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Industrial partnership
Develop a generative solution for conformal cooling circuits of plastic injection molds

Objectives

▪ Minimize mold design effort

▪ Improve part quality

▪ Reduce cycle time

AU 2019



Why Cooling Matters



Why Cooling Matters
Optimal cooling increases Profit

Cycle Time Part Quality

The profitability of a tool is largely 
controlled by the efficiency of the 
cooling circuits

Incorrect cooling layout can be a major  
contributor to part warp

Cycle Time and Part Quality are Linked



Blueprints:  Automatic 
cooling circuit 

generation



Determine the optimal locations and geometric 
properties for cooling channels

to

maximize part quality and minimize production and 
tooling costs

whilst respecting constraints due to

part design, cavity layouts, mold construction 
method, mold tooling elements, and ancillary 

equipment



Blueprints – Scope
Reducing the design and optimization Degrees of Freedom (DoF)

To reduce the scope for this paper. We will assume:

▪ The coolant inlet and outlet locations are fixed and provided

▪ Coolant inlet temperature, and coolant flow rate are constant

▪ Cooling Circuits are circular and of constant diameter

▪ No branching of circuits.

▪ No bubblers or baffles

▪ Mold will be 3D printed



Blueprints – Scope
Automatically change cooling circuit(s)

Location

Position

Path

Explore the solution space to identify optimal designs



Blueprints - Quality

Minimize part surface temperature variation          Higher part quality

Measure:  Standard deviation of all part surface temperatures
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Temperature difference            Volumetric shrinkage difference         Increased warpage

Different surface gloss            Visual defects

Uniform temperature distribution across part surfaces



Blueprints - Quality
Problem areas within a cavity

Note : for clarity only one example of each type is shown

Ribs

Edge

Thickness Change

Boss

Pockets

Injection Location



Blueprints – Quality

Extract the heat as quickly as possible           Improves Cycle time

Measure: Area weighted average part surface temperature

𝑇𝐴𝑣𝑒𝑟𝑎𝑔𝑒 = 1/𝐴𝑟𝑒𝑎𝑇𝑜𝑡𝑎𝑙
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𝐴𝑟𝑒𝑎 𝑘 ∗ 𝑃𝑎𝑟𝑡 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒(𝑘)

Minimize the per unit tooling cost.

▪ Spending more for optimal cooling may be more cost effective over the life of the tool

▪ Cooling circuits following the part shape generally perform better 

▪ May be more expensive to build

Minimize  cycle time with optimal cooling layouts

𝑇𝐴𝑣𝑒rage 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒



Blueprints - Constraints
Manufacture Method

Drill and Plug 3D Printing



Blueprints - Constraints
Manufacturing Method

Drill and Plug 3D Printing

▪ Cost increase with every 
channel

▪ Difficult to introduce conformal cooling

▪ Better Tool Lifetime

▪ Possible to add Inserts

▪ Bubblers/Baffles

▪ Cost independent of number of 
Channels

▪ Conformal cooling is free

▪ Shorter tool lifetime: Fatigue/fouling

▪ Possible to print with multiple 
Mold Materials

▪ No direct printing of Bubbles/baffles



Blueprints - Constraints
Cooling Circuits need to clear of the following:

Feed system

Ejection system

Core pins

Mold edges

Part surface

Other cooling circuits

Vents

By at least 1.0x circuit diameter

Cooling circuits cannot impact the structurally integrity of the mold assembly



Blueprints - Constraints
Tool Layout - Multiple Cavities

5.22 degC/8.35degF 
Temperature rise

Cavity–cavity interactions

▪ Part to part variation

Heating of coolant

▪ Limit to < 10 deg C

Where possible exploit symmetry

▪ Cavity layout

▪ Cooling layout



Blueprints - Constraints

The inlet flow rate to a cooling circuit must be sufficient to maintain turbulent flow 

▪ Reynolds number > 10000

Pump capacity should be sufficient to guarantee turbulent flow

▪ Pressure drop is proportional to:

▪ Length of the circuit

▪ Number of bends (minor losses)

Coolant inlets and outlets are often:

▪ Supplied to one side of the machine

▪ Fixed (Quick change systems)

Coolant inlet



Blueprints – Automatic Circuit Generation

Given we have

▪ Specified the inlet and outlet

▪ Have constraints imposed by:

▪ Part design

▪ Cavity layout

▪ Inlet boundary conditions

Creating something from nothing

How do we generate
an optimal cooling 

circuit layout?



