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WARNING!
 

THE GASES PRODUCED BY OR USED
 
IN THIS EQUIPMENT MAY BE
 
FLAMMABLE OR HAZARDOUS.
 

ONLY PERSONNEL THOROUGHLY TRAINED IN 
OPERATING ATMOSPHERE EQUIPMENT SHOULD 

E ALLOWED TO INSTALL~ OPERATE~ AND 
AINTAIN THIS EQUIPMENT. 

=OLLOW THE PROCEDURES OUTLINED IN 
~FPA 860 (INDUSTRIAL FURNACES USING 
VACUUM AS AN ATMOSPHERE) IN ADDITION 
~O THE PROCEDURES IN THIS INSTRUCTION 
4ANUAL. 
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1.0 GENERAL INFORMATION
 

WARNING 

Improper operation of this equipment may result in property 
damage, personal injury, or death. This entire instruction 
manual should be read prior to installing or operating this 
equipment. 

This equipment was designed for a specific process with 
specific materials. Use for other purposes or with other 
materials may result in property damage, personal injury, or 
death. Consult with C. 1. Hayes before modifying either the 

2EmEE2mmmE2m2Ej111illH1j~h~::E~:~~:~::I:::Eill:G1j~~:1j~m~~::S:~:::::1~E~:~:~Em:~E~E~:1h~rE~:1S:mm1:~1:~1~mm~11~::~1:~::j1m1m1S:~:m:1~:~~1:U~:ill:~:EfE:::mm:22:
 
1.1. Shipping Equipment 

C. 1. Hayes Inc. equipment is assembled at the factory and is 
mechanically tested before shipment. Smaller furnaces are 
shipped as a unit. Larger furnaces may be partially dismantled 
and shipped in sections. 

When the equipment arrives at the plant the shipping list should 
be checked carefully to make certain that all listed items are 
accounted. C. 1. Hayes Inc. can replace items missing only if 
the omission is reported immediately upon receipt of the 
equipment. 

1.2. Damage Claims 

Carefully inspect the equipment on delivery for any damage which 
may have occurred during shipment. A claim for restitution for 
damages can only be filed against the shipping agent. The 
customer should inform C. 1. Hayes Inc. of any damage so that 
arrangements can be made for correction pending settlement of a 
claim. 

1.3. Additional Help 

These instructions may not cover all details or variations in 
equipment, or provide for every possible situation in connection 
with the installation, maintenance, and operation of the 
furnace. If the customer or service engineer has added to or 
modified the configuration of the furnace, additional 
instructions regarding those modifications should be added to 
t his ma nua 1 • 

If further information is needed or particular problems arise 
which are not covered sufficiently, C. 1. Hayes Inc. or the 
nearest district office should be contacted. A timely reply can 
be made only if the complete name plate information and serial 
number are included with a complete, detailed description of the 
problem. 
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1.4.	 Specifications 
Hayes Furnace Type: VBQ-S-303648 
Serial Number: 16636 
Maximum Operating Temperature 2000"F/1093"C 
Atmosphere: Vacuum and Nitrogen Gas, Propane Carburizing 
Max. Gross Load: 1500 lbs~ 

Electrical Rating 
Furnace: 261 kilowatts, 460 volts, 328 A, 3 Phase, 60 Hz 
Control: 2 kilowatts, 460 volts, 4.4 A, 1 Phase, 60 Hz 
Auxiliary: 61 kilowatts, 460 volts, 77 A, 3 Phase, 60 Hz 

1.5. Warranty 

1.5.1. 
C. 

Terms of Liability 
I. Hayes Inc. warrants equipment and parts 

manufactured by it to be free of defects in materials 
and workmanship for a period of ninety (90) days after 
receipt by purchaser subject to the conditions below. 
Hayes' obligation under this warranty is limited to 
repair or replacement, at its option, any parts (except 
ceramic type heating units such as "globars" and "hot 
rods" and refractory metals) which, upon examination by 
Hayes, prove to be defective in materials or 
workmanship provided that written notice is given to 
Hayes within ten (10) days after discovery. 

1.5.2.	 Limits of Liability 
This warranty does not apply where, in Hayes' judgment, 
the defect is due to causes beyond Hayes' control. 
This includes, but is not limited to, such things as 
service or alteration by someone other than an employee 
of C. I. Hayes Inc., negligence on the part of the 
user, accident, and operation, maintenance, or storage 
under other than normal and proper conditions. 

Hayes makes no warranty of equipment or parts not 
manufactured by it. 

1.5.3.	 EXCLUSION OF WARRANTY OF MERCHANTABILITY 
THE WARRANTY OF MERCHANTABILITY IS EXPRESSLY EXCLUDED; 
THERE ARE NO WARRANTIES WHICH EXTEND BEYOND THE 
DESCRIPTION ON THE FACE HEREOF. 

No agent, employee, or representative of C. I. Hayes 
Inc. has any authority to bind it to any affirmation, 
representation, or warranty which is not specifically 
included herein. 

1.6. Consequential Damages 
C. 1. Hayes Inc. shall not be liable for any 
consequential damages whatsoever. 
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2.0 ATMOSPHERE INFORMATION: TECHNICAL ALERT
 

WARNING 

TECHNICAL ALERT! 
ATMOSPHERE CONTAINING LESS THAN 16% OXYGEN 

MAY CAUSE SERIOUS INJURY OR DEATH 

All furnaces require the use of a non-life supporting backfill 
gas. Also, nitrogen, argon, propane, methane, or hydrogen may 
used during some phase of the heat treating process. 

be 

Before entering a vessel or pit containing a vessel, the 
atmosphere must be purged with air to dissipate any trapped 
process gases. Use a suitable fan or blower to direct a stream of 
air into these places for at least five minutes before entering 
and continue to ventilate freely while personnel are working in 
these areas. 

TOXIC RATING CODE 

HAZARD COMMENTS 

o NONE a. No harm under any conditions 
Harmful only under unusual conditions 
overwhelming dosage 

or 

1 SLIGHT Causes readily reversible changes 
disappear after end of exposure. 

which 

2 MODERATE May cause both reversible and irreversible 
changes not normally severe enough to cause 
death. 

3 HIGH May cause permanent 
very short exposure 

injuty or death after 
to small quantities. 

4 UNKNOWN Effects are unknown 
07/05/1990 (6) 
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2.1. Argon 

Definition 
Argon is a colorless, inert gas which is heavier than 
air. 

Hazard analysis
 
Acute local 0
 
Acute systemic 1 (by inhalation)
 
Chronic local U
 
Chronic systemic U
 

Warning Symptoms 
Argon is a simple asphyxiant. The oxygen may be 
displaced to a level of 16% of the gas/air mixture 
before symptoms appear. Marked symptoms appear when 
the oxygen concentration has been reduced below 16%. 
Death will occur in minutes when oxygen content is 
below 10%. 

First symptoms are hunger and rapid respiration. This 
is followed almost immediately by diminished mental 
alertness and impaired muscular coordination. Later, 
judgement is impaired and all sensations are 
depressed. Emotional instability and the rapid onset 
of fatigue is often reported. As asphyxia progresses, 
there may be naussa, vomiting, prostration, loss of 
consciousness, convulsions, deep coma, and death. 

2.2. Nitrogen 

Definition 
Nitrogen is a colorless, inert gas which is very 
slightly lighter than air. 

