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? CDA— program management & technical direction
? ICA— major copper industry support
? US Dept. of Energy— NICE3/OIT contributed $425,000 
? Motor Manufacturers (multiple)
? Air Conditioning & Refrigeration Institute
? CDA Members – alloy testing suggestions
? Formcast— die casting/technology capability
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? Development of mold (die) materials and processing 
for cost-effective copper motor rotor manufacturing

? Electrical energy efficiency improvement
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Multiple analyses show additional 15% to 20% 
reduction in motor losses (input/output method) 
achievable with copper rotor compared to same motor 
design using aluminum.
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? Improvement in motor electrical energy efficiency to 
reduce user operating costs

? Reduction in overall premium motor manufacturing 
cost at existing efficiency

? Reduction in potential motor weight
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? Create a “super”- premium efficiency motor product 
line

? Improve existing motor efficiency without major re-
engineering by replacing current aluminum with 
copper rotor
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Die Materials TestingDie Materials Testing

? High temperature 
? Substantial latent heat
? Thermal shock
? Thermal fatigue (heat checking)
? High operating temperature: Loss of strength
? In previous studies: tool steel molds lasted only a 

few shots
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Cracking –Thermal Expansion & ContractionCracking –Thermal Expansion & Contraction
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Die Materials TestingDie Materials Testing

Insert die sets used in material evaluationsInsert die sets used in material evaluations



Die Materials TestingDie Materials Testing

H-13 tool steel die cavity insert tool setH-13 tool steel die cavity insert tool set



Die Materials TestingDie Materials Testing

Test cavity design & first copper die castingTest cavity design & first copper die casting



Thermal ModelingThermal Modeling

Temperature profiles in H-13 
die inserts during cooling cycle
Temperature profiles in H-13 
die inserts during cooling cycle

Modeling studiesModeling studies
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Actual Temperature ProfilesActual Temperature Profiles



The Die Casting ProcessThe Die Casting Process

? 660 metric-ton Buhler SC (independent computer 
controlled - closure & shot)

? Induction melting (15 kg of copper in 9   minutes for 
rotors – earlier design used 4 kg of copper per 2 
minute cycle for material testing)

? High-temperature mold (die) materials and handling 
to achieve long life-in-service
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System design at Formcast test facilitySystem design at Formcast test facility



The Die Casting ProcessThe Die Casting Process

Bühler horizontal die casterBühler horizontal die caster



The Die Casting ProcessThe Die Casting Process

Inductotherm induction furnaceInductotherm induction furnace



The Die Casting ProcessThe Die Casting Process

Die halves – H-13 tool steelDie halves – H-13 tool steel



The Die Casting ProcessThe Die Casting Process

Applying dry film lubricantApplying dry film lubricant



The Die Casting ProcessThe Die Casting Process

Measuring copper chargeMeasuring copper charge



The Die Casting ProcessThe Die Casting Process

Transferring molten copper to shot sleeveTransferring molten copper to shot sleeve



The Die Casting ProcessThe Die Casting Process

Pouring copper into shot sleevePouring copper into shot sleeve



The Die Casting ProcessThe Die Casting Process

Ejecting copper casting and runner Ejecting copper casting and runner 



The Die Casting ProcessThe Die Casting Process

Extracting die cast copperExtracting die cast copper
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First Casting Trial:

H-13 Steel Dies
Baseline Data
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Testing of Die Materials – H-13 SteelTesting of Die Materials – H-13 Steel

Visual Examination – Thermal Fatigue CracksVisual Examination – Thermal Fatigue Cracks

Shot # 9          Shot # 800Shot # 9          Shot # 800



Testing of Die Materials – H-13 SteelTesting of Die Materials – H-13 Steel

Macrostructure of die cast copperMacrostructure of die cast copper



Testing of Die Materials – H-13 SteelTesting of Die Materials – H-13 Steel

Microstructure of die cast copper near gate regionMicrostructure of die cast copper near gate region



