especially while
operating the furnace with an oxygen atmosphere.
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reproduced in any manner whatsoever without written permission. For information, address RTC, 1335 S. Acacia
Avenue, Fullerton, CA. 92831-5315 USA



Rev J3 Copyright ©2000 by Radiant Technology Corporation. All rights reserved. No part of the document may be used or Page 7
reproduced in any manner whatsoever without written permission. For information, address RTC, 1335 S. Acacia
Avenue, Fullerton, CA. 92831-5315 USA



Section 3

EQUIPMENT OPERATION

3. OPERATING INSTRUCTIONS
3.1. Power Controlsand Indicators
3.1.1. Power Statuslndicators

3.1.1.1. MAIN (Red Indicator)
This lamp burns continuously whenever power is available to the furnace
and the main circuit breaker (optional) is turned on.

3.1.1.2. ON (Green Indicator)

This lamp burns continuously when the control circuits are energized,
and indicates that power is available to actuate the control circuits.

3.1.2. Controls

POWER
ON MAIN
ON OFF
FAN CONTROL POWER CONTROLS and INDICATORS
Figure 3.1.2.1 Control Panel
Rev J3 Copyright ©2000 by Radiant Technology Corporation. All rights reserved. No part of the document may be used or Page 8
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3.2.
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3.1.2.1. POWER ON

Pressing this switch causes the furnace to go through its power up
sequence, providing the MAIN lamp is lit and the EPOs (Emergency
Power Off switches) and interlocks located in the doors are released.
The ON indicator, described in 2.1.1.2, will illuminate.

3.1.2.2. POWER OFF

Before pressing POWER OFF, the furnace must be in cooldown mode.

Pressing this switch causes the furnace to begin a timed power shutdown
sequence. The heaters are shut down immediately, and after a cooldown
(to 100°C) period, the fans, transport belt, and other functions are shut

Basic Operation

3.2.1.

3.2.2.

3.2.3.

3.24.

3.2.5.

down.

Main Power

The MAIN indicator must be lit before pressing the POWER ON button.

Uninterruptible Power Supply (UPS) “ON” Switch (Option)

The UPS power “ON” switch is located on the center front panel of the UPS.

Power On/Startup

Press the POWER ON button. The ON indicator illuminates. Press the monitor

power button. The computer boots up and the logo screen is displayed.

CAUTION: Dangerous voltages are now present throughout the electrical

systems of the furnace. Make sure that any probes in the furnace are placed

on the belt surface only. Probes extending over the sides of the belt may

contact high voltage terminals!

Fans

Check that the control enclosure fans, the cabinet cooling exhaust fans, and the

turbulent product cooling fans are turning. If the exhaust for the furnace is located

on the bottom of the machine, it is important to have the bottom fan at greater than

or equal to the power of the top fan. If thisis not done the cooling system will not

work properly.

Furnace Log-on and I nitial Operation

Select “ Security” icon to initiate access to “ Security and User Information” screen.
Copyright ©2000 by Radiant Technology Corporation. All rights reserved. No part of the document may be used or Page 9
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3.2.6. Security and User Information

This window allows the operator to select access level, log-on or log-off, add or
delete users, and modify password and access codes.

NOTE: Before turning off system, you must “Log-Off” through Security
Screen.

3.2.6.1. Access L evel

Select Access Level by clicking on the User List, then log-on with the
appropriate password.

The system is shipped with three (3) access levels, each with its own
password.

Radiant Technology

Security and User Information ‘

New User ID

User List Access Level
OPERATOR Operator Modify Password
RTC W
TECHENGR
[iA TechEngr Modify Access
Send String
‘ | Enter Password | Delete User
z
Last Access Date Log-On LOg'Off
01104197 |
To log onto the system, select your
name from the User List at the [eft
and press the Leg-0n button above
Process State : m‘ Acerr | ACERT | MAINT | | Current User : TECH/ENGR |
01/04/97 ‘ | EEE [uilh = =] o o = B
13:37:05 Security | Process Recipe Profile || Schedule Maint. Logging | | Gas Flow
Figure 3.2.6.1 Security Window, Log-on
AccessLevel 1 password: 1. Thisisthe Operator level, and allows the
operator to load and run arecipe and initiate
aprocess. (Initial passwordissetto“1".)
AccessLevel 2 password: 2. Thisisthe Tech/Engr level. It alows the
Technician or Engineer to do all of the
above, as well as changing parameters such
as temperature setpoints, power distribution,
and belt speed. (Initial password is set to
1] 2” .)
Access Level 3isrestricted to RTC personnel only.
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3.2.7. Screen Menu (Located at bottom of screen)

Allows operator to select the desired screen by moving the cursor and clicking on
the chosen screen.

3.2.8. Atmosphere Supply Gas

If the furnace has flowmeters, turn on the atmosphere supply gas and adjust the

inlet regulator to 70 psi.

MFC=MASS FLOW
- o= = — - - - — — CONTROLLER

L _IF_IF_IF_IF_ = -
B g|— L L _ - - B Bgl- L
o

[35 | [150 | [114 ] [110] [105 | [96 | [63 | [34 | [g9 |

e

[9g | [99 | [99 | [182 | [ 58 | [100 | [100 | [100 |
Process State : m‘ Fiarr MM Aicer [ FAinT | Current User : EngriTech |
Friday
e [ ] | | | = [
Security Process Recipe Profile Schedule Maint. Logging Gas Flow
Figure 3.2.8.1 Gas Flow Window
3.2.8.1. Default Settings
Verify flowmeter settings are per recipe requirements. See Section 2.6.
NOTE: If operating on hydrogen, understand the appropriate
featur es befor e attempting operation.
3.2.8.2. Optional Mass Flow Controller(S)
Flowmeters labeled as MFC provide control to mass flow controllers.
Use the vertical Slide switch or numeric dialog box on the appropriated
Mass Flow Controller to set the desired flow rate.
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3.2.9. Furnace Startup (Process Screen)

Radiant Technology

8-1218XH Controlled Atmosphere Infrared Furnace

Process

[RTE

l

Process Start

123
Lanes Active @@ @®

55 CoolDown:ii

iDe.viatinnI

EEED

Process Off

Zones 1 2 3 4 5 6 7 8
Setpoint XK (1000 (1000 [1000°C
aceual BPFR BEEH PEH EYH O P DN DG
Ay ool oo [ oo i oo [ oo i oo oo
N — ol oo B oo N oo B oo N oo B oo ]
N 0.0 - (NN S R || c0ETH |
Edge Power 00+ [ 00 %[
Zone S 02 PPM ‘ H2-1 H2-2 H2-3 ‘ S-1216XH  SIN:
0D1%
o2 N ol oW os TN o S
Belt Speed NI 1PM @A OEA OFmhn water Out EETEES Voltage: 480 VAC 60 HZ
Actual [EFTTEE 1PM Time Remainin Water In i
rurge BEETR BETr1 promum rH TEE | O il

Time Occurred

[ 0z MA Seivpling:

Active Alarms and Alerts Time Acknowledged ‘

Click to silence
alert! alarms ™=
\

Alarm  Active (Blinking)

[[Aert  active (Blinking) \H“ Hckriomiedge Events © ]

Process State : [T ‘

Current User : TECH/IENGR |

Monday
24/03/97
13:06:44

) = [ EEE Tl
Security . Recipe
[ ]|

— == i
int. Logaging
[ |

B
Gas Flow

3.29.1.

3.29.2.

3.29.3.
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Figure 3.2.9.1 Process Control Window

Check for no active alarmsor alerts.

If appropriate, move cursor to and click on “Acknowledge Events’ to
clear or silence an alarm/alert in order to proceed with furnace operation.
If alarm/alert does not clear, see Troubleshooting Section 3.2.

Verify correct recipeisloaded.
If not, click on RECIPE icon for “Recipe’ screen.

In Processfield, select “Warm Up” toinitiate the process selected.

In the “Warm Up” mode, the heating elements will come on. After 10
minutes, check the system for instability or cycling, and correct if
necessary. See Service Information Section.

While the machine is heating, check for alarms and listen for the alarm
buzzer. In particular, check for any exhaust fan failure alarms. Element
failure alarms (if element monitor option is selected) usually occur in the
"warmup" mode. The effect of an element failure is generally minimal
unless two failed elements are adjacent to each other.

NOTE: Allow the system to stabilize and to enter the " ready” mode
before processing any product.
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3.2.10.

3.2.11.

3.2.12.

3.2.13.

3.2.14.

3.2.15.

3.2.9.4. The "Exit” field will terminate and take you out of furnace operation
mode when a safe preset temperatureisreached.

Y ou must be in “Process Off” condition to exit (indicated by ared light).

Transport Speed

Move the cursor to the Belt Speed field. Enter the desired transport speed. Vary
the conveyor speed from minimum to maximum, checking for smooth operation at
all speeds. To check for belt speed accuracy, set the speed at its midrange setting.
Place a coin or metal ruler on the moving belt and time through two fixed points
while the furnace is in the off or cooldown mode.

Power Off

Before pressing POWER OFF, the furnace must be in cooldown mode.

Press the POWER OFF button. Under normal conditions, the furnace will turn off
when all zones cool below 100°C.

If POWER OFF is pressed while the furnace is in the warmup or ready mode, the
furnace will remain in normal operation until the cooldown mode is sel ected.
Replace Covers

Install any coversthat were removed during the functional checkout.

NOTE: All functions must operate properly before proceeding. Refer to the
Service Information Section and correct any malfunctions befor e proceeding.
Shutdown Sequence

The furnace should be shut down when more than an hour will elapse between
production runs. A shutdown conserves energy and prolongs the life of the furnace
and elements. The furnace will enter the “cooldown” mode. Once the zones have
cooled sufficiently and the furnace isin the “off” mode, the atmosphere supply can
be shut off at the source.

Auto Shutdown Sequence.

The furnace must be in cooldown mode.

Press the POWER OFF button. The ON power indicator will turn off. Once the
temperature falls below 100°C, all functions will automatically shut down.

Gas Shut Off

Turn the supply gas off. The functional checkout is now complete.

Copyright ©2000 by Radiant Technology Corporation. All rights reserved. No part of the document may be used or Page 13
reproduced in any manner whatsoever without written permission. For information, address RTC, 1335 S. Acacia
Avenue, Fullerton, CA. 92831-5315 USA



3.3.  SoftwareOperation
3.3.1. Recipe Setup Screen (Off Line Edit)
NOTE: When editing this screen the processis not changed.
Level 1 access will allow the operator to inquire, select, and run preset parameters
and recipes. Level 2 accesswill allow the operator to edit and save recipe data.
When initializing the “Load & Run” field, the process screen is updated and the
Recipe Setup screen is changed to On Line Edit.
Recipe Editor  Recipe Name: ["off Line Edit | ‘ ﬁsemﬁ
Zone1 Zone2 Zone3 Zoned ZoneS Zone6 Zone7 Zone8
e 298.00 | 184.00 | 167.00 | 167.00 | 170.00 | 160.00 M M
GAIN
INTEGRAL
PERIATIE | 02 Sapling Pott
TOP POWER LIMIT
BOTTOM POWER LIMIT - GEt .RIECipe
HIGH ALARM DEY SETPOINT
HIGH ALERT DEV SETPOINT l Getfrom Furnace.
LOW ALERT DEV SETPOINT Save Recipe
LOW ALARM DEY SETPOINT l iBave Fom: Editor:
Left Edge Heat Power [N IIEEE R < Belt Speed IPM l Save from FUrnace:
Right Edge Heat Power  [JIEEIN RN BIEEH -
02 Alarm Level PPM Boat Length In.
Atmosphere Purge Time  [JIE Min. 1 2 3 water Temps [IEEES EEEE : 5
H2 GasFilll Time [ Min.  Lanes Active ® @@
|@ (o] H2 | O| Recipe in Furnace: [Ii=0d
Process State : @| [rirrr (WMl Aicrt (WMl rianT | | Current User : TECHIENGR ‘
Tuesday
i e =T I — || B
15:34:02 Security | Process | | Recipe Profle ||Schedule || Maint. Logging | | Gas Flow
Figure 3.3.1.1 Recipe Window
3.3.1.1. Load Recipe (Levels 1, 2, and 3)
3.3.1.2. Delete Recipe (Levels 2 and 3)
3.3.1.3. Edit Stored Recipe, Save Stored Recipe (Levels2 and 3)
NOTE: Do not usethisfeature on the current recipe while in ready
mode and while processing parts.
3.4. Process Monitor Screen
This displays the setpoint temperature, the current recipe, process state and status, transport
speed, and other information such as percentage of power to elements and edge heaters.
Alarm and alert dialog box also is displayed here along with event status.
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3.5.
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34.1

Power Saving Feature (Option)

The actual power number reflects the actual power being used by the machine.
This number is based on the % power applied to the zone and the lamp power of
the zone. This number can be limited by the “Maximum power” value set up in the
SCR Calibration screen. If thisvalueis set at 0, no power is calculated and no limit
is set on the power used by the machine. Any non-zero value will cause the system
to calculate the power and limit it to this value.

NOTE: Theedgeheatersarenot part of the calculation.
The total power will then aways stay below the number set by the user.

WARNING: Thismay cause the machineto never reach theready state, since
the user value may not be high enough to reach the desired temperature. For
example, setting a maximum of 30 kW will most likely not be enough to reach
a steady state in a high temperature furnace when trying to go to 900 degr ees.
In this case, the machine will just stay forever in the warm-up mode.

Recipe Setup

35.1

3.5.2.

Setpoint Modification (Levels 2 and 3)

Place the cursor on the temperature setting to be modified. Type the new setting
and press enter from the keyboard.

NOTE: Temperaturedisplay isin degrees centigrade.

Power Distribution (Levels 2 and 3)
Default value is 50% top and bottom.
Place the cursor on the power distribution setting to be changed. Type in the new
setting and press enter from the keyboard. This can be between 0% and 100%.
3.5.2.1. Power distribution is a scaled per centage of maximum power output tothe
top and bottom heating elements.

The maximum power istypically set at 1.5 times the actual percentage of
power used when the furnace isin the “Ready” mode.

3.5.2.2. Edge Heaters (Levels 2 and 3)

The edge heaters are located at the outer edges of the belt and run the
entire length of the heated chamber. They can be used to improve the
temperature uniformity across the width of the belt. The range is O-
100% and can be set in increments of 1%.

3.5.3. PID ZoneTuning (Levels2 and 3)

3.5.3.1. Gain
Default valueis 2
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3.6.
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3.54.

Gain influences the proportional response of the PID by amplifying the
error between setpoint and actual temperature to establish an output
level.

The proportional band, in degrees Celsius, is defined as 100 divided by
the gain.

An increase in the gain reduces the amount of temperature deviation
required to turn the heating elements on at full distributed power or
decrease it. Too small a value will cause the system to be sluggish in
response. Too high a value will cause the system to overshoot and be
unstable.

3.5.3.2. Integral and Derivative

Default value is 6.00 (Integral) and 0.00 (Derivative)
NOTE: Theintegral (or Reset) function correctstemperature offset.

Derivative is a rate function that clamps temperature
overshoot/oscillation.

The maximum set point for the derivative function should be ¥ of the
integral value.

On the recipe window, click on the desired “Edit Zone PID Setting”
pushbutton. A Zone Tuning dialog box will appear with default values
for proportional gain, integral, and derivative, if not already shown on
the screen. Place the cursor on the value to be modified and click. Type
the new setting and press enter from the keyboard.

Transport Speed (Levels2 and 3)

On the Process window, place the cursor on the transport speed field, click, typein
the new value and press enter from the keyboard.

NOTE: Transport speed isdisplayed in inches per minute.

Gas Flow Screen

3.6.1.

3.6.2.

Gas Flow Settings

This window represents flowmeter settings provided for selected recipe. See
Paragraph 3.2.8.2 for optional mass flow controller operation.

Fan Speed Settings (Levels 1, 2, and 3)

The settings are in percent of maximum output power. Typical setting is between
60% and 70% for product cooling. Some models have a manual control at the
operator control panel/interface.

Copyright ©2000 by Radiant Technology Corporation. All rights reserved. No part of the document may be used or Page 16
reproduced in any manner whatsoever without written permission. For information, address RTC, 1335 S. Acacia
Avenue, Fullerton, CA. 92831-5315 USA



3.7. Alarm Status (All Levels)

Thisis adisplay only feature. Any existing alarm conditions, such as transport speed error,
are highlighted on the Process screen. To clear or silence an alarm/alert, move the cursor to
and click on “Acknowledge Events’. See Troubleshooting section for further information.

3.8. DatalLog/Alarmsand Alerts

3.8.1. Occurrenceand Timed Logging Control (Levelsl, 2, and 3)
Move the cursor to and click on “Logging” to see any occurrence.

Radiant Technology

Recent Events ‘

Event Time Event Data

06/05/97 16:17:21 | ALARM- WATER INLET TEMP LOW

086/08/97 16:17:20 | ALARM- Water Flow Switch
06/05/97 16:17:20 ALARM- N2 PRES SWITCH
06/05/97 16:17:17 | Recipe Start:LOWTEMP
06/05/97 15:11:08 | Logged On:TECH/IENGR

Color Legend: Alarm Alert Acknowledgement M g Other |
Process State : (I | RCAri WM FieRT QI viatnT ]| | Current User : TECH/ENGR |
Tuesday S
06105197 @ | e |2 i |[ == | —es ][] = B
16:19:21 Security | Process || Recipe Profiie || Schedule || Maint. Logging | | Gas Flow
Figure 3.8.1.1 Event Logging
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Section 4

SERVICE INFORMATION

4. SERVICE INSTRUCTIONS

4.1.

Rev J3

Routine M aintenance

4.1.1. Daily Maintenance

Daily maintenance consists of a simple series of functional checks that will alert
maintenance personnel to any signs of developing problems. The importance of
regularly checking the machine cannot be over stressed to prevent not only damage
to the machine, but also loss of productive time and product. Whenever the furnace
is started up the failure alarms should be checked for signs of trouble. An
intermittent exhaust failure indicates that something is wrong and that the alarm
mechanism, system exhaust fan, and possibly exhaust ductwork must be checked
and corrected as necessary. Other alarm functions should be monitored, such as the
lamp failure indicator, to see if corrective action is required. As the machine is
being started up, each control and switch should be briefly checked to insure that
all functions are working properly. Any controls that do not respond as expected,
or alarms that do not clear should be checked out and corrected before putting the
machine into operation.

4.1.2. Monthly Maintenance

Monthly maintenance, in general, means four weeks of operation for one eight-hour
shift per day. This period of operation is not an absolute number, and it is possible
that some of the tasks are needed more often. Experience with the machine and
process being performed should dictate the need.

4.1.2.1. Run a temperature profile, no less often than monthly, on machines that
areused for sensitive processes, such asthick film firing.

On machines that are used for a variety of products, it is advisable to set
up a profiling schedule so that each process can be checked periodically.
The most sensitive profiles should be checked at least monthly, while
less sensitive profiles could be checked every 2-6 months.
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4.1.3. Other Scheduled Maintenance

4.1.3.1. See Preventive Maintenance Screen Figure 4.1.3.1 for Reference

Item Remaining Time All Completed

Inspection/Clean - Exhaust Stack E Completed

Inspection/Clean - Drip Trays T [ completea

Inspection - Belt tracking E Completed st o

Operation Verification - Exhaust | [ completed

Grease - Chain/Gear Box F Completed

Calibratien - SCRs [ E Completed

Calibration - Belt Speed W] [ completed

Clean - Transport Motioh Sensor W] [ Completed |

Inspect/Clean - PC Keyboard Trac I E Completed

Inspection - 02 Senser Electroly | | [ Completea

Factory Defined I [T] Ccompletea

Factory Defined | ] 0 T [ Completed |

Factory Defined _ 0 F Completed

Factory Defined b o [T [ Completea

Factory Defined _ 0 F Completed

Factory Defined | 0 T [ Completed |

Customer Defined _ 0 F Completed

Customer Defined 0 o | [ Completea T ilnitial BEtiE
- = 2 inibal Setap

Customer Defined _ ] - Completed

Customer Defined | ] 0 | [ Completea |

Customer Defined _ 0 F Completed

Custemer Defined L o [T [ Completea

Customer Defined | ] 0 T [ Completea

Customer Defined | ] 0 | [ Completed_| 1

Customer Defined _ 0 F Completed

Customer Defined T o | [Ccompteted Element Monitor

Customer Defined | ] 0 | [ completed e

Customer Defined | ] 0 | [ Completed |

Process State: [NITETTM| (WG (WGNGES| (WSS |  CurrentUser: EngrTech |

Wednesday

07/26/2000 == == —
12:29:16 ® == T P =] — £ B
Security Process Recipe Profile Schedule Maint. Logging Gas Flow

Figure 4.1.3.1 Scheduled Maintenance Window

The Remaining Time Status Bar on the Maintenance Window will provide a
graphical representation of the time remaining before maintenance is required.

When any Maintenance Item has timed out/reached the maintenance required date,
the MAINT status box on the Process Window will Flash.

As Maintenance Items are completed, click on the appropriate “Completed”
pushbutton the Maintenance Window in order to set a new maintenance required
date that is based upon the #days field.

4.1.3.2. User Defined M aintenance ltems

The lower twelve rows of the Schedule Maintenance Window is reserved for User
Specific Maintenance Requirements.

To Enter the Item Field, Click on the desired row in the column titled “ltem”. The
following dialog box will appear.
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Itern Description

] Carcel

Figure 4.1.3.1 User Selectable Maintenance Description
Enter the description of the new maintenance item.

To Enter the new item’s maintenance frequency, to the right of the recently added
maintenance description field, Click on #days box. The dialog box in Figure
4.1.3.2 will appear.

S5end Yalue |

M aintenance Frequency in Days

I mir: O
max: 365

ak. I Cancel

Figure 4.1.3.2 Maintenance Frequency Dialog Box
Enter the desired maintenance frequency in days.

4.1.3.3. Check the exhaust stacks, after 6 months of operation, for possible buildup
of materials generated from firing processes.

The stacks should be cleaned, as necessary, with a brush and solvent to
remove the buildup. A periodic inspection of the stacks is essential to
establish a sensible maintenance cycle, since some processes will require
frequent cleaning, and others require none at all.

4.1.3.4. Check (Optional) Mass Flow Controller “Zero” Output, after 6 months of
operation.

Furnace Mode “OFF” mode and with all Mass Flow Controllers Set for
zero flow (Gas Flow Window). After athirty minute warm-up interval,
check for each flowmeter output signal (refer to mass flowmeter
schematic) for a 0.0 + 0.05vdc signa. If necessary, rotate the
appropriate mass flow controller’s “Zero Adjust” pot until the required
output is achieved. The zero adjust pot is located on the side of the mass
flow controller near the top.

Note: Refer to the mass flow controller schematic diagram for the output
test point wiring detail.
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4.1.35. Inspect all system cooling fans and flow switches, for freedom of
movement and proper operation, every 6 months.

4.1.3.6. If the system has a belt brush, the unit should be inspected every 6 months
to establish a maintenance cycle. Vacuum accumulated particulates as
required.

4.1.3.7. After the first 6 months of operation, the drip trays, located under the
process exhaust stacks, should beremoved and cleaned.

Access to the trays is through the top removable section of the furnace
chamber, located above the trays, or at the furnace entrance, behind the
cosmetic entrance molding. To remove and clean the trays, proceed as
follows.

4.1.3.7.1.Remove the top removable sections from the furnace.

4.1.3.7.2.Remove the tray and baffles.

NOTE: Some machines may require removing a cooling
fan assembly.

4.1.3.7.3.Clean the trays with a suitable solvent.

4.1.3.7.4.Inspect the furnace insulation above the drip trays and
gently scrape or knock loose any materials that have
collected there.

4.1.3.7.5.Inspect the furnace walls and lamps for contamination. If a
buildup is observed, increase the flow of gasto zone 1.

4.1.3.7.6.Re-assembl e.

NOTE: On some machines the gas rakes must be
removed beforethetray and baffles can beinstalled.

4.1.3.7.7.Depending on the process, if very little buildup is found,
cleaning may not be necessary more than once a year.

4.1.3.8. Remove the foam sponge air filtersfrom the lower electrical compartment
(base door s); clean or replacethem.

These filters can be washed out with a mild detergent and water, but
must be completely dry before being replaced.

4.1.3.9. Lubricate the drive chain, after the first 30 days of operation, with RTC
#100523 chain lube or a commercial quality non-dripping chain lube, and
every 30 daysthereafter.
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4.1.3.10.Check the length of the transport belt and shorten it if the gravity loop

comes within 6 inches of the floor. A properly shortened belt should hang
between 2 and 3 inches below the main frame.

4.1.3.11.Inspect the lamp sealsfor loose or missing packing material.

On non-controlled atmosphere furnaces, once the side covers are
removed, the lamp seals can be visually inspected. On controlled
atmosphere models, the lamp sedls are inside the plenum boxes, which
would require breaking the plenum seal for inspection. On these
furnaces the preferred inspection procedure is to run a temperature
profile using alow-mass exposed junction thermocouple.

4.1.3.12.Drive Chain and Chain Tensioner

The chain drive system is contained in the motor enclosure at the exit
end of the oven. The chains should be lubricated every 6 months with
RTC P/N 100523 chain lubricant or an equivalent all-purpose chain
[ubricant.

The chain tensioner is equipped with a grease fitting for lubrication. The
chain tensioner should be lubricated every 6 months with a genera
multipurpose bearing grease. Apply enough grease to the tensioner so
that excess grease can be visually seen squirting out along the shaft of
the device. Wipe off al excess grease that has squirted out to avoid dirt
accumulation.