Hazard analysis 
Acute local 0 
Acute systemic 1 (by inhalation)
 
Chronic local U
 
Chronic systemic U 

Warning Symptoms 
Simple asphyxiant. Pathology is similar to argon. The 
oxygen may be displaced to a level of 16% of the 
gas/air mixture before symptoms appear. Marked 
symptoms appear when oxygen concentration has been 
reduced to below 16%. Death will occur in minutes when 
the oxygen concentration is below 10%. 

First symptoms are hunger and rapid respiration. This 
is followed almost immediately by diminished mental 
alertness and impaired muscular coordination. Later 
judgement is impaired and all sensations are 
depressed. Emotional instability and the rapid onset 
of fatigue is often reported. As asphyxia progresses, 
there may be nausea, vomiting, prostration, loss of 
consciousness, convulsions, deep coma, and death. 

07/05/1990 (7) 



2.3. Propane 

Definition 
Propane is a colorless gas with a slight odor, and is 
heavier than air. 

Hazard analysis
 
Acute local 0
 
Acute systemic 1 (by inhalation)
 
Chronic local U
 
Chronic systemic 2
 

Warning Symptoms 
Primary inhalation hazard is due to displacement of 
air. See effects of simple asphyxiants argon and 
nitrogen for description of symptoms. 

Primary hazard is explosiveness of air/gas mixture. DO 
NOT USE NEAR OPEN FLAME OR HEAT! 

Propane is easily oxidized and can react explosively in 
the presence of oxidizing substances. 

2.4. Methane 

Definition 
Methane is a colorless, odorless (odorant sometimes 
added), tasteless gas, very slightly heavier than air. 

Hazard analysis
 
Acute local 0
 
Acute systemic 1 (by inhalation)
 
Chronic local 0
 
Chronic systemic 0
 

Warning Symptoms 
Primary inhalation hazard is due to displacement of 
air. See effects of simple asphyxiants argon and 
nitrogen for description of symptoms. 

Primary hazard is explosiveness of air/gas mixture. DO 
NOT USE NEAR OPEN FLAME OR HEAT! 

Methane is more easily oxidized than propane and can 
react explosively in the presence of oxidizing 
substances. 
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2.5. Natural Gas 

Definition 
Natural gas is colorless, odorless (odorant sometimes 
added), tasteless, and very slightly heavier than air. 

Hazard analysis
 
Acute local 0
 
Acute systemic 1 (by inhalation)
 
Chronic local 0
 
Chronic systemic 0
 

Warning Symptoms 
Primary inhalation hazard is due to displacement of 
air. See effects of simple asphyxiants argon and 
nitrogen for description of symptoms. 

Primary hazard is explosiveness of air/gas mixture. DO 
NOT USE NEAR OPEN FLAME OR HEAT! 

Natural gas is more easily oxidized than propane and 
can react explosively in the presence of oxidizing 
substances. 

2.6. Hydrogen 

Definition 
Hydrogen is a colorless, odorless gas, much lighter 
than air. 

Hazard analysis
 
Acute local 0
 
Acute systemic 1 (by inhalation)
 
Chronic local 0
 
Chronic systemic 0
 

Warning Symptoms 
Primary inhalation hazard is due to displacement of 
air; however, hydrogen very rapidly disperses into the 
air except in gas tight areas. See effects of simple 
asphyxiants argon and nitrogen for descriptions of 
symptoms. 

Primary hazard is explosiveness of air/gas mixtures. 
DO NOT USE NEAR OPEN FLAME OR HEAT! 

Hydrogen is easily oxidized and can react explosively 
in the presence of oxidizing substances. Hydrogen 
normally burns with a colorless flame. 
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2.7. Anhydrous Ammonia 

Definition 
Anhydrous ammonia, a colorless gas with a strong, 
pungent odor, is lighter than air. It is usually 
transported liquefied by compression. 

Hazard analysis 
Acute local
 

Irritant 3
 
Ingestion 3
 
Inhalation 3
 

Acute systemic U
 
Chronic local
 

Irritant 1
 
Chronic systemic U
 

Warning Symptoms 
Ammonia is an extreme irritant to skin, eyes, nose, and 
throat. Flood affected areas immediately with copious 
quantities of clean water and continue flooding for at 
least 15 minutes. 

Ammonia is a toxic inhalant; excessive inhalation can 
cause severe damage to the lungs. Remove patient at 
once to uncontaminated area. 

Ingested orally, ammonia is highly toxic. If patient 
is conscious, give him large quantities of water. 

Ammonia is not in itself a fire hazard, since it is 
nonflammable under 1200°F; however, if ammonia leaks 
in an area heavily exposed to heat, EVACUATE THE WORK 
AREA AND ANY AREA DOWNWIND FROM FIRE. Any 
fire-fighters will need self-contained breathing 
apparatus and full protective gear. 

2.8. Dissociated Ammonia (See Hydrogen) 
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ALL FURNACES THAT USE A PROTECTIVE ATMOSPHERE, A COMBUSTION SYSTEM 
GIVING OFF FLUE GASES, OR GIVE OFF VAPORS OR OTHER CONTAMINANTS FROM 
THE WORK MATERIALS BEING PROCESSED, REQUIRE THE CUSTOMER TO PROVIDE A 
VENTILATION SYSTEM TO REMOVE THE GASES AND CONTAMINANTS FROM THE 
FURNACE AND BUILDING TO A SAFE LOCATION. THE VENTILATION SYSTEM 
SHOULD BE PROPERLY SIZED AND POSITIONED SO IT PREVENTS THE ABOVE GASES 
AND CONTAMINANTS FROM ENTERING THE BUILDING WHERE OPERATING AND OTHER 
PLANT PERSONNEL ARE LOCATED. THE COLLECTION HOODS AND PLENUMS MUST 
NOT BE CONNECTED TO THE FURNACE VENTS OR FURNACE PROPER AND MUST BE 
ADEQUATELY SPACED AWAY FROM THE FURNACE TO ALLOW SUFFICIENT ROOM 
DILUTION AIR TO ALSO ENTER THE VENTILATION SYSTEM. THE PROPER SPACING 
AND ROOM AIR DILUTION PREVENTS DRAFTS FROM CAUSING ABNORMAL ATMOSPHERE 
CONDITIONS IN THE FURNACE EQUIPMENT AND PROVIDES FOR DILUTION OF THE 
VENTED GASES TO A SAFE LEVEL. CONTACT YOUR INSURANCE CARRIER OR LOCAL 
GOVERNING MUNICIPALITY FOR SAFE DILUTION LEVELS. 

EXTREME CARE MUST BE TAKEN TO PREVENT THE ABOVE ATMOSPHERE GASES, 
COMBUSTION PRODUCTS, AND CONTAMINANTS OF PROCESSED WORK MATERIAL 
FROM COMING INTO CONTACT WITH THE PLANT PERSONNEL. MANY OF THESE 
GASES AND CONTAMINANTS CAN CAUSE PERMANENT INJURY OR DEATH AFTER 
VERY SHORT EXPOSURE TO SMALL QUANTITIES. 
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3. DESCRIPTION OF THE VBQ
 

3.1.
 

3.2. 

3.3. 

3.4. 

Furnace 

The VBQ furnace is unique in that it is a combination vacuum 
furnace, controlled atmosphere furnace, and an air furnace. 

