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Introduction 

In some demanding magnetic applications such as electric vehicle drive motors in which high rpm 
and small air gaps are necessary, the Nd2Fe14B magnets need to be used as a structural 
element [ 11. Any improvement in their fracture resistance will reduce the failure rates during 
commercial use. For current uses, an improvement in the toughness would allow greater 
machinability and easier handling. As a prelude to a program to improve the fracture toughness of 
Nd2Fe14B magnets, the toughness of a series of commercial materials was measured to determine 
if a reproducible and distinguishable measurement could be made. 

Exmimental Procedure 

Six types of Nd2Fe14B magnets were used in this investigation. Magnets produced by a cast, 
crush, and sinter process were obtained from Magnet Sales and Manufacturing, Inc., Culver City, 
CA. Magnets produced by melt spinning were obtained from Magnequench International, Inc. All 
specimens were tested as bars 5 x 5 x 40 rnm in a 3-point bend test. Chevron notches were wire 
electro-discharge machined (Fig. 1). The crosshead speed was 1 p d s ,  see ref. [2] for further 
details. The crack starts at the apex of the triangular region and as the crack propagates, the crack 
front increases in length resulting in controlled crack propagation degendmg on the stiffness of the 
testing machine and the geometry of the notch. Figure 2 is a typical load displacement curve. 

Results and Discussion 

The fracture toughness, KIC, is a measure of the absorbed energy during crack propagation [3], 
where the absorbed energy is the area under the load-displacement curve in Fig. 2. Because of the 
presence of the large chevron notch, the test used here is, unlike conventional bend tests, not 
sensitive to flaws or surface finishes. Fewer tests are therefore needed for good statistics as 
compared to a bend test without a notch. 

Table I is a summary of fracture toughness values. In the tests associated with the lowest two 
values the crack propagation was catastrophic and so the toughness was calculated with a peak load 
method [4-51. Toughness values were found to range from 2.5 to 5.5 MPadm. Distinct and 
reproducible measurements were found for material produced by different production methods and 
for material produced by different manufacturers. For comparison purposes the toughness of 
alumina ranges from 3 to 4 MPadm. A fracture surface from a Vacuumschmelze specimen is 
shown in Fig. 3. Work is underway to complete the correlation of fracture toughness with 
microstructure, chemistry, BH behavior, and to expand the database to include medium strength 
Nd2Fe18, SmCo5, and ferrite magnets. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty. express or implied. or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac: 
turer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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