Testing of Die Materials – H-13 SteelTesting of Die Materials – H-13 Steel

Microstructure of die cast copperMicrostructure of die cast copper



IronIron OxygenOxygen
ShotShot ContentContent ContentContent

Number Number ppmppm wt. %wt. %
9 17 0.059

11 350 0.11
438 56 0.15
600 61 0.057
800 10 0.055

Testing of Die Materials – H-13 SteelTesting of Die Materials – H-13 Steel

Iron & Oxygen ContaminationIron & Oxygen Contamination



Testing of Die Materials – H-13 Tool SteelTesting of Die Materials – H-13 Tool Steel

ConductivityConductivity

Average
Shot Number % IACS

9 97.8
11 95.2

438 96.8
600 99.7
800 99.4

Average 98.8
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Testing of Die Materials – H-13 SteelTesting of Die Materials – H-13 Steel

Alternative Shot SleevesAlternative Shot Sleeves

? Liner insert below pouring hole
? Reduced erosion & wear
? Reduced contamination of copper
? Retained electrical conductivity in cast copper
? Remelting runners and gates sections

? Liner insert below pouring hole
? Reduced erosion & wear
? Reduced contamination of copper
? Retained electrical conductivity in cast copper
? Remelting runners and gates sections



Second Casting Trial:

Chemical Vapor Deposition
(CVD) Tungsten Coated on 
TZM Modified Molybdenum

Dies

Second Casting Trial:

Chemical Vapor Deposition
(CVD) Tungsten Coated on 
TZM Modified Molybdenum

Dies

Testing of Die Materials – CVD-W & TZMTesting of Die Materials – CVD-W & TZM



Testing of Die Materials – CVD-W on TZMTesting of Die Materials – CVD-W on TZM

CVD tungstenCVD tungsten

After 50 shots, cracking from ejector pin holes and 
heat-checking. Preheated 350 C.
After 50 shots, cracking from ejector pin holes and 
heat-checking. Preheated 350 C.



Third Casting Trial:

Nickel Alloy Dies -
617
718

MA-754
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Visual examinationVisual examination

Shot # 50                                                Shot # 235Shot # 50                                                Shot # 235

Preheat 320 C to 410 CPreheat 320 C to 410 C

Testing of Die Materials – InconelTesting of Die Materials – Inconel



Alloy comparisonAlloy comparison

Alloy Heat Checking Observed

MA 754 Shot# 50
718 Shot# 100
617 Shot# 200 (minor crazing)
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PorosityPorosity
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Electrical conductivityElectrical conductivity

Shot Number % IACS
50 99.4

150 99.1
235 101.2

Average 99.9

Shot Number % IACS
50 99.4

150 99.1
235 101.2

Average 99.9

Testing of Die Materials – InconelTesting of Die Materials – Inconel



Fourth Casting Trial:

TZM & Anviloy Dies
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Testing of Die Materials – TZM & AnviloyTesting of Die Materials – TZM & Anviloy

TZM & Anviloy diesTZM & Anviloy dies

? TZM (molybdenum alloy)
?Oxidized at die operating temperatures

? Anviloy (tungsten alloy)
? Brittle below 450C 
? Difficult to machine
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Testing of Die Materials – TZM & AnviloyTesting of Die Materials – TZM & Anviloy

? Moving half
? Preheat 450C to 560C

? Moving half
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Fifth Casting Trial:

Nickel Alloy Dies 617 & 625 
at Elevated Temperature
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Testing of Die Materials – Nickel Alloys #2 Testing of Die Materials – Nickel Alloys #2 



? After 950 shots, minor cracking
? Preheat 560C to 660C

? After 950 shots, minor cracking
? Preheat 560C to 660C
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Die Materials TestingDie Materials Testing

? Multiple high-temperature mold (die) materials may 
perform adequately in various die locations—
depending upon thermal stresses/load requirements