4.1.3.13.Sprocket Shaft Bearing Block

The sprocket shaft bearing block is equipped with a grease fitting for
lubrication. The bearing block should be lubricated every 6 months with
a general multipurpose bearing grease. Apply enough grease to the
bearing block so that excess grease can be visually seen squirting out
along the shaft of the device. Wipe off al excess grease that has
squirted out to avoid dirt accumulation.

4.1.3.14.Belt Shaft Bearings

To gain access to the belt shaft bearings remove the end covers from
both ends of the machine. Located at both ends of each belt shaft are
permanently-lubricated bearings.  These bearings should not be
lubricated.

4.1.3.15.Belt Tracking Adjustment
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The belt should be checked periodically to make sure that it is tracking
through the center of the oven. Belt tracking can be checked visually at
the entrance and exit ends of the oven. The belt should be centered
between the belt guides at the entrance and exit ends of the oven. If the
belt tracks off-center this problem can be rectified by realigning the belt
shafts. First, set the belt speed to zero and remove the end covers at the
entrance and exit end of the machine to expose the frame ends and the
belt shaft bearing mounts at the end of the belt shafts. The following
procedure can be used to correct tracking problems at either end of the
furnace.

Loosen the belt shaft bearing mount bolts at one end of the furnace
(entrance or exit). While facing the end (entrance or exit) of the furnace,
use the following procedure. If the belt is tracking to your left, pull the
left side of the belt shaft forward and/or move the right side of the belt
shaft rearward. If the belt is tracking to your right, pull the right side of
the belt shaft forward and/or move the left side of the belt shaft
rearward. Repeat this procedure at the other end of the furnace. It is
best to make these adjustments in small increments. Adjustments that
are too large will cause a belt tracking problem in the other direction. At
the exit end of the furnace, the transport motion sensor will also have to
be loosened and moved with the belt shaft to maintain engagement with
the gear on the belt shaft. Now run the belt at its highest speed and
observe how the belt is tracking. Repeat the adjustment procedure until
the belt tracking is centered.

4.1.3.16.Belt Shaft Rollers, Inspection

The belt shaft rollers should be inspected periodically to make sure that
they are centered on their respective shafts. Remove the end covers to
gain full access to the belt shaft rollers. If aroller is misaligned, loosen
the setscrews that hold the roller onto the shaft and use a rubber mallet to
move the roller on its shaft. Use a scale to make sure the rollers are
centered to within 0.125 inches on the belt shaft.

4.1.3.17.Clutch I nspection

The clutch should be inspected periodicaly to insure proper tension on
the belt. To adjust, alarge hex nut at the chain sprocket end of the drive
drum must be tightened until the drum turns. If the drum cannot be
stopped by firm pressure with your hands, the clutch is too tight. Do not
over tighten the clutch, asit is there for safety reasons.

4.1.3.18.Heating Elements, Operation Life
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4.2.
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No maintenance is required for the heating elements other than
replacement when one burns out. Note that with low temperature
operations, the lifetime of the heating element is in excess of 100,000
hours. It isonly at temperatures in the 900°C to 1000°C range that the
expected lifetime begins to shorten. Also, the heating elements do not
degrade in any way over time. Should failure occur, it will be sudden
and catastrophic.

4.1.3.19.Chamber, Self Clean

The chamber should require no maintenance. If a problem with the
chamber is suspected, an RTC field service engineer should be
consulted. Because the process gas is forced through the insulation, the
gas flow away from the insulation prevents contamination from building
up on the chamber walls. If flux residue cleaning is necessary because
of buildup elsewhere in the chamber, the zones can be set at 450°C and
the oven can be put into a self-cleaning cycle for about an hour to burn
out these organic residues.

Troubleshooting

To troubleshoot, follow all suggestions sequentially to determine cause of problem.

4.2.1. Unabletologon, the OPTO22 control system does not have any power

A) Check fuse “FB” in safety enclosure box. (Ref: Power Control Schematic in
Documentation Section)

B) Check the Ethernet cable between the PC and the OPTO22 controller at the
back of the PC and at the controller. See figure below. (Ref: Frame Wiring
Schematic in Documentation Section)

C) Check the setup of the installed Ethernet card. (Ref: Engineering Specification
00042 in Appendix B.

422. Temperature

4.2.2.1. Thefurnace hasbeen in "warmup" mode for morethan 15 minutes.

On the Process screen, the zone temperature does not change. Perform
the following procedures sequentially to determine cause.

A) Check K1 main contactor (located in safety enclosure) to be sureit is
operational. If not, check fuse “FD”. (Ref: Power Control
Schematic in Documentation Section)

B) Check K3 and K6 relays (located in safety enclosure) to be sure they
are operational. If not, check interlock switches (located on pedestal
doors) to be sure they are engaged. (Ref: Power Control Schematic
in Documentation Section.)
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C) Check K4 relay (located on OPTO22 panel. (Ref: Channel
Assignment Sheet) Check for illuminated LED, indicating an active
output.

NOTE: K4 has diagnostic circuitry by allowing the user to
manually control the status of the output.

Set @ 3. Automatic (Factory set)
Set @ 2: Off (Bypass)
Set @ 1: Manual On/Off

4.2.2.2. The heat isin a runaway condition and cannot be shut off by changing the
setpoint to a lower value.

A) The SCR needs calibration. See “Maint” screen for details. (Ref:
Engineering Specification 00028 in Documentation Section)
B) The SCR has failed and shorted. Replace SCR.

4.2.2.3. Zonetemperature fluctuates.

A) The SCR needs calibration

B) Improper flowmeter setting(s)

C) Adjacent zone temperature differentials are too large
D) Improper PID setting(s)

NOTE: Thefollowing arefactory typical settings:

Gain: 2
Integral: 6
Derivative: O

4.2.3. Conveyor System

4.2.3.1. A Transport Speed Error occurred.

A) Check fuse “FB” (located in safety enclosure box). (Ref: Power
Control Schematic in Documentation Control Section)

B) Check fuses “F1” and “F2” on Motor Speed Control PCB (located in
the motor box). (Ref: Frame Wiring Schematic in Documentation
Control Section)

C) Inspect clutch for dippage. (Ref: Section 3.1.3.15)

D) Visually inspect for belt jam or snag.

E) Check the input signal on Motor Speed Control PCB (located in

motor box);S1 is common, S2 is speed control. (Ref: Frame Wiring
Schematic in Documentation Section)

At maximum speed the voltage is approximately 10 VDC.
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4.2.3.2. Transport Motion Fault has occurred.

In addition to Section 3.2.3.1, the following items should be checked.

A) Check for wear and tear on the small gear present on the transport
motion sensor, and the gear located on the drive shaft at the exit end
of the furnace.

B) The optical coupler mounted on the sensor must be kept clean and
positioned properly. The timing wheel must be adjusted so the edge
of the wheel and the face of the wheel have the same spacing, with
respect to the optical coupler.

Jerking or vibrating of transport system

See Maintenance Section 3.1.3.9 through 3.1.3.14.
4.3, Har dwar e, Softwar e Troubleshooting

4.3.1. Controller Communication

The most often seen problem is no communication between the computer and the
controller. Thisis characterized by “###H##” pound signs on the screen where you
should have temperature or the date or any type of data.

Check the following thingsin this order:

Log Event Viewer: Any event happening between the computer and the controller
is logged on this screen. You can access it by “ALT-TAB”. The following are
messages that are displayed:

the normal message is “ Attaching to Scanner”
then afile download, such as the default recipefile.

amessage relating to the Arcnet card, make sure the coaxial cableis
plugged in, and the controller addressis 1.

out of memory, switching to low scan mode; there is insufficient
memory to run the software. Contact RTC for additional memory.

Incompatible gml file date/time; the source code has been changed,
contact RTC.

If you have communication, but it looks like some datais frozen, it may be aloss of
communication between the controller and the bricks. Check on the bricks to be
sure the LEDs “RUN” and “REC” are on. The LED “TRX” should be on every
time the brick talksto the controller.

If you have communication, but some variables appear as “###", this means the
controller does not know what this particular variable is. Check the Event Log
viewer for more details.
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4.3.2. ProcessProblems

4.3.2.1. Belt speed

Measure the belt speed with a stopwatch. If it differs from the value on
the process screen by more than 5% (1 IPM off for each 20 IPM of belt
speed), re-calibrate the belt speed. Follow the Belt Speed Calibration
procedure, section 3.3.5.2.

4.3.2.2. Temperatureor large power fluctuation

If the temperature fluctuates by more than 5 degrees in less than 20
seconds after you reached ready state, it might be a problem with the
PID. Go to the PID tuning screen for that particular zone. Check the
behavior of the PID Output signal. Once at ready state, it should be flat!
If it's not, the PID is not tuned for the setpoint you are at right now. Go
to the PID tuning section.

If the SCR is out of calibration, most likely it will not be noticeable in
the medium range of the temperature. Only at low temperature (<100 C)
or near the maximum temperature, will there be deviation from the
setpoint. See the SCR Calibration procedure in the Documentation
Section.

4.3.3. Abnormal sensor behavior

There are numerous sensors (standard and optional) on the furnace, from
thermocouple to a board counter, gas analyzer, and so on. |f one particular sensor
seems to behave erratically, you will need to look into the value reported by the
control subsystem.

The errors could be

atemperature with a negative value,
agas analyzer readout that never changes value,
aboard counter that doesn’t count.

For the digital sensors, first locate the relay connected to that sensor on the OPTO
panel, using the Channel Assignment configuration sheet. The red LED should
toggle every time the sensor changes state. If it doesn’t, the problem is with the
sensor or the wiring. Most unlikely the relay itself.

If the relay does toggle, make sure the brick is talking to the controller; the TX
LED should be flashing.

The analog inputs cannot be checked visually.
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4.3.4. Remote control setup

To setup

the remote control on the furnace for troubleshooting by RTC at the

factory, start PcAnywhere, click on “Be a Host” and “Wait for Cal”. The
computer should be connected to an ANALOG phone line.

WARNING: Do not use a digital phone, as found in most modern telephone
installation. A digital phoneline will damage the modem. The customer must
provide RTC with the phone number for that particular phone line to obtain

service.

4.35. Calibration

4.35.1.

4.35.2.

4.3.5.3.

4.354.

SCR

Follow the calibration procedure described in the Engineering
Specification No. 00028.

Belt speed

Go to the calibration screen. Check the box 50% output. Using a
stopwatch, time the belt speed over a known distance, and calculate the
actual belt speed. Enter the number in the Actual speed field. Un-check
the 50% output box.

Ther mocouples

The thermocouples come pre-calibrated. They do not require any
additional calibration.

PID tuning

NOTE: This procedure should only be attempted by qualified
personnel. Unreasonable PID parameter s can stress the components
of the system and cause prematur e failur e of some electrical systems.

If you notice unstable behavior in a certain zone, follow the following
procedure to retune the PID:

Go to the recipe screen and select the PID tuning for the zone you're
interested in. Write down the values of Gain and Integral before you
start changing them! |If al else fails, you can return to the factory
default.

Set the integral to the maximum possible value and the Gain to 1. Wait
until the temperature stabilizes. Increase the Gain by 10%. Repeat until
the temperature starts oscillating. Always wait for at least 5 oscillations
before changing any parameters again. The temperature will be
oscillating at a value BELOW the setpoint. This is norma. The
temperature will be anywhere between 5 and 50°C below the setpoint.
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General Repair

Now set the Integral to the period of previous oscillations (usualy
between 5 and 15 seconds). Round up to the nearest integer. The
temperature will slowly drift to a new value. Reduce the Integral term
for faster convergence.

At that point, the system may start oscillating again. Decrease the Gain
by an additional 10% until stable.

The heating process inside the chamber is afirst order process with very
little lag time. This means that the PID does not need a Derivative value
to operate.

Oscillations are caused by gain too high, integral too short, or rate too
long. Never set rate to more than one-fourth of integral time. Sluggish
responseis caused by gain too low, integral too long, or rate too short.

The PID values will work over a rather wide range of temperature.
However, on a High Temperature furnace, the PID might require tuning
for the low range of temperature, around 200°C, and different set of
parameters around 900°C. The machines are set up for one set of PID
parameters at the factory. It is up to the process engineer at the
customer’ s site to decide if he wants to fine tune the machine.

44.1. Lamp Change Procedure

When a heating element requires changing, it is essential to observe the following
procedure. This procedure will prevent premature element failures and air leaks.

Copyright ©2000 by Radiant Technology Corporation. All rights reserved. No part of the document may be used or Page 29
reproduced in any manner whatsoever without written permission. For information, address RTC, 1335 S. Acacia

Avenue, Fullerton, CA. 92831-5315 USA



Rev J3
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Figure 4.4.1.1 Lamp Schematic showing Kaowool Packing

0.6"

4.4.1.1. Make sure all power istotally removed from the system, and all indicator
lamps are OFF.

Remove al side covers, chamber doors and element end covers to
completely expose all heating element terminations.

To prevent discharge shock, carefully short alamp terminal in each zone
to the frame to eliminate any capacitor charge.

4.4.1.2. Using two 3/8 inch wrenches, hold the nut below the element lead wire
with one wrench whileremoving the top nut with the other wrench.

Do this at one end of the element only.

4.4.1.3. Use an ohmmeter and verify that the lamp filament is open.

If the element is bad, remove the nut and washers. Note that one cannot
determine, in generd, if an element is bad by visually inspecting the
element with power applied or by an ohmmeter in-circuit check.

4.4.1.4. Removethe element and old packing material in both ceramic ends.

4.4.1.5. Before attempting to install a new element, it is absolutely imperative that
two new pieces of insulating material (RTC P/N 73327) be available to use
as packing material at both ends of the lamp.
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4.4.1.6.

44.1.7.

4.4.1.8.

4.4.1.9.

NOTE: Failure to do so will cause a severe air leak and resulting
profile deterioration.

Before installing the lamp, verify that the ceramic (RTC P/N 15499) is
intact and thered silicone sealant is holding the ceramic.

G.E. RTV, type 106 is used here. This is also essentia to prevent air
leaks.

After items 3.3.1.5 and 3.3.1.6 have been satisfied, remove the element
from the carton, being careful NOT TO TOUCH THE QUARTZ WITH
BARE FINGERS.

Salts in the body oils will cause devitrification and failure. If the quartz
is accidentally touched, clean it off with isopropyl alcohol or clean
acetone before installation.

Illuminate the furnace side opposite the insertion side.

Before the lamp is pushed through, carefully straighten the lead to be
pushed through. Sighting down the tube, push the element through the
opposite side. When the lead emerges, use it to gently work the lamp
through.

In tight situations, a dowel or stiff wire can be used. The lead wire is
taped to the dowel (or stiff wire). When inserted through to the opposite
side, the lamp can be gently led through by the dowel (or stiff wire).

Pack material between thelamp and ceramic on both ends of the lamp.

Be careful not to allow the packing material to cover the metal tab, or it
will cause the tab to overheat (650°F max.). Also, do not allow the
packing material to be pushed into the chamber, as packing material
inside the chamber will cover the lamp and cause almost immediate
lamp burnout.

4.4.1.10.Verify that the lamp is centered within .03 in., and do not proceed until it

is. Prematurelamp failurewill result if thisisnot observed.

44.1.11.Carefully wrap the leads onto the terminals in the same rotational

direction asthe nut will be tightened.

Make certain that there is a flat washer first, an outside star lock washer
second, and the nut last.

4.4.1.12.1_eave enough dack to prevent the lead from becoming tight, making the

lead 0.75in., or about 2 cm longer than necessary.

4.4.1.13.The ceramic standoff mounting the connecting stud is intentionally loose.

Do not tighten it or it will fracture.

Again, use two wrenches, one below and one above the lead, and tighten.
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4.4,1.14.Cut off the excess element lead wire.

4.4.1.15.Recheck to be certain that the insulation is not covering either terminal.
Thisiscritical.

44.2. Transport Belt Replacement
When replacing the transport belt, it will be helpful to have an assistant available.

4.4.2.1. Place the rolled up belt at the entrance end of the furnace and orient, as
shown below.

T “\f{_&{"l [
i e
cﬁq’n":x:-"-:"“
u::-"h'-:'\t:'c '-‘r::I "
e T I

‘.u \:r "
s o

P T

I
BELT TRAVEL - %
}

BELT ORIENTATION | |
ENTRANCE END of FURNACE

Figure 4.4.2.1 Belt Orientation

4.4.2.2. Extend alongrod or stick through the furnace chamber, being careful not
to damage the lamps or insulation.

If possible, use the old belt to draw a pull wire through the chamber
during its removal. Securely attach the leading edge of the belt to the
rod. Carefully pull the belt through the furnace from the exit end, while
an assistant unrolls and guides the belt into the furnace.

4.4.2.3. When the belt has been pulled through the furnace chamber, remove the
rod and thread a pull wire through therollers and drive drum, as shown
below.

Attach the wire to the leading edge of the belt and pull the belt through.
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Figure 4.4.2.1 Belt Installation

4.4.2.4. Continue pulling the belt through the drive system using the wire, and
then by hand, until the belt path iscomplete.

4.4.2.5. Splicethe belt, as shown below.

SPLICE WIRE ‘/[

Figure 4.4.2.1 Inserting Belt Splice

4.5. Element Test Procedure
This procedure is to be used to test for open heating elements.

45.1. Required Equipment
1. Continuity Tester (Ohmmeter preferred)
2. 3/8" Box or Open End Wrench
3. Control & Element Wiring Schematic

45.2. Test Procedure

NOTE: It will be helpful to have an assistant available when performing these
tests.

45.2.1. Procedure
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Remove al power from the furnace, and if an UPS or EPS is installed,
locate and shut off the unit. Remove all side covers, completely
exposing all lamp terminations.

Using the schematic as a reference, locate the bus bars linking the
elements in each zone. The bus bars are made from aluminum, and are
connected to the lamp terminal screws.

Starting at the front of the furnace, remove the bus bars for only zone 1
(top & bottom), taking note of which terminals the bus bars were
connected to. Using the multimeter on ohms scale, and a technician on
either side of the furnace, check each lamp by measuring the resistance
across the terminations of the lamp. If the resistance is less than 10
ohms, the element is good. If resistance is greater, replace the element
following the procedure in section 3.3 of the manual. Next, check the
bottom half of the zone in the same manner. After verifying the top and
bottom lamps, replace the bus bars on the proper terminals, and securely
tighten all hardware.

Following the same procedure, check the other zones, one at a time,
throughout the furnace.

Once the elements have been completely tested, replace the top and
bottom covers on the furnace. Turn on the EPS/UPS (if so equipped)
and power to the furnace. Bring the furnace up to temperature, and,
next, run a profile verifying that no leaks occurred around the lamps that
were replaced.

The procedure is now complete.
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Section 5

THERMAL PROCESS

5. THEORY OF OPERATION - PROCESSING

5.1.

5.2.

5.3.

5.4.

Rev J-3

Energy Source

The radiation source in the Radiant Technology near-infrared furnaces is a filament of
tungsten or nickel chromium alloy, electrically heated to a temperature substantially above
chamber or product temperature. These filaments, sheathed in quartz, are arrayed above and
below the process area, supplying energy to the part by radiation. This energy transfer is
dependent upon the difference between the fourth powers of the absolute temperatures of the
source and the product. Thismay be expressed, in simplified form, by the equation

Q=K (T* source - T* product).
Characteristics of I nfrared Radiation

The characteristic of thermal radiation of particular interest is that peak emitted wavelength
decreases as the absolute temperature of the source increases. As aresult of this decreasein
wavelength, photon momentum is increased. If al other properties (absorptivity, index of
refraction, etc.) remain constant over this wavelength/momentum change, the depth of useful
energy absorption isincreased.

Just as the "penetrating power" of x-rays is greater than that of visible light, so also is the
"penetrating power” of near infrared greater (to a smaller degree) than that of far infrared.

It is precisely because of these characteristics, i.e., the greater temperature difference
existing between the radiant heat source and the part, and the increase in "penetrating power"
(photon momentum), that the near infrared furnaces are so remarkably effective in
processing thick film structures, structures requiring solder reflow, solar cell diffusion, and a
multitude of other micro-electronic applications.

Atmosphere Purity and Control

Control of atmosphere to less than 10 ppm of undesired impurity and the ability to
intentionally mix gases (optional in some models) has opened an entirely new spectrum of
product processes, limited only by the imagination of the user.

Thick Film Processing

Asaresult of the high equilibrium heat transfer, dwell time in a near infrared furnace is quite
short compared to a conventional furnace. The physical structure of thick film materialsis
developed very quickly, and the overall thermal budget isrelatively small.
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Because of the very rapid internal build up of temperature during the volatile burnout stage,
due to high ambient atmosphere temperature (850-900°), and the penetrating power of high
intensity short wave radiation, the organic volatiles within the inks essentially sublimate
completely from the structure without eruption. Structure depths up to 300 um thickness are
possible without the unacceptable diffusions and migrations of materials encountered in
conventional processing.

Similarly, in most cases, single print firing may be done wet, and the print/fire process will
be shorter, even than the former print/dry process.

54.1. Profile

For most thick film processes in the RTC furnaces, the rate of temperature rise in
the product can be made as fast as needed, the volatilization and sublimation of
organic binders being completed long before polymerization or fusion temperatures
are attained. To this end, zone 1 should be driven as hard as practical to maintain
the highest intensity short wave radiation (near infrared), reaching process
temperature at the beginning of subsequent holding zone(s). These are set at
process fusion or polymerization temperatures. Dwell time in these zones should
be just sufficient to drive the pyrolysis, fusion, or polymerization to completion.
By limiting the time at temperature in this manner, unacceptable migrations or
diffusions are avoided.

It has been found that substrate cracking is somewhat (if not entirely) dependent on
cooling rates. The cooling module should be adjusted to provide cooling rates
consistent with high yield and throughput.

5.5.  Solder Fusion, Die Attach, and Sealing Processing

In general, these process operations involve components which are sensitive to time at
temperature and exposure to atmosphere impurities. The ability to rapidly and linearly bring
aunit to a temperature substantially below process temperature, and subsequently provide a
"spike" of high intensity radiation to drive the process to completion, in an atmosphere under
complete control, serves to limit the time/temperature/exposure product to a minimum, and
increase yield and throughput substantially, compared to conventional processing.

5.5.1. Profiling for Solder Fusion, Die Attach, and Sealing

The profiles for these operations are derived by trial and error, because of the great
number of variables involved affecting thermal response of the furnace and the
system being processed.

Boats, fixtures, and other processing aids should have a thermal mass as small as
practical, consistent with good manufacturing practice and requirements.

Conveyor speed should be adjusted as high as practica. Zone 1 (and 2)
temperature should be set to a temperature which will bring the system being
processed to an internal temperature substantially below the fusion temperature.
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The spike zone (zone 2 or 3, depending on model) should be set such that the
internal temperature achieved by the system will insure that fusion is complete,
without exceeding limits imposed by the separate components of the system.

Generally, maintaining as large as possible temperature differential between the
heating zone(s) and the spike zone, enables the furnace to generate the high
intensity spike. Dummy loading ahead of the systems being processed, to bring the
furnace to a stable condition, is most desirable and is also determined by trial and
error.

Atmosphere requirements are process dependent, and should be adjusted to provide
proper flow direction for volatile removal (if any), and for atmosphere composition
to control any adverse effects of atmosphere on the product at temperature.
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Section 6

SPECIFICATION

6. PRODUCT SPECIFICATION
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Near-Infrared
Heating Technology

1.0 SCOPE

This document specifies the performance, configuration, and available options for the LA-310 infrared
furnace system.

2.0 GENERAL SPECIFICATIONS

2.1

22

2.3

24

2.5

26

The LA-310 infrared furnace is designed for processes such as air or nitrogen thick film firing,
and air, nitrogen, or hydrogen (optional) semiconductor packaging processes, as well as lower
temperature applications such as solder reflow and curing processes. This furnace is ideal for
processes requiring extremely close control of temperature and atmosphere, and can be used
for a variety of processes up to a maximum operating temperature of 1000°C.

The chamber construction, gas controls, and exhaust are designed to control in-process
atmosphere by maintaining equilibrium between input exhaust and leakage. Typical
performance allows furnace induced gaseous contaminants to be held at or below 5 ppm using
either air, nitrogen, or hydrogen (optional) operating atmospheres.

The system provides a load station, followed by a multi-zone infrared heating section, controlled
atmosphere cooling section, and an unload station. Furnace operation is left to right, as viewed
from the operator control panel.

Typical Processing Capacity for Hybrid Thick Film Firing

Belt Speed: 6.0 ipm (15.2 cm/min.)
Entrance to Exit Distance: 90 in. (2.29 m)
Entrance to Exit Profile Time: 15.0 min.
Peak Temperature: 800°-900°C
Capacity: 3420 in%hr. (2.21 m?/hr.)

Typical Energy and Gas Consumption

Operating Power: 6 kw or less
Gas Consumption: 650 SCFH
Power Consumption: 1.5 - 2.5 watts/in? belt/hr.