*NOTE 

HIGH SPEED STEELS ARE NOT TO BE INCLUDED, SINCE THE MAXIMUM 
CONTINUOUS OPERATING TEMPERATURE OF THE VBQ IS 20000 F • 

Vacuum Vessels 

The Hayes Model VBQ-S is a single stage heat treating 
furnace which may be used for carburizing and hardening tool 
steels. The furnace consists of a horizontal inner vessel 
surrounded by an outer water jacket. A rear mounted fan 
circulates the inert gas backfill through the work load 
during the cooling cycle. 

Front and Rear Heads 
The loading end of the furnace consists of a water cooled 
dished head with a rectangular sliding door which is sealed 
to the door frame by an '0' ring. The rear water cooled 
dished head supports the gas circulating fan and the heat 
exchanger. 

Heating Chamber 

The heating chamber is a steel framework fabricated with 
appropriate structural members and covered with a heavy 
steel mesh screening. 

A high purity ceramic fiber blanket of sufficient thickness 
for the maximum operating temperatures is mounted on the 
interior walls of the cage, forming the actual heating 
chamber. 

The high purity ceramic blanket does not contain any organic 
constituents, thus posing no threat to the furnace or the 
work being heat treated. 

The ceramic blanket used is a highly efficient thermal 
insulator, having low thermal conductivity, low heat 
storage, and is resistant to thermal shock. 
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3.5. Heating Elements 

The furnace is heated by horizontally mounted ceramic 
elements that have been fired from two special ceramic 
mixtures t such that only that section within the heating 
chamber will heat to control temperature. 

3.6. Water Cooling 

Water is circulated to the furnace areas t heat exchangers t 

and access heads to maintain proper operating temperatures. 
The flow is controlled by an automatic water controller. 

3.7. Control Panel 

The control panel is equipped with all of the necessary 
control instruments and switches t mounted and clearly 
labeled according to their functions. 

3.8. Power Supply 

Power to the furnace elements is supplied by a free standing 
power pack containing the variable output transformers t 

regulated by a step-less amplifier t controlled by a 
proportional controller connected to a thermocouple in the 
heating chamber. 

3.9. Power Terminals 

Power is brought into the heating chamber through terminal 
feed-throughs. These terminals are electrically insulated 
from the chamber and are equipped with vacuum seals. 
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3.10. Forced Convection Inert Gas Cooling 
This system consists of a baffle plug located at the rear of 
the heating chamber which opens with the heating chamber 
front doors during the cooling cycle. The gas circulating 
fan is surrounded by the finned coiled heat exchanger. The 
inert gas circulates through the heat exchanger, along the 
water cooled vessel walls through the open front door, the 
work load and the rear baffle plug. 

Furnace Load and Unload Mechanisms 

This consists of two pusher and puller heads attached to 
captivated chains and drive sprockets. The heads are 
advanced and retracted by a drive system consisting of a 
hydraulic motor and a directional valve. 

Numerous sensing devices are provided to establish a smooth 
and consistent operation. 
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4. INSTALLATION OF THE VBQ FURNACE
 

4.1. Unloading and Rigging 

Immediately check the shipping list against the items 
received for missing equipment. Notify the shipping agent 
and C. I. Hayes Inc. immediately of any shortages. 

If possible, leave sections crated and on shipping skids and 
move into furnace area. If the sections must be uncrated to 
allow movement through the building, take care that the 
flanges, piping, etc. are suitably protected from damage. 

If installation is not to take place immediately, place the 
furnace and components in a cool, dry, dust free, enclosed 
storage area. 

Many of the furnace surfaces are ground and polished. 
Excessive humidity in the storage area may result in 
rusting of these surfaces. 

After storage the polished surfaces should be checked, 
any rust removed, and the surfaces re-polished 
Contact C. I. Hayes Inc. for recommended storage 
procedures if prolonged storage is anticipated. 

CAUTION 
Failure to properly store the furnace may void the warranty. 

4.2. Un-Crating and Unpacking 

NOTE 
One method of moving the dished heads is to pick them up, while 
they are still protected, by the holes provided. 

Exercise extreme care in unloading the dished heads. They cannot 
be set on their polished flanges. 

Carefully uncrate sections and check items received against 
the shipping list. 

Check carefully for shipping damage, especially those items 
from crates that are broken or appear to have been subjected 
to rough handling. Control instruments should be carefully 
examined for broken indicating needles, cracked or broken 
glass, and disconnected wiring. Notify the shipping agent 
and C. I. Hayes Inc. of any shortages or damages 
immediately. 

Remove all shipping supports and braces. 
07/05/1990 (15) 



4.3. Selection of the Furnace Site 

With reference to the Overall print, select a location that 
will allow ample space around the furnace for installation 
of the pumping systems, loading and unloading operations, 
and maintenance. 

The location must also provide sufficient space for 
operation and maintenance. 

NOTE 
As the maintenance space around the furnace is reduced, heating 
chamber removal wi 11 become more difficul t. 

Allow enough room around the loading end of the furnace for 
vessel door movement and work handling. 

4.4. Furnace Positioning 

When raising the vessel, a sling is recommended (the lifting 
eyes on top were for assembly at C.l. Hayes). For any of 
the other equipment use the lifting points provided. All of 
the heavier items have been provided with lifting holes or 
eyes to make positioning of these items safer and easier. 

Be careful not to damage finished surfaces of flanges, 
piping, and wiring with chains, hooks, cables, or other 
rigging equipment. 

Level the vessel using the hearth as a reference from front 
to rear and from side to side. Correct leveling is 
necessary to permit satisfactory mating of the other furnace 
components. A spirit level and straightedge or an optical 
leveling device may be used. 
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4.5. Vacuum Tight Connections 

NOTE
 

SATISFACTORY SEALING OF AREAS SUBJECTED TO VACUUM CONDITIONS CAN 
ONLY BE ACCOMPLISHED BY CAREFUL ASSEMBLY. A RECOMMENDED 
PROCEDURE FOR MAKING THE BOLTED FLANGE TYPE CONNECTIONS FOLLOWS. 

Clean the "0" ring or sealing disc and the two mating
surfaces with a clean rag and acetone. Make sure the 
surfaces are "squeaky clean" and are kept clean during 
assembly. 

Remove any rust on the flanges with fine emery paper. Any
small nicks or burrs should be removed with fine emery cloth 
and oil by rubbing along the circumference of the flange. 

It is necessary to resurface scratched or gouged flanges.
Contact C. I. Hayes Inc. for resurfacing information if 
required. 

CAUTION 

DO NOT NOT ASSEMBLE BADLY SCORED, SCRATCHED, OR NICKED SURFACES. 
NEITHER THE SEAL NOR THE VACUUM GREASE WILL CORRECT A SEALING 
PROBLEM. REPAIR AND REASSEMBLY OF DAMAGED VACUUM SEALS BY 
C.I.HAYES INC. SERVICE REPRESENTATIVE MAY RESULT IN A CHARGE TO 
THE CUSTOMER. 
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Apply a light coat of silicone vacuum grease to the flange 
surfaces to prevent rust during operation. Wipe off excess 
so that only a light film of grease remains. 

Apply a light film of silicone vacuum grease to the "0" ring 
or sealing disc. Wipe off excess so that only a light film 
of grease remains. 

Place the "0" ring or sealing disc in position. 

