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Strength Evaluation Method for Nd-Fe-B Rare Earth Sintered Magnet
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ABSTRACT

Application of the Weibull theory to a Nd-Fe-B rare
earth sintered magnet was studied for use in evaluating
the specific strength characteristics arising from the
structure of this magnet. Conformity of the Weibull
theory was verified by the correlation with the Weibull
distribution and by the existence of the size effect,
whereby the strength loses as the size is bigger. The
correlation with the Weibull distribution was verified by
the close correlation shown with a curve closely
approximating a Weibull plot. And the existence of the
size effect was verified that there is a fixed relationship
between effective volume, that determined by the stress
distribution and fracture stress. Consequently, it was
judged that the Weibull theory is in conformity with
evaluation of the strength of this magnet. The strength
of this magnet actually built into the rotor of a motor
was also verified, and the applicability of this theory to
this magnet was demonstrated.
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Fig. 1 IPM rotor
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Fig. 2 Stress distribution of IPM rotor

go0oOoO0OO NdOOOO0O000000000000d
gbobobooooobogon

OONd DOODOODO

Nd OOOO0ODDOOO0DO Fig.30000NdODOO
Nd,Fe,  BOOOOODOONdrichOOODOOODOOOOODO
gbobooooooobooboboboboboooooo
gobooomoooooooboooomuooooooboog
000000000000 0O000DDO0O0Fig.40 NdO
gbobooooboooboboboooboooboooboooo
gboboomoboobomoboobobooobooooooon
oo0o0000oooOooOO0o00ooOoOO00OddFg 5000
gboobooooooobooboboboboboooboooo
gobobooooooooobooboooooooboooooo

Pore Gain Boundary Main Phase  Impurity
Phase (Nd,Fe,,B) (Oxide, Carbide)
(Nd-rich)

Fig. 3 Nd-Fe-B model
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Fig. 4 Relationship between load and strain
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Fig. 5 Fracture test result
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Fig. 7 Fracture test
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Fig. 8 Weibull plot for magnet strength
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Fig. 10 Weibull plot of each width
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Fig. 11 Size effect

goboooboodgn

Nd OOO0OCOOO0O0O000O0DOOOCOOOO0O000O0
gboboboboobooobooooboboboboonoo
gooobbobooooooboboboboooooooboobooooo
gbobobobooboooboooooobobooboooo
ooobooooooooobbocAEDODODOOOODOO
0000000000000 0mMFig. 120000000
gbobobobobooobooooooobobobobo
gboobooooooobooboDbo

gboobobobobobobobooooobooooon
OO000O0oO00DOOoO00DODbOO00DCo0O0D Fig.1200
gooOoOoOoOoooooo Fig.130000O

—

0.01

Fracture probability

0.001

100 200 300
Fracture stress [MPa]
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Fig. 18 Comparison measurement and calculation
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