Other Processes

Package Sealing: 5to 10 ipm
Epoxy Die Attach: 10 to 15 ipm
Polymer Curing: 15 to 20 ipm
Reflow Soldering: 10 to 15 ipm

3.0 PHYSICAL SPECIFICATIONS

3.1 Overall Dimensions
3.1.1  Length: 124 in. (3.15 m)
\specdocs\specs\la-310.027 Page 2 of 14

revised 3/15/00



3.1.2  Width: 43.5in. (1.1 m)

R 3.1.3 Height: 67.3+1.5in. (170.9 + 3.8 cm)
3.2 Transport Specifications

3.2.1  Conveyor Width: 9.5in. (24.1 cm)

3.2.2 Conveyor Height: Adjustable: 36.0 + 1.5in. (91.4 + 3.8 cm)

3.2.3 Conveyor Material: Niobium stabilized nichrome V, close weave balanced spiral. The
spiral is 18 gauge, and the cross link is 16 gauge. The spiral is wound at 24 per foot
width, and there are 22 spirals per foot of belt length.

3.2.4 Product Clearance: 2 in. (5 cm) maximum, above belt level

3.2.5 Speed Range: 2-20 ipm (5-51 cm/min.)

3.3 Handling Stations
3.3.1 Load Station: 13.2in. (33.7 cm)
3.3.2 Unload Station: 13.2in. (33.7 cm)
3.4 Process Area Dimensions
3.4.1 Input Curtain, Baffle and Exhaust: 15in. (38.1 cm)
3.4.2 Infrared Heated Length: 30 in. (76.2 cm)
Zone 1: 7.5 inches (19 cm)
Zone 2: 15.0 inches (38 cm)
Zone 3: 7.5inches (19 cm)
3.4.3 Transition Tunnel, Baffle & Exhaust: 15in. (38.1 cm)
3.4.4 Controlled Atmosphere Cooling Tunnel: 30 in. (76.2 cm)
4.0 ELECTRICAL SPECIFICATIONS
4.1 All LA-310 furnaces are wired for a 3 phase, 4 wire system with safety ground, but no neutral:
208 volts to 480 volts
4.2 Standard Input Voltage: 240 volts
Multi-tapped transformers are provided for operation at 240, 220, and 208 volts. Maximum
power and recovery will be obtained when operating at 240 volts.
4.3 Optional Input Voltage: 380, 415, 440 or 480 V, 3 phase.
4.4 Peak Power Rating (Instantaneous)
240 V 220 V 208 V 380 V
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26 KW 23 KW 22 KW 22 KW

Typical power consumption is less than 25% of peak

4.5 Applicable Specifications
451 The electrical system as manufactured by RTC will meet the following electrical codes:

45.1.1 NFPA70-1993: "The National Electrical Code"

45.1.2 UL-508: "Industrial Control Equipment"

4513 NFPA79-1991: "Electrical Standard for Industrial Machinery"

4514 CE compliance to Machinery Directive Annex 1, 89/392/EEC and Safety
of Machinery — Electrical Equipment of Machines; Part
1-EN60204-1 (optional)

45.2 The system as manufactured by RTC will meet OSHA standards, and include proper
shielding from heat, high voltage and moving parts.

453 Changes to RTC standard electrical practice required to comply with customer
requirements will be negotiated prior to sale, and will be subject to review and approval
by both RTC and the customer.

5.0 AIR/NITROGEN INPUT REQUIREMENTS

5.1 Volume: 1600 SCFH maximum N2 or Clean Dry Air (CDA) (with all flowmeters @ 100%).
5.2 Input Requirement: 1/2 in. diameter input line (1.27 cm) minimum
5.3 Air Composition (recommended)

Total Hydrocarbons: 20 ppm maximum
Moisture: 100 ppm maximum

5.4 Nitrogen Composition (recommended)

O2: 5 ppm maximum

Total Hydrocarbons: 100 ppm maximum
Moisture: 20 ppm maximum

CO2: 100 ppm maximum

H2: 1000 ppm maximum

Other inert contaminants: 1000 ppm maximum

5.5 Pressure: 70 psig (480 kPa) maximum, 30 psig (206 kPa) minimum regulated at the oven input

6.0 EXHAUST OUTPUT

6.1 Process Stacks: 650 SCFH (300 Ipm) typical
6.1.1  Process Exhaust Temperature: 300°C maximum

6.2 Cabinet Cooling Exhaust: 1000 SCFM (28 m3/min.)
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6.2.1  Cabinet Exhaust Temperature: 40°C maximum

6.2.2 Cabinet Exterior Surface Temperature: 45°C maximum

6.3

Exhaust Venting Requirements

In all applications, process exhaust must be vented to the outside atmosphere; in some

applications, it may be desirable to vent cabinet and turbulent cooling exhausts outside to
reduce thermal load to the environment. However, there must not be any direct connection
between any of the oven exhaust ports (process or cabinet) and any facility hood/duct
arrangement.

7.0 CONTROLS

7.1

7.2

7.3

7.4

7.5

The RTC furnace is controlled by an off the shelf, 32 bit, industrial controller that uses a PC
compatible computer for user interface through a Microsoft Windows graphical interface
software.

Security is provided by passwords allowing different users different levels of access and
control rights.

The system includes an Arcnet card for communication between the PC and the controller.
A modem is installed for remote controlled operation and factory diagnostic support. All
inputs and outputs are optically isolated to insure integrity of the controller.

All operational software, recipes and profiles are stored on the hard drive. RTC
recommends periodic back up of the system.

Conveyor speed is regulated by a stand alone motor speed controller, which accepts
commands from the control system. The motor speed controller in return provides the
control system with the actual speed of the motor. A separate interface is used to obtain the
actual speed of the conveyor itself.

Temperature control is accomplished by the external controller through PID type control
loops. User settings include temperature set points, top and bottom maximum power, PID
parameters, and top/bottom proportional power for all the zones of the furnace. Type K
thermocouples are used to measure the temperature of the zones. Actual power output to
the lamps is reported back on the display screen. The lamps' power is controlled by SCR
single phase firing modules, controlled individually. Each SCR module has a standard 25
Amps rating.

All the alarms and safety features are generated and taken care of on the controller. In
case of loss of communication between the computer and the controller, the controller will
continue to operate normally until the communication is re-established.

Atmosphere control is accomplished with the following flowmeters. This gas flow makes up
the diffuse convection heat transfer which also increases as the amount of flow is increased.
(Either clean dry compressed air (CDA) or nitrogen (Nz) can be used.)

Flowmeter Range Units Typical Consumption
Entrance Exhaust 0-100 SCFH Air 25 SCFH
Entrance Baffle 0-200 SCFH Air 100 SCFH
Zone 1 0-200 SCFH Air 50 SCFH
Zone 2 0-200 SCFH Air 150 SCFH
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Zone 3
Transition Tunnel

0-200 SCFH Air
0-200 SCFH Air

50 SCFH
100 SCFH

Flowmeter Range Units Typical Consumption
Transition Exhaust 0-100 SCFH Air 25 SCFH
Element Plenum 0-200 SCFH Air 50 SCFH
Cooling 0-200 SCFH Air 100 SCFH

Total 1600 SCFH max 650 SCFH typical

8.0 PROCESS SECTION

\specdocs\specs\la-310.027

8.1

8.2

8.3

8.4

The process section of the LA-310 series contains an entrance and exit baffle, infrared heating
section, transition section, and cooling section. Together, the individual sections function as a
unit to provide a carefully controlled atmosphere, precise temperature profile, and controlled
cooling.

The entrance baffle section is housed inside a welded aluminum shell lined with ceramic fiber
insulation. A gas curtain, of either nitrogen or air, is generated by introducing the gases both
above the belt through sintered metal sparger tubes (2), and below the belt, through the
insulation. These gases, and a series of four (4) equally spaced hanging baffle gates, serve to
purge the chamber and prevent ambient air from entering the furnace section. The hanging
baffle gates have a clearance of 0.125" above the belt. A venturi assisted exhaust stack draws
furnace gases from the entrance of zone 1, across a drip tray and out of the furnace, to prevent
exhaust condensation from falling into the entrance baffle. This keeps the furnace interior
clean.

The furnace section is of similar construction, and is hermetically sealed, except for the belt
openings. Inside the chamber, an array of tungsten filament quartz elements, located above
and below the transport belt, generate radiant flux with peak wavelengths between 1.2 and 5.5
um, giving a net chamber radiation with peak wavelengths of 2 to 5 microns. The element
filaments, operating between 530-2500°K, and producing up to 100 watts per inch, heat the
oven interior to a state of equilibrium within minutes. Process gas is preheated, before reaching
the oven interior, by allowing it to permeate through the porous ceramic fiber insulation. This
method of gas distribution does not affect the temperature profile, and helps to keep the furnace
interior clean.

8.3.1  The interior of the furnace is partitioned into zones using ceramic fiber dividers. The
dividers are designed with the smallest possible opening that can be made to be
consistent with the parts clearance specifications. This assures very high thermal
isolation between the zones. The zone lengths, element spacing, voltages, and
number of elements determine the heating profile, and is as follows:

Length Elements Spacing Max.

(in.) Top &Btm (in.) Voltage
7.5 4/4 1.1 full

15.0 6/6 23 full

7.5 4/4 1.1 full

Zone

WN =

Although the heating profile across the belt is extremely uniform, losses through the furnace
side walls and element terminations produce temperature drops near the edges of the transport
belt. To compensate for these losses, additional heaters are provided along both edges of the
transport belt which run throughout the furnace chamber. The heaters are made from coiled
resistance wire and run through quartz tubing wearstrips that actually support the edges of the
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8.5

8.6

transport belt. The control system allows the power in each element to be adjusted from 0% to
100% in increments of 1%. When the edge heaters are properly trimmed the following
deviations between the center and edges of the belt can be expected:

EDGE HEAT "OFF" EDGE HEAT "ON" AND TRIMMED
Min. Max. Aver. Min. Max. Aver.
+1°C  +3°C +2°C +1°C +2°C +1°C

NOTE: The specification may be exceeded between zones operating at very high temperature
differentials; i.e., such as a severe three stage profile.

The transition tunnel, curtain, and exhaust are similar to the entrance baffle section, with the
addition of a top removable drip tray. This section is fully insulated so that it loses heat
gradually. The four equally spaced hanging baffle gates and gas curtain arrangement (two
sparger tubes on top and diffuser insulation on bottom) effectively isolate the high temperature
furnace section from the controlled atmosphere cooling section. The hanging baffle gates are
0.125" above the belt.

The inert cooling section is constructed of 30 inches long extruded aluminum heat sink material,
and is not insulated. Inside the heat exchanger, a carefully controlled inert atmosphere is
maintained by gas flow through sparger tubes arranged three (3) above and two (2) below the
belt to protect the product while cooling it to a safe temperature. Outside the chamber, fans
force ambient room air over the finned surfaces to remove the heat. (Water cooling coils are
available as an option.) At the end of the process section, an additional exit baffle gate is
employed to prevent ambient air from entering the inert cooling section.

9.0 ADDITIONAL STANDARD FEATURES
9.1 Alarms
The controller includes several standard alarms. Additional options may add more alarms.
Basic alarms are summarized:
ALARM Audible Visible Shutdown
Cabinet Exhaust Failure X X X
Low Temperature Alert X X
High Temperature Alert X X
Low Temperature Alarm X X
High Temperature Alarm X X X
Transport Speed Error X X
Transport Motion Fault X X X
Coolant Pressure Alarm X X X
(Optional with Water Cooling)
9.2 Sample Ports
This feature includes sample ports at selected points in the process chamber which can be
used for monitoring the process atmosphere. Three ports are included with each model and
are arrayed as follows:
Z1 Z2 Z3
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NOTE: The sample ports are not plumbed for operation unless gas sampling options such as
OA or MA are selected.

9.3 The oven is equipped with emergency off (EMO) palm switches that are easy to locate and
reach. There is one EMO switch at each end of the unit on the operator side.

9.4 All the doors of the computer/UPS cabinets and high voltage pedestal compartments are
protected with interlock switches. In the event these doors are unlocked with key and opened,
all circuitry in the pedestal section will be de-energized, protecting any service/maintenance

personnel.
10.0 DOCUMENTATION
RTC will provide two (2) sets of documentation to include maintenance manual, operating
procedures, process manual, and spare parts list with each furnace.
11.0 CONTACT PEOPLE
Sales Support: Mr. Carson Richert
Process Support: Director of Engineering
12.0 FINISH
12.1  All exposed parts will be painted with corrosion-resistant epoxy or polyurethane paint.
12.2 Colors will be to RTC specification unless otherwise specified at time of order.
13.0 ACCEPTANCE CRITERIA
The furnace, as described in this document, and meeting the requirements herein, will be certified
and documented by RTC Quality Assurance before customer acceptance tests begin. Customer
acceptance criteria is to be mutually agreed upon and be in writing prior to furnace in-plant
acceptance. Upon acceptance of the furnace by RTC Q.A., with or without the customer present,
RTC will have fulfilled its obligation of in-plant acceptance and will ready the furnace for shipment.
Additional customer acceptance tests that are beyond the scope of the original mutually agreed upon
acceptance criteria may be performed at RTC by customer representatives, or by RTC personnel, on
a time and material basis, to be agreed upon at the time of order.
14.0 OPTIONS
14.1 Air Filter/Trap/Regulator (AFR)
The AFR option provides a filter, regulator, and trap to clean and control incoming process air.
The prefilter/regulator unit includes a 0.5 micron impregnated fiber filtering element, manual
drain, pressure gauge, and regulator. The after filter is a 0.5 micron coalescing filter for
water/oil removal with automatic drain. This combination unit reduces downstream oil
contamination to 0.5 ppm/wt maximum.
14.2  Air Purification System (APS)
This option provides an air dryer and filtering system which removes moisture, oil, and
particulate contamination from air or nitrogen.
Performance:
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14.3

14.4

14.5

14.6

14.7

Particulate - Removes particles > 1 um
Oil - Reduces oil and hydrocarbons to a level below 1 ppm
Water Removal -
-01, recommended for LA-310, will dry 35 SCFM to a dewpoint of -73°C (-100°F)

NOTE: Higher flowrates will reduce performance. Ask for Addendum X for additional
information.

Brush Belt Cleaner (BC)

This option adds a passive brush cleaner. The belt drive pulls the belt through two facing
planar brushes to remove loose particulate.

Coolant Alarm Flow Switch (CFS)

This option adds a coolant water flow sensing switch to monitor water flow for the controlled
atmosphere cooling tunnel when equipped with water cooling.

Conveyor Extension (CE-HT-XX)

This option allows load or unload stations to be extended (from the standard 13.25 inches
each) by 15, 30, 45, or 60 inches, and includes an additional emergency stop switch per
extended station.

Element Monitor (EM)

This option will add circuitry and special programming to sense failed heating elements and
edge heats. Multiple diode arrays are arranged to monitor current in each element, and to
signal the operator audibly and visually via the CRT should a failure occur. The failure display
pinpoints the failed heater location, allowing the operator to quickly discern location and
process affected, if any.

Hydrogen Operation-Nitrogen/Hydrogen Mixing (HO-NHM)

This option provides electronic and pneumatic control of the atmosphere supply required for
hydrogen or forming gas operation. Initiation of the hydrogen cycle starts a 10-minute nitrogen
chamber purge and provides power to the hydrogen igniter coils. At the end of the purge,
hydrogen operation commences. Hydrogen is withdrawn through exhaust stacks at the
entrance and exit of the heating chamber and ignited. Dual redundant ignitor coils are
provided at each process exhaust stack. All curtains and cooling gas remain nitrogen. A 15
inch long exit baffle section with exhaust stack and igniter is added following the controlled
atmosphere cooling section and therefore adds 15 inches to the overall length of the furnace.

Aluminum construction of entrance baffle, heating chambers and transition tunnel will be
replaced with welded stainless steel construction. All hydrogen plumbing lines and fittings are
of stainless steel.

A separate hydrogen control plumbing and flowmeter cabinet will be incorporated and mounted
to the top of the upper furnace cabinet. An incoming duct is provided at the upper furnace
cabinet through the bottom of the hydrogen control cabinet. An output duct is provided at the
top of the hydrogen control cabinet. The hydrogen control cabinet, therefore, becomes a
secondary contaminant enclosure and must be exhausted to the facility ducting. The hydrogen
control cabinet requires a hydrogen/combustible gas sensor located inside the enclosure.
(Reference section 14.8, HD option).
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The thirty-inch long controlled atmosphere (fan cooled) heat exchange cooling section as
called out in sections 3.4.4 and 8.6 will be replaced with a thirty-inch long controlled
atmosphere heat exchange cooling section that is water cooled as described in section 14.23.

14.7.1  Alarm interlocks are provided for failures as follows:

14.7.1.1 Low igniter current or voltage
14.7.1.2 Low nitrogen flow to curtains
14.7.1.3 Low nitrogen flow to eductors
14.7.1.4 Low nitrogen pressure
14.7.1.5 Low hydrogen pressure
14.7.1.6 Hydrogen LEL Level

14.7.2  Additional Safety Features
All hydrogen operation valves are slave operated using nitrogen for pilot operation.
This system provides redundant protection over and above electrical interlocks

because hydrogen will be pneumatically turned off if nitrogen pressure drops or fails.

14.7.3 The following flowmeters, calibrated for hydrogen use, are provided for hydrogen

control:
Flowmeters Range Units
Zone 1 0-380 SCFH H2
Zone 2 0-380 SCFH H2
Zone 3 0-380 SCFH H2
Chamber Total 1140 maximum

14.7.4  The following flowmeter calibrated for nitrogen use is provided for the added exhaust
venturi in the exit baffle section.

Exit Baffle Venturi 0-100 SCFH N2
14.7.5 Hydrogen Supply

14.7.5.1 Volume: 1140 SCFH maximum
14.7.5.2 Composition (recommended):

14.7.5.21 0O2: 10 ppm maximum

14.7.5.2.2 N2: 1000 ppm maximum

14.7.5.2.3 Hydrocarbons: 100 ppm maximum
14.7.5.2.4 Moisture: 20 ppm maximum

14.7.5.25 CO2: 100 ppm maximum

14.7.5.2.6 Inert Contaminants: 1000 ppm maximum

14.7.5.3 Pressure: 70 psig, regulated, (483 kPa) maximum

14.7.6  Hydrogen Safety
Hydrogen is a flammable gas, and it must be used with the proper safety
precautions. It is a requirement that whenever flammable gas is used to supply the

furnace, a hydrogen or combustible gas detector must be used to monitor the
equipment environment. Plumbing failures, incorrect furnace operation, or
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14.8

14.9

14.10

14.11

inadequate flow settings could release hydrogen into the environment and this
should be detected. Hydrogen detectors, such as included in section 14.8 (HD
option), should be installed for warning and supply shut off. The hydrogen operation
feature includes an Oxygen Analyzer and monitoring system, as described in section
14.14. In order to comply with the NFPA safety codes it is mandatory that hydrogen
detectors or equivalent facility-supplied combustible gas monitors be installed and
operational at the furnace (Reference section 14.8, HD option).

Secondary collector hoods/exhausts are installed above the entrance and exit
openings of the process section. The hoods are exhausted and ducted to the main
entrance and exit process exhaust stacks that are equipped with dual igniter coils. It
is a requirement that each collector hood be equipped with a hydrogen detector as
described in section 14.8 (HD option).

14.7.7  Hydrogen/Nitrogen Mixing (NHM)

This option provides the facility to mix hydrogen and nitrogen using furnace controls
as well as the ability to vary the nitrogen hydrogen ratio along the length of the
furnace and cooling section (optional). A selection of the mix gas mode on the
microprocessor allows gas to flow through both the nitrogen and hydrogen
flowmeters, and allows different zones to receive gas with different N2/H: ratios.

Hydrogen Detection (HD)

This option provides a combustible gas monitor at the entrance and exit ends of the furnace. A
third combustible monitor is installed inside the upper hydrogen control plumbing/flowmeter
cabinet. These sensors are_used to provide hydrogen shut down in the event of loss of
furnace integrity. This detection is linked to the igniter control circuitry to automatically shut
down the hydrogen upon detection of more than 1% hydrogen at the furnace entrance, exit or
inside the hydrogen control plumbing and flowmeter enclosure. The three detectors are used
for redundancy; a failure of one of the sensors sounds the alarm and shuts off the hydrogen.
An alarm and visible indicator shows the cause of the shut down. The HD option or customer
supplied equivalent is required if the HO-NHM hydrogen operation nitrogen/hydrogen mixing
option is selected.

High Voltage Operation (HV-3)

This option provides for operation on 380, 415, 440, or 480 V, 50/60 Hz. This requires a 4
wire service, 3 phase with safety ground but not neutral. Peak instantaneous power
consumption is shown below. The heating elements will be all wired 2-in-series in zones 1, 2
and 3.

18 KW @ 380 V
21 kKW @ 415 V
23 KW @ 440 V
26 KW @ 480 V

Input Pressure/Alarm Switch (IPS)
This option adds a pressure switch upstream of the gas distribution system that signals the
operator in the event of low pressure. Process start will be inhibited automatically until

pressure is restored to normal.

Interface Roller (IR)
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14.12

14.13

14.14

14.15

14.16

This option provides rollers at the entrance and exit that permit transfer of small boards across
the larger diameter drums at the ends of the furnace. The rollers will be less than 2.5 inches
(6.4 cm) in diameter and will permit transfer of boards as small as 5 inches (12.7 cm) in
length.

Process Ready/Alarm Light Tower (LT)

This option provides a three stage alarm status light tower. The status system has three solid
state relay outputs, and activates a three element alarm light, located above the upper frame,
as follows:

14.12.1 Red Indicator: Alarm Condition
14.12.2 Yellow Indicator: Process Not Ready, no alarms
14.12.3 Green Indicator: Process Ready, no alarms

Moisture Analyzer (MA)

This option provides a moisture monitoring system for the process atmosphere. A gas sample
is withdrawn continuously from one of the sample ports in the furnace chamber through the
analyzer. A switched pump and vacuum break are provided to withdraw the sample. The
analyzer is provided with an inline 1 um filter for removal of particulate from the sample flow,
as well as a purge system to improve cell response during start-up of sampling. The sampling
system provides six (6) selectable inputs; four (4) sample ports in the furnace, one port with a
2 psi regulator for source gas monitoring or cell purging, and one open port for calibration with
span gas are included.

Oxygen Analyzer (OA)

This option provides an oxygen monitoring system for the process atmosphere. A gas sample
is withdrawn continuously from a sample port in the furnace chamber through the analyzer. A
switched pump and vacuum break are provided to withdraw the sample. The analyzer is
provided with an inline 1 um filter for removal of particulate from the sample flow, as well as a
purge system to improve cell response during start-up of sampling. The sampling system
provides six (6) selectable inputs; four (4) sample ports in the furnace, one port with a 2 psi
regulator for source gas monitoring or cell purging, and one port for calibration with ambient
air.

On-Screen Profiling (OSP)

Optional On-Screen Profiling is designed to store data points up to 60 readings per second
and to automatically integrate belt speed/process length to calculate the time increment.
Six thermocouple outputs can be plotted simultaneously in operator selectable ranges.

Six data segment pointers are available to closely examine data segments along the time
axis. These pointers can be placed as necessary to generate instantaneous temperature
readouts at any point or rate of change data between cursors.

Data management includes provisions for complete identification, disc storage, and
printouts in either tabular or graphical format.

Profile “predictor” software is also included with this option.

Overtemperature Shut Down (OT)
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14.17

14.18

14.19

14.20

14.21

14.22

14.23

This option provides an overtemperature scanner to monitor each zone and respond to
overtemperature conditions. A dual thermocouple is provided with independent elements for
zone monitoring and control. The redundancy in the sensors is designed to provide shut
down of the heat even in the event of multiple component failures. The overtemperature shut
down system allows operator selection of the maximum temperature and will shut down the
heating elements if that temperature is exceeded. This system is factory set to shut down at
50°C above the rated temperature of the furnace or 999°C, whichever is lower.

Printer and Printer Cable (PPC)

An industry standard dot matrix printer with a parallel port is provided for printout of screen
information or other reports. Color feature is optional.

Spare Parts Kits (SP-1 and SP-2)

These options provide a set of spare parts for the system that are preselected for one (SP-1)
or two (SP-2) years of operation. The kits are made available at a substantial discount when
selected as a furnace option.

High/Low Temperature Limits for Cooling (TLC)

This option provides software and hardware for programmable high and low water cooling
temperature limits. Two thermocouples are included and installed in the water input and
output ports. The incoming source water will be used for low temperature limit and the
discharge water from the cooling section will be used as the high temperature limit.

Low Friction Teflon/Quartz Wearstrips (TQ)

This feature adds teflon and quartz wearstrips at critical points in the furnace to reduce metal
to metal contact between the belt and stationary sections, thereby reducing particulate
contamination. Teflon wearstrips will be added between the conveyor belt and load/unload
station support surfaces; quartz wearstrips will replace formed metal supports in the cooling
sections.

Ultrasonic Belt Cleaner (UC)

This option adds an ultrasonic tank and timer to provide cleaning of the belt. The belt is drawn
through an ultrasonic tank controlled by a timer. Facility is provided to connect the system to
plant water and drains.

Uninterruptible Power Supply (UPS)

This option adds an uninterruptible power supply, which keeps the belt, fans, and control
system running for at least twenty minutes during a power outage. The transport belt
continues to run at set speed which minimizes product loss during brief power failures. The
unit automatically switches from standby to process start upon restoring power, whether
provided by generator backup or city power if the lower alarm temperature limit has not been
reached. The control software includes modification to add automatic reset without using the
normal power up and screen menu selection process, so that immediate restart is available
after power interruption.

Water Cooling (WC)
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14.24

The controlled atmosphere cooling tunnel is fitted with optional water cooling jackets.
Because product temperature is continuously dropping while advancing through the tunnel,
water cooling is used to ensure high rates of heat transfer. The section is 30 inches long and
has water jackets installed both top and bottom on the outside surfaces of the heat sink.
Cooling water is customer supplied. Water plumbing lines will be wrapped in insulation to
prevent condensation.