Secure the flanges together by tightening bolts in a 
"crisscross" pattern as fol lows: 

1 First hand tighten all of the bolts. 
2 Then tighten the bolt in the 12 o'clock position. 
3 Then the bolt in the 6 o'clock position. 
4 Then the bolt in the 9 o'clock position. 
5 Then the bolt in the 3 o'clock position. 
6 Continue this pattern until all of the bolts are 

secured. 

Throughout the assembly process keep constant check on the 
position of the "0" ring or disc to be sure it has not moved 
out of position. 

Vacuum Pumping System 

1 Prepare flanges and "0" ring or sealing disc as 
described in the section on Vacuum Tight Connections. 

2 With the seal 
piping to the 

in position, 
main chamber 

assemble 
port. 

and bolt vacuum 

3 With vacuum seals and vacuum piping in 
flanges together as described above. 

place, bolt the 

4 Move the mechanical booster system into position and 
level it so that the pump intake port is directly in 
line with the vacuum piping flexible connector. With 
the vacuum seal in place, bolt the flanges together as 
described in the section above. 

5 Bolt the mechanical booster system to the floor. 

6 Connect the electrical leads from the pumping system 
the main disconnect switch box. Check that the 
rotation of the pump motor is correct. Re-wire for 
correct rotation if necessary. 

to 

7 Make up 
system. 

the water piping to 
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4.7. Hydraulic Pump Installation 

CAUTION 

The hydraulic fluid recommended for use with this equipment is 
Houghto Safe #620 Fire Resistent Hydraulic Oil. 

1 Reconnect the inlet and outlet hydraulic tubing 
and outlet connections of the main vessel. 

to the inlet 

1 
2 

Make initial connections finger tight. 
Placement of the hydraulic pumping unit will 
determined by the length and position of the 

be 
tubing. 

2 Move the hydraulic unit into position and level it. 
that the position selected will not put undue strain 
tubing connections during operation. 

Insure 
on the 

3 Attach the hydraulic tubing 
the furnace. 

to the inlet and outlet ports on 

4 Securely tighten all hydraulic tubing connections. 

5 Bolt the hydraulic unit to the floor. 

6 Reconnect the electrical 
the main junction box. 

leads from the hydraulic motor to 

7 Check the hydraulic fluid level and add fluid if necessary. 

4.8. Compressed Air Supply Piping 

1 Pipe the compressed air supply to the compressed air inlet 
of the furnace. Compressed air pressure must be maintained 
at 100 PSIG ±10%. The air must be both clean and dry. 

2 Leave the shut 
the furnace is 

off valve in the supply line closed 
ready to be placed in operation. 

until 

4.9. Nitrogen Backfill Supply Piping 

1 Pipe the nitrogen backfill supply to the 
furnace. Use piping of the same size or 
inlet connection at the furnace. 
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NOTE
 
BACKFILL GAS MUST BE METALLURGICAL GRADE.
 

2	 A vacuum leakproof shut off valve in the backfill supply 
line near the furnace is provided. Close this valve and 
leave it closed until the furnace is ready for operation. 

3	 The backfill gas pressure must be regulated to 15 PSIG
 
maximum.
 

An incorrect regulator or small piping will result in extended 
backfill time. 

C8UIIQ~ 

MAKE CERTAIN THAT ALL CONNECTIONS ARE VACUUM TIGHT AND THAT THERE 
ARE NO LEAKS IN THE BACKFILL SUPPLY PIPING. LEAKS MAY ALLOW AIR 
TO ENTER THE SYSTEM WHEN THE BACKFILL LINE IS AT SUB-ATMOSPHERIC 
PRESSURE. THIS WILL HAVE A DETRIMENTAL EFFECT ON THE OPERATION 
OF THE EQUIPMENT AND TO THE WORK BEING PROCESSED. 

4	 A pressure gauge is installed between the backfill supply 
and the shut off valve at the furnace to enable a pressure 
check of the backfill line for leaks. 

4.10. Natural Gas Supply Piping 

Pipe the natural gas supply to the inlet on the furnace. 
Use piping of the same size or larger than the inlet 
connection at the furnace. Natural gas pressure at the 
furnace is maintained at 20 psig. 

4.11. Water Supply Piping 

1	 Pipe the furnace make-up water inlet piping to the water 
supply. 

2	 Check that the water supply piping to the mechanical pump, 
hydraulic heat exchanger, furnace and quench vessel have 
been connected. 

C8UIIQ~ 

Be certain that all piping is complete and leak proof. 

**W8B~1~G** 
mmmmmm~~mnmw~mmmmwm~mWmmmmHm~E~mmmmWmm~mm~mmmmnIT2ITTImHmEITEEEHHWm~~~~~~~~~mHEEEEmEEHHHHH~~m~EEEEHm~E~~~EmmEmnHm~~E~mHHHHE~~~EHHH~H 

AN OPEN DRAIN COLLECTOR IS USED TO PREVENT PRESSURE BUILD-UP IN 
THE COOLING SYSTEM. 00 NOT PIPE FURNACE DRAINS DIRECTLY INTO THE 
PLANT PIPING, BYPASSING THE OPEN COLLECTOR SYSTEM 

If the use of the drain collector, as supplied with the furnace, 
is impractical, contact C. 1. Hayes Inc. for further 
instructions. 
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4. 12. Power Supply Wiring 

MAKE SURE CONNECTIONS ARE MADE TIGHTLY. LOOSE CONNECTIONS OF 
HIGH CURRENT CARRYING CONDUCTORS MAY RESULT IN SEVERE HEATING. 
OXIDATION. ARCING. AND MELTING OF CONDUCTORS. 

1	 Check that the supplied voltage and frequency are the same 
as the furnace design. Contact C. I. Hayes Inc. if there is 
any variation from the design requirements. 

2	 Connect the power supply to the main disconnect switch. and 
from the main disconnect switch to each sub system 
disconnect switch. 

4.13. Thermocouple Installation and Wiring 

1	 Coat the threads of the thermocouple gland nut with glyptol 
and insert the thermocouple into the port to its full depth. 
through the heating chamber insulation. and thread into 
port. 

If a thermocouple ceramic insulator has been provided. 
insert it through the heating chamber insulation before 
inserting thermocouple. 

C8UIIQ~ 

DO NOT OVER TIGHTEN THE GLAND NUT. TIGHTEN ONLY A LITTLE OVER 
FINGER TIGHT! 

2	 Connect the thermocouple lead wires from the instrument 
control panel to the thermocouple port on the furnace. 

C8UIIO~ 

DO NOT RUN THE THERMOCOUPLE LEAD WIRE WITH CONTROL OR POWER 
WIRING. ERRATIC OPERATION AND LOSS OF TEMPERATURE MAY RESULT. 

3	 Thermocouple lead wire is polarized and color coded. The 
color of the lead depends on the type of thermocouple 
supplied. Identify the positive and negative leads of the 
thermocouples provided. 

Negative Leads: The negative wire may be red. brown. 
or some other color with a red or white trace. 

Positive Leads:The positive wire may be yellow. black. 
or white. 
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4 Attach the thermocouple leads to the thermocouple junction 
block terminals maintaining correct polarity. 

4.14. Profile Thermocouple Feedthrough Assembly 

NOTE 
In order to permit temperature profiling of the furnace, 
auxiliary thermocouple feedthroughs have been mounted in the side 
of the loading end of the furnace chamber. Below is a suggested 
method of connecting those feedthroughs to the customer's profile 
thermocouples. 