? Mold (die) material handling—preheat requirements 
are critical—to reduce thermal stresses and assure 
long die-life in-service

? Multiple high-temperature mold (die) materials may 
perform adequately in various die locations—
depending upon thermal stresses/load requirements

? Mold (die) material handling—preheat requirements 
are critical—to reduce thermal stresses and assure 
long die-life in-service

Initial findingsInitial findings



Die Materials TestingDie Materials Testing

Nickel-based superalloy compositions (wt.%)Nickel-based superalloy compositions (wt.%)

AlloyAlloy Ni Ni Co Co CrCr MoMo W W FeFe Al Al C C Others Others 

230230 Bal.Bal. 5*5* 2222 22 1414 3*3* 0.30.3 0.10.1 0.4 0.4 SiSi, 0.5 , 0.5 MnMn, , 
0.02 La 0.02 La 

617617 Bal.Bal. 12.512.5 2222 99 -- 1.51.5 1.21.2 0.070.07 0.30 Ti0.30 Ti

625625 Bal.Bal. 1*1* 2121 99 -- 5*5* 0.4*0.4* 0.1*0.1* 0.4* Ti, 0.5 0.4* Ti, 0.5 MnMn
3.7 3.7 NbNb+Ta+Ta

* maximum* maximum



Die Materials TestingDie Materials Testing

Superalloy comparison – 0.2% YS (MPa)Superalloy comparison – 0.2% YS (MPa)

AlloyAlloy 20C  20C  540C540C 650C650C 760C760C 870C870C 980C980C 1100C1100C

230230 393393 276276 269269 283283 221221 124124 5757

617617 352352 228228 214214 221221 214214 110110 5555

625625 490490 372372 372372 345345 207207 8383 3939



Die Materials TestingDie Materials Testing

Superalloy comparison – UTS (MPa)Superalloy comparison – UTS (MPa)

AlloyAlloy 20C  20C  540C540C 650C650C 760C760C 870C870C 980C980C 1100C1100C

230230 862862 710710 669669 586586 400400 228228 117117

617617 759759 593593 565565 503503 352352 200200 110110

625625 903903 772772 759759 600600 345345 166166 9797



Die Materials TestingDie Materials Testing

Superalloy comparison – % elongationSuperalloy comparison – % elongation

AlloyAlloy 20C  20C  540C540C 650C650C 760C760C 870C870C 980C980C 1100C1100C

230230 4848 5656 5555 4646 5959 7171 5050

617617 5858 6464 6969 5656 5454 6464 5050

625625 4949 5454 5656 5353 4646 4444 4545



Die Materials TestingDie Materials Testing

? Five copper die casting trials completed
? Inconel alloy 617 best candidate tested

Haynes alloy 230 alternate die material
? Must run dies hot:   650C
? Copper microstructure exhibited minor defects
? Conductivity very good
? Elimination of iron in system should improve 

conductivity
? Reduction of oxygen contamination should improve 

ductility
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Haynes alloy 230 alternate die material
? Must run dies hot:   650C
? Copper microstructure exhibited minor defects
? Conductivity very good
? Elimination of iron in system should improve 

conductivity
? Reduction of oxygen contamination should improve 

ductility

Conclusions – Phase I of studyConclusions – Phase I of study
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Die Casting Copper RotorsDie Casting Copper Rotors

Master die set for casting rotorsMaster die set for casting rotors

Ejector SectionEjector Section Center SectionCenter Section

Stationary SectionStationary Section
Alternate (Thick) 

Center Section
Alternate (Thick) 

Center Section



Die-Cast Copper Motor RotorDie-Cast Copper Motor Rotor

Modeling StudiesModeling Studies



Die Casting Copper RotorsDie Casting Copper Rotors

InductothermInductotherm

Larger Induction melting furnaceLarger Induction melting furnace



Die Casting Copper RotorsDie Casting Copper Rotors

Die cavity inserts — gates and runnerDie cavity inserts — gates and runner



Die Casting Copper RotorsDie Casting Copper Rotors

Arbor (Mandrel)Arbor (Mandrel)



