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Copyright Notice

© Geometric Limited. All rights reserved.

No part of this document (whether in hardcopy or electronic form) may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording, or otherwise, to any
third party without the written permission of Geometric Limited. Geometric Limited reserves the right to change
the information contained in this document without prior notice.

The names or trademarks or registered trademarks used in this document are the sole property of the respective
owners and are governed/ protected by the relevant trademark and copyright laws.

This document is provided by Geometric Limited for informational purposes only, without representation or
warranty of any kind, and Geometric Limited shall not be liable for errors or omissions with respect to the
document. The information contained herein is provided on an “AS-IS” basis and to the maximum extent permitted
by applicable law, Geometric Limited hereby disclaims all other warranties and conditions, either express, implied
or statutory, including but not limited to, any (if any) implied warranties, duties or conditions of merchantability, of
fitness for a particular purpose, of accuracy or completeness of responses, of results, of workmanlike effort, of lack
of viruses, and of lack of negligence, all with regard to the document.

THERE IS NO WARRANTY OR CONDITION OF NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHTS WITH
REGARD TO THE DOCUMENT. IN NO EVENT WILL GEOMETRIC LIMITED BE LIABLE TO ANY OTHER PARTY FOR LOST
PROFITS, LOSS OF USE, LOSS OF DATA, OR ANY INCIDENTAL, CONSEQUENTIAL, DIRECT, INDIRECT, OR SPECIAL
DAMAGES WHETHER UNDER CONTRACT, TORT, WARRANTY, OR OTHERWISE, ARISING IN ANY WAY OUT OF THIS
DOCUMENT, WHETHER OR NOT SUCH PARTY HAD ADVANCE NOTICE OF THE POSSIBILITY OF SUCH DAMAGES.
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Welcome to another issue of the DFM Guidebook. We highly
appreciate your feedback for our previous issues. Please
continue sending us your comments, suggestions and ideas for
subsequent issues.

This week, our DFM experts provide you a comprehensive
summary of important design guidelines for Injection Molding.

When designing your parts for injection molding, the more attention you pay to wall
thickness, the more likely you'll be able to create a successful design. Parts having uniform
wall thickness also simplify the manufacturing process and reduce overall cost.

In this issue, we discuss a few design tips that if paid attention can help eliminate many
potential issues that cause stress during manufacturing and even product failure at later
stage.

Read the guidebook to refer Injection Molding Design guidelines such as Wall Thickness,
Uniform Wall Thickness, Wall thickness Variation, Minimum Draft Angle, Undercut Detection,
Sharp Corners and Hole Depth to Diameter.

If you have missed the previous issues of DFM Guidebook, please visit our website,
www.dfmpro.com

Happy reading!

Rahul Rajadhyaksha
Senior Product Manager
Geometric Limited
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Mold Wall Thickness

The thickness of the mold wall depends on the spacing between various features in the plastic
model. If features like ribs, bosses are placed close to each other or the walls of the parts, thin
areas are created which can be hard to cool and can affect quality. If the mold wall is too thin, it is
also difficult to manufacture and can also result in a lower life for the mold due to problems like
hot blade creation and differential cooling.

Minimum allowable mold wall thickness needs to be decided based on process and material
considerations.
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Uniform Wall Thickness

Non-uniform wall sections can contribute to warpage and stresses in molded parts. Sections
which are too thin have a higher chance of breakage in handling, may restrict the flow of material
and may trap air causing a defective part. Too heavy a wall thickness, on the other hand, will slow
the curing cycle and add to material cost and increase cycle time.

Generally, thinner walls are more feasible with small parts rather than with large ones. The
limiting factor in wall thinness is the tendency for the plastic material in thin walls to cool and
solidify before the mold is filled. The shorter the material flow, the thinner the wall can be. Walls
also should be as uniform in thickness as possible to avoid warpage from uneven shrinkage.

When changes in wall thickness are unavoidable, the transition should be gradual and not abrupt.

Section A:A
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Wall Thickness Variation

Wall thickness variation should be within tolerance so as to allow for smooth filling of the mold.
Ideally, the wall thickness should be uniform throughout the part (equal to the nominal wall
thickness). In reality, the variation is unavoidable due to requirements of functions and aesthetics.
However, the amount of variation has to be minimized.

Non-uniform wall thicknesses may cause uneven plastic flow and cause different parts of the part
to cool at different rates. This can cause warpage toward the heavier portion of the model. If an
uneven wall thickness is unavoidable, it may be necessary to provide additional cooling for the
heavier sections. This increases tooling complexity and adds to production costs.

In general, gradual change of 25% and 15% is acceptable in amorphous (PC, ABS, etc.) and semi
crystalline (Nylons, PE, etc.) materials respectively.
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Minimum Draft Angle

Draft angle design is an important factor when designing plastic parts. Because of shrinkage of
plastic material, injection molded parts have a tendency to shrink onto a core. This creates higher
contact pressure on the core surface and increases friction between the core and the part, thus
making ejection of the part from the mold difficult. Hence, draft angles should be designed
properly to assist in part ejection. This also reduces cycle time and improves productivity. Draft
angles should be used on interior and exterior walls of the part along the pulling direction.

It is typically recommended that the draft angle for sidewall should be at least between 0.5 to 2
degrees for inside and outside walls, although a larger angle will make it easier for part release.
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Undercut Detection

Undercuts should be avoided for ease of manufacturing. Undercuts typically require additional
mechanisms for manufacture adding to mold cost and complexity. In addition, the part must have
room to flex and deform.

Clever part design or minor design concessions often can eliminate complex mechanisms for
undercuts. Undercuts may require additional time for unloading molds. It is recommended that
undercuts on a part should be avoided to the extent possible.
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Sharp Corners

Generously rounded corners provide a number of advantages. There is less stress concentration
on the part and on the tool. Because of sharp corners, material flow is not smooth and tends to
be difficult to fill, reduces tooling strength and causes stress concentration. Parts with radii and
fillets are more economical and easier to produce, reduce chipping, simplify mold construction
and add strength to molded part with good appearance.

General design guideline suggests that corner radii should be at least one-half the wall thickness.
It is recommended to avoid sharp corners and use generous fillets and radii whenever required.

In addition inside and outside radii should have same center so as to avoid stresses during
cooling as shown in following image.

A DEFINITIVE GUIDE TO DESIGN FOR MANUFACTURING SUCCESS 11



@ Pro

\_/,| A Geometric Product

Hole Depth to Diameter Ratio

Core pins are used to produce holes in plastic parts. Through holes are easier to produce than
blind holes which don’t go through the entire part. Blind holes are created by pins that are
supported at only one end; hence such pins should not be long. Longer pins will deflect more and
be pushed by the pressure of the molten plastic material during molding.

It is recommended that hole depth-to-diameter ratio should not be more than 2.
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