1	 Release the flange clamps and remove the blind sealing 
flange and centering rings. 

2	 Clean the thermocouple feedthroughs of all grease and other 
foreign matter. 

3	 Three wire thermocouple feed throughs have been provided 
with thermocouple plug connectors attached. Nine certified 
type 'K' thermocouple assemblies with jacks are provided. 
refer to drawing A-12069-01 for positioning of thermocouple 
assemblies. 

4	 Clean the centering rings and lightly coat their sealing "0" 
rings with vacuum grease. 

5	 Remove lead wire plugs and pass lead wire through the feed 
through ports. Reconnect plugs to lead wires. Place the 
sealing rings and feed throughs on the mounting flanges. 
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6	 Securely clamp the feedthroughs in place. 

7	 Connections outside the furnace should be made with an 
Amphenol 78-S8 octal tube socket with an Amphenol 3-24 plug 
cap to the profiling instrument. Observe the correct 
polarity and numerical sequence. 

8	 Connections inside the furnace can be made by connecting the 
lead wire plugs and thermocouple jacks together. When not 
in use, the lead wire and plug may be rolled and stored in 
the feed through port sides or the feed throughs and leads 
may be removed and the blind flanges installed. 

4.15. Vacuum Sensor Tube Installation 

Coat the threads of the sensor tubes with glyptol and insert 
into proper locations. 

4. 16. Installation Check List 

NOTE 
Please check the following prior to making arrangements for a 
field service engineer to complete the installation and place the 
furnace into operation. 

1	 Shortages and/or shipping damages have been reported. 

2	 The furnace has been properly leveled. 

3	 All flanges have been assembled correctly. 

4	 All services are supplied to the furnace (water, compressed 
air, nitrogen, electricity, etc.). Be sure that the 
electrical supply is adequate to handle the load placed by 
the furnace. The nitrogen backfill should be sufficient for 
at least one week of furnace operation. Compressed air must 
be supplied at 100 PSIG ±10%. The air must be both clean 
and dry. 

5	 Vacuum leak detection equipment is available in the plant or 
in the immediate vicinity. A helium mass spectrometer type 
leak detector is required. 

6	 If tools and electrical meters are not available for the 
service engineer to use, please notify the C. I. Hayes Inc. 
field service manager. 

7	 A spare set of heating elements, element terminals, and 
thermocouples should be on hand. 

8	 Specific installation problems not covered sufficiently by 
these instructions should have been resolved through contact 
with C. I. Hayes Inc. 
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5. HEATING ELEMENT INSTALLATION AND REMOVAL
 

5.1. Element Removal 

WARNING 

BE CERTAIN THAT THE MAIN ELECTRICAL DISCONNECT SWITCH IS IN THE 
"OFF" POSITION BEFORE PROCEEDING WITH ANY ELECTRICAL WORK ON THIS 
UNIT. DO NOT TOUCH THE FUSES WITHOUT FIRST DISCONNECTING POWER. 

WARNING 

THE GASES USED IN THE OPERATION OF THIS FURNACE ARE HAZARDOUS. 
BE CERTAIN TO OPEN ALL VESSEL DOORS AND DIRECT A STREAM OF AIR, 
WITH A FAN OR BLOWER, THROUGH THE FURNACE FOR AT LEAST TEN 
MINUTES BEFORE ENTERING THE VESSEL. 

1	 Unbolt and lower the element port covers. 

2	 Using the expansion tool provided, remove the Globar 
clamps and carefully unwrap the braid connector. 

3	 Slide the used or broken Globar straight out holding 
the insulation tube in place. 

4	 If the electric feed through is in the way, remove jam 
nuts and push the connecting rod into the feed through. 

Element Installation 

1	 Slide the new Globar straight through the element port, 
being careful not to knock insulation out on the 
opposite side. 

2	 Wrap braid connector around Globar end and, using the 
expansion tool, slip the connecting clamp over the 
braid. 

3	 Having installed the Globars, perform a continuity 
check between each element and ground. If the 
resistance is not close to infinity, look for contact 
between the connecting braid and the heating chamber, 
or perhaps a misplaced insulating tube. 

4	 Clean element port and cover flanges. Clean and 
re-grease "0" rings. 

5	 Swing the cover into place and tighten the bolts. 
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9. MAINTENANCE RECOMMENDATIONS
 

HH::1::::HH::::::EH::HHH::HHH:H:HH:H:::::::m::HHHH1:::Hm:m:m~~~~~~~:j:j:H::~:::::::HHm1:H:HE:::H:H:1:mH:H:HmHHHE::::m:HHH:H:H:H:H:::::
 
THE GASES USED IN THE OPERATION OF THIS FURNACE CAN BE 
HAZARDOUS. BE CERTAIN TO OPEN THE VESSEL DOOR AND DIRECT A 
STREAM OF AIR, WITH A FAN OR BLOWER, THROUGH THE FURNACE FOR 
AT LEAST TEN MINUTES BEFORE ENTERING. 

WARNING 

BE CERTAIN THAT THE MAIN ELECTRICAL DISCONNECT SWITCH IS IN THE 
"OFF" POSITION BEFORE PROCEEDING WITH ANY ELECTRICAL WORK ON THIS 
UNIT. 00 NOT TOUCH THE FUSES WITHOUT FIRST DISCONNECTING POWER. 

BE SURE ALL ELECTRICAL POWER IS DISCONNECTED AND NITROGEN SHUT 
OFF VALVES ARE CLOSED BEFORE PROCEEDING WITH ANY MAINTENANCE 
PROCEDURE. 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::........................................................................................................................................................................................................................................................................................
 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~:~~~~~~~~:~::~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

ALL WORK DONE ON THE HEAT CHAMBER SHOULD BE DONE WITH THE 
FRONT HEAD ASSEMBLY REMOVED. 

The freguency of these procedures is directly related to the 
freguencY of process cycles. This schedule should be modified as 
found necessary to conform to the operational requirements. 
Also, pumps, valves, motors, and instruments should be maintained 
as outlined by the manufacturers of the components. Record all 
maintenance data for reference and guidance in setting up a 
preventative maintenance plan and to forecast replacement parts 
stock requirements. 

9.1. After Each Production Run 

Degrease all components following processing and before 
reloading. 

9.2. Daily Maintenance 

Check the mechanical pump an blower oi 1 level. The 
mechanical pump should not be running when checking the oil 
level. Refer to the mechanical booster pump system manual. 

Ballast the mechanical pump for at least one-half hour. 

Drain the condensate from the mechanical pump vent piping. 

Check coolant flow to all areas.
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9.3. Weekly Maintenance 

Check the interior of the furnace for excessive 
contamination in the heating chamber area. Clean the 
interior walls of the furnace by wiping surfaces with a dry, 
lint free cloth. 

Check the heating chamber insulation and heating elements 
for deterioration. Remove carbon accumulation and foreign 
matter present, exercising extreme care when removing carbon 
from around heating element terminals. 

Remove the door "0" ring seal and then clean with acetone. 
Clean the mating surfaces and lightly coat the "0" ring with 
silicone vacuum grease before replacing them. 

9.4. Monthly Maintenance 

Check the resistance between the heating element terminals 
and the furnace shell (ground). The resistance should be 
above 20000 ohms. If the resistance is low check for 
contact between the heating elements and the insulation or 
breakdown of the insulation around the terminals. 