Die Casting Copper RotorsDie Casting Copper Rotors

Core stack being assembledCore stack being assembled



Die Casting Copper RotorsDie Casting Copper Rotors

Assembled core stacksAssembled core stacks



Die Casting Copper RotorsDie Casting Copper Rotors

Compressing laminationsCompressing laminations



Die Casting Copper RotorsDie Casting Copper Rotors

Inserting laminations (core stack)Inserting laminations (core stack)



Die Casting Copper RotorsDie Casting Copper Rotors

Inductotherm (Induction melting) furnaceInductotherm (Induction melting) furnace



Die Casting Copper RotorsDie Casting Copper Rotors

Copper pellets melting in the crucibleCopper pellets melting in the crucible



Die Casting Copper RotorsDie Casting Copper Rotors

Removing crucible from furnaceRemoving crucible from furnace



Die Casting Copper RotorsDie Casting Copper Rotors

Pouring copper into the shot sleevePouring copper into the shot sleeve



Die Casting Copper RotorsDie Casting Copper Rotors

Programming computer controlled die-casterProgramming computer controlled die-caster



Die Casting Copper RotorsDie Casting Copper Rotors

Ejecting rotor with runnerEjecting rotor with runner



Die Casting Copper RotorsDie Casting Copper Rotors

Extracting rotorExtracting rotor



Die Casting Copper RotorsDie Casting Copper Rotors

Water-quenching rotorWater-quenching rotor



Die Casting Copper RotorsDie Casting Copper Rotors

Fin detail - complete fill on a large rotorFin detail - complete fill on a large rotor



Die Casting Copper RotorsDie Casting Copper Rotors

Cross-section of a cast copper rotorCross-section of a cast copper rotor



Die Casting Copper RotorsDie Casting Copper Rotors

? Rotor die casting evaluation runs for four motor 
companies completed

? Evaluation of prototype motor performance - three sets 
of results (next)

? Run of 200 to 500 rotors for production motors 
planned
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? Run of 200 to 500 rotors for production motors 
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Rotor die-casting Rotor die-casting 



Rotor Steel Specification for CopperRotor Steel Specification for Copper

Indications to Date:

? High temperature anneals, utilized in many “larger" 
rotors, appear NOT affected –

? No increases in losses observed (IEEE Tests)

? Low temperature anneals, utilized in some “smaller" 
rotors, appear affected

? Increases in core (Iron) losses observed

Indications to Date:
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rotors, appear NOT affected –

? No increases in losses observed (IEEE Tests)

? Low temperature anneals, utilized in some “smaller" 
rotors, appear affected

? Increases in core (Iron) losses observed

Recommend Review of Current Specifications
Developed for Aluminum Die Casting 
Recommend Review of Current Specifications
Developed for Aluminum Die Casting 



? Improvement in motor electrical energy efficiency to 
reduce user operating costs

? Reduction in overall premium motor manufacturing 
cost at existing efficiency

? Reduction in potential motor weight

? Improvement in motor electrical energy efficiency to 
reduce user operating costs

? Reduction in overall premium motor manufacturing 
cost at existing efficiency

? Reduction in potential motor weight

Advantages to motor performance -
scenarios for manufacturers and users
Advantages to motor performance -
scenarios for manufacturers and users

Target for OpportunityTarget for Opportunity



? 660 metric-ton Buhler SC (independent computer 
controlled - closure & shot)

? Induction melting (15 kg of copper in 9 minutes for 
rotors – earlier design used 4 kg of copper per 2 
minute cycle for material testing)

? High-temperature mold (die) materials and handling 
to achieve long life-in-service

? 660 metric-ton Buhler SC (independent computer 
controlled - closure & shot)