14.23.1 Cooling Water (Customer Supplied)

Average Flow: 4 gpm @ 30 psi
Inlet Temperature recommended: 20°C (68°F) or lower

Rapid Cool Transition Tunnel (RC)

The rapid cool transition tunnel, curtain, and exhaust section (RC Option) is constructed of
extruded aluminum heatsink material, with the addition of a side removable access plate. The
exhaust will be located in close proximity to the heated tunnel. This section is uninsulated so
that it loses heat rapidly and replaces the standard insulated transition tunnel. The four (4)
equally spaced hanging baffle gates and gas curtain arrangement (2 sparger tubes on top and
2 on bottom) effectively isolate the high temperature furnace section from the controlled
atmosphere cooling section. Baffle gates will have 0.50” clearance from the mesh belt.
(Optional external water cooling coils are available.) Sparger tubes are directed away from the
belt towards the interior surfaces of the tunnel. This feature limits the maximum operating
temperature of the furnace to 650°C.
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7.1. Near-Infrared
7.2. Heating Technology
1.0 SCOPE

This document specifies the performance, configuration, and available options for the LA-310 infrared furnace
system.

2.0 GENERAL SPECIFICATIONS

21

2.2

2.3

2.4

25

2.6

The LA-310 infrared furnace is designed for processes such as air or nitrogen thick film firing, and air,
nitrogen, or hydrogen (optional) semiconductor packaging processes, as well as lower temperature
applications such as solder reflow and curing processes. This furnace is ideal for processes requiring
extremely close control of temperature and atmosphere, and can be used for a variety of processes up
to a maximum operating temperature of 1000°C.

The chamber construction, gas controls, and exhaust are designed to control in-process atmosphere
by maintaining equilibrium between input exhaust and leakage. Typical performance allows furnace
induced gaseous contaminants to be held at or below 5 ppm using either air, nitrogen, or hydrogen
(optional) operating atmospheres.

The system provides a load station, followed by a multi-zone infrared heating section, controlled
atmosphere cooling section, and an unload station. Furnace operation is left to right, as viewed from
the operator control panel.

Typical Processing Capacity for Hybrid Thick Film Firing

Belt Speed: 6.0 ipm (15.2 cm/min.)
Entrance to Exit Distance: 90 in. (2.29 m)
Entrance to Exit Profile Time: 15.0 min.
Peak Temperature: 800°-900°C
Capacity: 3420 in’/hr. (2.21 mzlhr.)

Typical Energy and Gas Consumption

Operating Power: 6 kw or less
Gas Consumption: 650 SCFH
Power Consumption: 1.5-2.5 watts/in® belt/hr.

Other Processes

Package Sealing: 5to 10 ipm
Epoxy Die Attach: 10 to 15 ipm
Polymer Curing: 15 to 20 ipm
Reflow Soldering: 10 to 15 ipm

3.0 PHYSICAL SPECIFICATIONS

3.1

Rev J3

Overall Dimensions

3.1.1 Length: 124 in. (3.15 m)
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3.1.2  Width: 43.5in. (1.1 m)

A 3.1.3 Height: 67.3+1.5in. (170.9 + 3.8 cm)

3.2 Transport Specifications
3.2.1  Conveyor Width: 9.5in. (24.1 cm)
3.2.2  Conveyor Height: Adjustable: 36.0 + 1.5in. (91.4 + 3.8 cm)
3.2.3 Conveyor Material: Niobium stabilized nichrome V, close weave balanced spiral. The spiral is
18 gauge, and the cross link is 16 gauge. The spiral is wound at 24 per foot width, and there
are 22 spirals per foot of belt length.
3.2.4  Product Clearance: 2 in. (5 cm) maximum, above belt level
3.25 Speed Range: 2-20 ipm (5-51 cm/min.)
3.3 Handling Stations
3.3.1 Load Station: 13.2in. (33.7 cm)
3.3.2  Unload Station: 13.2in. (33.7 cm)
3.4 Process Area Dimensions
3.4.1 Input Curtain, Baffle and Exhaust: 15 in. (38.1 cm)
3.4.2 Infrared Heated Length: 30 in. (76.2 cm)
Zone 1: 7.5 inches (19 cm)
Zone 2: 15.0 inches (38 cm)
Zone 3: 7.5 inches (19 cm)
3.4.3 Transition Tunnel, Baffle & Exhaust: 15 in. (38.1 cm)
3.4.4 Controlled Atmosphere Cooling Tunnel: 30 in. (76.2 cm)

40 ELECTRICAL SPECIFICATIONS

4.1 Al LA-310 furnaces are wired for a 3 phase, 4 wire system with safety ground, but no neutral: 208 volts
to 480 volts

4.2 Standard Input Voltage: 240 volts

Multi-tapped transformers are provided for operation at 240, 220, and 208 volts. Maximum power and
recovery will be obtained when operating at 240 volts.

4.3 Optional Input Voltage: 380, 415, 440 or 480 V, 3 phase.

4.4 Peak Power Rating (Instantaneous)

240 V 220 V 208 Vv 380 V
26 KW 23 KW 22 KW 22 KW
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Typical power consumption is less than 25% of peak

4.5 Applicable Specifications

codes:

451 Theé€lectrical system as manufactured by RTC will meet the following electrical

45.1.1 NFPA70-1993: "The National Electrical Code"

45.1.2 UL-508: "Industrial Control Equipment"

45.1.3 NFPA79-1991: "Electrical Standard for Industrial Machinery"

45.1.4 CE compliance to Machinery Directive Annex 1, 89/392/EEC and Safety of
Machinery — Electrical Equipment of Machines; Part
1-EN60204-1 (optional)

4.5.2 The system as manufactured by RTC will meet OSHA standards, and include proper shielding
from heat, high voltage and moving parts.

45.3 Changes to RTC standard electrical practice required to comply with customer requirements
will be negotiated prior to sale, and will be subject to review and approval by both RTC and the

customer.
5.0 AIR/NITROGEN INPUT REQUIREMENTS
5.1 Volume: 1600 SCFH maximum N, or Clean Dry Air (CDA) (with all flowmeters @ 100%).
5.2 Input Requirement: 1/2 in. diameter input line (1.27 cm) minimum
5.3 Air Composition (recommended)
Total Hydrocarbons: 20 ppm maximum
Moisture: 100 ppm maximum
5.4 Nitrogen Composition (recommended)
O, 5 ppm maximum
Total Hydrocarbons: 100 ppm maximum
Moisture: 20 ppm maximum
CO,: 100 ppm maximum
H,: 1000 ppm maximum
Other inert contaminants: 1000 ppm maximum
5.5 Pressure: 70 psig (480 kPa) maximum, 30 psig (206 kPa) minimum regulated at the oven input
6.0 EXHAUST OUTPUT
6.1 Process Stacks: 650 SCFH (300 Ipm) typical
6.1.1  Process Exhaust Temperature: 300°C maximum
6.2 Cabinet Cooling Exhaust: 1000 SCFM (28 m3/min.)
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6.3

6.2.1 Cabinet Exhaust Temperature: 40°C maximum

6.2.2 Cabinet Exterior Surface Temperature: 45°C maximum

Exhaust Venting Requirements

In all applications, process exhaust must be vented to the outside atmosphere; in some applications, it
may be desirable to vent cabinet and turbulent cooling exhausts outside to reduce thermal load to the

environment. However, there must not be any direct connection between any of the oven exhaust
ports (process or cabinet) and any facility hood/duct arrangement.

7.0 CONTROLS

7.1

7.2

7.3

7.4

7.5

Rev J3

The RTC furnace is controlled by an off the shelf, 32 bit, industrial controller that uses a PC
compatible computer for user interface through a Microsoft Windows graphical interface software.

Security is provided by passwords allowing different users different levels of access and control
rights.

The system includes an Arcnet card for communication between the PC and the controller. A
modem is installed for remote controlled operation and factory diagnostic support. All inputs and
outputs are optically isolated to insure integrity of the controller.

All operational software, recipes and profiles are stored on the hard drive. RTC recommends
periodic back up of the system.

Conveyor speed is regulated by a stand alone motor speed controller, which accepts commands
from the control system. The motor speed controller in return provides the control system with the
actual speed of the motor. A separate interface is used to obtain the actual speed of the conveyor
itself.

Temperature control is accomplished by the external controller through PID type control loops.
User settings include temperature set points, top and bottom maximum power, PID parameters,
and top/bottom proportional power for all the zones of the furnace. Type K thermocouples are
used to measure the temperature of the zones. Actual power output to the lamps is reported back
on the display screen. The lamps' power is controlled by SCR single phase firing modules,
controlled individually. Each SCR module has a standard 25 Amps rating.

All the alarms and safety features are generated and taken care of on the controller. In case of
loss of communication between the computer and the controller, the controller will continue to
operate normally until the communication is re-established.

Atmosphere control is accomplished with the following flowmeters. This gas flow makes up the
diffuse convection heat transfer which also increases as the amount of flow is increased. (Either
clean dry compressed air (CDA) or nitrogen (N,) can be used.)

Flowmeter Range Units Typical Consumption

Entrance Exhaust 0-100 SCFH Air 25 SCFH
Entrance Baffle 0-200 SCFH Air 100 SCFH
Zone 1 0-200 SCFH Air 50 SCFH
Zone 2 0-200 SCFH Air 150 SCFH
Zone 3 0-200 SCFH Air 50 SCFH
Transition Tunnel 0-200 SCFH Air 100 SCFH
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Flowmeter Range
Transition Exhaust
Element Plenum
Cooling

Total

Units

Typical Consumption

0-100
0-200
0-200

SCFH Air
SCFH Air
SCFH Air

1600 SCFH max

25 SCFH
50 SCFH
100 SCFH

650 SCFH typical

PROCESS SECTION

8.1

8.2

8.3

8.4

The process section of the LA-310 series contains an entrance and exit baffle, infrared heating section,
transition section, and cooling section. Together, the individual sections function as a unit to provide a
carefully controlled atmosphere, precise temperature profile, and controlled cooling.

The entrance baffle section is housed inside a welded aluminum shell lined with ceramic fiber
insulation. A gas curtain, of either nitrogen or air, is generated by introducing the gases both above the
belt through sintered metal sparger tubes (2), and below the belt, through the insulation. These gases,
and a series of four (4) equally spaced hanging baffle gates, serve to purge the chamber and prevent
ambient air from entering the furnace section. The hanging baffle gates have a clearance of 0.125"
above the belt. A venturi assisted exhaust stack draws furnace gases from the entrance of zone 1,
across a drip tray and out of the furnace, to prevent exhaust condensation from falling into the entrance
baffle. This keeps the furnace interior clean.

The furnace section is of similar construction, and is hermetically sealed, except for the belt openings.
Inside the chamber, an array of tungsten filament quartz elements, located above and below the
transport belt, generate radiant flux with peak wavelengths between 1.2 and 5.5 um, giving a net
chamber radiation with peak wavelengths of 2 to 5 microns. The element filaments, operating between
530-2500°K, and producing up to 100 watts per inch, heat the oven interior to a state of equilibrium
within minutes. Process gas is preheated, before reaching the oven interior, by allowing it to permeate
through the porous ceramic fiber insulation. This method of gas distribution does not affect the
temperature profile, and helps to keep the furnace interior clean.

8.3.1 The interior of the furnace is partitioned into zones using ceramic fiber dividers. The dividers
are designed with the smallest possible opening that can be made to be consistent with the
parts clearance specifications. This assures very high thermal isolation between the zones.
The zone lengths, element spacing, voltages, and number of elements determine the heating
profile, and is as follows:

Max.

Voltage
full

Elements
Top & Btm
414
6/6
414

Length

Spacing
Zone i

(in.)
1.1
2.3
1.1

(in.)
75

15.0

75

full
full

WN B

Although the heating profile across the belt is extremely uniform, losses through the furnace side walls
and element terminations produce temperature drops near the edges of the transport belt. To
compensate for these losses, additional heaters are provided along both edges of the transport belt
which run throughout the furnace chamber. The heaters are made from coiled resistance wire and run
through quartz tubing wearstrips that actually support the edges of the transport belt. The control
system allows the power in each element to be adjusted from 0% to 100% in increments of 1%. When
the edge heaters are properly trimmed the following deviations between the center and edges of the
belt can be expected:

EDGE HEAT "OFF"
Min. Max. Aver.
+1°C  +3°C +2°C

EDGE HEAT "ON" AND TRIMMED
Min. Max. Aver.
+1°C +2°C +1°C
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9.0

8.5

8.6

NOTE: The specification may be exceeded between zones operating at very high temperature
differentials; i.e., such as a severe three stage profile.

The transition tunnel, curtain, and exhaust are similar to the entrance baffle section, with the addition of
a top removable drip tray. This section is fully insulated so that it loses heat gradually. The four equally
spaced hanging baffle gates and gas curtain arrangement (two sparger tubes on top and diffuser
insulation on bottom) effectively isolate the high temperature furnace section from the controlled
atmosphere cooling section. The hanging baffle gates are 0.125" above the belt.

The inert cooling section is constructed of 30 inches long extruded aluminum heat sink material, and is
not insulated. Inside the heat exchanger, a carefully controlled inert atmosphere is maintained by gas
flow through sparger tubes arranged three (3) above and two (2) below the belt to protect the product
while cooling it to a safe temperature. Outside the chamber, fans force ambient room air over the
finned surfaces to remove the heat. (Water cooling coils are available as an option.) At the end of the
process section, an additional exit baffle gate is employed to prevent ambient air from entering the inert
cooling section.

ADDITIONAL STANDARD FEATURES

9.1

9.2

9.3

9.4

Alarms

The controller includes several standard alarms. Additional options may add more alarms. Basic
alarms are summarized:

ALARM Audible Visible Shutdown
Cabinet Exhaust Failure X X X
Low Temperature Alert X X
High Temperature Alert X X
Low Temperature Alarm X X
High Temperature Alarm X X X
Transport Speed Error X X
Transport Motion Fault X X X
Coolant Pressure Alarm X X X

(Optional with Water Cooling)
Sample Ports
This feature includes sample ports at selected points in the process chamber which can be used for
monitoring the process atmosphere. Three ports are included with each model and are arrayed as
follows:

Zy Z, Z3

NOTE: The sample ports are not plumbed for operation unless gas sampling options such as OA or
MA are selected.

The oven is equipped with emergency off (EMO) palm switches that are easy to locate and reach.
There is one EMO switch at each end of the unit on the operator side.

All the doors of the computer/UPS cabinets and high voltage pedestal compartments are protected with
interlock switches. In the event these doors are unlocked with key and opened, all circuitry in the
pedestal section will be de-energized, protecting any service/maintenance personnel.

10.0 DOCUMENTATION

Rev J3
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RTC will provide two (2) sets of documentation to include maintenance manual, operating procedures,
process manual, and spare parts list with each furnace.

11.0 CONTACT PEOPLE
Sales Support: Mr. Carson Richert
Process Support: Director of Engineering
12.0 EINISH
12.1 All exposed parts will be painted with corrosion-resistant epoxy or polyurethane paint.
12.2 Colors will be to RTC specification unless otherwise specified at time of order.
13.0 ACCEPTANCE CRITERIA
The furnace, as described in this document, and meeting the requirements herein, will be certified and
documented by RTC Quality Assurance before customer acceptance tests begin. Customer acceptance
criteria is to be mutually agreed upon and be in writing prior to furnace in-plant acceptance. Upon
acceptance of the furnace by RTC Q.A., with or without the customer present, RTC will have fulfilled its
obligation of in-plant acceptance and will ready the furnace for shipment.
Additional customer acceptance tests that are beyond the scope of the original mutually agreed upon
acceptance criteria may be performed at RTC by customer representatives, or by RTC personnel, on a time
and material basis, to be agreed upon at the time of order.
14.0 OPTIONS
14.1 Air Filter/Trap/Regulator (AFR)
The AFR option provides a filter, regulator, and trap to clean and control incoming process air. The
prefilter/regulator unit includes a 0.5 micron impregnated fiber filtering element, manual drain,
pressure gauge, and regulator. The after filter is a 0.5 micron coalescing filter for water/oil removal
with automatic drain. This combination unit reduces downstream oil contamination to 0.5 ppm/wt
maximum.
14.2  Air Purification System (APS)
This option provides an air dryer and filtering system which removes moisture, oil, and particulate
contamination from air or nitrogen.
Performance:
Particulate - Removes particles > 1 um
Oil - Reduces oil and hydrocarbons to a level below 1 ppm
Water Removal -
-01, recommended for LA-310, will dry 35 SCFM to a dewpoint of -73°C (-100°F)
NOTE: Higher flowrates will reduce performance. Ask for Addendum X for additional information.
14.3 Brush Belt Cleaner (BC)
This option adds a passive brush cleaner. The belt drive pulls the belt through two facing planar
brushes to remove loose particulate.
14.4 Coolant Alarm Flow Switch (CFS)
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14.7
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This option adds a coolant water flow sensing switch to monitor water flow for the controlled
atmosphere cooling tunnel when equipped with water cooling.

Conveyor Extension (CE-HT-XX)

This option allows load or unload stations to be extended (from the standard 13.25 inches each) by
15, 30, 45, or 60 inches, and includes an additional emergency stop switch per extended station.

Element Monitor (EM)

This option will add circuitry and special programming to sense failed heating elements and edge heats.
Multiple diode arrays are arranged to monitor current in each element, and to signal the operator audibly and visually via
the CRT should afailure occur. The failure display pinpoints the failed heater location, allowing the operator to quickly
discern location and process affected, if any.

Hydrogen Operation-Nitrogen/Hydrogen Mixing (HO-NHM)

This option provides electronic and pneumatic control of the atmosphere supply required for hydrogen
or forming gas operation. Initiation of the hydrogen cycle starts a 10-minute nitrogen chamber purge
and provides power to the hydrogen igniter coils. At the end of the purge, hydrogen operation
commences. Hydrogen is withdrawn through exhaust stacks at the entrance and exit of the heating
chamber and ignited. Dual redundant ignitor coils are provided at each process exhaust stack. All
curtains and cooling gas remain nitrogen. A 15 inch long exit baffle section with exhaust stack and
igniter is added following the controlled atmosphere cooling section and therefore adds 15 inches to
the overall length of the furnace.

Aluminum construction of entrance baffle, heating chambers and transition tunnel will be replaced with
welded stainless steel construction. All hydrogen plumbing lines and fittings are of stainless steel.

A separate hydrogen control plumbing and flowmeter cabinet will be incorporated and mounted to the
top of the upper furnace cabinet. An incoming duct is provided at the upper furnace cabinet through
the bottom of the hydrogen control cabinet. An output duct is provided at the top of the hydrogen
control cabinet. The hydrogen control cabinet, therefore, becomes a secondary contaminant
enclosure and must be exhausted to the facility ducting. The hydrogen control cabinet requires a
hydrogen/combustible gas sensor located inside the enclosure. (Reference section 14.8, HD option).

The thirty-inch long controlled atmosphere (fan cooled) heat exchange cooling section as called out in
sections 3.4.4 and 8.6 will be replaced with a thirty-inch long controlled atmosphere heat exchange
cooling section that is water cooled as described in section 14.23.

14.7.1  Alarm interlocks are provided for failures as follows:

14.7.1.1 Low igniter current or voltage
14.7.1.2 Low nitrogen flow to curtains
14.7.1.3 Low nitrogen flow to eductors
14.7.1.4 Low nitrogen pressure
14.7.1.5 Low hydrogen pressure
14.7.1.6 Hydrogen LEL Level

14.7.2  Additional Safety Features

All hydrogen operation valves are slave operated using nitrogen for pilot
operation. This system provides redundant protection over and above electrical
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interlocks because hydrogen will be pneumatically turned off if nitrogen pressure
drops or fails.

14.7.3  The following flowmeters, calibrated for hydrogen use, are provided for hydrogen control:

Flowmeters Range Units
Zone 1 0-380 SCFH H,
Zone 2 0-380 SCFH H,
Zone 3 0-380 SCFH H,
Chamber Total 1140 maximum

14.7.4  The following flowmeter calibrated for nitrogen use is provided for the added exhaust venturi
in the exit baffle section.

Exit Baffle Venturi 0-100 SCFH N,
14.7.5 Hydrogen Supply

14.75.1 Volume: 1140 SCFH maximum
14.75.2 Composition (recommended):

14.75.2.1 O, 10 ppm maximum

14.7.5.2.2 Ny 1000 ppm maximum

14.7.5.2.3 Hydrocarbons: 100 ppm maximum
14.7.5.2.4 Moisture: 20 ppm maximum

14.7.5.25 CO,: 100 ppm maximum

14.7.5.2.6 Inert Contaminants: 1000 ppm maximum

14.7.5.3 Pressure: 70 psig, regulated, (483 kPa) maximum
14.7.6  Hydrogen Safety

Hydrogen is a flammable gas, and it must be used with the proper safety precautions. It is a
requirement that whenever flammable gas is used to supply the furnace, a hydrogen or
combustible gas detector must be used to monitor the equipment environment. Plumbing
failures, incorrect furnace operation, or inadequate flow settings could release hydrogen into
the environment and this should be detected. Hydrogen detectors, such as included in
section 14.8 (HD option), should be installed for warning and supply shut off. The hydrogen
operation feature includes an Oxygen Analyzer and monitoring system, as described in
section 14.14. In order to comply with the NFPA safety codes it is mandatory that hydrogen
detectors or equivalent facility-supplied combustible gas monitors be installed and
operational at the furnace (Reference section 14.8, HD option).

Secondary collector hoods/exhausts are installed above
the entrance and exit openings of the process section. The hoods are exhausted
and ducted to the main entrance and exit process exhaust stacks that are equipped
with dual igniter coils. It isarequirement that each collector hood be equipped
with a hydrogen detector as described in section 14.8 (HD option).

14.7.7  Hydrogen/Nitrogen Mixing (NHM)
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This option provides the facility to mix hydrogen and nitrogen using furnace controls as well
as the ability to vary the nitrogen hydrogen ratio along the length of the furnace and cooling
section (optional). A selection of the mix gas mode on the microprocessor allows gas to flow
through both the nitrogen and hydrogen flowmeters, and allows different zones to receive
gas with different N,/H, ratios.

Hydrogen Detection (HD)

This option provides a combustible gas monitor at the entrance and exit ends of the furnace. A third
combustible monitor is installed inside the upper hydrogen control plumbing/flowmeter cabinet.
These sensors are_used to provide hydrogen shut down in the event of loss of furnace integrity. This
detection is linked to the igniter control circuitry to automatically shut down the hydrogen upon
detection of more than 1% hydrogen at the furnace entrance, exit or inside the hydrogen control
plumbing and flowmeter enclosure. The three detectors are used for redundancy; a failure of one of
the sensors sounds the alarm and shuts off the hydrogen. An alarm and visible indicator shows the
cause of the shut down. The HD option or customer supplied equivalent is required if the HO-NHM
hydrogen operation nitrogen/hydrogen mixing option is selected.

High Voltage Operation (HV-3)

This option provides for operation on 380, 415, 440, or 480 V, 50/60 Hz. This requires a 4 wire
service, 3 phase with safety ground but not neutral. Peak instantaneous power consumption is shown
below. The heating elements will be all wired 2-in-series in zones 1, 2 and 3.

18 kW @ 380 V
21 kW @ 415V
23 kw @ 440V
26 kW @ 480 V

Input Pressure/Alarm Switch (IPS)

This option adds a pressure switch upstream of the gas distribution system that signals the operator
in the event of low pressure. Process start will be inhibited automatically until pressure is restored to
normal.

Interface Roller (IR)

This option provides rollers at the entrance and exit that permit transfer of small boards across the
larger diameter drums at the ends of the furnace. The rollers will be less than 2.5 inches (6.4 cm) in
diameter and will permit transfer of boards as small as 5 inches (12.7 cm) in length.

Process Ready/Alarm Light Tower (LT)

This option provides a three stage alarm status light tower. The status system has three solid state
relay outputs, and activates a three element alarm light, located above the upper frame, as follows:

14.12.1 Red Indicator: Alarm Condition
14.12.2 Yellow Indicator: Process Not Ready, no alarms
14.12.3 Green Indicator: Process Ready, no alarms

Moisture Analyzer (MA)

This option provides a moisture monitoring system for the process atmosphere. A gas sample is
withdrawn continuously from one of the sample ports in the furnace chamber through the analyzer. A
switched pump and vacuum break are provided to withdraw the sample. The analyzer is provided
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with an inline 1 um filter for removal of particulate from the sample flow, as well as a purge system to
improve cell response during start-up of sampling. The sampling system provides six (6) selectable
inputs; four (4) sample ports in the furnace, one port with a 2 psi regulator for source gas monitoring
or cell purging, and one open port for calibration with span gas are included.

Oxygen Analyzer (OA)

This option provides an oxygen monitoring system for the process atmosphere. A gas sample is
withdrawn continuously from a sample port in the furnace chamber through the analyzer. A switched
pump and vacuum break are provided to withdraw the sample. The analyzer is provided with an inline
1 um filter for removal of particulate from the sample flow, as well as a purge system to improve cell
response during start-up of sampling. The sampling system provides six (6) selectable inputs; four
(4) sample ports in the furnace, one port with a 2 psi regulator for source gas monitoring or cell
purging, and one port for calibration with ambient air.

On-Screen Profiling (OSP)

Optional On-Screen Profiling is designed to store data points up to 60 readings per second and to
automatically integrate belt speed/process length to calculate the time increment.  Six thermocouple
outputs can be plotted simultaneously in operator selectable ranges.