Check the electrical values between each phase of the supply 
line. The maximum variation should not exceed 5%. 
Excessive variation may be caused by either loose electrical 
connections or deterioration of the elements. 

Furnace Conditioning Cycle
 
Run a furnace conditioning cycle as follows:
 

1	 Evacuate the furnace to the maximum obtainable vacuum. 

2	 With the hearth assembly in the heating chamber, heat 
the furnace to the maximum operating temperature and 
soak for three hours. 

3	 Turn off the heat and keep evacuating the furnace 
throughout the cooling cycle. 

4	 After the furnace has cooled to approximately 150°F 
isolate it from the pumping system and check the leak 
rate. It should be less than ten microns per hour. 

Pump	 Oi 1 
Change the mechanical pump and blower oi 1. Refer to 
the mechanical booster pump system manual. 

9.5. Semi-annual Maintenance 

1	 Check the vacuum valve for foreign deposits and clean them 
to guard against leakage. 

2	 Drain the water from the main vessel, remove the inspection 
ports, and check the vessel for foreign deposits or 
excessive corrosion. Remove the sludge deposits from the 
bottom. 
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9.6. General Maintenance 

Whenever vacuum seals are disassembled the "0" rings 
and mating surfaces should be cleaned with acetone and 
then lightly coated with silicone vacuum grease before 
assembly. Tighten all bolts securely and periodically 
re-check for tightness. 

During shut downs or idle periods the furnace chamber 
vacuum should be left at about twenty-eight inches of 
Hg. vacuum. 
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10.11 TROUBLE SHOOTING
 

Ma 1fun ct ion 

E1e ct rica 1 

Mechanical 

Vacuum valves 

Vacuum instruments 

Vacuum pressure 

Heating 

Problem Solution 

Blown fuses Check for grounding condition. 

Won't start Check motor starter switch 
position and overload trips. 

Rotation incorrect Interchange two of the three 
phases. 

Seized pump Refer to the pump manual 
proper maintenance. 

for 

Pump deficient Ballast pump while isolated 
from chamber. If not cured by 
the action replace pump oil. 

Will not actuate Check air pressure. Check 
wiring to solenoids. 

Bypass leakage Check air 
and clean 

pressure. Dissemble 
valve seats. 

Contaminated Remove and clean thermocouple. 
Thermocouple 

Unable to attain Pump deficient. Contamination 
ultimate vacuum on internal surfaces. Oil 

vapor saturation of 
insulation. Load outgassing. 

Leaks in system Check with helium 
spectrometer type 

mass 
leak 

detector. 

Vent exhaust Restriction in pipe due to 
piping size of pipe versus pipe 

length. 

Furnace Check fuses 
Elements Check for ground. 
Thermocouple Check for open circuit. 
Overtemperature Reset overtemperature 

instrument. 
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Ma 1funct ion Problem Solution 

Backfill Nitrogen Check pressure of backfill 
gas. Solenoid may not be 
energized. 

Valve control Manual valves in backfi 11 
system may be closed. 
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11. RECOMMENDED SPARE PARTS
 

WARNING
 

equipment; use of other parts may result in damage, injury or 
even death. For information on authorized replacement parts, 
call C. I. Hayes Replacement Parts department. 

C.I. Hayes Inc. does not stock all parts for all products which 
makes immediate deliveri of some parts impossible. Therefore, 
the following parts should be ordered and held in your inventory: 

SiC Heating Elements (matched sets of 6) 
High Purity Ceramic Fiber Insulation 
Nichrome Wire Fasteners 
Main Chamber "0" Rings 
Heating Element Terminal Insulators, Clamps, and Aluminum 
Braid Connectors 
Heating Element Power Feed Through Insulators 
Terminal Port Cap "0" Rings 
Thermocouples 
Thermocouple Glands 
Alloy Hearth Cart 
Vacuum Gauge Sensors 
Meehan i ca 1 Pump Oi 1 
Hydraulic Pump Oil 
Booster pump Oil 
Vacuum Grease 
Glyptol Pipe Joint Coating 

You should also stock parts recommended by the manufacturers 
of the components used on your Hayes equipment. 

To assist us in expediting your order, please give the 
serial number as found on the equipment name plate and in 
section 1.0, General Information. 
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Set Point Type PID Group	 PID·1 PID·2 PID·3 _.. . ­ ----_.~-~

Set Point Range J5a to	 1700 
; Proportional band .% .......... po,____ P02____ P03____ 

Set Point Unit 102____ 103____ 
Guarantee Band 

Reset time ·sec	 ........ 10'____
 

Rate time ·sec ........ dO'____ d02____ d03____ 
Ewent HYlterell1 

Controller Output Limits 
Time Unit. 

Upper limit .0/0 •..•••••.. CO,____ C03____ C05____ 
Proportional Band to'f.. .% .......... C02____ C04____ C06____ 
Number of PID Groupl 

Lower limit 

Linear Range L1mltl 

Decimal position ...................C07_
 

Upper limit •••••••••••••••••••••.•• COS____
 

Lower limit ..•.....................C09____
 

Output Relay Cycle Time ·sec ........C'O____
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Heating Eiement
 
Installation Guide
 

Remember, element breakage can occur during installation, as well as during
 
operation, if proper care is not used when installing them. It is also important that you be
 

sure that the element is the correct type and size for the furnace you are installing it in.
 
If the element or elements you are replacing are series connected they should be
 

matched by resistance or amps to within ±5%. The amperage of new elements is
 
marked on the right cold end and in magic marker at the end of each box.
 

, . 

STEP 1: While furnace is under power, ascertain which element or elements need replacing. This can be done 
visually or with a clamp-on ammeter connected to the element strap to check for current flow. SHUT OFF 
POWER AND LOCK-OUT SWITCH FOR SAFETY REASONS. 

STEP 2: Remove c-clamps with clamp tool and take straps off from element ends. 

STEP 3: Inspect clamps to make sure thC'! they have not lost tension due to excessive heat. If they have. they 
should be replaced. Inspect aluminum straps for fraying and/or oxidation. If they exhibit these problems. they 
should be replaced. . 

STEP 4: Remove element from furnace by carefully pulling it straight out. If element is broken, each part will have 
to be removed from each side of the furnace. 



: Inspect the terminal tubes in the furnace to be sure they are not broken. If they are, replace them. 

STEP 6: Check the alignment and the straightness of the terminal holes thru the refractory walls. If they are 
not true they should be corrected. Any binding of the heating element can cause breakage during heat-up or 
operation due to expansion or movement of the furnace walls. Slide the element straight through the furnace. Avoid 
hitting the opposite walls. Don't force the elements into terminal holes or put any unnecessary stress on them. 

I" 

STEP 7: Center the element in the chamber so no portion of the heating section is in the refractory wall. This can 
be done by measuring the cold end length sticking out of the furnace shell and make sure they are both equal. 

STEP 8: Lightly pack the open space around the element with Fiberfrax bulk fiber. The Fiberfrax should only go 
back into the terminal hole 1 to 1V2 inches. Also lightly pack Fiberfrax into end of element to a depth of one inch. 
.These will cut down on heat loss through terminal holes. 

STEP 9: Carefully re-connect straps and clamps to element. Be sure that there is enough slack in straps to 
allow for element expansion. Also check that there is sufficient clearance between clamps and furnace shell 
to prevent electrical contact between the two. 