? Induction melting (15 kg of copper in 9 minutes for 
rotors – earlier design used 4 kg of copper per 2 
minute cycle for material testing)

? High-temperature mold (die) materials and handling 
to achieve long life-in-service

System design at Formcast test facilitySystem design at Formcast test facility

Capabilities for Future Die CastingCapabilities for Future Die Casting



Die-Cast Copper Motor RotorDie-Cast Copper Motor Rotor

Modeling StudiesModeling Studies



Motor Test ResultsMotor Test Results
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? Two-thirds (2/3) of all industrial electricity is used to 
run motors

? Motors use 680 Billion kW-Hr per year

1% better motor efficiency would save:

? 6.8 Billion kW-Hr per year
? $US 500 Million at 7 cents per kW-Hr
? Equivalent to 13 Million barrels of oil

?? TwoTwo--thirds (2/3) of all industrial electricity is used to thirds (2/3) of all industrial electricity is used to 
run motorsrun motors

?? Motors use 680 Billion kWMotors use 680 Billion kW--Hr per yearHr per year

1% better motor efficiency would save:1% better motor efficiency would save:

?? 6.8 Billion kW6.8 Billion kW--Hr per yearHr per year
?? $US 500 Million at 7 cents per kW$US 500 Million at 7 cents per kW--HrHr
?? Equivalent to 13 Million barrels of oilEquivalent to 13 Million barrels of oil

Motor TestsMotor Tests

What is 1% motor efficiency worth? (USA)What is 1% motor efficiency worth? (USA)



LossesLossesLosses Costs to
Further
Reduce
Losses

Costs toCosts to
FurtherFurther
ReduceReduce
LossesLosses

We are 
here

We are We are 
herehere

$$$

TimeTimeTime

Diminishing ReturnsDiminishing Returns



Efficiency Loss
HP kW Poles Al Cu Difference Reduction
4 3 4 83.2 86.4 3.2 19.0%
7.5 5.5 4 74.0 79.0 5.0 19.2%
10 7.5 4 85.0 86.5 1.5 10.0%
15 11 4 89.5 90.7 1.2 11.4%
25 19 4 90.9 92.5 1.6 17.6%
40 30 4 88.8 90.1 1.3 11.6%
120 90 2 91.4 92.8 1.4 16.3%
270 200 4 92.0 93.0 1.0 12.5%

Average: 14.7%

EfficiencyEfficiency LossLoss
HPHP kWkW PolesPoles AlAl CuCu DifferenceDifference ReductionReduction
44 33 44 83.283.2 86.486.4 3.23.2 19.0%19.0%
7.57.5 5.55.5 44 74.074.0 79.079.0 5.05.0 19.2%19.2%
1010 7.57.5 44 85.085.0 86.586.5 1.51.5 10.0%10.0%
1515 1111 44 89.589.5 90.790.7 1.21.2 11.4%11.4%
2525 1919 44 90.990.9 92.592.5 1.61.6 17.6%17.6%
4040 3030 44 88.888.8 90.190.1 1.31.3 11.6%11.6%
120120 9090 22 91.491.4 92.892.8 1.41.4 16.3%16.3%
270270 200200 44 92.092.0 93.093.0 1.01.0 12.5%12.5%

Average:Average: 14.7%14.7%

Motor TestsMotor Tests



HP kW Poles Al Cu Difference Reduction
4 3 4 221 92 129 - 58%
5 3.7 4 - - - - 38%
15 11 4 262 157 104 - 40%
25 19 4 410 292 118 - 40%

HPHP kWkW PolesPoles AlAl CuCu DifferenceDifference ReductionReduction
44 33 44 221221 9292 129129 -- 58%58%
55 3.73.7 44 -- -- -- -- 38%38%
1515 1111 44 262262 157157 104104 -- 40%40%
2525 1919 44 410410 292292 118118 -- 40%40%

