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7 DAY SEVEN – AUTOMATING THE EQUIAX PROCESS I 


7.1 Summary 
Day one of two discussing equiax process steps and the content of sub-cycles in each 
process step. 
 
No. Classroom Topic Diagram(s)/Other Materials 
1.  Review of Previous Day  


2.  The Equiax Process Step I Equiax Process Diagram: The Vacuum Cycle Step 
(eqx_proc_vac.doc) 
Vacuum System Quiz I 
Vacuum System Quiz II 
Vacuum System Concepts I 
Vacuum System Concepts II 
Vacuum Map Screen (vacmapfoil.doc) 
Vacuum Gauge Display (vgaugefoil.doc) 


3.  Vacuum System Concepts 


Vacuum Setpoint Screen (vacsetpfoil.doc) 
Anatomy of a Vacuum Sub-Cycle (vac_sub2.doc) 4.  Vacuum Cycle Step of the 


Furnace Process Overview of Furnace Control During a Vacuum Sub-Cycle 
(vac_cyc_ovrvw.doc) 


5.  The Equiax Process Step II Equiax Process Diagram: The Load Charge Step 
(eqx_proc_ldchg.doc) 
Charge Loading Quiz I 
Charge Loading Quiz II 
Charge Loading Concepts 


6.  Charge Loading Concepts 


The Pour Control Screen (prcntrlfoil.doc) 
Anatomy of a Load Charge Sub-Cycle (ld_chrg2.doc) 7.  Load Charge Step of the 


Furnace Process Overview of Furnace Control During a Load Charge Sub-Cycle 
(ld_chg_ovrvw.doc) 


Break 
No. Furnace Demo Topic Comment 
8.  Vacuum Cycle Process Step Each student manually performs each step of the Vacuum Cycle 


(starts with DP hot & all chambers at atmospheric pressure). 
9.  Load Charge Process Step Each student manually does each step of the Load Charge Sub-


Cycle. Complete during afternoon furnace session if necessary. 


Lunch Break 
No. Classroom Topic Diagram(s)/Other Materials 
10.  The Equiax Process Step III Equiax Process Diagram: The Melt Temp Step 


(eqx_proc_mlt.doc) 
Melt Step Concepts I 
Melt Step Concepts II 
Melt Step Concepts III 
Melt Power Supply Control Screen (mltpsctrlfoil.doc) 
Melt Power Supply Status Screen (mpsstatfoil.doc) 


11.  Melt Step Concepts 


Melt Temperature Setpoint Screen (mltmpsetfoil.doc) 
Anatomy of the Melt Temp Process Step (meltsubcycle.doc) 
Closed Loop Temperature Control Logic (cloopTC_log.doc) 


12.  Melt Temp Process Step of the 
Furnace Process 


Closed Loop Temperature Control Block Diagram (cloopTC.doc) 
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Break 
No. Furnace Demo Topic Comment 
13.  Load Charge Process Step Continued from the morning furnace session if necessary. 


14.  Melt Temp Process Step While at the Operator's Console, each student explains verbally 
to the instructor how to perform each step of the Melt Temp 
Process Step.  


7.2 Handouts for Students 
 


• Daily curriculum sheet • Anatomy of the Melt Temp Process 
Step (meltsubcycle.doc) 


• Equiax Process Diagram 
(eqx_proc.doc) 


• Closed Loop Temperature Control 
Logic 


• Anatomy of a Vacuum Sub-Cycle 
(vac_sub2.doc) 


• Closed Loop Temperature Control 
Block Diagram (cloopTC.doc) 


• Furnace Control During a Vacuum 
Sub-Cycle (vac_cyc_ovrvw.doc) 


• Vacuum System Terms 
(vac_trm.doc) 


• Anatomy of a Load Charge Sub-
Cycle (ld_chg2.doc) 


• Melt Process Step Terms 
(melt_trm.doc) 


• Furnace Control During a Load 
Charge Sub-Cycle 
(ld_chg_ovrvw.doc) 


• Furnace Operating Manual 


7.3 Attendance 
• Furnace operators 


7.4 Instructor Materials and Notes 
• Diagrams listed above as overhead transparencies and hard copies in a binder 
• All Student Handouts 
• Furnace Operating Manual 
• Vacuum system must be fully operational (and capable of achieving high 


vacuum) before startup/shutdown participation by students 
• Instructor to heat Diffusion Pump ahead of time (before on-furnace 


demonstrations) 
• Instructor to ensure prior to on-furnace demonstration that Immersion TC is 


capable of motion in Immersion TC Auto Mode without damaging Crucible 
• Slides that contain questions only are meant to stimulate a classroom discussion. 


Instructor should pose the questions and let students answer them. 
• The Bar Feeder must be set up for use prior to the start of class on this day. 