STEP 10: Remove safety lock-out and turn power back on. Visually inspect the glow of the elements. if the 
elements can be seen in the furnace. to verify heat output and correct operation. Check terminal connections 
visually to insure no arcing is taking place between the element and the strap. 
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If matched elements are used properly, they will 
generally give about the same life so that when 
one element fails (barring accidents), there is not 
enough life left in the other element to trouble 
about, especially if uninterrupted production is an 
important factor. 

MOUNTING AND HANDLING 
INSTRUCTIONS 
Pick up the elements with tW9 hands, as the 
weight of an unsupported end may cause breakage. 

Do not knock or jar the elements, as they are 
extremely fragile; often the slightest tap, jar, or 
tension will break the element. 

Do not pack insulating fiber around the terminals 
too tightly, as the elements must be able to move 
freely during expansion. Fiber packing is used to 
prevent heat or atmosphere drafts and not to seal 
completely. 

Have no undue weight or strain on the ends of 
the elements. 

Use the recommended connections and voltages 
when starting new elements. Do not boost the 

, .	 voltage to heat the furnace rapidly, as this will 
shorten element life. 

Shock mounts, capable of supporting the full 
weight of the furnace, should be used where 
heavy Hoar shocks from impact tools would other­
wise be transmitted to the heating elements. 

If one or more elements break or require replace­
ment after operating for some time at increased 
voltage, all the elements in that circuit should be 
replaced. One basic reason for the failure or short 
life of ceramic heating elements is the practice 
of installing one new element in a circuit to 
operate with others of different resistances. 

A factor in determining the life of ceramic heat­
ing elements is the number of times the elements 
are heated from ambient to operating temperature. 
To increase element life, the furnace should be 
"idled" above 1300°F. during periods of inactivity. 

Once a detached terminal heating element has 
been heated, it should not be twisted or disturbed 
until it is replaced. The heating section pins and 
terminal sockets fuse together; over this fusing, a 
dielectric coating is formed. If this fusing is broken, 
it may be difficult to re-establish a good electrical 
connection. Do not re-use detachable terminals 
with new heating sections without first removing 
the dielectric coating. This may be done by sand· 
hlasing or by tWisting a broken heating element 
in the socket to grind it clean. 
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INSTALLATION - ATTACHED TERMINAL TYPE ELEMENTS
 
. Place the element in the support trough provided. 

(The trough resembles a steel tube that has been 
split lengthwise to form a "U" shaped channel.) 
Insert both the element and the trough into the 
terminal port, across the heating chamber, and 
through the opposite terminal port. Hold the ele­
ment in place, and carefully withdraw the trough. 
Center the element in the furnace so that its ends 
extend an equal distance out each side of the 
furnace. Install heating elements that have both 
terminals on the same end so that their entire heat­
ing section protrudes into the heating ~hamber. 

Fold a piece of fibrous ceramic paper (manufac­
tured by The Babcock & Wilcox Company, Johns­
Manville Corporation, or The Carborundum Com­
pany) to form a pad about six inches long of suffi­
cient thickness to support the element in the center 
of the terminal port. Raise the element, and slide 
the pad under its terminal end. Repeat this proce­
dure at the opposite end of the element. Loosely 
pack insulating fiber around both terminal ends, 

forming an effective seal and at the same time 
providing for element expansion and contraction. 
A restriction of element movement may result in 
its breakage. " 

Attach the aluminum braid connectors to the ter­
minal ends, using the clamps and clamp tool pro­
vided. Refer to the wiring print when making 
these connections. Maintain adequate electrical 
clearance between the CO!lIlectiO!1S and the furnace 
shell, and do not impose any unnecessary weight 
or strain on the elements. 

To remove used heating elements: unfasten the 
aluminum braid connectors from the terminal ends, 
remove the insulating fiber packing; and then with­
draw the elements. 

If the elements are replaced when the furnace is 
at temperature, allow the element to heat slowly 
to furnace temperature by gradually inserting it 
through the heating chamber. A sudden change in 
element temperature may result in breakage. 
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INSTALLATION - ATTACHED TERMINAL TYPE ELEMENTS
 
IN CERAMIC TUBES 
Tube Installation: 
Insert an installation rod (either wood or metal) 
through the. gland ports. Carefully slip the ceramic 
tube over the rod, and slide the tube along the 
rod and out through the opposite port. Two men 
will be required to support the rod and slide the 
tube into position. 

Fold a piece of fibrous ceramic paper to form a 
pad that will support the lower half of the tube. 
The pad should be about six inches long and of 
sufficient thickness to support the tube midway 
in the port. Install one of these pads under each 
end of the tube, and insert a similar pad over the 
top of the tube on each end. Do not pack the tube 
so tightly th;t its movement is prevented while 
the furnace is being heated. After the furnace has 
heen heated and dried out, an atmosphere-tight 
seal should be made by packing insulating fiber 

between the tube and port and sealing the area 
with a coating of The Carborundum Company's 
TIigidizer \ViE liquid or equivalent. 

Tube Replacement: 
Should a tube fail during operation, it will be 
necessary to remove the atmosphere from the fur­
nace. Remove the corresponding element, and ex­
amine it for damage caused by atmosphere attack. 
Pass a metal rod through the tube to support it 
during removal. Remove the insulation at each 
end of the tube; then, carefully withdraw. the tube. 
The removal and replacement of tubes should be 
made while the furnace is at temperature, allow­
ing the tube to heat slowly to furnace tempera­
ture by inserting it gradually through the heating 
chamber. 

Element Installation: 
Insert the element in the ceramic tube, using the 
installation trough prOVided. Fold a piece of 
fibrous ceramic paper, forming a pad about six 

inches long Of sufficient thickness to elevate the 
element slightly above the center of the tube. 
Raise the element, and install a pad under each 
end of the element. The element is located slightly 
above the center of the tube to prevent contact 
should the element sag dUring operation. Fold a 
similar pad, and install it over the top of the ele­
ment, allOWing for element movement during 
heating. Using the clamps and clamp tool pro­
vided. attach the aluminum braid connectors to 
the terminal ends. Refer to the wiring print .when 
making these connections. Maintain adequate 
clearance between the connections and furnace 
shell, and do not impose any unnecessary weight 
or strain on the elements. At the completion of 
the drying out process, insulating fiber should be 
packed in the spaces formed by shrinkage of the 
fibrous ceramic paper. 

Element Replacement: 
Should the element fail during operation and the 
ceramic tube remain intact, it is possible to replace 
the element without removing atmosphere from 
the furnace. Remove the electrical connections 
and packing at each end; then, carefu1ly withdraw 
the element. Do not insert cold rods or pokers into 
the hot tube, as thermal shock may result in tube 
breakage. If searching for element particles is 
necessary, be sure that the metal rod is inserted 
gradually. . ,,,. 

Place a pad of fibrous ceramic paper betw~~n the 
leading end of the element and tube. Slide the 
element and pad through the t_ube at a speed of 
approximately two inches per minute. Slowly in­
serting the element will allow the element to heat 
to the tube temperature, preventing element or 
tube breakage from thermal shock. When the in­
sertion is completed, install the packing, and make 
the necessary electrical connections. 
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INSTALLATION - ATTACHED TERMINAL TYPE ELEMENTS
 
WITH ATMOSPHERE SEALS 
Place the element in the support trough provided, 
and insert both into the terminal port, across the 
heating chamber, and through the opposite port. 
Holding the element in place, carefully withdraw 
the trough. Center the element in the furnace so 
that its ends extend an equal distance out each 
side of the furnace. 