Motor TestsMotor Tests

Rotor I2R Losses (Watts)Rotor I2R Losses (Watts)



AI Cu Difference Percent
15 HP (11kW) Motor 64.9C 59.5C - 4.5C - 7%
25 HP (18.5 kW) Motor 79.9C 47.2C - 32.7C - 41%
? Affects life expectancy of the motor
? For every 10 degrees C hotter a motor runs,

life can be reduced in half
? Copper rotors could increase life expectancy
? Similar results have been seen in premium efficiency 

motors since their introduction 20 years ago

AIAI CuCu DifferenceDifference PercentPercent
15 HP (11kW) Motor15 HP (11kW) Motor 64.9C64.9C 59.5C59.5C -- 4.5C4.5C -- 7%7%
25 HP (18.5 kW) Motor25 HP (18.5 kW) Motor 79.9C79.9C 47.2C47.2C -- 32.7C32.7C -- 41%41%
?? Affects life expectancy of the motorAffects life expectancy of the motor
?? For every 10 degrees C hotter a motor runs,For every 10 degrees C hotter a motor runs,

life can be reduced in halflife can be reduced in half
?? Copper rotors could increase life expectancyCopper rotors could increase life expectancy
?? Similar results have been seen in premium efficiency Similar results have been seen in premium efficiency 

motors since their introduction 20 years agomotors since their introduction 20 years ago

Temperature RiseTemperature Rise

Motor TestsMotor Tests



? Copper rotor motors averaged 90.7% efficiency
Range: 90.6% – 90.8%

? Copper rotor losses averaged 157 Watts
Range: 153 Watts – 167 Watts

? Stray load losses were down 23%
? Process variables tested had no predictable affect on 

final test results
? No balancing weights were required
? This is a very robust process with consistency

not seen in current rotor die casting methods

?? Copper rotor motors averaged 90.7% efficiencyCopper rotor motors averaged 90.7% efficiency
Range: 90.6% Range: 90.6% –– 90.8%90.8%

?? Copper rotor losses averaged 157 WattsCopper rotor losses averaged 157 Watts
Range: 153 Watts Range: 153 Watts –– 167 Watts167 Watts

?? Stray load losses were down 23%Stray load losses were down 23%
?? Process variables tested had no predictable affect on Process variables tested had no predictable affect on 

final test resultsfinal test results
?? No balancing weights were requiredNo balancing weights were required
?? This is a very robust process with consistencyThis is a very robust process with consistency

not seen in current rotor die casting methodsnot seen in current rotor die casting methods

Copper rotor consistencyCopper rotor consistency

Motor TestsMotor Tests



Tests of an “optimized” copper motor

? Rotor losses - 40%
? Total losses - 23%
? Temperature rise - 41%
? Efficiency + 1.6%     90.9% vs. 92.5%

Stator windings and iron core were modified from standard 
motor design to gain best possible results

Tests of an “optimized” copper motorTests of an “optimized” copper motor

?? Rotor lossesRotor losses -- 40%40%
?? Total lossesTotal losses -- 23%23%
?? Temperature riseTemperature rise -- 41%41%
?? EfficiencyEfficiency + 1.6%     90.9% vs. 92.5%+ 1.6%     90.9% vs. 92.5%

Stator windings and iron core were modified from standard Stator windings and iron core were modified from standard 
motor design to gain best possible resultsmotor design to gain best possible results

Motor designed around a copper rotorMotor designed around a copper rotor

Motor TestsMotor Tests



? Example: 15 HP (11 kW), +1.2% Efficiency
? Rotor conductive material cost: $4 Al, $14 Cu
? Melt energy & die insert amortization: $1.30
? Motor list price range: $900 - $1500
? User payback measured in months
? Adjusting cost of other factors like stack and heat control 

can offset material cost
? One manufacturer reduced total motor cost 7% (average of 

many ratings)

