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7.1

DAY SEVEN - AUTOMATING THE EQUIAX PROCESS |

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 | Equiax Process Diagram: The Vacuum Cycle Step
(egqx_proc_vac.doc)
3. Vacuum System Concepts Vacuum System Quiz |
Vacuum System Quiz Il
Vacuum System Concepts |
Vacuum System Concepts Il
Vacuum Map Screen (vacmapfoil.doc)
Vacuum Gauge Display (vgaugefoil.doc)
Vacuum Setpoint Screen (vacsetpfoil.doc)
4, Vacuum Cycle Step of the Anatomy of a Vacuum Sub-Cycle (vac_sub2.doc)
Furnace Process Overview of Furnace Control During a Vacuum Sub-Cycle
(vac_cyc_ovrvw.doc)
5. The Equiax Process Step |l Equiax Process Diagram: The Load Charge Step
(egx_proc_ldchg.doc)
0. Charge Loading Concepts Charge Loading Quiz |
Charge Loading Quiz Il
Charge Loading Concepts
The Pour Control Screen (prentrifoil.doc)
7. Load Charge Step of the Anatomy of a Load Charge Sub-Cycle (Id_chrg2.doc)
Furnace Process Overview of Furnace Control During a Load Charge Sub-Cycle
(Id_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 Il Equiax Process Diagram: The Melt Temp Step
(egx_proc_mit.doc)
11. | Melt Step Concepts Melt Step Concepts |
Melt Step Concepts Il
Melt Step Concepts Il
Melt Power Supply Control Screen (mlitpsctrifoil.doc)
Melt Power Supply Status Screen (mpsstatfoil.doc)
Melt Temperature Setpoint Screen (mltmpsetfoil.doc)
12. | Melt Temp Process Step of the | Anatomy of the Melt Temp Process Step (meltsubcycle.doc)
Furnace Process Closed Loop Temperature Control Logic (cloopTC log.doc)
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 Closed Loop Temperature Control
(eqgx_proc.doc) Logic
Anatomy of a Vacuum Sub-Cycle Closed Loop Temperature Control
(vac_sub2.doc) Block Diagram (cloopTC.doc)
Furnace Control During a Vacuum Vacuum System Terms
Sub-Cycle (vac_cyc_ovrvw.doc) (vac_trm.doc)
Anatomy of a Load Charge Sub- Melt Process Step Terms
Cycle (Id_chg2.doc) (melt_trm.doc)
Furnace Control During a Load Furnace Operating Manual
Charge Sub-Cycle
(Id_chg_ovrvw.doc)
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.
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VACUUM
CYCLE

The Equiax Process:
Vacuum Cycle Step

STEP 2

LOAD
CHARGE

STEP 3 STEP 4 STEP 5 STEP 6
MELT LOAD POUR WITHDRAWAL
TEMP MOLD 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 1t
Do?






Vacuum System Quiz II

* Where is the Poppet Valve and What Does 1t
Do?

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





Vacuum System Concepts 1

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

High Vacuum





Vacuum System Concepts 11

Valve Open/Close Requests
Pirani Gauges
The Penning Gauge

Vacuum Setpoints
» Vacuum Setpoint I
» Vacuum Setpoint 11





Vacuum Map Screen on the

Operator’s Console
Valve OPENED emmperan UACUUN MHP ,%W”" vy LORDERVACULN

- SCREEN SCREEN POPPET .
_ Valve CLOSED .
- PENE ~ CLOSED

- Pending request

for valve state

- . Pressure in millibar ROUGHING
(Pirani gauge)

- l Pressure in microbar MM/DD/YY

(Pennina aauae)

DOOR Bar Feeder, Melt Chamber HH: MM: SS5_PM
0

é

R

LOADER VENT
CLOSE REQ.

MELT VENT

W

AR

N\X

I

I4di] or Mold Chamber door state

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. s
OT WARNING: Vacuum Pump
is hotter than normal. VACUUM

PUMP OVERTEMP: Vacuum PUMP UACUUN
Pump has overheated and

been shut off. It cannot be OFF MILIBAR El'll;"g?

started until it is cool.

MOLD UACUUM

m\jm\m

I

MOLD VENT
CLOSE REQ.
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L]
SP 1

SP1

Vacuum Gauge Display on the
Operator’s Console

Vacuum setpoint one
has been reached.

Vacuum setpoint one has
not been reached.

