Precision Casting Services

The PRECICAST Foundry Concept

Engineering

Since lead-time is one of the most important factors for our customers, our approach is “right the first time”.  So we do our utmost during the engineering phase to ensure that the first casting is the right one.  In order to accomplish this, a computer analysis software was developed jointly with the leading foundry research center enabling the simulation of the casting being filled with liquid aluminum (mold-filling simulation), as well as solidification of the aluminum (thermal simulation).

Thermal simulation calculates metal shrinkage within the casting and localizes the areas where porosity can be expected.  The images of the problem areas that may affect the functional performance of the part are sent to the customer. Then, a discussion follows to determine which errors are acceptable, and which are not.

Once the above is established, we can start calculating and testing the optimal feeding system that has to compensate for metal shrinkage.   However, certain problems cannot be solved without altering the original design of the casting.  In such cases, the most appropriate solution is developed jointly with the customer.

In thin wall castings, where the chance of a cold shut is a reality, a mold-filling simulation is conducted after the calculation of the gating system.   In this procedure, the position and the temperature of the liquid aluminum can be predicted throughout mold filling, so that we can determine where the cold shut will occur during the casting process.   This enables us to keep on “virtually” modifying the gating system until the optimal solution has been found.

Subsequently, the complete pattern tooling (model plate, part, gating and feeding systems) is developed in 3D-CAD (PTC ProEngineer or SDRC IDEAS are used).  If necessary, the appropriate draft angles or machining allowances are added at this stage.  Once the tooling is designed, the CNC programs are generated using CAM software. 

PRECICAST Tooling 

Since we always mill the complete pattern tooling from a single block using High Speed CNC machining, the lead-time is brought to a minimum.  The most complex designs are milled within a maximum of three days.  Due to the precision of high-speed CNC machines, and stability of high-density plastic block material, we are able to mill these tools to a polished state with extreme accuracy.   This method eliminates manual finishing and assures accurate castings.

To make sure that no mistakes are made during production, a full CMM inspection is conducted to compare the tooling to 3D-CAD data.

PRECICAST Foundry

When we built the PRECICAST Foundry, the following conditions were set:

· The highest flexibility and productivity possible

· Paperless environment

· Eliminate the possibility of human errors 

· Avoid internal transport as much as possible

We have created an automatic storage system that is the center of the whole foundry.   It is 130 feet long and 36 feet high and is divided into two areas; one area stores the casting molds before and after the pouring of metal while the other area stores crates filled with castings in various stages of finishing.

Patterns, casting molds, and crates with castings are fully controlled by a central planning system.  This system works with three priority codes and performs automatic optimization for each step of the process.  In case of casting status, an automatic sorting takes place according to alloy and casting temperature.  For break out, thermal de-coring and heat treatment, a different sequence is possible according to the specific treatment program.   This type of stage optimization significantly improves efficiency and decreases lead-time. 

It is possible for the planner to intervene and introduce sequence modifications up to the point where the robot picks up a mold or crate.  This system also minimizes human error.   Also, not a single part can be delivered until the QC department has released it.   Furthermore, the complete flow is computer controlled making it impossible for parts to miss a certain step or treatment.   All stations in the foundry get instructions via a computer terminal.  If necessary, pictures and drawings can be depicted to enhance clarity.  This system ensures that the latest data is being used at every station.

The Molding Machine

In order to facilitate the PRECICAST process, we have developed a proprietary molding machine.  This machine is fully automatic and every process is computer controlled.  The operator of the machine is responsible for monitoring process controls and placing cores, if required.  For every mold all process data is registered and stored so that, if problems arise, it can be used for various analyses.

In the PRECICAST foundry raw materials are kept as constant as possible.  The viscosity of the ceramic slurry and the temperature of the sand for backing up remain constant and are recorded.   All the sand used for the PRECICAST process including new sand must undergo thermal recycling.  This assures a constant temperature, humidity, and the size of sand granules.  All of these parameters are monitored and controlled.   Also, the environmental temperature and humidity for every mold are registered within the process control system.

Each mold is manufactured by applying a thin layer of fast-hardening ceramic mass onto a tool.   Then, it is backed up with a sand/resin blend that is hardened by gas purging.  This ceramic layer allows us to work with minimal draft angles, create very fine details and obtain excellent surface finish.  Backing up with the sand/resin blend ensures a very stable mold that guarantees high repeatability of castings. 

Once an operator has completed the required tasks (placement of cores, etc.), the mold halves are automatically glued and closed using robots.  The accuracy of the robots ensures precise alignment of mold halves with a maximum allowable discrepancy of less than 0.004”.  The molding machine has a production capacity of 23 - 32 molds per hour, depending on the number of cores and risers. 

The Automatic Casting Unit

In order to maintain high quality and repeatability, all raw materials are monitored for consistency.

The computer terminal at the casting station instructs the operator about the total weight of alloy for a specific cycle and about the casting temperature.  Depending on the acceptable level of porosity that the customer has agreed to, a special degassing procedure is performed and the percentage of hydrogen is measured.   If the percentage does not comply with the specifications, extra degassing will start.

During metal casting, an automatic stopper system is used ensuring that every mold is cast identically, so the operator does not affect the quality of the casting process.  For each mold the following parameters are recorded in the process control system: casting temperature, environmental temperature, and humidity.

Shake-out, thermal de-coring and heat treatment 

This stage of the process is especially well controlled due to the automatic storage and central planning systems.   In some cases the cast product has a minimum cool-down time before the shakeout process begins, and as long as this point has not been reached, the robot will not send the cast molds to the shakeout station.   For some parts this is essential to minimize distortions.

Most of the material around the part is broken into pieces on a vibrating grid.  However, a sufficient amount of molding material is left around the part to prevent damage.   All the castings are then put in a basket for thermal de-coring and heat treatment.  For every product a specific program for heat treatment can be established to obtain the mechanical characteristics required by the customer.   Again, any human error can be prevented by the automatic storage system, since the robot only brings the molds that contain products with the same treatment program. 

For heat treatment and thermal de-coring cycles we use a fluidized-bed installation with three chambers.   In these chambers the sand bed is fluidized by means of an air and gas blend.  This technique guarantees perfect distribution of temperature throughout the bed resulting in cycle time reduction of up to 25%, and avoidance of distortions.   In the first chamber a solution treatment is performed at approximately 970° F.   Cycle time in this step ranges from 60 to 120 minutes.   When the programmed time had elapsed, the basket is automatically brought to the second chamber where it is quenched to approximately 140° F.  In the third chamber the annealing process takes place at 350° F for 60 to 120 minutes.  When the full treatment has been completed, the parts in baskets are placed into crates that are loaded in the automatic storage system for further finishing. 

Finishing

Four stations comprise the finishing process:

· Sawing station (2 locations).  The instructions for removing gating and feeding system are displayed on the computer screen.  Graphical images are used as much as possible.

· De-burring station (3 locations)

· Sand blasting station (1 location)

· QC station (1 location).  Every part must pass the QC station prior to delivery to the customer.