 
 
 








The Equiax Process:
Vacuum Cycle Step


VACUUM 
CYCLE


STEP 1 STEP 2 STEP 3 STEP 4 STEP 5 STEP 6


WITHDRAWALLOAD 
CHARGE


MELT 
TEMP


LOAD 
MOLD


POUR 
CYCLE







Vacuum System Quiz I


• What Does the Melt Vacuum Pump Do?
• What Does the Mold Vacuum Pump Do?
• Where are Vent Valves Located and What is 


Their Purpose ?
• What is the Diffusion Pump & What Does it 


Do?







Vacuum System Quiz II


• Where is the Poppet Valve and What Does it 
Do?


• Where is the Load Valve & What Does it Do?
• What Does the Flapper Valve Do?







Vacuum System Concepts I


• Roughing and the Roughing Valve
• The Foreline and the Foreline Valve
• Low Vacuum
• High Vacuum







Vacuum System Concepts II


• Valve Open/Close Requests
• Pirani Gauges
• The Penning Gauge
• Vacuum Setpoints


Vacuum Setpoint I
Vacuum Setpoint II







Vacuum Map Screen on the 
Operator’s Console


Valve OPENED 


Valve CLOSED 


Pending request 
for valve state 


Pressure in microbar 
(Penning gauge)


Pressure in millibar
(Pirani gauge)


Current state of Melt or Mold 
Vacuum Pump. Can be any of 
the following:
PUMP ON: Vacuum Pump is 
on.
PUMP OFF: Vacuum Pump is 
off.
OT WARNING: Vacuum Pump 
is hotter than normal. 


Bar Feeder, Melt Chamber 
or Mold Chamber door state 


PUMP OVERTEMP: Vacuum 
Pump has overheated and 
been shut off. It cannot be 
started until it is cool.







Vacuum Gauge Display on the 
Operator’s Console


Vacuum setpoint one 
has been reached.


Vacuum setpoint one has 
not been reached.







Vacuum Setpoint Screen on the 
Operator’s Console







Anatomy of a Vacuum Sub-Cycle
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*At Cycle 
Start:


•Foreline Valve open
•Roughing Valve closed
•Flapper Valve open
•Poppet Valve closed
•Holding Valve closed
•Melt Chamber Door closed
•Mold Chamber Door closed
•Diffusion Pump off







Furnace Control
During a Vacuum Sub-Cycle
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The Equiax Process:
The Load Charge Step


STEP 2


VACUUM 
CYCLE


STEP 1 STEP 3 STEP 4 STEP 5 STEP 6


LOAD 
CHARGE


WITHDRAWALMELT 
TEMP


LOAD 
MOLD


POUR 
CYCLE







Charge Loading Quiz I
• What Does the Sliding Scoop Do & in What 


Mode is it Used?
• What Does the Rotating Spoon Do & in What 


Mode is it Used?
• What Does the Bar Feeder Pendant Do ?







Charge Loading Quiz II


• What is the Bottle Brush and How is it Used?
• The Bar Feeder Extends Until . . . ?
• The Bar Feeder Pendant Buttons are Active in 


What Furnace Mode?







Charge Loading Concepts


• Interlocks and Bar Feeder Extension
• Interlocks and Crucible Tilt Rotation
• Interlocks and Load Valve Opening







Pour Control Screen on the 
Operator’s Console







Anatomy of a Load Charge Sub-Cycle
CYCLE 


STARTS


*
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1
*AT CYCLE START:NOTE:


FLOW DIAGRAM ABOVE ASSUMES 
FURNACE IN LINER-MODE


TO NON-LINER 
MODE LEG OF 


PROGRAM


•BAR FEEDER CHAMBER VENTED TO ATMOSPHERE
•SLIDING SPOON AND PUSH ROD INSTALLED ON BAR FEEDER







Overview of Furnace Control 
During a Load Charge Sub-Cycle
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The Equiax Process:
The Melt Temp Step
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Melt Step Concepts I
• Closed Loop Temperature Control


PLC Controls Alloy Temp Automatically by 
Controlling Melt Power Supply Output
Alloy Temp Feedback from Optical Pyrometer 
Required for Operation


• Profile Mode
Melt PS Output Set by Predefined Profile of Power 
Versus Time
Used During Melting as No Alloy Temperature 
Feedback Available so no Closed Loop Control
Use VBPower to Create Profiles on Control Console







Melt Step Concepts II
• Super Heating Cycle


Raise Alloy Temp Above Casting Temperature, Hold 
for Predefined Time, Return to Casting Temperature
Zero to Three Permitted per Furnace Cycle


• OPT. MATCH TO PYROMETER Button
Add or Remove Offset to Pyrometer Output
Toggle Switch; Push Once for On, Again for Off







Melt Step Concepts III
• The Power Limit Potentiometer


Limit PS Output in Furnace Auto & Temp Modes
Set PS Output in Furnace Manual Mode