?? Example: 15 HP (11 kW), +1.2% EfficiencyExample: 15 HP (11 kW), +1.2% Efficiency
?? Rotor conductive material cost: $4 Al, $14 CuRotor conductive material cost: $4 Al, $14 Cu
?? Melt energy & die insert amortization: $1.30Melt energy & die insert amortization: $1.30
?? Motor list price range: $900 Motor list price range: $900 -- $1500$1500
?? User payback measured in monthsUser payback measured in months
?? Adjusting cost of other factors like stack and heat control Adjusting cost of other factors like stack and heat control 

can offset material costcan offset material cost
?? One manufacturer reduced total motor cost 7% (average of One manufacturer reduced total motor cost 7% (average of 

many ratings)many ratings)

Rotor Cost ImplicationsRotor Cost Implications

Motor TestsMotor Tests



? Higher efficiency in the same stack length
? Same efficiency in a reduced stack length

Offsetting material cost differences
? Some combination in between
? Minimize balancing requirements
? Elimination of “safety factor” extra stack length

to compensate for rotor irregularities

?? Higher efficiency in the same stack lengthHigher efficiency in the same stack length
?? Same efficiency in a reduced stack lengthSame efficiency in a reduced stack length

Offsetting material cost differencesOffsetting material cost differences
?? Some combination in betweenSome combination in between
?? Minimize balancing requirementsMinimize balancing requirements
?? Elimination of “safety factor” extra stack lengthElimination of “safety factor” extra stack length

to compensate for rotor irregularitiesto compensate for rotor irregularities

Additional ImplicationsAdditional Implications

Motor TestsMotor Tests
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15 kW Motor - Past, Present and Future15 kW Motor - Past, Present and Future

NirvanaNirvana

Super ConductingSuper Conducting

Amorphous Steel LaminationsAmorphous Steel Laminations

Potential Copper RotorPotential Copper Rotor

Today’s Premium EfficiencyToday’s Premium Efficiency

1997 Energy Policy Act1997 Energy Policy Act

Today’s “Standard” MotorToday’s “Standard” Motor

Historic Historic –– 19751975



Die DesignDie Design

Mr. Ruedi Beck
DieTec GmbH
Die Designer

Info@dietec.ch

Mr. Ruedi Beck
DieTec GmbH
Die Designer

Info@dietec.ch



Cold chamberCold chamber

Principles of die casting technologyPrinciples of die casting technology



1st phase1st phase The metal is slowly brought up to the gate, 
according to shot volume and procedure 1-4 s

Conventional Parashot

Cold chamber technologyCold chamber technology



A = area [mm2]
Ak = runner area [mm2]
AIM = projected area [mm2]
dm = plunger diameter [cm2]
FLI = opening force [mm]
FLN = closing force [kN]
%F = filling rate [%]
IMaktiv = active shot length [mm]
mA = weight after gate [g]
mI = shot weight [g]
mpart = part weight [g]
moverflow = overflow weight per part [g]
mrunner = runner weight [g]
n = number of cavity [ ]
pI3M = final casting pressure [bar]
QM = flow rate [cm3/s]
SA = gate section [mm2]
SV = venting area [mm2]
tF = filling time [s]
VA = volume after gate [cm3]
vC = plunger speed [m/s]
vMA = gate velocity [m/s]

Abbreviations for die castingAbbreviations for die casting



Gate area  SA

SA =
VA

VMA ? tF
=

mA

? ? VMA ? tF

mA= n * (mpart+moverflow )

Example :
mpart = 450 g

moverflow = 20 g

mrunner = 1450 g

vMA = 45 m/s

tF = 0.05 s

? = 2.5 g/ cm3

Gate technologyGate technology



VMA =________________ VMA =________________

Aluminum 
20   …   60 m/s Standard
15   …   30 m/s Vacuum

Zinc
30   …   50 m/s Standard

Copper 30   …   45 m/s Standard

Gate velocity  vMAGate velocity  vMA



s   [ mm ]