Fold a piece of fibrous ceramic paper, forming a 
pad about six inches long of sufficient thickness 
to support the element in the center of the ter­
minal port. Raise the element, and slide the pad 
under its terminal end. Repeat this procedure at 
the opposite end of the element. L90sely pack 
insulating fiber around both terminal ends to form 
an effective seal and at the same time provide for 
element expansion and contraction. A restriction 
of element movement may result in breakage. 

Place the fibrous ceramic washers, retaining ring, 
and spring over the end of the element. Compress 

the spring against the retaining ring, and attach 
the terminal braid and terminal clamp so that the 
spring is held in compression by the terminal 
clamp. Repeat this procedure at the other end of 
the element. Two men will be required to per­
form these operations, one to make the seal and 
terminal connections and the other to hold the 
element in place until operations at both ends of 
the element are completp.d. 

Remove used elements from the furnace by re­
moving the terminal clamps, springs, retaining 
rings, fibrous ceramic washers, and insulation from 
both ends of the element; then, withdraw the 
element. 

If the elements are replaced when the furnace is 
at temperature, allow the element to heat slowly 
to furnace temperature by gradually inserting it 
through the heating chamber. A sudden change 
in element temperature could result in breakage. 
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INSTALLATION - DETACHED TERMINAL TYPE ELEMENTS
 
Angle Type Mounting 

In the removal of old elements, first remove the 
aluminum braid connectors. The locking bolts on 
the terminal pressure clamps at the rear of the 
furnace should then be released and the clamps 
swung out of the way. The rear terminals should 
be removed from the rear. Remove the elements 
from the chamber by working through the front 
door. First slide the element an inch or two into 
the rear terminal hole so that the front is clear of 
its terminal block; then, gently work the front of 
the element toward and out the front door. The 
side terminals should be removed after the rear 
terminals and heating elements have been re­
moved. (The importance of this sequence can be 
seen by referring to the diagram which shows the 
pin type ends of the element recessed in the socket 
of the angle terminal.) After the elements and 
terminals have been removed, the terminal bricks 
and tubes should be inspected and repaired or 
replaced if necessary. Any slag or foreign matter 
should he removed before the installation of new 
elements and terminals. 

To install new clements and terminals, the side 
terminal must be put in position first. On the outer 
end of the angle terminal, there is an arrow which 
indicates the position of the socket. This arrow 
should point toward the rear of the furnace. The 
position of the socket must be checked by looking 
through the rear terminal tube with a trouble 
light illuminating the chamber. The element 
should now be placed into postion by working 
through the front door. First slide the element 
an inch or two into its line of position; then, slide 
it forward into the side terminal socket. Handle 

. the element with care, and do not force. After the 
element has been placed in the socket of the side 
terminal, place the rear terminal in the rear tube 
against the end of the element. These installations 
are best accomplished if one man holds the ele­
ment centered in the socket of the side terminal, 

and another man installs the rear terminal. After 
the rear terminal has been inserted, a transite 
insulating washer should be placed against the 
end of the terminal and the terminal pressure 
clamp swung into position. Center the washer 
and clamp on the terminal, and apply pressure to 
the clamp. Only pressure necessary to hold the 
terminal firmly against the heating element need 
be applied. The rear terminal should then be held 
and the element turned until it seats itself in the 
terminal sockets and a good contact is established. 
Increase the initial pressure by closing the clamp 
completely, releasing it approximately 3/16" for 
element expansion and contraction, and locking it 
by means of the locking bolt. 

The 'terminal ports, rear and side, s110uld be lightly 
packed with insulating fiber. Roll a quantity of 
fiber between the palms of the hands, forming a 
soft roll about 1/4" in diameter long enough to go 
a little more than once around the terminal. The 
roll should be wrapped around the terminal, close 
to the port, and pushed in around the terminal. 

This roll will fill the gap between the terminal 
and tube, thereby preventing heat drafts, infiltra­
tion of air, and loss of atmosphere. Only a single 
roll should be used, and it should not be packed 
so tightly that the terminal cannot move in and 

out freely to allow for element expanSion and 
contraction. (The terminal must be able to remain 

in continuous contact with the heating element.) 

After the elements have been installed, they 
should be rotated by hand through the front door 
opening to be sure that they are properly centered 
in their sockets; then, check clearances at the 
spring clamps. The aluminum braid connectors 
may now be attached to the outer ends of the 
terminals with clamps. The Wiring print should 
be referred to when making these connections. 
Care should be taken to have adequate electrical 
and mechanical clearances from the furnace shell. 
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~ INSTALLATION - DETACHED TERMINAL TYPE ELEMENTS� 
Straight-Through Mounting 

.When removing old elements, first remove the 
aluminum braid connectors. Next, the locking bolt 
on the terminal pressure clamp at the side of the 
furnace should be released and the clamp swung 
out of the way. A fixed bracket at the opposite 
side prevents the removal or replacement of the 
terminals from this side unless the bracket is re­
moved. To eliminate the necessity of removing 
brackets, a special installing trough is furnished 
which can be entered at the free side to bridge 
the furnace chamber. The elements and terminals 
can be supported on this long trough and removed 
or replaced quite readily. Clearance for manipu­
lathg the trough must be equal to the full length 
of the element and terminal assembly. If this 
amount of clearance is not available, it may be 
necessary to remove the fixed bracket and work 
both sides. After the elements and terminals have 
been removed, inspect the terminal bricks and 
tubes, and repair or replace if necessary. Remove 
any slag or foreign matter before installing new 
elements and terminals. 

r 
To install new elements and terminals, the in­
stalling trough should be placed in position. The 
element and terminals must be inserted in this 
order: terminal/element/terminal. Take care to 
see that the sockets in the terminals face toward 
the heating element. After the first terminal of the 
terminal/element/terminal combination is against 
the fixed bracket, a slight holding pressure may 
be exerted by hand on the other terminal and the 
installing trough removed. A transite insulating 
ring should then be placed against the end of the 

terminal and the terminal pressure clamp swung 
into position. The clamp should be centered on 
the terminal and pressure applied to the clamp. 
Only pressure necessary to hold the terminal firmly 
against the element need be applied. Turn the 
element until it seats itself in the terminal sockets 
and a good contact is established. The proper 
pressure should now be estabilshed by closing the 
clamp completely, releasing it approximately 3/16" 
for element expansion and contraction, and lock­
ing it by means of the locking bolt of the clamp. 

The terminal ports should be packed with insu­
lating fiber. A quantity of fiber should be rolled 
between the palms of the hands to form a soft roll 
about 1/4" in diameter long enough to go a little 
more than once around the terminal. This roll will 
fill the gap between the terminal and the tube, 
thereby preventing heat drafts, infiltration of air, 
and atmosphere loss. Only a single roll should be 
used, and it should not be packed so tightly that 
the terminal cannot move in and out freely to 
allow for element expansion and contraction. 
(The terminal must be able to remain in con­
tinuous contact with the he~ting element.) 

After the elements have been installed, rotate 
them by hand to make sure that the elements are 
properly centered in their sockets; then, clearances 
of the spring clamps should be checked. Attach 
the aluminum braid connectors to the outer ends 
of the terminals with clamps. The wiring print 
should be referred to when making these connec­
tions. Take care to have adequate electrical and 
mchanical clearances from the furnace shell. . 
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