• LIMITED Indicator on Melt PS Control Screen
Illuminated When Melt Power Supply Output 
Throttled Due to Power Limit Potentiometer Setting


• KW Lock Temperature Mode
Hold Melt PS Output at Level Existing When Button 
Was Pushed







Melt Power Supply Control 
Screen on the Operator’s Console







Melt Power Supply Status Screen 
on the Operator’s Console







Melt Temperature Setpoint
Screen on the Operator’s Console







Anatomy of the Melt Temp Process Step


§ IF STILL IN TEMP MODE WHEN MELT TEMP CYCLE ENDS, OPERATOR MUST 
EXPLICITLY DEPART THIS MODE JUST PRIOR TO POURING THE MOLTEN 
ALLOY INTO THE MOLD
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Closed Loop Temperature 
Control Logic
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Closed Loop Temperature 
Control Block Diagram
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Equiax Furnace Melt Process Terms 
 
Casting Temperature 
The temperature at which an alloy is ready to be poured into a Mold. This value is 
entered into the Tcast field of a recipe using Redit. 
 
Closed Loop Temperature Control  
Closed loop temperature control refers to automated control of alloy temperature by the 
PLC through adjustment of the output from the Melt Power Supply. This feature relies 
on feedback from the Melt Optical Pyrometer to determine the current temperature of 
the melted alloy. Using special software and a communications link to the Melt Power 
Supply, the PLC sets the output of the Melt Power Supply to change the alloy 
temperature to some desired value or keep it at its current value.  
 
KW Lock Mode 
A Melt Power Supply Mode set with a button (named KW LOCK) on the Melt Power 
Supply Control Screen. Press the KW Lock button on the Melt Power Supply Control 
Screen to hold the Melt Power Supply output at the level in use when KW Lock is 
pressed. The KW Lock button is a toggle switch; press it once to lock the power and 
again to unlock it. 
 
Manual Temperature Mode 
Manual Temperature Mode is a Melt Power Supply Mode set with a button (named 
MANUAL MODE) on the Melt Power Supply Control Screen. In this mode, closed loop 
temperature control is inacti ve. The Power Limit potentiometer on the Operator Station 
determines the power level. 
 
Melt Temp Final 
The current target for alloy temperature. This target is reached either through closed 
loop temperature control by the PLC (in Temp Mode) or, when in Manual Temperature 
Mode, by adjusting the Power Limit Potentiometer. 
 
Prior to a melting cycle, Melt Temp Final is typically set by the Tcast field in a recipe. 
During super heating, Melt Temp Final is temporarily raised by adding the super heat 
offset to it. 
 
Melting Temperature 
The temperature at which an alloy melts. Prior to a melting cycle, the melting 
temperature is typically set by the Tmelt field in a recipe.  
 
Power Limit Potentiometer 
A control dial located on the Operator Station that is used in Furnace Auto Mode and 
Furnace Sequenced Mode to clamp or limit the output of the Melt Power Supply. In 
Furnace Manual Mode, the Power Limit Potentiometer sets the output of the Melt Power 
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Supply. In Furnace Auto Mode and Furnace Sequenced Mode this potentiometer 
cannot be used to increase the output of the Melt Power Supply. 
 
Profile 
A predefined sequence of settings for the Melt Power Supply output or the angle of the 
Crucible Tilt Mechanism that are created using Retech-supplied software on the Control 
Console. These settings consist of a series of points, each containing a setting (PS 
output or Crucible angle) and the elapsed time from zero (when the profile started). 
 
Melt Power Supply output or power profiles are created with VBPower and are used 
during billet melting because no feedback is available from the Melt Optical Pyrometer 
to assist in setting the Power Supply output. [If closed loop temperature control were 
used in such as case the high output power set by the PLC would result in overshooting 
of the desired alloy temperature]. Crucible angle or pour profiles are created with 
VBPour and are used during a pour of molten metal into a Mold to replicate a successful 
pour. In both cases the profile is downloaded into the PLC from the Control Console 
(typically as part of a recipe). 
 
Profile Mode 
A Melt Power Supply Mode in which the output of the Melt Power Supply is set by a 
profile created with VBPower. As explained above under "Profile", these are typically 
used during billet melting because no feedback is available from the Melt Optical 
Pyrometer to assist in setting the Power Supply output. 
 
Temp Mode 
Temp Mode is a Melt Power Supply Mode set with a button (named TEMP MODE) on 
the Melt Power Supply Control Screen. In this mode, closed loop temperature control is 
active and the PLC controls the alloy temperature by using feedback from the Melt 
Optical Pyrometer to set the output of the Melt Power Supply. The Power Limit 
potentiometer on the Operator Station can be used in this mode to limit the power level 
output of the Melt Power Supply. Pressing the KW LOCK button in Temp Mode locks 
the Melt Power Supply Output at the value present when the KW LOCK button was 
pressed. 
 
 