Six data segment pointers are available to closely examine data segments along the time axis.
These pointers can be placed as necessary to generate instantaneous temperature readouts at any
point or rate of change data between cursors.

Data management includes provisions for complete identification, disc storage, and  printouts in
either tabular or graphical format.

Profile “predictor” software is also included with this option.
Overtemperature Shut Down (OT)

This option provides an overtemperature scanner to monitor each zone and respond to
overtemperature conditions. A dual thermocouple is provided with independent elements for zone
monitoring and control. The redundancy in the sensors is designed to provide shut down of the heat
even in the event of multiple component failures. The overtemperature shut down system allows
operator selection of the maximum temperature and will shut down the heating elements if that
temperature is exceeded. This system is factory set to shut down at 50°C above the rated
temperature of the furnace or 999°C, whichever is lower.

Printer and Printer Cable (PPC)

An industry standard dot matrix printer with a parallel port is provided for printout of screen information
or other reports. Color feature is optional.

Spare Parts Kits (SP-1 and SP-2)

These options provide a set of spare parts for the system that are preselected for one (SP-1) or two
(SP-2) years of operation. The kits are made available at a substantial discount when selected as a
furnace option.

High/Low Temperature Limits for Cooling (TLC)

This option provides software and hardware for programmable high and low water cooling
temperature limits. Two thermocouples are included and installed in the water input and output ports.
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The incoming source water will be used for low temperature limit and the discharge water from the
cooling section will be used as the high temperature limit.

Low Friction Teflon/Quartz Wearstrips (TQ)

This feature adds teflon and quartz wearstrips at critical points in the furnace to reduce metal to metal
contact between the belt and stationary sections, thereby reducing particulate contamination. Teflon
wearstrips will be added between the conveyor belt and load/unload station support surfaces; quartz
wearstrips will replace formed metal supports in the cooling sections.

Ultrasonic Belt Cleaner (UC)

This option adds an ultrasonic tank and timer to provide cleaning of the belt. The belt is drawn
through an ultrasonic tank controlled by a timer. Facility is provided to connect the system to plant
water and drains.

Uninterruptible Power Supply (UPS)

This option adds an uninterruptible power supply, which keeps the belt, fans, and control system
running for at least twenty minutes during a power outage. The transport belt continues to run at set
speed which minimizes product loss during brief power failures. The unit automatically switches from
standby to process start upon restoring power, whether provided by generator backup or city power if
the lower alarm temperature limit has not been reached. The control software includes modification
to add automatic reset without using the normal power up and screen menu selection process, so that
immediate restart is available after power interruption.

Water Cooling (WC)

The controlled atmosphere cooling tunnel is fitted with optional water cooling jackets. Because
product temperature is continuously dropping while advancing through the tunnel, water cooling is
used to ensure high rates of heat transfer. The section is 30 inches long and has water jackets
installed both top and bottom on the outside surfaces of the heat sink. Cooling water is customer
supplied. Water plumbing lines will be wrapped in insulation to prevent condensation.

14.23.1 Cooling Water (Customer Supplied)

Average Flow: 4 gpm @ 30 psi
Inlet Temperature recommended: 20°C (68°F) or lower

14.24  Rapid Cool Transition Tunnel (RC)

The rapid cool transition tunnel, curtain, and exhaust section (RC Option) is constructed
of extruded aluminum heatsink material, with the addition of a side removable access plate.
The exhaust will be located in close proximity to the heated tunnel.  This section is
uninsulated so that it loses heat rapidly and replaces the standard insulated transition tunnel.

The four (4) equaly spaced hanging baffle gates and gas curtain arrangement (2 sparger
tubes on top and 2 on bottom) effectively isolate the high temperature furnace section from
the controlled atmosphere cooling section. Baffle gates will have 0.50” clearance from the
mesh belt. (Optional externa water cooling coils are available.) Sparger tubes are directed
away from the belt towards the interior surfaces of the tunnel.  This feature limits the
maximum operating temperature of the furnace to 650°C.
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Section 8

OPTIONAL FEATURES

8. OPTIONS

This section contains operating instructions for optional equipment and features not found on
standard production machines.

8.1.

8.2.

Rev J-3

Temperature Profile - Profile Menu (Option)

To switch the viewing window between RTC Furnace Operations and the KIC Windows
Application, press and hold down the ALT key, and then press TAB repeatedly. When the
title “WINKIC Windows Application” appears, release ALT. The WINKIC Application
appears in the foreground. Repeat the procedure to return RTC Furnace Operations to the
active window.

Element Monitor (Option)

To select the Element Monitor Status Screen, move the cursor and click on the “Maint”
pushbutton. On the Maintenance Window, click on the “Element Monitor” pushbutton to
activate the Element Monitor status window. Thisis adisplay only screen which details the
current status of the IR elements. Element strings are displayed for each monitored zone,
dryer or edge heater.

The furnace Element Monitor Status Screen is grouped by each 8-module rack (brick) used.
Each rack can accommodate up to eight 1/0 modules. Illustrated below is an 8-module rack
with three digital I/0O modulesinstalled.
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Figure 6.1.1.1 Element Monitor PLC Control
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Digital 1/0 modules PLC (P/N 322-092202-02) are utilized to collect element status
information from Element Monitor Board (P/N 370-101831-01). Each Element Monitor
Board has four monitoring circuits. Each circuit utilized a transformer coil and rectifier
network to pickup and convert the element status to alow voltage output signal. This output
signal is received by a digital /O module. Each digital I/O module can accommodate up to
four signal inputs.
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Schematic 101831

Figure 6.1.1.2 Element Monitor System Diagram

In conjunction with the four digital inputs, each module has four LED’ s that illuminate when
its associated input is active. Input information is transmitted back the system controller for
processing, aert notification, and display.

The Element Monitor Window provides active el ement status displays. For each element leg
displayed, the following status information is provided:

1 8-Modulerack identification
a) First Board (element sensors 1-32)
b) Second Board (element sensors 33-64)
¢) Third Board (element sensors 65-96)
2 1/0 module address & channel identifier
3 Sensor Location; Zone, Dryer, or Edge Heat number and (T)op, (B)ottom elements,
(R)ight, or (L)eft edge heat.
4 Element Status (OK) or (Fail)

When an element failure is detected, an alert condition is enabled and a status message
denoting the location of the failed element. Only the first failed element detected within the
same zone/dryer/edge will be displayed on the process screen. However, the Element
Monitor Window will display all failed element legs including multiple failures within the
same zone.
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Note: Applied power levels of less than 10% are below the threshold of the sensor circuit.
Element legs operating in this range are reported as OK.

Radiant Technology
Furnace Element Monitor
First Board Second Board
Addr Description Status Addr Description Status
0-1 Zeomne 1 Ele 1 T OK 0-1 Zone 3 Ele 5T OK
0-2 Zone 1 Ele 2 T CK 0-Z2 Zone 3 Ele 6 T CK
0-3 Zone 1 Ele 3 T OK 0-3 Zone 3 Ele 7 T OK
0-4 Zone 1 Ele 4 T CK 0-4 Zone 3 Ele 8 T CK
1-1 Zome 1 Ele 5T OK 1-1 Zome 3 Ele 1 B OK
1-Z Zone 1 Ele 6 T CK 1-Z Zone 3 Ele £ B OK
1-3 Zome 1 Ele 1 B OK 1-3 Zone 3 Ele 3 B OK
1-4 Zone 1 Ele £ B ©CK 1-4 Zone 3 Ele 4 B OK
2-1 Zone 1 Ele 3 B OK 2-1 Zone 3 Ele 5 B OK
Z2-2 Zone 1 Ele 4 B CK 2-Z Zone 3 Ele 6 B CK
2-3 Zone 1 Ele 5 B OK 2-3 Zone 3 Ele 7B OK
Z2-4 Zone 1 Ele 6 B CK 2-4 Zone 3 Ele 8 B CK
3-1 Zome 2 Ele 1 T OK 3-1 Zone 4 Ele 1 T OK
3-2 Zone 2 Ele 2 T CK 3-2 Zone 4 Ele 2 T CK
3-3 Zone 2 Ele 3T OK 3-3 Zone 4 Ele 3 T OK
3-4 Zone 2 Ele 4 T CK 3-4 Zone 4 Ele 4 T CK
4-1 Zone 2 Ele 5 T CK 4-1 Zone 4 Ele 3 T CK
4-2 Zone I Ele & T OK 4-2 Zone 4 Ele 6 T OK
4-3 Zone 2 Ele 7 T CK 4-3 Zone 4 Ele 1 B CK
4-4 Zone I Ele 8 T OK 4-4 Zone 4 Ele I B OK
5-1 Zone 2 Ele 1 B CK -1 Zone 4 Ele 3 B CK
5-2 Zone I Ele I B OK 5-2 Zone 4 Ele 4 B OK
5-3 Zone 2 Ele 3B CK 5-3 Zone 4 Ele S B CK
5-4 Zone 2 Ele 4 B OK -4 Zone 4 Ele 6 B OK
6-1 Zomne 2 Ele 5 B OK 6-1 Edge 1 Ele 1 L OK
G- Zone 2 Ele £ B OK £-Z2 Edge 1 Ele Z L OK
6-3 Zomne 2 Ele 7 B OK 6-3 Edge 1 Ele 1 B OK
6-4 Zone 2 Ele 8 B OK £-4 Edge 1 Ele Z B OK
7-1 Zone 3 Ele 1 T OK
7-Z2 Zone 3 EBle I T CK
7-3 Zone 3 Ele 3 T OK
7-4 Zone 3 Ele 4 T CK
Process State: [T  [wocwmm| (wcmomam| (scommm] | CurrentUser: EngrTech |
Friday
10/30/1998 == e
10:16:19 : et == L h — q_’ ﬁ/- B
Security Process Recipe Schedule Maint. Logging Gas Flow

Figure 6.1.1.3 Element Monitor Status Window

8.3. Moisture and Oxygen Analyzer System (Option)

8.3.1. Introduction

This option provides a moisture and oxygen analyzer system. The Oxygen analyzer
is a Delta F Type A unit which uses an electro-chemical cell to measure oxygen
concentration. The cell used in this analyzer features a non-depleting electrode
design which does not require periodic maintenance. The moisture analyzer is a
Panametrics Series 4 mode.

8.3.2. Description

The analyzer system typically uses four (4) sample lines. All but one of these lines
sample process atmosphere at various parts of the furnace. The last line samples
the source gas. The sample lines connect to a manifold. A series of computer
controlled solenoid valves are used to switch from one sample line to another.

From the manifold, the sample is drawn through the moisture analyzer and then
through the oxygen analyzer by a vacuum pump which is part of the oxygen
analyzer. Note that the sample line which connects to the source gas uses a
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pressure regulator to regulate the source pressure to a level compatible with the
oxygen anayzer.

8.3.3. Operation

8.3.3.1. General

Before the moisture and oxygen anayzer system is used, the
manufacturer’s manuals should be thoroughly read and understood. The
oxygen and moisture anayzers are set up at the factory to operate
automatically when the furnace is turned on. The oxygen or moisture
analyzer output is displayed on the Process window within the computer
control software.

8.3.3.2. Computer Control and Sample Port Selection

8.3.3.2.1.Sample Port Selection

The oxygen/moisture analyzer system has the capability to
sample source gas and process gas from 3 different zones in
the furnace. To change the location from which the sampleis
being drawn, first click on the desired “O, or MA Sampling
Port” pushbutton. This pushbutton is located in both the
Process and Recipe windows for your clicking pleasure. The
appropriate O, or MA Port Selection display box will appear.
Select “O, [MA] Sampling On” button to enable the sensor.
Click on the desired sample location button, source or port
location.

02 Sampling

Oof ®on

{® Source
) Zone 1
) Zone 4
) Zone 8

90 | Alert Value

100 | Alarm Value

Figure 8.3.3.1 O, Analyzer Sampling Window
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Hydrogen Operation (Option)

84.1.

Introduction

8.3.3.2.2.0ptional Oxygen Level Alerts and Setting Oxygen Level

Alert Limits (H, M ode Only)

The oxygen andyzer may give a high oxygen leve dert
during startup. The aert will continue until the process gas
lines and the furnace chamber have operated in a nitrogen
mode long enough to remove excessive oxygen.

NOTE: When the zone from which the sample is being
drawn is changed (i.e. when the recipe is changed) the
oxygen concentration may increase momentarily until the
new sample line is cleared of any residual oxygen (air).

Thismomentary risein oxygen level may cause an oxygen
level alert. After sdlecting the new sample location the
oxygen level should peak and then begin to decrease
rapidly within a matter of seconds. If the oxygen leve
exceeded the alert level and does not begin to rapidly
decrease within 60 seconds, any hydrogen flow (optional)
to the furnace should be stopped.

During hydrogen operation, if the oxygen PPM level exceeds
the factory setpoint for hydrogen operation, the following will
occur:

A dialog box will be displayed that notifies the operator that
the “ PPM setpoint levels have been exceeded”.

The furnace will automaticaly enter the
cooldown/combustible gas purge cycle in twenty seconds. A
time remaining count is displayed.

The operator has the option to click the “Purge’” button to
immediately start furnace cooldown/purge or the “Reset”
button to restart the twenty second timer. The operator cannot
delay the automatic cooldown/purge cycle for more than a
total of sixty seconds.

To change the value of the oxygen level alarm or dert limits,
click the appropriate darm/aert value and type in the desired
high value.

The hydrogen operation option is designed to provide a means of introducing a

reducing atmosphere into the furnace. Because hydrogen is an extremely
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flammable gas and presents numer ous handling and control problems, do not
attempt to connect hydrogen to the machine until this section is read and
under stood.

H2/FORMING GAS
SEQUENTIAL OPERATION

8.4.2. Description

N2 H2 FORMING

The hydrogen operation
system uses existing
furnace plumbing and an
additiona gas flow
control syssem  to
introduce hydrogen into
the furnace chamber.

The hydrogen is
introduced into the
furnace by alowing it to
permeate through the

)%
f% X i%
<
c
T

PROCESS START porous ceramic fiber
insulation, which
preheats the gas before it
enters the process area.

Entrance and  exit
baffles, located at each
end of the furnace
chambers, generate an
inert gas curtain which
effectively keeps
COMBUSTIBLE GAS ambient  ar  from
entering the furnace
chamber and mixing
with  the  hydrogen
atmosphere. Venturi
assisted exhaust stacks,
located in the entrance
baffle or in  both
entrance and exit baffles,
draw off the excess
hydrogen and direct it into a burner assembly. The excess hydrogen, which is
drawn through the exhaust stack, is directed into the burner where it is mixed
with ambient air and ignited with ahot wire Igniter.

PURGE TIME

=

Sy=

Figure 8.4.2.1 H2 / Forming Gas Sequential Operation
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8.4.2.1. Control System

The hydrogen control system is designed to prevent the possibility of
introducing a combustible mixture of hydrogen into the furnace
chamber. This is accomplished through logic which requires that
nitrogen be run continuously in the exhaust venturis, entrance/exit
baffles, furnace chamber, and in the transition tunnel/cooling muffle, if
so equipped. The hydrogen control logic provides an automatic timed
purge of from 5 to 30 minutes, with nitrogen, before hydrogen is allowed
to enter the furnace. Nitrogen and hydrogen pressure switches, together
with additional control logic, enhance the safety of the system by
requiring that the following conditions be met.

8.4.2.1.1.Nitrogen Pressure

Nitrogen pressure must be present at al times during the
purge cycle, as well as during straight hydrogen operation. In
the event of nitrogen failure, hydrogen is automatically shut
off, and the hydrogen cycle is aborted with alarm and display
indication. Only after nitrogen pressure is restored can the
cycle be restarted.

8.4.2.1.2.Hydrogen Pressure

Hydrogen pressure must be present during the purge cycle and
during straight hydrogen operation. In the event of hydrogen
failure, the cycle is aborted and nitrogen flow is initiated with
an darm and display indication. Only after hydrogen pressure
isrestored can the cycle be restarted.

8.4.2.1.3.Igniter

The hydrogen Igniter element(s) must start when the hydrogen
burn-off operation is initiated, and run continuously during
the delay cycle, as well asin the steady state. The furnace is
manufactured with dua (2) igniters per stack. If both igniters
in a single stack fail, the cycle is aborted with darm and
display indication. Manual restart is required to reinitiate the
cycle. If only one igniter fails, the process is not aborted, but
an alert occurs.

8.4.2.1.4.Seal or Plenum Pressure
Sensing a lack of sea pressure parts puts the machine into
heat shut down with alarm and display indication.

8.4.2.2. Gas Flow Control
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Gas flow control is accomplished manualy with flowmeters. See
section 2.12.4 for operating instructions.

8.4.3. Ingallation Requirements

Hydrogen is a flammable gas and, under certain conditions, it can be
explosive. The user of this equipment must take adequate precautions to
prevent the escape of hydrogen into the room air and to eliminate possible
sour ces of ignition from the working environment. A common practice is to
vent the upper part of the celling of the room containing the furnace, and to
install a hydrogen leak detector system.

8.4.3.1

The room containing the furnace must be arranged to prevent direct air
drafts from hitting the furnace. A direct air draft at the entrance or exit
end of the furnace will unbalance the gas curtains and could cause
hydrogen to escape into the room, or create an explosive mixture of air
and hydrogen inside the furnace.

CAUTION: The flowmetersinstalled in the control panel are rated
for 70 ps maximum; operating beyond 70 psi exposes the operator
to possibleinjury.

8.4.4. Operating Instructions, OPTO22 Control System

8.4.4.1.

8.4.4.2.

8.4.4.3.

8.4.4.4.

Process Screen Controls and I ndicator s (Hydrogen Atmosphere)

Go to Process screen and click on “H,.” Button. Click on “Warm-Up”.
Wait until the process start light is flashing, and click on “Process Start”.
This starts an automatic timed purge with nitrogen and lasts from 5 to
30 minutes. When the purge cycle is complete, click on “Combustible
Gas On”. Nitrogen will be shut off and hydrogen will be turned on.

Hydrogen/Nitrogen (Forming Atmosphere)

Go to Process screen. Click on “Forming” button. Click on “Warm-
Up”. Wait until the process start light is flashing, and click on *Process
Start”. This starts an automatic timed purge with nitrogen and lasts from
5 to 30 minutes.

When the purge cycle is complete, click on “Combustible Gas On” and
hydrogen will be turned on. This starts an automatic timed fill (manual
Set).

NOTE: Fill is defined as the amount of time required for the
combustible gas to enter and fill the chamber cavity. Fill time is
factory preset for 5 minutes, and can be user altered.

Terminate

Click on “Cooldown” (this returns the furnace to nitrogen operation), or
go to Recipe screen and “Load Run” a new recipe.

Nitrogen or Manifold Pressure, Low
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Low nitrogen pressure is indicated with a message and an audible alarm.
The hydrogen operation cycle is aborted, and the machine goes into a
heat shut down mode. The cycle cannot be restarted until nitrogen
pressureis restored.

8.4.4.5. Hydrogen Pressure, Low

Low hydrogen pressure is indicated with a message and an audible
alarm. The hydrogen operation cycle is aborted, and cannot be restarted
until hydrogen pressure is restored.

8.4.4.6. Plenum Pressure, Low

Low seal pressure isindicated with amessage and an audible alarm. The
machine goes into a heat shut down mode and the hydrogen cycle is
terminated.

CAUTION: Low plenum pressure can cause damage to the heating
lamps. Do not continue to operate the machine with low plenum
pressureindication. In the event of low plenum pressureindication,
the machine should be shut down until the problem is found and
corrected.

8.4.4.7. Igniter Failure

Igniter failure is indicated with a message and an audible alarm. If both
ignitersin asingle stack fail, the hydrogen operation cycle is aborted and
cannot be restarted until theigniters are repaired. If only oneigniter fails
in asingle stack, the processis not aborted, but an alert occurs.

8.4.5. Hydrogen Flowmeters

Each of the hydrogen flowmeters is identified with a label as to specific function,
and is adjustable from zero flow to full scale by means of an integral control valve.
See section 2.12.6.7.i for flow correction factors.

8.4.5.1. Control Knob

Turning this knob clockwise decreases the flow; counterclockwise
increases the flow.

8.4.6. Functional Checkout (With Helium)

RTC recommends that a functional checkout of the hydrogen system be made using
helium gas for safety. It is further recommended that a trace oxygen analyzer and
helium detector be made available for the checkout.

RTC has taken precautions to design the furnace so that it can be safely and reliably
operated on hydrogen. However, if the gas flows are not properly set, air can be
drawn into the machine, or the furnace atmosphere can be discharged out the
entrance or exit, causing a fire hazard. If it is not possible to perform a functional
checkout with helium, RTC recommends, as a minimum, a trace oxygen anayzer
and combustible gas monitor be used to guide final process settings.
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8.4.6.1. Furnace System Functional Check

First perform the recommended furnace system functional checkout.
Correct any malfunctions, as necessary, before proceeding.

8.4.6.2. Helium Supply Gas

Temporarily connect a supply of helium gas to the hydrogen input line
and adjust the input regulator to 50 psi. Make sure that the hydrogen
flowmeters are completely shut off at thistime.

8.4.6.3. Turn On Furnace

Turn on the furnace and bring it up to a fully operational state using the
suggested gas flow settings from your operation manual.

8.4.6.4. Initiate the Hydrogen Operation Cycle

Adjust the hydrogen flowmeters to the same flow rates that the
equivalent nitrogen flowmeters were set at.

8.4.6.5. Check Oxygen Concentration

Check the oxygen concentration inside each zone of the furnace, using a
trace oxygen analyzer. The oxygen concentration can vary considerably,
depending on flow settings, but as long as 100 ppm, or less, is
maintained in the furnace, combustion will not occur. If the
concentration of oxygen is above the 100 ppm limit, increase the flow of
helium in small increments and retest the oxygen level. Allow severd
minutes between gas flow corrections and oxygen testing for the
analyzer to stabilize.

8.4.6.6. Check For Escaping Gas

Check each end of the furnace with a helium detector to see if any
furnace gas is escaping. |If furnace gas escapes, increase the flow to the
appropriate eductor in small increments and retest.

The eductor operates with a venturi assisted exhaust stack that produces
an approximate multiplication ratio of 10:1. In general, the gas flows
into the furnace chamber and baffles should be balanced by the gas flows
out of the eductor stacks.

For example, if the total flow of gas into the furnace chamber and end
baffles is 1000 SCFH, the flow of gas to each eductor should be as
follows for atwo exhaust system:

Total Exhaust = 500 SCFH through each eductor
Drive Gas = 50 SCFH to each eductor venturi

8.4.6.7. Nitrogen/Hydrogen Mixing
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Selecting the nitrogen/hydrogen atmosphere, with the furnace in the
hydrogen mode will unbalance the ratio of input to exhaust gas. This
happens because nitrogen is introduced in addition to the volume of

hydrogen that is aready flowing into the furnace.
nitrogen/hydrogen mixing, perform the following:

Before pressing

Calculate the volume of helium flowing into the furnace when the machineisrunning in a

balanced condition.

Decide what ratio of helium to nitrogen is to be run and the volume of each gas required.

Select the nitrogen atmosphere mode to return the furnace to nitrogen operation.

Adjust the nitrogen volume to the values calculated in 2.12.6.6. Shut off the hydrogen

flowmeters.

Select the hydrogen atmosphere mode, and select the nitrogen/hydrogen mix mode before
the purge cycle is complete.

Then adjust the hydrogen flowmeters. The machine should now be operating in a balanced
condition, with the proper volume of nitrogen/hydrogen.

Check the oxygen level in the furnace and ends of the furnace for helium, and correct as

necessary.

This completes the functional checkout.
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Gas Correction Factors

GAS
Argon (A)
Carbon Monoxide (CO)
Carbon Dioxide (CO,)
Helium (He)
Hydrogen (Hy)
Hydrogen Chloride
(HCI)
Hydrogen Sulphide
(H29)
Methane (Me)
Natural Gas
Nitrogen (N2)
Nitrous Oxide (NO)
Oxygen (O,)
Propane (CzHy)

PG
1.38
.966
151
1.38
.070

1.59

1.39

.553
.55-.66
.966

1.52
1.103
1.56-1.99
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Sodium Dioxide (SO,) 2.2-2.26
Butane-N 24
Butane-ISO 1.99

M odem/PcAnywher e (Option)

In order to allow for remote examination of in-process furnace operations, a modem with
communication software is provided. The remote operator, in conjunction with on-site
personnel, can simultaneously view the Process screen and have access to input and control
features.

85.1. Windows 95 For mat

A) Click on “Start” (bottom left-hand corner of screen).

B) Select “Programs’ and highlight.

C) Select “PcAnywhere 32" and highlight.

D) Select “PcAnywhere” and double click with touchpad/trackball.
E) Select “Be A Host PC” and click/highlight.

F) Doubleclick on “MODEM”.
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Figure 7.6. Product Viewing Area
Product Viewing Area (Option)

This option is only available on furnaces with separate drying and furnace areas. The
viewing areais set between these two sections and it has an opening panel that allows access
to the product inside.

Figure 7.7. Exhaust Stack Heater

Exhaust Stack Heater (Option)

The exhaust stack heater is used to heat up gases escaping from the exhaust. This is to
prevent condensation of the gasses and the possibility of them dripping backing into the
chamber and/or clogging the exhaust stack. The heater has a power control that is set at the
computer. The customer can specify the number and location of heaters.

Voltage Control (Option)

Voltage Control means manual control of the power applied to the lamp by the operator, by
manually entering the percentage of power in each of the zone power fields.