SETPT
SCREEN

24|
BULB
TEST

UACUUM GAUGE DISPLAY

MELT CHAMBER FORELINE PENNING GAUGE X18-3
SP1 SP 2 SP1 SP 2 SP1 SP 2
INGOT LOADER MOLD CHAMBER
MM/DD/YY
HH: MM: SS_PH
UACUUM
SCHLE

MELT PUMP MOLD PUMP HILIBHR

BNNNN BNNNN






Vacuum Setpoint Screen on the
Operator’s Console

Y » h » h
e VACUL ' |
SPECIFY ALL VALUES IN nRAR

ACTIVE SETPT.

PENDING SETPT.






Anatomy of a Vacuum Sub-Cycle

MELT
VACUUM REQUEST TURN ON TURN ON CHAMBER FORELINE DIFFUSION
CYCLE DIFFUSION MELT MOLD REACHES REACHES PUMP
staRTs [P Pump P Suupe BoNE —> VACUUM vACUUM [—®| HEATERS
* HEATERS ON SETPOINT #2 SETPOINT #2 TURN ON
REQUEST svert 2 cammer N SET FORLINE | NO | | HAs DIFFusioN | NO
POPPET VAC OK BIT REACHED MELT REACHED PUMP REACHED
—P vave [P Ve, HES Vacuum  |ES—p VAC OK vacuum [ YES OPERATING [YES
: ?
OPEN | P SETPOINT #12 BIT —| SETPOINT #1? TEMPERATURE?
HAS MELT CHAMBER |—>
—»| VACUUM FALLEN
BELOW SETPOINT #2?
CLOSE
POPPET [«
VALVE
*At Cycle <Foreline Valve open
K‘E’Eﬁ'g‘;;, VACUUM Start: *Roughing Valve closed
—»| popPET [P ‘;L%'—SE *Flapper Valve open
VALVE
*Poppet Valve closed

*Holding Valve closed

*Melt Chamber Door closed
*Mold Chamber Door closed
*Diffusion Pump off





Furnace Control
During a Vacuum Sub-Cycle

FURNACE RUN

INPUT/OUTPUT MODULES
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STEP 1

VACUUM
CYCLE

The Equiax Process:
The Load Charge Step

STEP 2

LOAD
CHARGE

STEP 3

MELT
TEMP

STEP 4 STEP 5 STEP 6
LOAD POUR WITHDRAWAL
MOLD CYCLE






Charge Loading Quiz I

* What Does the Sliding Scoop Do & in What
Mode 1s it Used?

 What Does the Rotating Spoon Do & 1n What
Mode 1s 1t Used?

* What Does the Bar Feeder Pendant Do ?






Charge Loading Quiz II

 What 1s the Bottle Brush and How 1s i1t Used?
e 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

