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Without prestress and less
than 170 mT, 5M-crystal
shows a strain of ¥4 % and

exhibits max. strain below
340 mT.

Limitation in operational
temperature

Brittleness of material

Magnetic field induced strain [%)]

Compressive Strain [MPa]

Magnetic shape

memory effect in Ni-Mn-Ga
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K.Rolfs et al. IMMM, 2008
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Elements

melt

beginning
crystallization

with high

vapour
pressure

impurities

Sample Preparation

SLAg Remelting and
Encapsulation technique

Encapsulation of alloy
avoids manganese loss

Slag reacts with inclusions
and dissolve ionic
impurities as oxides and
sulfides

No reaction between alloy
and crucible

A.Mecklenburg et al. DE 102004018664A1, 2005
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Composition gradient in Ni-

Mn-Ga-Co rods

» homogeneous Co-Content, different Mn/Ga — ratio
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Phase transition temperatures in  Ni-
Mn-Ga-Co
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Schematic of magneto-mechanical

testing principle
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Schematic Diagram of E3

(Angular Dispersive Technique)
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Measurement technique

" sample rotates
around w

" 20 moves in 8 steps
after each rotation

detector 20-angle

incoming beam

Ewald sphere (radiusr =271t/ A)



Measurement technique

Simple Transformation to the
Reciprocal Space.
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Low temperature structures

Ni-Mn-Ga-Co with Co 1.2 - 6 at-%
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stress [MPa]

Stress — Strain — Behaviour in

tetragonal Martensite

35
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---------- unloading

60 -
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strain [%0]

strain [%)]

> 1% Co

6% Co

" twinning stress decreases with decreasing amount of Co
" reachable strain increases with decreasing Co - content



Schematic Diagram of four cirlcle

diffractometer D9 using hot neutrons

()

diffracted
beam

detector

Monitor Fulerion| ~ Beam stop|
tradle

Somple

S5 | Area detector

Monochromator ~ Filters Collimator (b 4



m Helmholtz

Zentrum Berlin

Distribution of cobalt in

Ni-Mn-Ga lattice

|__T ‘ 770 Bragg reflections have been measured in
'mperature phase
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Sequence of loading:
X.y.2Z

Stress plateau in x direction
Stress plateau in y direction

Stress plateau in z direction:

Sequence of loading:
X.z2.y

Stress plateau in x direction
Stress plateau in z direction

Stress plateau in y direction:

Double Twinning in nonmodulated

orthorhombic Martensite

: 30MPa
: 95MPa

: 30MPa
: 60MPa
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K.Rolfs et al. Acta Mat., 2009
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Double Twinning in nonmodulated

orthorhombic Martensite

Example

a.b,b.c,c.a
e ab-twinning followed by bc-

twinning State | Intermediate State Il
C State

e grey planes indicate twin
planes of each twinning event
e gb-twinning: a and b axes
interchange, c axis stays
constant

e followed by bc-twinning: b \_/ \/

and c axes interchange, a axis ab-twinning bc-twinning
stays constant

. crystallographic axes
permute cyclically

K.Rolfs et al. Acta Mat., 2009
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Magnetic field induced strain in

modulated tetragonal Martensite
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Application in actuators
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