Geometry Alone



Optimize heat removal by placing cooling circuits
as close to the part as possible

using

different geometric methods 
and predefined patterns



Geometry Alone

Drape a predefined circuit layout onto the part cavity

Draping

Circuit Inlet

Circuit Outlet

Identify Parting Plane Define a circuit pattern Drape



Geometry Alone

Ensures cooling circuits reach the part extremities

Computationally it’s inexpensive

Known good design patterns based on experience exist

Easy to evaluate many different designs in a generative way

▪ Can generate and compare fundamentally different cooling circuits

▪ Patterns can be parameterized

Strength - Appling patterns



Geometry Alone

Fundamentally different designs

Patterns



Geometry Alone

Orientation

Spacing

Patterns



Geometry Alone
Examples



Geometry Alone

The draping pattern may not produce optimal results for all geometries

▪ Non optimal pattern

Long circuits:

▪ Pressure Drop

▪ Coolant Temperature

Circuit is a constant distance from the part

▪ No consideration of temperature distribution

Limitations



Optimization



Optimization
The starting point - An existing circuit

User supplied or Generated geometrically

Defined coolant inlets and outlets



Optimization
The algorithm

Based on the Boundary Element Method (BEM) as the mold volume does not require 
meshing after each optimization

Full Cool (BEM) analysis is performed on each design iteration

From the previous iteration’s temperature results, the optimization routine concentrates 
the cooling channels toward the hotter areas in the mold

Solver analyzes the temperature results of each iteration and uses the metrics for 
comparing different analyses with each other

For each iteration the boundary integrals are re-calculated for the new channel positions

Each iteration saves the cooling channel’s positions in a new study



Optimization
The algorithm

Optimization algorithm is a “directed search” method with conflicting requirements

Minimize the average mold temperature in contact with the part  (Move - closer)

Minimize the temperature difference across the part surface  (Move - away)

If average mold temperature metric 𝑇𝑚𝑒𝑡𝑟𝑖𝑐 =
𝑇𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛

𝑇𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑖𝑛𝑖𝑡𝑖𝑎𝑙
is less than 1.0 and 

reducing indicates an improvement

If the temperature difference metric 𝑠𝑡𝑑𝑚𝑒𝑡𝑟𝑖𝑐 =
𝜎𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛

𝜎𝑖𝑛𝑖𝑡𝑖𝑎𝑙
is less than 1.0 and reducing it 

indicates an improvement



Optimization
The evaluation

Balance of conflicting requirements

A weighted sum method is chosen to deal with dual objectives

▪ 𝑀𝑒𝑡𝑟𝑖𝑐 = 𝛼 𝑇𝑚𝑒𝑡𝑟𝑖𝑐 + 1.0 − 𝛼 𝑠𝑡𝑑𝑚𝑒𝑡𝑟𝑖𝑐

Weighting 𝛼 parameter is chosen by the user.

Aim is to minimize the Metric

Solver will run a set number of iterations or stop once the metric is minimized as per the 
user’s chosen value of 𝛼



Optimization

Circuits move to the hot areas of the part in the mold

Circuits maintain a specified distance away from the part and other circuits

Circuits maintain symmetry around the part

Current example is 45% improvement over the initial starting shape



Optimization
Collision Avoidance - Ejector pins No ejector pins



Optimization
Surface temperature – moving half comparison

𝑇𝐴𝑣𝑒𝑟𝑎𝑔𝑒 7.956°C       σ 2.721



Optimization
Surface temperature – fixed half comparison

𝑇𝐴𝑣𝑒𝑟𝑎𝑔𝑒 7.956°C      σ 2.721



Summary
Automatic cooling circuit generation

Automatic Generation of cooling circuits is practical and possible

Determining the optimal cooling circuit location(s) is a complex problem with many 
design constraints and limitations which need to be considered

Further research will continue to explore all the design choices available
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