POUR CONTROL SCREEN MWW/DD/YY HH.MM:SS_PM
MAIN [ SEQ, HYDRAULIC UNIT

SCREEN g SCREEN CRUC. FILL INGOT WEIGHT HASH ANGLE ﬁ m M

NNN.N 7% NNNN.N Kg NNNN.N ©

IHI‘:]TREIRZIEE%SL .C, TLSEIITAMY  HOLD AFTER POUR
- TIME, SECONDS

=VERTICAL

LOCAL MODE

MOLD VACEREMELT UACEMFDR. UAQ
HOLD AFTER
BNNNNME I BNNNNEME EGNNNNnB POUR DONE

CRUCIBLE ANGLE RECORDER TIMER

NNNNN.N | NNNNN. N

POUR MODE SELECT | — RECORDER SELECT —|

MANUAL| LOAD=) MELT=| ANGLE=| HWASH | AUTO MANUAL} STOP | AUTO
MODE 98¢ 15¢ ge LIP POUR RECORD| RECORD RECDRD






Anatomy of a Load Charge Sub-Cycle

FURNACE IN LINER-MODE

PROGRAM

*SLIDING SPOON AND PUSH ROD INSTALLED ON BAR FEEDER

OPEN BAR BA';Z%ERDER LOADER LOAD CLOSE BAR
CYCLE FEEDER VENT INGOT & FEEDER
STARTSF® poor —P C'-%SEDC —» vave ——® uner [P Dpoor
* MANUALLY '-'M'BPI‘E"ST H CLOSES (IF USED) MANUALLY
EVACUATE LOADER
BA%S%ERDER REQUEST LOADER REQUEST L'(’;‘fDOETR ng,sggR LOAD
LOADER LOAD
cLoseb Mt vacuum [ VOACBVUEM < I VACUUM [P vacuum [P gg'éx'é
SWITCH VALVE OPEN OPENS OPEN SETPOINT #2 SETPOINT #1
OPENS REACHED REACHED
SET
CRUCIBLE
TILT ANGLE
TO 90°
CRUC'BLE TILT NO EXTEND BAR BAR FEEDER RETRACT BAR FEEDER REQUEST LOAD
e e e e R e I el e e
HORIZONTAL? CLOSES
PENDANT CLOSES PENDANT CLOSES CLOSED
REQUEST
LOADER YES . | oPEN BAR LOADER INSTALL CLOSE BAR
LOADER VENT LINER [—{ “EEEDER VENT PTJZ":IORVOED BOTTLE FEEDER
VENT  —f yaLve ] MODE?| no poor [ P| VALVE [P ANUALLY —» BRUSH [P DooOR
\gAPLI;/'f OPENS MANUALLY CLOSES MANUALLY MANUALLY
NOTE: 0 NONALINER *AT CYCLE START: ®
FLOW DIAGRAM ABOVE ASSUMES e EG O -BAR FEEDER CHAMBER VENTED TO ATMOSPHERE





Overview of Furnace Control
During a Load Charge Sub-Cycle

AUXILIARY RACK

MOLD CHAMBER LOAD BAR FEEDER
VALVE CHAMBER
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The Equiax Process:

The Melt Temp Step

STEP 1 STEP 2
VACUUM LOAD
CYCLE CHARGE

STEP 3

MELT
TEMP

STEP 4 STEP 5
LOAD POUR
MOLD CYCLE

STEP 6

>

WITHDRAWAL






Melt Step Concepts I

e 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 11

* 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 111

* The Power Limit Potentiometer
» Limit PS Output in Furnace Auto & Temp Modes
» Set PS Output in Furnace Manual Mode

e 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 FOWER SUPFLY CONTROL  MW/DD/YY HH:MM:SS_EM
MAIN [ SEQ. LINITED
W ERdaN TEWP. % KW % REF. SETPI. MELT TEMP MELTS ON

RESET NNNNN
THERMAL CYCLES LIMIT METER CNTRL. A&CTIVE  FINAL COUNT CRUCIBLE

NNN °C  NNN °C PYRO TEMP °C IC TENP °C e
TENP |  TENP UPT. P'.ERIZ]METER LOAD Efgig
CYCLEL| CYCLE? MATCH TO 1C woip | G
'SIJPER HEAT TIHES uﬂﬁgg"ﬂﬁ& nﬁgﬁﬁ:ﬂggﬂﬁ{;ﬁ TOAD TO CAST
(NN, N|

SETPT TIME LEFT [N MELT UAC FOR. UAC CYCLE TIME

aNNNMT JRONNNMET o R ONNNNT
MELT SUPPLY MODE | INMERSION TC DRIUE—|

REACHED AUTO TEMPt1t! STEP # SETPOINT, wm  POSITION, mm

SELECT TEMP MODE NOW! [miidea)iyy UHLUE
1S ON Active
MELT SETPT RANGE ERR!| EndPt, %m-

HNGLE
MANUAL KW TEMP SEI §¥Eﬁ SET IC AUTO
MODE LOCK MODE REF MODE REF Up MODE

DDDR






Melt Power Supply Status Screen

on the Operator’s Console
mm NELT POWER SUPPLY STATUS |y ]

OPTICAL IMMERSIO MOLD
PYROMETER °C THERMOCOUPLE °G THERMOCOUPLE °G
I OLTAGE KILOWATTS FREQUENCY
INTERNA INTERNA EXTERNALSMFEXT ERNALESSSCR OUERRMFURNACE SEL.JDOOR/CAF

H20 PRESS.QH20 TEMP.mmH20 PRESS.Q@HZ0 TEMP.@eVOLTAGEREMSHITCH TRIPEEFAULT
CLDSED WATER SYSTEM

FFFEi¥vmm

SCREEH






Melt Temperature Setpoint
Screen on the Operator’s Console

MELT TEMPERATURE
SETPOINT  SCREEN KEYPAD DATA

NOTE: The furnace mode switch must he in MANUAL
to transfer melf temperature setpoints.

Hhen used, the PLC recipe value is replaced. .l.