When Voltage Control is installed, a check box is visible on the main process screen.
Clicking on it will enable Voltage Control.

Once this box is checked, the power settings for the zones stay at the last values calculated
by the PID control. The operator can then enter a manual setting for the zone power. Since
this power would then be dependent on the line voltage fluctuation, a sensor monitors the
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line voltage and adjusts the power according to this voltage. Fluctuations are adjusted for
+15% grounghthe nominal voltage. Beyond those values, no adjustments are made.

Since the user takes control of the system, the machine automatically goes into process
ready. It isup to the user to adjust the setpoint of each zone so that the alerts and alarms for
temperature deviation reflect the user’s need.

For the most efficient use of the system, it is recommended that the user alow the machine
to automatically reach a ready state at around the desired temperature, and then switch to
Direct Control.

Clicking again on the Direct Control check box will return the system to automatic mode.

WARNING: Manual voltage control at the maximum temperature setting for the
furnace may result in over temperature and damage to the equipment.

Product Sensor and On-Screen Tracking (Option)

The purpose of the product sensor and on-screen tracking feature is to count the number of
product- units travelling through the furnace. A set of sensors at the entrance and exit detect
the leading edge of a product-unit leaving the loading station or arriving at the unloading
station. The tracking feature sets off an alarm if the exit sensor does not detect the arrival of
an expected product-unit at the unloading station.

To initiate the count, activate one or more tracking lanes by clicking the lane button(s) on the
upper left corner of the process screen. See Figure 0.1.

Figure 0.1 Process Screen showing Lane Button(s), View Button and Recipe Button

$610 Controlled Atmosphere Infrared Furnace
[RITE
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Security Process Recipe Maint. Logging Gas Flow

To define a unigue product-unit length click the recipe button on the process screen. Once
in the recipe screen, shown in Figure 0.2, double click the product length box. A pop-up
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window labeled “Send Value” will appear (). Define the product-unit length in the product
length window, and click OK.
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Figure 0.2 Recipe Screen showing Product Length Box

Radiant Technology

Recipe Editor 1  Recipe Name: [SFZI | Off Line Edit | ‘
Zone1 ZoneZ Zone3 Zoned Zoneb Zoneb PID Tuning

SETPOINT ||~ 0l] 2450 2450 2450 245.0 2850
TOP POWER LIMIT & s Rale: 60.00 60.00 60.00 60.00 60.00
BOTTOM POWER LIMIT ||l st} 20.00 20.00 15.00 16.00 20.00

Get Recipe
[ Getfrom Disk
@ GetfromEurhace
Save Recipe
| Next [ :Bave:from Editor
Left Edge Heat 1 Belt Speed infmin Savefrom Furnace
Rlght Edge Heat Product Length Send to Furnace
Box T TR T L I L R RET T
Product Length m in
Recipe in Furnace: RISz
Figure 0.3 Send Vaue Window
Send Yalue I
E nter Product Length
!5 E min; [
- rnaw: 100

ak. I Cancel

To view the product tracking window, return to the recipe screen shown in Figure 0.1 and
click the view button. Figure 0.4 shows the product tracking window labeled “Product”.

Rectangular representations of the defined product-unit length will scroll this screen at the
set belt speed. The number of units which have entered the furnace will appear in the
“ENTR” column. The number of units processed through the furnace will appear in the

“EXIT” column. The number of units still in process will appear in the “INSIDE” column.
Click on the “Clear Product Counts’ button to reset the count to zero.

Figure 0.4 Product Tracking Window showing the Clear Product Counts Button

Preduct
Ent Baffle IZnne 1| Zone 2 IZone SIZnneﬂ| Zone 5 IZnne li| Trans Tunnel| Cold Process | Exit Baffle | Cooling | ENT:;M i.ITHSlIl[():E'E\it =l
— — — Clear Product Counts Button 18 5 10
Lane 3 INACTIVE
. : 7
V|aN PI‘ OdUCt TraCkInQ Clear Product Counts
Rev J-3
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Appendix A

DOCUMENTATION PACKAGE

DOCUMENTATION
- Channel Assignment Sheet
Bill of Materials and Schematics Listing for Electrical/Electronics
Bill of Materials for Mechanical
Electrical Schematics

Power Control Schematic
Element Wiring Schematic
Signal Control Schematic
Frame Wiring Schematic

Options Schematics
Drawings

Installation Drawing
Transport Drawing
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I radiant Technology Corporation
ﬁ1r@ 1335 S. Acacia Ave. Furnace Channel Assignments
Fullerton, California 92831-5315
Customer: <RTC>

LAYOUT
Addr Power Supply 322-092210-01  Addr Controller 322-092246-02 Factory Order: 32590
2 Analog1 322-092212-01 Analog1_Expansion 322-092226-01 Date: 21-Feb-00
1 Digital1 322-092213-01 8 EleMon1_01_TO_16 322-092226-02 Model Number: LA310
322-092246-02
4 EleMon2_17_TO_32 322-092226-02 Serial Number: 1310039906
Power: 208vac, 60hz
Chn Signal Part Number Module Description Model Number Signal Description
Analog1
0 TEMPERATURE_ZONE_1_K 322-092204-01 Type K analog input G4AD8-K KA103 Thermocouple Inputs TC1
1 TEMPERATURE_ZONE_2_K 322-092204-01 Type K analog input G4AD8-K KA203 Thermocouple Inputs TC2
2 TEMPERATURE_ZONE_3_K 322-092204-01 Type K analog input G4AD8-K KA303 Thermocouple Inputs TC3
3 TEMPERATURE_ZONE_4_K 322-092204-01 Type K analog input G4AD8-K KA403 Thermocouple Inputs TC4
4 ZONE_1_TOP 322-092201-01 Analog dc out 0-5v G4DA4 KA100 Top SCR Signal Control
5 ZONE_1_BOTTOM 322-092201-01 Analog dc out 0-5v G4DA4 KA101 Bot SCR Signal Control
6 ZONE_2_TOP 322-092201-01 Analog dc out 0-5v G4DA4 KA200 Top SCR Signal Control
7 ZONE_2_BOTTOM 322-092201-01 Analog dc out 0-5v G4DA4 KA201 Bot SCR Signal Control
8 ZONE_3_TOP 322-092201-01 Analog dc out 0-5v G4DA4 KA300 Top SCR Signal Control
9 ZONE_3_BOTTOM 322-092201-01 Analog dc out 0-5v G4DA4 KA301 Bot SCR Signal Control
10 ZONE_4_TOP 322-092201-01 Analog dc out 0-5v G4DA4 KA400 Top SCR Signal Control
11 ZONE_4_BOTTOM 322-092201-01 Analog dc out 0-5v G4DA4 KA401 Bot SCR Signal Control
12  RIGHT_EDGE_HEAT1 322-092201-01 Analog dc out 0-5v G4DA4 KA111 Edge Heat 1 Left SCR Signal Control
13 LEFT_EDGE_HEAT1 322-092201-01 Analog dc out 0-5v G4DA4 KA112 Edge Heat 1 Right SCR Signal Control
14  BELT_SPEED_OUTPUT 322-092203-01 Analog Out 0-10vdc G4DA5 KA2 Motor Speed Control Signal
15 O2_INPUT 322-092216-01 Analog DC in 0 - 10vdc G4AD7 KA4 02 sensor reading, Ref: 802-101773
Digital1
0 MAIN_POWER_LATCH 322-092200-01 Digital AC Out 12-140vac G40AC5MA K4 Delay Power OFF, Ref: 802-101770
1 LAMP_POWER_CTRL 322-092200-01 Digital AC Out 12-140vac G40AC5MA K7 Process Power On, Ref: 802-101770
2 SPEED_FEEDBACK 322-092207-01 Digital In 2.5-16v G41IDC5K K11 Transport Motor Tach Feedback, Ref: 802-101771
3 TRANSPORT_MOTION_FAULT 322-092207-01 Digital In 2.5-16v G41IDC5K K8 Transport Motion Sensor, Ref: 802-101771
4 ALARM_HORN 322-092227-01 Digital DC Out 5-60vdc G40DC5MA K14 Alarm Horn, Ref: 802-101772
5 RED_LAMP 322-092200-01 Digital AC Out 12-140vac G40AC5MA K15 Light Tower Control, Ref: 802-101775
6 YEL_LAMP 322-092200-01 Digital AC Out 12-140vac G40AC5MA K16 Light Tower Control, Ref: 802-101775
7 GRN_LAMP 322-092200-01 Digital AC Out 12-140vac G40AC5MA K17 Light Tower Control, Ref: 802-101775
8 02_SRC 322-092200-01 Digital AC Out 12-140vac G40AC5MA K20-MA/O2 Source Control, Ref: 802-101773
9 0O2_SAMPLE_1 322-092200-01 Digital AC Out 12-140vac G40AC5MA K21 MA/O2 Sample Control, Ref: 802-101773
10 O2_SAMPLE_2 322-092200-01 Digital AC Out 12-140vac G40AC5MA K22 MA/O2 Sample Control, Ref: 802-101773
11  O2_SAMPLE_3 322-092200-01 Digital AC Out 12-140vac G40AC5MA K23 MA/O2 Sample Control, Ref: 802-101773
12 02_POWER 322-092200-01 Digital AC Out 12-140vac G40AC5MA K24 MA/O2 Power On/Off, Ref: 802-101773
13  NotUsed
14  NotUsed
15  NotUsed
EleMon1_01_TO_16
0 EMO1 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 1 of 4, Elem. Mon Z1-1-T
1 EMO02 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 2 of 4, Elem. Mon Z1-2-T
2 EMO3 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 3 of 4, Elem. Mon Z1-3-T
3 EMO04 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 4 of 4, Elem. Mon Z1-4-T
4 EMO5 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 1 of 4, Elem. Mon Z1-1-B
5 EMO06 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 2 of 4, Elem. Mon Z1-2-B
6 EMO7 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 3 of 4, Elem. Mon Z1-3-B
7 EMO08 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 4 of 4, Elem. Mon Z1-4-B
8 EMO09 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 1 of 4, Elem. Mon Z2-1-T
9 EM10 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 2 of 4, Elem. Mon Z2-2-T
10 EMM11 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 3 of 4, Elem. Mon Z2-3-T
11 EM12 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 4 of 4, Elem. Mon Z2-4-T
12 EM13 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 1 of 4, Elem. Mon Z2-1-B
13 EM14 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 2 of 4, Elem. Mon Z2-2-B
14 EM15 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 3 of 4, Elem. Mon Z2-3-B
15 EM16 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 4 of 4, Elem. Mon Z2-4-B
EleMon2_17_TO_32
0 EM17 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 1 of 4, Elem. Mon Z3-1-T
1 EM18 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 2 of 4, Elem. Mon Z3-2-T
2 EM19 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 3 of 4, Elem. Mon Z3-3-T
3 EM20 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 4 of 4, Elem. Mon Z3-4-T
4 EM21 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 1 of 4, Elem. Mon Z3-1-B
5 EM22 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 2 of 4, Elem. Mon Z3-2-B
6 EM23 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 3 of 4, Elem. Mon Z3-3-B
7 EM24 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 4 of 4, Elem. Mon Z3-4-B
8 EM25 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 1 of 4, Elem. Mon Z4-1-T
9 EM26 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 2 of 4, Elem. Mon Z4-2-T
10 EM27 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 3 of 4, Elem. Mon Z4-3-T
11 EM28 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 4 of 4, Elem. Mon Z4-4-T
12 EM29 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 1 of 4, Elem. Mon Z4-1-B
13 EM30 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 2 of 4, Elem. Mon Z4-2-B
14 EM31 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 | Input 3 of 4, Elem. Mon Z4-3-B
15 EM32 322-092207-02 10-32 vac/vdc digital input Snap-IDC5 -| Input 4 of 4, Elem. Mon Z4-4-B
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RTE

radiant technology corporation

F. O. 32590 R2

DELIVER BY
1335 S. Acacia Avenue, FuIIerton, CA 92831 PACKING LIST #32590 ____ CUSTOMER CARRIER DOMESTIC CARRIER:
Tel: (714) 991-0200 Fax: (714) 991-0600 _ ARFREIGHT X ARRIDEVAN
___ OCEAN MARINE __ TRUCK
(SAME AS "SOLD TO" UNLESS SPECIFIED) FREIGHT
s Advanced Power Technology s Advanced Power Technology X_ COLLECT ___ PREPAD
o 405 SW Columbia Street u 307 SW Columbia Street ___ PREPAY AND BILL
L Bend, OR 97702 1 Bend, OR 97702 SALES TAX
D p ATTN: Neil Forrest | TAxABLE __ X NONTAXABLE
T ATTN: Accounts Payable T 541 3828028 x3170 _X__ OUT OF STATE COUNTRY
o o
DATE ORDERED DATE REQUIRED CUSTOMER P.O. NO. SALESMAN OR REPRESENTATIVE F.0.B TERMS CONSIGNEE'S PO RESALE NO.
_X__ HOUSE _X__ FACTORY METHOD OF PAYMENT
____ DESTINATION ____ WIRE TRANSFER ____ COMPANY CHECK
9/26/2000 12/19/2000 P2064 _ EXWORKS __ CERTIFIED CHECK/
CARRIER: TBD Maytlower BILL OF LADING/WAY BILL NO. GROSS WEIGHT NO. OF PACKAGES TYPED BY __ LETTER OF CREDIT MONEY ORDER
SOURCE: TBD LG INSURED DECLARED VALUE:
QUANTITY PRODUCT QUANTITY THIS INVOICE CALCULATED FOR:
ITEM NO. ORDERED DESCRIPTION CODE BACKORDER| QTY SHIPPED UNIT PRICE AMOUNT
1 Model LA310 controlled atmosphere infrared oven per specification

no. 77027 Rev P S/N 1310039906

Options:

EM: Element Monitor

FZ:  Four zone configuration

LT:  Process ready/alarm light tower

OA: Oxygen analyzer

OSP: On screen profiling in real time w/KIC predictor
OT: Overtemperature shutdown

SP-1: Spare parts kit, 1-year

TERMS: 40% Down, Balance Net 20 days from date of shipment

(2) days electrical/mechanical start-up assistance and service/maintenance training at customer facility

maintenance training at customer's facility. FOB Fullerton, CA
(Travel costs will be billed at actual)
(2) manuals

Acceptance:

Acceptance will be accomplished at the purchaser's facility or at the RTC
factory. Either start-up assistance or source inspection is included in the
base price of this equipment. Physical installation of the machine (placing,
wiring,ducting and plumbing) is the responsibility of the purchaser. If source
inspection is waived, RTC may be contacted to schedule start-up assistance
training, or acceptance after physical installation is complete.

. FOBFullerton, CA

TOTAL




TITLE: TRANSPORT ASSY, ROLLER MODULE WITH PNEUMATIC TENSIONER |B/M NO.:110-93444-XXX

REV| NC A B
NEXT ASSY
EO 140332|40340] 40331 page 1OF
REV|ITEM |PREF| DWG | DASH | SIZE | Process DESCRIPTION 310
NO. NO.

NC 110 | 93444 310 B/M FOR STANDARD 10" BELT WITH UC TANK *

1 250 | 93517 100 A F W/A, TRANSPORT PLATE, LEFT 2

2 250 | 93517 101 A F W/A, TRANSPORT PLATE, RIGHT 2

3 410 | 73895 01 S/IC P DRIVE GEAR 1

4 405 | 73741 01 SIC P TORQUE LIMITER, 40 LB-FT, MODEL 250A-2 1

B 5 420 | 13980 01 S/IC P WALL MOUNTED BEARING 4

6 420 | 75342 01 S/IC P BEARING PILLOW BLOCK 2

7 430 | 91234 01 B P ROLLER, 8.5" OD., 10"B, EPDM RUBBER COATED, HI TEMP. 2

8 430 | 92096 07 A P SHAFT FOR DRIVE/END ROLLER, 3/4" OD, 10"B 2

9 430 93031 01 S/IC P RUBBER-COATED ROLLER 7" O.D., 10"B, HI TEMP. 1

10 430 92096 03 A P SHAFT FOR PINCH ROLLER, 3/4" OD, 10"B 1

11 190 | 92940 100 BOM BOM |ASSY, TIMING BELT GUIDE 4

12 910 | 73874 08 A P KEY .1875" SQ. X 2.750" LG. 8

13 210 | 91611 100 A DWG |ASSY, BEARING BLOCK REF.

14 250 | 91451 100 A BOM |WI/A, 2 WAY ADJUSTABLE BEARING, TOP 2

15 250 | 91451 101 A BOM |WI/A, 2 WAY ADJUSTABLE BEARING, BOTTOM 2

16 250 | 91451 102 A BOM |WI/A, 2 WAY ADJUSTABLE BEARING, LONG SCREW 2

17 250 | 91451 103 A BOM |WI/A, 2 WAY ADJUSTABLE BEARING, SHORT SCREW 2

18 210 | 91618 100 A BOM |WI/A, 2 WAY ADJUSTABLE BEARING BLOCK 2

19 280 | 91712 01 a F TRANSPORT MOTOR TRAY 10/15"B 1

20 370 | 74695 100 B BOM ASSY, SPEED CONTROL 1

21 915 | 79248 01 S/C P HEX HEAD BOLT, 3/8-16 X 1.75"LG. ‘ 6

22 920 | 79249 01 S/C P LOCK NUT 3/8-16 6

23 925 | 16141 01 S/C P FLAT WASHER .4" ID X .815 OD 16

24 110 | 92395 100 BOM BOM ASSY, BELT RETURN GUIDE 2

25 190 | 93117 100 BOM BOM |ASSY, ROLLER BELT GROUND 1

26 160 | 93439 100 BOM BOM |ASSY, PNEUMATIC TENSIONER FOR PINCH ROLLER 1

27 160 | 93442 100 BOM BOM |ASSY, PNEUMATIC TENSIONER FOR BELT LOOP ROLLER 1

28 110 | 93443 310 BOM BOM |ASSY, BELT LOOP ROLLER FOR 10" BELT WITH UC TANK 1

29 250 | 93434 01 A F LEFT BRACKET FOR PINCH ROLLER CYLINDER 1

30 250 | 93434 02 A F RIGHT BRACKET FOR PINCH ROLLER TENSIONER 1

31 590 | 93269 01 S/IC P 2 PIECE CLAMP-ON COLLAR ‘ 10
Prepared by : Danny Phan  |Notes: Date : 4/29/03 RTC
Revised by: F= Fabricated |Date : 1335 S. Acacia Ave.




TITLE: GEAR ASSY FOR FRICTION DRIVE TRANSPORT, 8.5" DRIVE ROLLER

B/M NO.:110-92322-XXX

REV NEXT |ASSY
EO page |1OF1
REV |ITEM| PREF | DWG | DASH| SIZE [Process DESCRIPTION 20
NO. NO.
110 |92322| 20 B/M 2-20 IPM (IN/MIN.) *
1 380 |92223| 02 S/C P 1/5 HP MOTOR, 2500 RPM (180:1 RATIO) 1
2 405 | 16208| 01 S/C P SPROCKET 35B14, 3/4 BORE 1
3 405 | 76585| 01 S/C P SPROCKET 35B70, 3/4 BORE 1
4 405 | 14276] 01 S/C P SPROCKET 35B19, 3/4 BORE 1
5 405 | 73740 01 B P SPROCKET 35A70, 1.625 BORE 1
6 250 90052 | 02 S/C P BRACKET MOTOR 1
7 420 | 76707 | 100 B P BEARING BLOCK ASSY 1
8 250 |91713| 100 A F WI/A, BRACKET SUPPORT BEARING MOUNTING 1
9 470 | 76703 ] 101 B P SHAFT & BEARING ASSY 1
10 405 | 14317] 01 S/C P TENSIONER 1
11 405 | 75071 ] 100 B P IDLER 1
12 925 | 76699 | 01 S/C P THRUST WASHER 2
13 910 | 73874| 03 A P KEY 3/16 X 3/16 X .75 5
14 430 | 76726] O1 B P BLOCK TENSIONER MOUNTING 1
15 925 | 78323| 01 S/C P HARDENED WASHER 2
16 915 |16136( 01 S/C P SCREW, HEX HEAD, 5/16-18 X 3/4"LG 4
17 930 |16133| 01 S/C P LOCK WASHER 5/16 4
18 925 ]16134( 01 S/C P FLAT WASHER 5/16 4
19 915 12689 | 01 S/C P SCREW, HEX HEAD, 1/4-20 X 1"LG 4
20 930 |12699( 01 S/C P LOCK WASHER 1/4 4
21 925 12698 | 01 S/C P FLAT WASHER 1/4 4
22 425 | 11848 1 S/C P DRIVE CHAIN 6 FT. 6
23 425 |11849] 01 S/C P MASTER LINK 3
24 110 | 76702 | 100 C P ASSY 2:1 GEAR BOX 0
25 220 |91714( 01 A F TRANSPORT ELECTRICAL PANEL 1
Prepared by : Danny Phan Date : 01/13/03 RTC
Checked by : Date : 1335 S. Acacia Ave.
Approved by : Date : Fullerton Ca. 92831

Notes: F= fabricated part

P= purchased part
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MASTER

LINE |
NEUTRAL |
oND |

TO TB2-03
REF: 101770

DIGITAL I/0

P/N: 92213~01

OPTO22 PANEL

CARD

MODULE P/N

922

o o e e e ey

SEE H2 SCH.

SEE SMEMA SCH.
MODULE P/N : 92200~01
MODULE P/N : 92200-01
MODULE P/N : 92207-01
MODULE P/N : 92207-01
MODULE P/N : 92227-01
MODULE P/N : 92200-01

00~01

NOTE 1

K4 (FOR DELAYED POWER OFF)

K11 (FOR MOTOR CONTROL FEEDBACK)
K8 (FOR TRANSPORT MOTION FAULT)
K14 (ALARM)

LIGHT TOWER (OPTIONAL)
M.A./O2.ANALYZER (OPTIONAL)

H2 OPERATION (OPTIONAL)

SMEMA — BOARD COUNTER SENSOR (OPTIONAL})

K7 (FOR CONTROLLING PROCESS POWER ON)

E.M.#1

E.M.#2

E.M.#3

ESCRIPTION

DATE |APPROVED

9/3/96|C.ELLEC ~

E.M.#4

NEW. RELEASE  EO# 4? 12

ELEMENT MONITOR
P/N: 101403

ELEMENT MONITOR
P/N: 101403

ELEMENT MONITOR
P/N: 101403

ELEMENT MONITOR
P/N: 101403

NOTE 2

NOTES

SEE E.M. SCH. ELEMENT MONITOR (OPTIONAL) T I I T S R i
MODULE P/N : 92202-01 KSO (FOR WATER FLOW SWITCH) (WATER COOLING OPTIONAL)
e e mmmm—mmmmm e )
MODULE P/N : 9220401 THERMOCOUPLES INPUT (QTY DEPENTENT ON NUMBER OF ZONES)
MODULE P/N : 92201-01
- P/N: 76529-01
MODULE P/N : 92201-01 BOTTOM
CONTROL SIGNAL : 0-5VDC + SCR BLOCK
MODULE P/N : 92201-01 -
B/N: 92024
MODULE P/N : 92201-01
ANALOG CARD
MODULE P/N ¢ $2204—01 THERMOCOUPLE INPUT (WATER COOLING TEMP.)(OPTIONAL)
MODULE P/N : 92228-01 0.A. FEEDBACK (OPTIONAL)
! .
P/N:i92212—01 | MODULE P/N : $2228-01 M.A. FEEDBACK (OPTIONAL)
MODULE P/N : 92208-01 MOTOR SPEED CONTROL SIGANL
SEE H2 SCH. H2 SENSOR FEEDBACK (OPTIONAL) i >
b ;
)
e 5
i
:
POWER SUPPLY ! ] !
P/N: 92210-01 | : i )
]
1]
P ———— [ S :
H CONTROLLER !
1 COAXIAL CABLE
! P/N: 92211-01 [ F/Ni92231-01
Lo
i
IBM PC COMPATIBLE "MONITOR
] P/N:78416—02 P/N:90770-03
::[ - P/N: 10120601 i
P/N: 90770-01 BRINTER
B/ME 76415—01 (OPTIONAL)

1 ~ SEE TABLE FOR CHANNEL ASSIGNEMENT
FOR NUMBER OF EM. BOARDS

2 — SEE ELEMENT WIRING SCH,
3 -~ SEE ELEMENT WIRING SCH.

FOR NUMBER OF SCR BOARDS

o

T
i

ARCNET CARD
P/N:90770-04
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VOLTAGE P08 v | 480 V
PEAK POWER CONSUMPTION 16 KW | 22 KW
MAX. CURRENT (UNBALANCED) 38 A 26 A

GAS CONSUMPTION (MAX>| NITROGEN

1800 SCFH W/ALL FLOWMETERS @1007

NITROGEN/FORMING GAS

70 PSIG REGULATED PRESSURE

AVERAGE | 650 CFH
PROCESS EXHAUST
MAX 300 C
MAX
CABINET EXHAUST 1000 CFM
MAX 4°C

210 SHOWN FOR 10"B, 2°TH

1.50 DIA. STACK

10" BELT

EMO

-

I
1

66.00+1.30

49.75+1.50
36040+1.50

POVER INFUT

4350

. MAX PARTS HEIGHT 2 INCHES,

. 172" CLEARANCE BELT TO BAFFLE.

=N why

OPERATING MANUAL.