1.5

1.8

2.0

2.3

2.5

3.0

3.8

5.0

tF [ ms]

10  …  30

20  …  40

20  …  60

30  …  70

40  …  90

50 … 100

50 … 120

60 … 200

Filling time  tFFilling time  tF



QM =
mA

? ? tF

mpart = 450 g

moverflow = 20 g

mrunner = 1450 g

vMA = 45 m/s

tF = 0.05 s

? = 2.5 g/ cm3

Metal flow rate  QmMetal flow rate  Qm
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Example:

mpart = 450 g

moverflow = 20 g

mrunner = 1450 g

vMA = 45 m/s

tF = 50 ms

r = 2,5 g/ cm3

It means:

Venting area; SVVenting area; SV



AK

AK = 1.6 … 2.2 * SA

CB =  1.5 ... 2.5 * CT

AK = CB *  CT - CT 2  *  tan (15°)

AK = CB *  CT - CT 2   *  0.27

Runner cross section AkRunner cross section Ak



Heat Conduction :

Heat transport inside a substance.

Example:   Machine plate 

Convection :

Heat transfer from a liquid substance to a solid substance or turned back. 

Example:  Steel on cooling water 

Radiation :

Heat transfer through electromagnetic radiation.

Example:  Die frame on the air 

Die temperature:  Heat transferDie temperature:  Heat transfer



Sankey diagram



Qzu = m I * cP * ( TIn - TEj ) + C * m I 

Qzu supplied heat quantity [kJ]

mI shot weight [kg]

cp specific heat  [kJ/kgK] cpCu = 0.394 kJ/kgK

TIn metal temperature on filling  [K]

TEj metal temperature on ejection  [K]

C heat of fusion [kJ/kg] CCu = 172 kJ/kg

Example:

ml  =  1.2 kg ; TIN =  1473 K ; TEj =  1123 K

QZU = 1.2 * 0.394 * ( 1473 – 1123) + 172 * 1.2 = 371.9 kJ

1000 cm3           ? 1.7 * QAl = QCu

Supplied heat quantity for copperSupplied heat quantity for copper



Ql = ? w * Aw * ( TOb - TMed ) / s

Ql [ kJ ]

? w Conductivity of the tool [ W/mK ]

s The distance of the temperature canal from the cavity [ m ]

Aw The effective cross-section area of the tool [ m2 ]

TOb The middle surface temperature  [K] 

Tmed The middle wall temperature on the thermal fluid medium  [K]

Example: Conductivity of the steels

? w 1.1730  50 W / mK

1.2343 15 W / mK

Cu 350 W / mK

Heat Conduction    QIHeat Conduction    QI



QSt = ADGW *? *CS * ( TWO
4 - TUM 

4 )

ADGW = Contact face of the die to the surrounding air [ m2 ]

? = Emissions degree 

CS = Stefan-Boltzmann-constant for the black body

5.67 * 10-8 W / m2K4

TWO = Surface temperature of the die [K] 

TUM = Surrounding temperature [K]

Example: Emissions degree of steel

? steel bright grinded     0.25

steel little rusty 0.6

steel strong rusty   0.8

( values at 293 K )

Heat radiation QStHeat radiation QSt



The three cooling areasThe three cooling areas



Thermal expansionThermal expansion

dL dL 100100°C°C / 100 mm = 0.12 mm/ 100 mm = 0.12 mm



Insulation materialInsulation material



Insulation materialInsulation material



Insulation materialInsulation material



Insulation materialInsulation material



Electrical heatersElectrical heaters



Electrical heatersElectrical heaters



Electrical heatersElectrical heaters



The shot sleeve designThe shot sleeve design



The shot sleeve designThe shot sleeve design



The shot sleeve designThe shot sleeve design



The die designThe die design



The die designThe die design



The die designThe die design