ACTIVE TEMPERATURE REF






Anatomy of the Melt Temp Process Step

WATCH NO
MELT TEMP PT gx::gu“ﬁ'& SET POWER LIMIT MELT CHARGE [ cov"\',-er':‘_'IUE A“l:ggs-ﬂvép
SUB-CYCLE > __p| POTENTIOMETER |3, | FULLY
STARTS WITH OPERATOR TO FULL POWER TH&%,JVGH MELTED? »| MANUAL »{ DisPLAYED
* STATION PUSH MELTING?
BUTTON PORT
BEGIN EXECUTING CLOSED PUSH TEMP MODE BUTTON NO
LOOP TEMP CONTROL LOGIC YES
OPTICAL  |NO SUPER |yEs PUSH TEMP SUPER HEAT INCREASE MELT ALLOY TEMP |NO|| SUPER HEAT
PYROMETER CYCLE 10R TEMP OFFSET POWER SUPPLY REACHED TIME LEFT
PrEMP REACHED YES, HEAT'NG,,'_’ TEMPcYCLE2 [ | apbepto [P outputto [P xewmertr FPl sTarTs o
MELT TEMP REQUIRED?| No BUTTON MELT TEMP INCREASE ALLOY TEMP FINAL? COUNT DOWN
FINAL? ] FINAL TEMP*
1
SUPER |NO MEI|=-|TNZI|E_MP LOWER POWER ALLOY TEMP|NO SET MELT CHECK LOWER
HEAT POWER SUPPLY ALLOY |YES
YE SUPPLY OUTPUT AT OLD
| Time [ RETURNS [l 1 henice P mELT TEMP | YES ) outPutTO [—| TEMPWITH [—=| IMMERSION
LEFT=0? TO OLD ALLOY TEMP* FINAL? HOLDING IMMERSION |-NO TC
VALUE POWER* TC? A
ADJUST MELT POWER
SUPPLY OUTPUT*
NO PRESS PUSH LOAD
AWAIT OPTICAL
STABLE PYROMETER OPTICAL RAISE ALLOY TEMP STILL AT N2 MOLD CYCLE
L> s p| OFFSET TOO YES' PYROMETER |—p| IMMETRSION P! MELT TEMP FINAL? VE BUTTON |—pp| ENDS
READING GREAT? MATCH TO TC c _5, §
BUTTON
*THIS STEP DONE MANUALLY WITH POWER LIMIT POTENTIOMETER § IF STILL IN TEMP MODE WHEN MELT TEMP CYCLE ENDS, OPERATOR MUST
OUTSIDE TEMP MODE OR AUTOMATICALLY BY PLC IN TEMP MODE EXPLICITLY DEPART THIS MODE JUST PRIOR TO POURING THE MOLTEN

ALLOY INTO THE MOLD





Closed Loop Temperature
Control Logic

NO STOP EXECUTING
p| CLOSED LOOP
TEMP CONTOL
LOGIC
STILL IN
YES TEMP |€—
MODE?
YES
PUSH SETPOINT ACTIVE COMPUTE NO_ | ADJUST

TEMP -
____p{TEMP REF RAMPS|— ) 0 —»| AT=0? | —)
MODE UNTIL FINAL AT=0 PS

BUTTON REACHED

NOTE: ONCE STARTED, THE STEPS OUTLINED ABOVE EXECUTE UNTIL THIS
LOOP IS EXPLICITLY TERMINATED. EXECUTION CONTINUES EVEN WHILE OTHER
TASKS ARE OCCURRING ON THE FURNACE UNDER PLC CONTROL.





Closed Loop Temperature
Control Block Diagram

PROCESS
TEMP IMMERSION —
Panel View SENSOR PLC TC REMOTE
Touch Screen OUTPUTS BOX | MEASURING
MEANS
v I
h PYROMETER
MELT TEMP SETPOINTS § _
POWER PROCESS
SUPPLY |4 PS TUNING | o " N\ /L <_<T:Em|;;0|_|_ED
CONSTANTS _ — _
CONTROL o [ ] VARIABLE
SCREEN TEMP MODE M
SELECT o — =
PS STATUS b MELT BOX- = MELT = - PROCESS
< \A 4 u = coiL =
o
PID LOOP L _
OPERATOR CONTROLLING || cONTROLLER E = =
STATION S PS OUTPUT
CONTROLS | CABLES
bS START oS STOP PS START > MANIPULATED
© © PS STOP VARIABLE
> _
PS LIMIT CONTROL CPOSNI:T!I“?ng > PS STATUS
- —
OPERATOR — <
—————P
CONSOLE ~ECIPES a START, STOP,
RESET FINAL
CONTROL CONSOLE —p INDUCTOTHERM — CONTROL
POWER SUPPLY DEVICE
REDIT PROFILES T
VBPOWER < —
¢-p | q—TEVP SETPOINTS POWER SUPPLY
OUTPUT REFERENCE
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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 inactive. 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 le vel
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.
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