NOTES, UNLESS OTHERWISE SPECIFIED:

. CONVEYOR HEIGHT IS ADJUSTABLE UP AND DOWN 15°
. FOR COMPLETE INSTALLATION INSTRUCTIONS CONSULT FURNACE

. DIMENSIONS SHOWN FOR INSTALLATION REFERENCE ONLY ¢+ 1/23,

FROM STATED 36.00.

4" DIA, RECOMMENDED
INSULATED TUBING

REVISIONS

DESCRIPTION

ED4 DATE | ASSIGNET

A NEW RELEASE

.J,_GAS INPUT <374 FNPT>
Q

FORCED AIR COOLING INLETS

AN

©
{

O

RECOMMENDED PROCESS

GAS EXHAUST HOOD
(2 PLACES)

|
1
12* DIA. RECOMMENDED — =)

RECOMMENDED
CABINET EXHAUST

INSULATED TUBING
6 DIA. RECOMMENDED

2 X 35 HOOD
RECOMMENDED

CABINET COOLING EXHAUST

10BR.DD
124.00

6.00° MIN, - -
ABOVE THE STACK & o
2 PLACES i e f
nao .
ot [S)
a L ABOVE
TOP
M =Fu
BELT TRAVEL I
e

POVER INFUT——=

2,00

6,08
= 3
|

A & ("4

CONFIG, | 32678

NEXT ASSY|USED ON

PART NLMEER

UNLESS OTHERVISE SPETFIE
JDMENSIINS ARE IN INCHES
TOLERANCES ARG

ILCIMALS
XX .02

MATERIAL/ STOCK SI1ZE

radlant technology corp.

040 & JofPareen H, Amhsls, SaiHerrie. BAE

ANG FRACTIONS
s,

TOOLE

APPLICATION

DO NOT STALE IRAVING

INSTALLATION DWG
LA-310

SIZE[ FSIM NOL VG NI REV
A | 803-92435-XXX | A

SvALE NONE | |
R
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Appendix B

Controller Installation

Follow Engineering Specifications 25, 28, 34, and 42 to set up the jumpers and switches for the bricks and the
controller.

Connect the various cables between the bricks, the controller and the computer.

Turn the computer on. When the WIN 95 logo comes up, hold down the shift key to prevent the MMI from
starting, since the controller is not ready yet. If it started, exit.

The first time the controller is turned on, its memory is empty, and the software has to be downloaded. Double
click on the download icon in the radiant group in Windows. This will download the kernel (the Operation
System for the controller) and the RTC software, and start running it.

You can now start the MMI software by double clicking on the Furnace icon. From now on, startup will be
automatic.

Y ou should see the correct date and day in the bottom left corner. If not, go to the troubleshooting section.

Check thelog in dialog box for the 3 proposed users: operator, tech and rtc.
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Appendix C

Engineering Specifications

00025 Procedure for Jumpering Analog, 1/0 and Expansion Cards for OPTO 22

00028 SCR Power Control PCB Calibration, OPTO 22 Control System

00034 Calibration Procedure for Motor Speed Controller Board and Conveyor Belt (OPTO 22)
00042 Ethernet Installation and Troubleshooting
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— ENGINEERING ES NO: 00025
n_ 1r c SPECIFICATION

radiant technology corporation

REVISIONS | A E.O. 4906

9. APPROV | DonAdams
AL

PROCEDURE FOR JUMPERING ANALOG, I/0 AND EXPANSION CARDS
FOR OPTO 22

1.0 Scope

This document is intended to describe the procedure for jumpering an addressing all cardsin the OPTO 22
control system.

2.0 The brain boards have 3 groups of jumpers which must be set for proper operation; addressing, baud, and loop
back jumpers. (See figure 1 for jumper location on brain board.)

2.1 ADDRESSING: Every 1/0 or Analog card (brick) needs a unique address.
Card or Brick JFP1
number

X =JUMPER INSTALLED
0=NO JUMPER INSTALLED

Boo~vouhrwnro

cNeNoNoNoNeNoNeNoRe NN
OoococooOO0OOOOOO®
Ooo0oo0o0O0OO0OO0OOOOuU
oNeNeNeNoNeNoNoNoNoNal¥N
Xoooooooooow
OoOOXXXXooooN
XooXXooXXoopr
oOoXoXoXoXoXoo

2.2 BAUD JUMPERS: All cards (bricks) must have the same baud rate setting, 115.2 K
JP2
7 6 5 4 3 2 1 0
0 0 X X X X X 0 =115.2K

2.3LOOP BACK JUMPERS: Install loop back jumpers on last card (brick) only.
JP3
X X X X X X

3.0 ANALOG CARD (BRICK) EXPANSION: Analog card (brick) which has an associated
Expansion card (brick) must have the expansion cable attached to the brain card.
NOTE: No jumpers required. Seefigure 2 for expansion cable installation.

10. ORIGINATOR: ALEX 11.DATE: 7/29/96 PAGE
REY
ISSUED: Leelablin DATE: 1 OF 2
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— ENGINEERING ES NO: 00025
n_ 1r c SPECIFICATION

radiant technology corporation

REVISIONS | A

12. APPROV
AL

Local SERV O Control Brick Brain

FIGURE 5

12.1. Expansion Board

FIGURE 6
13.0RIGINATOR: ALEX | 14.DATE: 7/29/96 PAGE
REY
| SSUED: DATE: 2 OF 2
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RTE

ENGINEERING ES NO: 00028

SPECIFICATION

radiant technology corporation

REVISIONS
14.1. A

14.2. |

15, APPROVAL 09/16/96

05/26/99

SCR POWER CONTROL PCB CALIBRATION, OPTO22 CONTROL SYSTEM

1. SCOPE

This procedure covers the zero crossing and span adjustment for 50Hz or 60Hz SCR power

control PCB.

NOTE: This procedure should be performed every six months to ensure proper furnace

operations.

3.1 Zero Crossing Adjustment

The zero potentiometer has both positive and negative voltages available. By
turning the zero control clockwise the unit’s output voltage will increase

proportionately to the adjustment. Turning it counterclockwise will decrease it.
3.2 Span Adjustment

The span potentiometer is used to adjust the maximum output. It will adjust a
command signal input. Clockwise adjustment increases the output while

counterclockwise decreases the output.
2. TEST EQUIPMENT REQUIRED
2.1 You MUST use atrue RMS Voltmeter.
2.2 Trimpot adjustment tool.

3. PROCEDURE

3.1 For windows 3.1 you must bein “Warm-Up” state.
For Windows 95 you must be in “Cool-Down” state.

3.2Click onicon “MAINT”
3.3Click on “CALIBRATE SCR”
3.4 Click on “START”. Make sure the lamp power ison. (Indicator light must be

green; if itisnot you are not in a“Warm-Up” state.)

3.5 Go to the SCR power control PCB and adjust the zero potentiometer until the LED
indicator isflashing. Turn to the lowest setting possible with the LED still flashing.

3.6 Click on “ Stop”
3.7 Click on “Done”
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3.8 Span: Set al zones and edge heats to 0% power.

3.9 Setthetrue RMS voltmeter to AC voltage and connect the |eaads across the load; the positive leato load on SCR
power control PCB (1) and the negative lead to either side of the return fuse (2). See Element Wiring Schematic for

details.

EXAMPLE:

3.10 Set the applied power in the appropriate zone for 50% power and go to “Warm-Up” state. Adjust

the span potentionmeter to 50% of the line voltage using the following formula:

50% = INPUT VOLTAGE
02

NOTE: Due to some interaction between controls, it may be necessary to repesat adjustments 3.0

through 3.10
PAGE
19. ORIGINATOR: 20. DATE: G
|SSUED: DATE: 2 of 2
Rev J3 Copyright ©2000 by Radiant Technology Corporation. All rights reserved. No part of the document may be used or Page 109

reproduced in any manner whatsoever without written permission. For information, address RTC, 1335 S. Acacia
Avenue, Fullerton, CA. 92831-5315 USA



[ ] ENGINEERING ES NO: 00034
_—_— 1r c SPECIFICATION

radiant technology corporation

REVISIONS
201. B 20.2.

Alex R
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CALIBRATION PROCEDURE FOR MOTOR SPEED
CONTROLLER BOARD AND CONVEYOR BELT (OPTO 22)
1.0 SCOPE

This document isintended to describe the configuration of the motor control board and calibration procedure for the OPTO 22 controller
system.

2.0 The motor speed controller board has a horsepower select switch on the main control board (see figure 1 for switch location on board).
The proper DIP switch settings for carious Bodine motor types can be set using the following procedure.

Determine the first four digits of the motor’ s type from the motor nameplate. Find the same four digits in the following chart and set the
switches accordingly.

MOTOR TY PE DIP SWITCH LEVERS IN MOTOR CONTROL BOARD MOTOR FUSE
THE “ON” POSITION (F2)
34B3 (1,2,3)/(1,2,368) ABL-3910C/ 3911C 1-1/2 AMPS
34B4 (2.4)/(2,4,6,9) ABL-3910C/ 3911C 2 AMPS

2.1 The control output or “Motor Fuse’ must be selected based on the size of the motor. Itsrating can be determined by referring
to the chart.

2.2 Direction switch: CLOSE = CW, OPEND = CCW (Seefigure 1 for switch location.)

2.3 The motor control board is designed to operate on anominal 120 VAC, 50 or 60 Hz. If a50 Hz sourceis
used, jumper J5 on the main control board must be cut. (Seefigure 1 for jumper location.)

3.0 PROCEDURE FORBELT CALIBRATION
a  Setthetransport speed to half the maximum transport speed.
b. Calculate the desired timefor a part to travel through the furnace.
L =total length of chamber | S=belt speed | Desired time=L/S

c. Runapart through the furnace and time it from the entrance to the exit of the chamber. Thisisthe actual time.

d. GotoMAINT. SCREEN.

e. Click SETUPICON.

f.  Goto belt speed field and enter the actual time.

g. Exit from SETUP window.

PAGE
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Alex Rey

Model 3911C

FIGURE 4 —CONTROL CIRCUIT BOARD DETAIL
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CONTROL CIRCUIT BOARD DETAIL

FIGURE 4 CONTROL CIRCUIT BOARD DETAIL
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28. Setup of Windows® PC Ethernet Interface

28.1. Insert the Windows 98© CD intothedrive.

28.2.  Open Windows Control Panel <start/settings/control panel>

28.2.1.

28.2.2.

28.2.3.

28.2.4.

28.25.

28.2.6.

28.2.7.

28.2.8.

28.2.9.

Rev J3

Double click on the “ Network” Icon.
Select “Add” from the“ Configuration” Dialog box.

Select “Client” from the “ Select Network Component Type” Dialog box, then “ADD” from the
“Select Network Client? Dialog box.

In the Data window, select “Microsoft/Client for Microsoft Networks’,
then select the “OK” pushbutton.

Again, Select “Add” from the“ Configuration” Dialog box.

Select “Protocol” from the “ Select Network Component Type’ Dialog box, then “ADD” from the
“Select Network Client? Dialog box.

In the Data window, select “Microsoft/NetBEUI”, then select the “OK”
pushbutton.

From the“ Componentsinstalled Window” on the “Network” dialog box, Select the* TCP/IP-
>...Ether....> component.

Then on the TCP/IP “ Properties’ for “FastEtherLink .... Dialog Box, Select the “ Specify an I P
Address’ Bullet

Enter the following IP Address. 10.192.105.100 and Subnet Mask as
255.255.255.0, then click “OK”.

On the Re-boot system Dialog Box, Select NO.
On the “Network” Dialog box, select the“ I dentification” TAB.
28.2.8.1. Change the Computer Name: <FO #>
28.2.8.2. Change the Workgroup: Furnace
28.2.8.3. Change the Computer Description: <Furnace M odel #>
Then Select “Ok”
28.2.8.4. On the Re-boot system Dialog Box, Select NO.
On the “Network” Dialog box, select the“File & Print Sharing” pushbutton.
28.2.9.1. Click the“| want to be ableto give other s accessto my files” checkbox.

28.2.9.2. Enter the User Name as“<FO#>" then select “ OK”
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28.2.10. On the*“ System Settings Change’, Dialog box, select “ Yes' to Reboot.

28.2.11. On Windows®© desktop, Double Click the “My Computer” Icon, then Right Click The“C:” disk
driveicon.

28.2.11.1.0n the pull down menu, Select Sharing

28.2.11.2.0n The “C: Properties/Sharing” Dialog box, Select the “Shared As’ Bullet, then
Select “Ok”.

Note: Leave al other item to their default setting (Name C, Read Only).
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29. Reset and Assign an | P Addressto the LCM4 Controller’s Ethernet Card.

29.1. Removethe M4Senet-100 Opto Ethernet card from the controller chassis.

Note: Follow standard anti-static dissipative procedures when removing and handling
the card.

29.1.1. Remove Ethernet and RS-232 connectors

29.1.2. Release (4) front panel set screwsand (2) covers

Setscr
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29.1.3. Remove Card from chassis.

29.2. MovetheJ7 Jumper to the Module Reset Position as shown in the following diagram

29.3. Reinstall the MASENET-100 card into the Opto22 controller box.

29.4.  Apply power tothe system.
Note: The power switch on the PC may need to beinitialized.

29.4.1. Wait for the STD LED on the MASENET Card to stop blinking, and then turn remove power
from the system.

ote: This procedure resets the Opto22 Ethernet Card to its factory default settings.
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29.5.

29.6.

29.7.

29.8.

29.9.

29.10.

29.11.

29.12.

29.13.

29.14.

After removing power from the system, again removethe MASENET card and restorethe J7 Jumper toits
normal position as shown below

Reinstall the MASENET-100 card into the Opto22 controller box making surethe coversand set screwsare
in place.

From the Windows®© Toolbar, Select <Start/Programs/Opto22/OptoEnet-10/OptoBootP Utility>
On the “Opto BootP” Dialog box, Click the“Listen” Pushbutton.

After afew seconds, in the dialog box’s data window, a Mac address will belisted followed by 0.0.0.0 P

Double Click on the 0.0.0.0 field to assign an | P Address

Enter “10.192.105.102" for the I P Addressand “ 255.255.255.0” for the Subnet Mask. L eavethe Gateway
field 0.0.0.0.

Click on the® Send” pushbutton to assign the entered address.
The Data Window should now be updated to display a“Yes’ under the“ Sent” Column.

Click on “Exit” to leave the Opto BootP application.

30. Troubleshooting Windows® Setup of Ethernet Connection

30.1.

30.2.

30.3.

30.4.

30.5.

30.6.

Rev J3

Click on the“ Start” button

Select the “ Settings’ menu

Select the “ Control Panel” folder

Find, Select and Open the“ Network” icon
Click on the“Configuration” tab

Check to seethat the following appear under thelisting for “ The following network componentsare
installed:”
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(Note: asthe actual Ethernet card installed in each furnace may vary, the actual text
may reflect the specific model of Ethernet card actually installed. Below, the protocol
issmply referenced as“... Ethernet ...” )

NetBEUI -> ... Ethernet ...
TCP/IP-> ... Ethernet ...

30.7. Select and highlight the “TCP/IP -> ... Ethernet ...” protocol in the menu.
30.8. Click the“Properties’ button.
30.9. Click onthe*IP Address’ tab
30.10. Check to make surethe“Specify an |P address:” selector switch ismarked.

30.11. If not, select and set the following

IP Address:  10.192.105.100
Subnet Mask: 255.255.255.0

30.12. Click the“OK" button
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31. Verify that the external Opto22 SNAP-LCM4 controller’sjumpersare configured correctly
Jumper the following

E/R Bl
AUTO B2
XO B3
X1 A0

Figure 31-1 LCM4 External Jumpers
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Appendix D

Material Safety Data Sheets

Kaowool

Mercury
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MATERIAL SAFETY DATA SHEET

1. CHEMICAL PRODUCT

Trade Name:

Chemical Name: VITREOUS ALUMINOSILICATE FIBERS

Synonym(s): Ceramic fiber; refractory fiber; MMVF; refractory ceramic fiber; RCF
synthetic vitreous fiber (SVF), man-made vitreous fiber (MMVF)

Grade(a):

Manufacturer/Supplier:
CHEMTREC Assistance: 1-800-424-9300
Effective Date: 03/16/98 Supersedes- 09/18/97

2. COMPOSITION /INFORMATION ON INGREDIENTS

COMPONENTS CASNUMBER % BY WEIGHT
Aluminosilicate fiber (vitreous) 142844-00-6 1100

(See Section 8 “Exposure Controls/ Personal Protection” for exposure guidelines)

3. HAZARDSIDENTIFICATION

EMERGENCY OVERVIEW
WARNING! POSSIBLE CANCER HAZARD BY INHALATION. MAY CAUSE SKIN, EYE, AND
RESPIRATORY TRACT IRRITATION. MAY BE HARMFUL IF INHALED. HAZARD DEPENDS
ON DURATION AND LEVEL OF EXPOSURE. WHITE ODORLESS FIBROUS BLANKET.

HAZARD RATINGS

HAZARDOUS MATERIALS INFORMATION SYSTEM (HMIS) RATINGS:
Hedth: 1*  Flammability: 0 Reactivity: 0 Personal Protection Index: X

POTENTIAL HEALTH EFFECTS
TARGET ORGANS: Skin, eyes, and lungs.

INHALATION: If inhaled in sufficient quantity, may cause respiratory tract irritation.
Symptoms may include scratchiness of the nose or throat, cough or chest
discomfort,

EYE CONTACT: Slightly to moderately irritating. Fibers may be abrasive; prolonged contact

may cause damage to the outer surface of the eye.

SKIN CONTACT: Slightly to moderately irritating. Exposure may result inirritation,
inflammation, rash or itching.

INGESTION: If ingested in sufficient quantity, may cause gastrointestinal disturbances.
Symptoms may include nausea, vomiting, or abdominal pain.
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CHRONIC EFFECTS:

Studies to date, involving occupationally exposed workers, have not
identified any increased incidence of respiratory disease. Long-term, high-
dose exposure to specially-sized, rodent respirable fiber has resulted in the
development of fibrosis, lung cancer and mosotheliamein rats & hamsters.
See Sections 11 & 16 of this MSOS for more information.

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE:
Pre-existing medical conditions, including dermatitis, asthma or chronic lung disease may be
aggravated by exposure; individuals who are atopic (with a history of allergies) may experience
greater amounts of skin and respiratory irritation.

HAZARD CLASSIFICATION:

Although studies, involving occupationally exposed workers, have not
identified any increased incidence of respiratory disease, results from animal
testing have been used as the basis for hazard classification:

The Seventh Annual Report on Carcinogens (1994), prepared by the National Toxicology Program (NTP),
classified respirable RCF and glass wool as substances reasonably anticipated to be carcinogens.

The International Agency for Research on Cancer (IARC) has classified
ceramic fiber, fibrous glass wool and mineral wool (rock wool & dlag
wool) as possible human carcinogens (Group 2b) based on sufficient
evidence of carcinogenicity in animals, but insufficient datain humans.

The State of California, pursuant to Proposition 65, The Safe Drinking Water and Toxic Enforcement Act of 1988,

has listed "ceramic fibers (airborne fibers of respirable size)" as amateria known to the State of Californiato cause
cancer.

The Commission of The European Communities (DG XI) has classified
RCF as

substances which should be regarded asif they are carcinogenic to man.

IARC has also classified respirable Crystalline silica, a possible byproduct
of RCF devitrification following sustained, high-temperature (> 1 800°F)
use, as a substance known to be carcinogenic to humans (Group 1).

4. FIRST AID MEASURES

FIRST AID PROCEDURES
INHALATION:

EYE CONTACT:

SKIN CONTACT:

If respiratory tract irritation occurs, relocate individual to a dust free environment. Get medical attention if irritation
persists. See Section 8 for additional measures to reduce or eliminate exposure.

If eyes becomeirritated, flush immediately with large amounts of lukewarm water for at least 15 minutes. Eyelids
should be held away from the eyeball to ensure thorough rinsing. Do not rub eyes. Get medical attention if
irritation persists.

If skin becomes irritated, remove contaminated clothing. Do not rub or
scratch exposed skin. Wash area of contact thoroughly with soap and water.
Using a skin cream or lotion after washing may be helpful.
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INGESTION: If gastrointestinal irritation occurs, relocate individual to adust free
environment. Seek medical attention if symptoms persist.

NOTES TO PHYSICIANS: Skin and respiratory effects are the result of mechanical irritation; fiber
exposure does not result in alergic manifestations.
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5. FIRE FIGHTING MEASURES

4 -- EXTREME

FLAMMABILITY
3--HIGH

2-- MODERATE

SPECIAL
HAZARDS

1--SLIGHT

0 -- INSIGNIFICANT

NFPA Unusual Hazards: None

Flammable Properties:
Flash point: None
Method: N. App

Flammable Limits:
Lower Flammable Limit: N. App.
Upper Flammable Limit: N. App.
Autoignition Temperature: None
Hazardous Decomposition Products: None
Extinguishing Media: Use extinguishing media suitable for type of surrounding fire.

Unusual Fire and Explosion Hazard: None

6. ACCIDENTAL RELEASE MEASURES

SPILL PROCEDURES

Use vacuum suction with HEPA filters to clean up spilled material. Use wet sweeping or a dust
suppressant

where sweeping is necessary.

/. HANDLING AND STORAGE

HANDLING AND STORAGE

Handle ceramic fiber with caution. Minimize airborne dusts by avoiding the unnecessary disturbance
of
materials.

Prolonged exposure to high temperatures generally increases the relative friability of Aluminosilicate
fibers. Removal and clean up of after service product may result in exposure to a mixture of crystalline

phase silica and vitreous Aluminosilicate fiber (See Section 16 for more details). Depending on
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product use, other contaminants may also be present. During removal, the exposed material should be
frequently misted with water to minimize airborne dust. A surfactant may be added to the water to
improve the wetting process. Use only enough water to wet the insulation. Do not alow water to
accumulate on floors.

Clean Up
Dust suppressing cleaning methods such as wet sweeping or vacuuming should be used to clean the

work area. If vacuuming is used, the vacuum must be equipped with a HEPA filter. Compressed air or
dry sweeping should not be used for cleaning. Dust suppressing compounds may be used to clean up
light dust.

EMPTY CONTAINERS: Product packaging may contain residue. Do not reuse.

8. EXPOSURE CONTROL SPERSONAL PROTECTION

EXPOSURE GUIDELINES

Components OSHA (PEL ACGIH (TLV) SUPPLIER
Aluminosilicate fiber (vitreous) None Established None Established 0.6 fiberize
8-hr

TWA (RCFC)*
* Pending the results of long-term health effects studies, airborne exposures should be controlled at or
below
the Refractory Ceramic Fiber Coalition (RCFC) Recommended Exposure Guidelines listed above.

ENGINEERING CONTROLS

Dust suppressing control technologies - such as local exhaust ventilation, point of generation dust
collection, down draft work stations, emission controlling tool designs, and materials handling
equipment are effective means of minimizing airborne fiber emissions.

PERSONAL PROTECTION EQUIPMENT

Respiratory Protection:
Aluminosilicate Fiber

When engineering and/or administrative controls are insufficient, the use of appropriate respiratory
protection, pursuant to the requirements of OSHA 1910.134 AND 29 CFR 1926.103, is recommended.
The following information is provided as an example of appropriate respiratory protection for
Aluminosilicate fibers. The evaluation of workplace hazards and the identification of appropriate
respiratory protection are best performed, on a case by case basis, by aqualified Industrial Hygienist.

OSHA HASNOT ESTABLISHED A SPECIFIC PERMISSABLE EXPOSURE LIMIT (PEL) FOR
RCF.

Rev J3 Copyright ©2000 by Radiant Technology Corporation. All rights reserved. No part of the document may be used or Page 126
reproduced in any manner whatsoever without written permission. For information, address RTC, 1335 S. Acacia
Avenue, Fullerton, CA. 92831-5315 USA



SUPPLIERS RESPIRATORY PROTECTION RECOMMENDATIONS (WHEN HANDLING RCF
PRODUCTYS)
Respirable Airborne Fiber Concentration Respirator Recommendation
Lessthan 0.5 f/cc No specific recommendation. User preference based
upon conditions present.
0.5f/ccto 5.0 f/cc Half-face, air-purifying respirator equipped with a
high-efficiency particulate air (HEPA) filter cartridge.
5.0 f/ccto 25 f/cc Full-face, air-purifying respirator equipped with a
high-efficiency particulate air (HEPA) filter cartridge.
More than 25 f/cc Full-face piece, positive pressure supplied air
respirator.

OTHER INFORMATION:
(1) Concentrations based upon an eight-hour time weighted average (TWA) as determined by air
samples collected and analyzed pursuant to NIOSH method 7400 (B) for airborne fibers.

(2) During fumace tear-out activities/after service RCF removals, the manufacturer recommends, at a
minimum, the use of full-face piece air purifying respirator equipped with a high-efficiency
particulate air (HEPA) filter cartridge to control fiber and potential crystalline silica exposure.

(3 Intheabsence of other objective data or when concentrations are unknown, the manufacturer
recommends the use of half-face, air purifying respirator equipped with a high-efficiency
particulate air (HEPA) filter cartridge.

(4) Situations involving a potential exposure to airborne contaminants should be evaluated by a
gualified industrial hygienist for the selection of appropriate respiratory protection and air
monitoring.

(5) The American Conference of Governmental Industrial Hygienists (ACGIH) has not adopted a
threshold limit value (TLV) recommendation for RCF.

SKIN PROTECTION:  Wear gloves, head coverings and full body clothing as necessary to prevent
skinirritation. Washable or disposable clothing may be used. If possible,
do not take unwashed clothing home. Work clothes should be washed
separately from other clothing and the washing machine rinsed thoroughly
following use. Inform the launderer of the proper procedures. Store work
clothes and street clothes separately to prevent contamination.

EYE PROTECTION: Wear safety glasses or chemical goggles to prevent eye contact. Do not
wear contact lenses unless chemical goggles are also worn. Do not touch
eyes with contaminated body parts or materias. Have eye washing
facilities readily available where eye contact can occur.

See Section 16 regarding handling considerations for after service Aluminosilicate fiber.

9. PHYSICAL AND CHEMICAL PROPERTIES

Odor and A ppearance: White, odorless fibrous blanket.
Chemical Family:  Vitreous Aluminosilicate fibers
Boiling Point. N. App. % Solubility in Water N. App.
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Melting Point: 1760°C (3200°F) Specific Gravity:  2.73

Vapor Pressure: N. App. pH: N. App.
Vapor Density (Air=1): N. App. % Volatile: N. App.
Molecular Weight: N. App. Molecular Formula: Al;05.1.6 SO,

10. STABILITY AND REACTIVITY

CHEMICAL STABILITY: Stable under conditions of normal use.

INCOMPATIBILITY: Soluble in hydrofluoric acid, phosphoric acid, and concentrated alkali.

CONDITIONSTO AVOID: None.
HAZARDOUS DECOMPOSITION PRODUCTS: None.
HAZARDOUS POLYMERIZATION: Not Applicable.
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11. TOXICOLOGICAL INFORMATION

The existing toxicology and epidemiology date bases for RCF's are based on ongoing studies. The
following is a summary of the resultsto date:

EPIDEMIOLOGY

An epidemiologic investigation, being conducted by the University of Cincinnati, of RCF production
workersin

the U.S. isongoing. The evidence obtained from employeesin U.S. RCF manufacturing facilities, is as
follows:

1) Thereis no evidence of any fibrotic lung disease (interstitial fibrosis) on x-ray.

2) Thereis no evidence of an elevated incidence of lung disease among RCF manufacturing employees
who
were exposed to RCF.

3) Inthe exposed population, a statistical “trend”, comparing initial test results (circa 1987) to
predicted norms as based on breathing tests, was observed between the duration of exposure to RCF
and a decrease in some measures of pulmonary function. The observations are considered to be
statistically significant, but clinically insignificant. In other words, if these observations were made on
an individual employee, the results would be interpreted as being within the normal (predicted)
respiratory range. A more recent longitudinal study of employees with 5 or more pulmonary function
tests found that there was no further effect on lung function associated with RCF production
experience.

4) Initial data (circa 1987) indicated that the decrease in pulmonary function appears to be greater in
employees who smoke. RCF exposure and smoking behavior seem to demonstrate an interactive
effect; in other words, RCF-exposed smokers seemed to show a greater decrease in respiratory function
than would be produced by combining the average decrease observed from RCF-exposure only and
smoking behavior only. More recent data and analysis have found that the smoking/production
interactive effect is no longer observable. Nonetheless, to promote good health practices, employees
are till actively encouraged not to smoke.

5) Pleural plagues, which are discrete areas of pleural thickening usually on the parietal pleuraor
diaphragm, have been observed in asmall number of RCF employees. There appears to be a dose-
response rel ationship between the occurrence of pleural plagues on chest radiographs and the following
variables: @) years since RCF production hire date; b) duration of RCF production employment; and c)
cumulative RCF exposure. The best evidence to date indicates that pleural plaques are a marker of
exposure only. Thereisvirtually no evidence to suggest that pleura plaques are a precursor
mechanism of respiratory conditions such as interstitia fibrosis, lung cancer, or mesothelioma. Under
most circumstances, pleural plaques are not associated with pulmonary impairment. The pathogenesis
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of pleural plagues remains incompletely understood; however, the mechanism appears to be an
inflammatory response caused by inhaled fibers transported via lymphatics to the sub-pleural area.

TOXICOLOGY

Man-made vitreous fiber (MMVF) based products, including RCF, contain fibers of different sizes,
some of which are small enough to be respirable by humans. Scientists have been conducting research
since the 1950's to determine the potential risks for adverse health effects which may result from fiber
inhal ation.

In 1987 the International Agency for Research on Cancer (IARC) classified man-made vitreous fibers
including glass wool, rock wool, slag wool, and RCF as possible human carcinogens (2B). More
recently, the U.S. Department of Health and Human Services classified the respirable fibers of glass
wool and RCF as "substances which may reasonably be anticipated to be carcinogens’ (National
Toxicology Program, 7th Annual Report on Carcinogens, 1994).

To date, anumber of toxicologica studies have been conducted which utilize non-physiological
exposure methods such as intra-pleural, intraperitoneal and intra-tracheal implantation or injection.
Some of these studies concluded that RCF is a potential carcinogen. Some experts, however, suggest
that these tests have limited

relevance because they bypass many of the biological mechanisms which prevent fiber deposition or
facilitate

fiber clearance.

Other toxicological studies utilizing a physiological exposure method, inhalation, have produced
findings of respiratory disease in rodents. The most recent RCF-inhalation studies were conducted at
the Research and Consulting Company, Geneva, Switzerland. Rats and hamsters were exposed, using
anose-only inhalation system, to the “maximum tolerated dose” of 30 mg/m? (about 200 fibers/cc) of
specially-prepared RCF for 6 hours/day, 5 days/week, for up to 24 months. 1n another research effort,
other rats were exposed, in a multi-dose study with asimilar protocol, to doses of 3 mg/m®, 9 mg/m?®,
and 16 mg/m?*, which corresponds to about 25, 76, and 115 fibers/cc.

No acute respiratory effects were seen in the rats in the 3 mg/m? exposure group. Some cases of mild
parenchymal fibrosis and one mesothelioma were observed in the 9 mg/m® group. Some cases of
pleural and parenchymal fibrosis were seen in the 16 mg/m?® and in the 30 mg/m?® exposure group. In
addition to a gtatistically significant increase in lung tumors, two mesotheliomas were also observed in
the 30 mg/m* group. Hamsters, exposed to only the highest dose, did not develop lung tumors.
However, a moderate amount of interstitial fibrosis was seen, as well as a 42% incidence rate of
mesothelial tumors.

These studies have found RCF to be arodent carcinogen, under the conditions of lifetime exposure at

high doses. These studies suggest that there may be a dose/response threshold, below which
irreversible respiratory impacts do not occur.

12. ECOLOGICAL INFORMATION

Ecotoxicological Information:  No data available.
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Distribution: No data available.

Chemica Fate Information: No data available.

13. DISPOSAL CONSIDERATIONS

DISPOSAL: Aluminosilicate fiber is not classified as a hazardous waste according to Federal regulations (40 CFR 261). Check local,
regional, state or provincia regulations for applicable requirements for disposal. Any processing, use, ateration or chemical
additions to the product, as purchased, may alter the disposal requirements. Under Federal regulations, it is the waste
generator's responsibility to properly characterize a waste material, to determine if it is a“hazardous’ waste.

EMPTY CONTAINERS: Product packaging may contain product residue. Do not reuse.

14. TRANSPORT INFORMATION

U.S. DEPARTMENT OF TRANSPORTATION (DOT)

BILL OF LADING DESCRIPTION(49 CFR 172.202): NON-REGULATED
UNITED NATIONS (UN) NUMBER: NOT APPLICABLE

NORTH AMERICA (NA) NUMBER: NOT APPLICABLE

15. REGULATORY INFORMATION

Key statutory and regulatory classifications or listings for the product, as manufactured, which may impact product storage, use, handling or disposal:

U.S. FEDERAL REGULATIONS

Comprehensive Environmental Response
Compensation and Liability Act of 1990 (CERCLA):

Constituents regulated as hazardous substances under the Comprehensive Environmental Response
Compensation and Liability Act (CERCLA 40 CFR 302):

Constituent RQ in Pounds
NONE

Most RCF products, including this product, are composed of RCF with an average diameter greater
than 1 micron, and therefore are not considered CERCL A hazardous substances. See 60 FR 30934
(June 12, 1995).

Clean Air Act (CAA):

Substances regulated as hazardous air pollutants under Section 112 of the Clean Air Act Amendments

of
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1990:

Chemical Name
NONE

Most RCF products, including this product, are composed of RCF with an average diameter greater
than 1
micron, and therefore are not considered hazardous air pollutants. See 60 FR 30934 (June 12, 1995).

Toxic Substances Control Act (TSCA):
All substances in this product are listed, as required, on the TSCA inventory. Refractory ceramic
fiber has been assigned a CAS number; however, it is asimple mixture and therefore not required to
be listed on the TSCA inventory. The components of RCF are listed on the inventory.

This product contains refractory ceramic fiber and is subject to an EPA TSCA Section 5(e) Consent
Order and may be subject to TSCA Section 12(b) Export Notification requirements. Monitoring of
airborne workplace fiber concentrations is being conducted under the consent order.

Superfund Amendments and Reauthorization Act (SARA) Title 111 Information:

SARA Hazard Category:
Listed below are the hazard categories for the Superfund Amendments and Reauthorization Act
(SARA)

Section 311/312 (40 CFR 370):
Immediate Hazard: - Fire Hazard: - Reactivity Hazard: -
Delayed Hazard: X Pressure Hazard: -

SARA 311/312 Information:

Toxic chemical(s) subject to the annual reporting requirements of the Superfund Amendments and
Reauthorization Act (SARA) Section 313 (40 CFR 372):

Chemical Name CAS Number Concentration
NONE

EPA has proposed to place man-made mineral fibers, including PCF, on the list of substances subject
to the

annual TRI reporting requirements, but afinal listing decision has been deferred indefinitely. See 69
FR 61439

(November 30, 1994).

SARA 302/311/312 Information:
Extremely hazardous substances subject to the notification and inventory reporting requirements of
the
Superfund Amendments and Reauthorization Act (SARA) Section 302 (40 CFR 355) and Section
311/312 (40
CFR 370) respectively:
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Chemical Name CAS Number Concentration
NONE

STATE REGULATIONS

Cdlifornia:
Substance(s) listed by the State of California on Proposition 65, the Safe Drinking Water and Toxic
Enforcement Act of 1986:

Chemical Name CAS Number
Ceramic fibers (airborne particles of respirable size) 142844-00-6

New Jersey:

Chemical(s) which are listed as a special health hazard substance as defined in New Jersey Worker and
Community Right to Know Act, New Jersey Administrative Code, Title 8, Department of Health,
Chapter 59, Subchapter 10.

Chemical Name. CAS Number
NONE

Pennsylvania

Chemical(s) which are listed as a specia health hazard substance as defined in Pennsylvania Right-to-
Know

Law, Section 3800:

Chemical Name CAS Number
NONE

INTERNATIONAL REGULATIONS

Canadian Workplace Hazardous Material s Information System (WHMIYS):
The following Canadian Workplace Hazardous Materias Information System (WHMIS) categories
apply to this product:

Compressed Gas: -  Flammable/Combustible: - Oxidizer: - Acutely Toxic: -
Other Toxic Effects: X Biohazardous: - Corrosive: -  Dangerously Reactive: -

Canadian Environmental Protection Act (CEPA):
All substancesin this product are listed, as required, on the Domestic Substances List (DSL).

Chemical(s) which are listed on the Non-Domestic Substances List:

Chemical Name. CAS Number
NONE
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16. OTHER INFORMATION

After Service RCF: Removd

As manufactured, RCF products are vitreous Aluminosilicates which do not contain respirable
crystaline silica. However, following sustained, high temperature (> 1800°F) usg, it is possible for
portions of the exposed RCF to devitrify into mullite or crystalline phase silica (cristobalite or quartz).
Chronic exposure to respirable crystalline silicamay lead to lung disease. |ARC has concluded that:
“Crystalline silicainhaled in the form of quartz or cristobalite from occupational sourcesis
carcinogenic to humans (Group 1). [[ARC Monograph 68, June 1997, p. 210-211]. The Occupationa
Safety and Health Administration (OSHA) has adopted a permissible exposure limit (PEL) for
respirable cristobalite at 0.05 mg/rn®. When needed, the use of proper exposure controls and
respiratory protection is recommended to reduce potential health risks and to ensure compliance with
OSHA requirements. The evaluation of workplace hazards and the identification of appropriate
respiratory protection is best performed, on a case by case basis, by aqualified Industrial Hygienist.

Definitions:

ACGIH: American Conference of Governmental Industrial Hygienists

CAS: Chemical Abstracts Service

EPA: Environmental Protection Agency

f/cc: Fibers per cubic centimeter

HEPA: High Efficiency Particulate Air

HMIS: Hazardous Materials Information System

mg/rn*: Milligrams per cubic meter of air

NFPA: National Fire Protection Association

NIOSH; National Institute for Occupational Safety and Health

OSHA: Occupational Safety and Health Administration

29 CFR 1910.134 & 1926.103: OSHA Respiratory Protection Standard
29 CFR 1910.1200 & 1926.69: OSHA Hazard Communication Standard

PEL. Permissible Exposure Limit

FCRA: Resource Conservation and Recovery Act

SARA: Superfund Amendments and Reauthorization Act

Title 1: Emergency Planning and Community Right to Know Act

Section 302: Extremely Hazardous Substances
Section 304 Emergency Release
Section 311 MSDS/List of Chemicals and Hazardous Inventory
Section 312: Emergency and Hazardous Inventory
Section 313: Toxic Chemicals and Release Reporting

SVF: Synthetic Vitreous Fiber

TLV: Threshold Limit Value (ACGIH)

TSCA: Toxic Substances Control Act

DISCLAIMER
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The information presented herein is based on data considered to be accurate as of the data of
preparation of this Material Safety Data Sheet. However, no warranty or representations express or
implied, is made as to the accuracy or completeness of the foregoing data and safety information. In
addition, no responsibility can be assumed by vendor for any damage or injury resulting from abnormal

use, from any failure to adhere to recommended practices, or from any hazards inherent in the nature of
the product.
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CI TY CHEM CAL -- MERCURY - MERCURY, ACS
MATERI AL SAFETY DATA SHEET

NSN: 6810002817453

Manuf acturer's CAGE: 8@&E80

Part No. Indicator: A

Part Nunber/ Trade Nanme: MERCURY

Item Nanme: MERCURY, ACS

Conpany's Nane: CITY CHEM CAL CO
Conmpany's Street: 100 HOBOKEN AVE
Conpany's City: JERSEY CITY

Conpany's State: NJ

Conmpany's Country: US

Conpany's Zip Code: 07310

Conpany's Energ Ph #: 201-653- 6900/ 800- 424- 9300( CHEMIREC)
Conpany's Info Ph #: 201-653-6900
Distributor/Vendor # 1: CITY CHEM CAL CORPORATI ON (201-653-6900)
Di stributor/Vendor # 1 Cage: 83628
Record No. For Safety Entry: 007

Tot Safety Entries This Stk#: 007
Status: SE

Dat e MSDS Prepared: 24APR95

Saf ety Data Review Date: 02AUE5
Supply Item Manager: CX

MSDS Preparer's Name: UNKNOMWN

MSDS Serial Number: BXGYF

Speci fication Nunber: O C 265C

Spec Type, Grade, Cass: NONE

Hazard Characteristic Code: C2

Unit OF Issue: BT

Unit O Issue Container Qy: 500 G
Type O Container: G.ASS BOTTLE

Net Unit Weight: 1.1 LB

NRC/ St at e Li cense Nunber: NOT RELEVANT

Proprietary: NO

I ngredi ent: MERCURY (SARA 313) (CERCLA)

I ngredi ent Sequence Nunber: 01

Percent: UNKNON

NI OSH ( RTECS) Nunber: 0Ov4550000

CAS Number: 7439-97-6

OSHA PEL: C, 0.1 MI M3; Z-2

ACE H TLV: S,0.025 MJ M3; Ad4; 95

O her Recommended Limt: NONE RECOVIVENDED

Appear ance And Odor: SILVERY- METALLI C HEAVY, MOBILE LI QUI D - ODORLESS.
Boi |l i ng Point: 674F, 357C

Mel ting Point: -38F, -39C

Vapor Pressure (MM Hg/ 70 F): <0.01 @8F

Vapor Density (Air=1): 7

Specific Gravity: 13.534

Evaporati on Rate And Ref: NOT RELEVANT

Solubility In Water: | NSOLUBLE

Vi scosity: UNKNOAN

Corrosion Rate (IPY): UNKNOAN

Fire and Expl osion Hazard Data

Rev J3 Copyright ©2000 by Radiant Technology Corporation. All rights reserved. No part of the document may be used or
reproduced in any manner whatsoever without written permission. For information, address RTC, 1335 S. Acacia
Avenue, Fullerton, CA. 92831-5315 USA

Page 136



Fl ash Poi nt: NON- FLAMVABLE

Exti ngui shing Media: USE SU TABLE MEDI A FOR SURROUNDI NG FI RES. COOL FI RE
EXPOSED CONTAI NERS W TH WATER SPRAY. MOVE CONTAI NERS QUT | F PGSSI BLE
Special Fire Fighting Proc: WEAR FULL PROTECTI VE CLOTH NG AND NI OSH
APPROVED SELF- CONTAI NED BREATHI NG APPARATUS OPERATED | N THE PGCSI TI VE
PRESSURE MODE | F METAL IS EXPCSED TO FI RE.

Unusual Fire And Expl Hazrds: EM TS TOXI C FUVES OF MERCURY.

Stability: YES

Cond To Avoid (Stability): EXCESSI VE HEAT

Materials To Avoid: STRONG ACI DS, ALKALI METALS, ALUM NUM STRONG

OXlI DI ZI NG AGENTS, HALOGENS, ACETYLENE, AWMONI A, METHYL AZI DE, CHLORATES
Hazar dous Deconp Products: MERCURY VAPORS

Hazar dous Poly QOccur: NO

Conditions To Avoid (Poly): NOT RELEVANT

LD50-LC50 M xture: TLV FOR MERCURY IS 0.05 Ma& M3 (S).

Route O Entry - Inhalation: YES

Route O Entry - Skin: YES

Route O Entry - Ingestion: YES

Heal th Haz Acute And Chronic: TARGET ORGANS: SKI N, LIVER, KIDNEYS. ACUTE-
H GHLY TOXI C. READI LY ABSORBED THROUGH SKI N. MAY BE FATAL | F | NHALED,
SWALLOWED OR ABSORBED THROUGH SKI N. VAPORS/ M STS ARE | RRI TATI NG TO EYES,
MJUCOUS MEMBRANES. MAY CAUSE ALLERG C SKIN REACTI ON. MAY CAUSE NERVOUS
SYSTEM DI STURBANCES. CHRONI C- KIDNEY & LI VER DAMAGE, CNS EFFECTS
Carcinogenicity - NTP: NO

Carcinogenicity - 1ARC. NO

Carcinogenicity - OSHA: NO

Expl anati on Carci nogenicity: NONE

Si gns/ Synptons O Overexp: COUGH NG CHEST PAI N, HEADACHE, NAUSEA,

VOM TI NG DI ARRHEA, PULMONARY EDEMA, | RRI TATI ON, CORRCSI ON OF MOUTH, THROAT
AND STOMACH, GASTRO NTESTI NAL PAI N, WEAKNESS

Med Cond Aggravated By Exp: KIDNEY DI SORDERS

Energency/First Aid Proc: GET MEDI CAL HELP | F SYMPTOVS PERSI ST.

| NHALED: REMOVE TO FRESH Al R. PROVI DE CPR/ OXYGEN | F NEEDED. EYES: FLUSH W TH
WATER FOR 15 M NUTES, HOLDI NG EYELI DS OPEN. SEE PHYSI Cl AN. SKI N: WASH W TH
SOAP & WATER. ORAL: | F CONSCI QUS, RINSE MOUTH W TH WATER. SEEK | MVEDI ATE
MEDI CAL ATTENTI ON.

Steps If Matl Rel eased/ Spill: PROVI DE ADEQUATE VENTI LATI ON. VEAR

PROTECTI VE EQUI PMENTS. CLEAN UP SPILLS PROVPTLY. PREVENT SKI N CONTACT.
CONDUCT MERCURY Al R MONI TORI NG TO DETERM NE Al RBORNE CONCENTRATI ONS. AVA D
BREATHI NG VAPORS.

Neutralizing Agent: NOT RELEVANT

Wast e Di sposal Met hod: MERCURY SHOULD BE SALVAGED FOR PURI FI CATI ON.

DI SPOSE OF | N ACCORDANCE W TH ALL LOCAL, STATE AND FEDERAL REGULATI ONS. RQ
IS 1 POUND. CALCI UM POLYSULFI DE W TH EXCESS SULFUR MAY BE SPRI NKLED | NTO
CRACKS/ | NACCESSI BLE SI TES. HAZARDOUS WASTE # U151.

Precauti ons-Handl i ng/ Storing: STORE | N SECURE AREA AWAY FROM | NCOVPATI BLE
MATERI ALS. PROTECT FROM PHYSI CAL DAMAGE. KEEP QUT OF REACH OF CHI LDREN.

O her Precautions: DANGER, MAY BE FATAL | F SWALLOWED, | NHALED OR ABSORBED
THROUGH SKI N. CAUSES | RRI TATI ON. KEEP AWAY FROM HEAT. DO NOT BREATHE
VAPORS. AVO D CONTACT W TH EYES OR SKIN. WASH THOROUGHLY AFTER HANDLI NG

Rev J3 Copyright ©2000 by Radiant Technology Corporation. All rights reserved. No part of the document may be used or Page 137
reproduced in any manner whatsoever without written permission. For information, address RTC, 1335 S. Acacia
Avenue, Fullerton, CA. 92831-5315 USA



Respiratory Protection: |IF VENTI LATI ON DOES NOT MAI NTAI N | NHALATI ON
EXPOSURES BELOW PEL(TLV), USE NI OSH APPROVED FULL FACE POCSI Tl VE PRESSURE
SELF- CONTAI NED BREATHI NG APPARATUS. USE W TH ADEQUATE VENTI LATI ON.
Ventil ation: PROVI DE SUFFI Cl ENT GENERAL/ LOCAL EXHAUST VENTI LATI ON TO
CONTRCL | NHALATI ON EXPOSURES BELOW OSHA' S PEL.

Protective d oves: RUBBER | F NEEDED

Eye Protection: CHEM CAL SAFETY GOGGLES

O her Protective Equi pnent: EYE WASH STATI ON, QUI CK DRENCH SHOWER AND

| MPERVI QUS CLOTHI NG

Work Hygi enic Practices: OBSERVE GOOD PERSONAL HYd ENE PRACTI CES AND
RECOVVENDED PROCEDURES. CONTACT LENSES SHOULD NOT BE WORN VWHEN WORKI NG

Trans Data Revi ew Dat e: 95214
DOT PSN Code: |WD

DOT Synbol : AW

DOT Proper Shi ppi ng Name: MERCURY
DOT Cl ass: 8

DOT | D Nurber: UN2809

DOT Pack Group: |11

DOT Label : CORROSI VE

| MO PSN Code: JKJ

| MO Proper Shipping Nanme: MERCURY
| MO Regul ati ons Page Number: 8191
| MO UN Nunber: 2809

MO UN O ass: 8

| MO Subsidiary Ri sk Label: -

| ATA PSN Code: PYF

| ATA UN | D Nunber: 2809

I

ATA Proper Shippi ng Nanme: MERCURY
| ATA UN O ass: 8

| ATA Label : CORRCSI VE

AFl PSN Code: PYF

AFl Prop. Shipping Nane: MERCURY
AFl Cl ass: 8

AFl 1 D Nunber: UN2809

AFl Pack Group: |

AFl Basic Pac Ref: 12-13

Label Required: YES

Techni cal Revi ew Date: 02AU®5

Label Date: 24APR95

MFR Label Nunber: UNKNOWN

Label Status: G

Common Nane: MERCURY

Si gnal Word: DANGER!

Acut e Heal th Hazard-Severe: X

Contact Hazard-Slight: X

Fire Hazard- None: X

Reactivity Hazard- None: X

Speci al Hazard Precautions: TARGET ORGANS: SKI N, LIVER, KIDNEYS. ACUTE-
H GHLY TOXI C. READI LY ABSORBED THROUGH SKI N. MAY BE FATAL | F | NHALED,
SVALLOVWED ABSORBED THROUGH SKI N. VAPORS/ M STS ARE | RRI TATI NG TO EYES,
MJUCOUS MEMBRANES. MAY CAUSE ALLERG C SKI N REACTI ON, CNS DI STURBANCES.
CHRONI G KIDNEY & LI VER DAMAGE. STORE AVAY FROM | NCOVPATI BLES. CLEAN UP
SPI LLS PROVPTLY. AVO D BREATHI NG VAPORS. FIRST AID- GET MEDI CAL HELP I F
SYMPTOVS PERSI ST. | NHALED: REMOVE TO FRESH Al R PROVI DE CPR/ OXYGEN | F
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NEEDED. EYES: FLUSH W TH WATER FOR 15 M NUTES. HOLD EYELI DS OPEN. SEE
PHYSI Cl AN. SKI N: WASH W TH SOAP & WATER. ORAL: | F CONSCl QUS, RI NSE MOUTH W TH
WATER. SEEK | MVEDI ATE MEDI CAL ATTENTI ON

Protect Eye: Y

Protect Skin: Y

Label Nane: CITY CHEM CAL CO

Label Street: 100 HOBOKEN AVE

Label City: JERSEY CITY

Label State: NJ

Label Zip Code: 07310

Label Country: US

Label Energency Nunber: 201-653-6900/800-424-9300( CHEMIREC)

Year Procured: 1995
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