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Relationship between Machining Characteristics & Current Efficiency
in Electro Chemical Machining of Ni-Ti Shape Memory Alloy
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<Abstract>

This study was performed to investigate the electro-
chemical-machining (ECM) characteristic of Ni-Ti
Shape Memory Alloy (SMA). From the experimental
results, we could gain optimal electro-chemical co
nditions to bound with lesser machining effect and
better surface roughness than any other machining
methods to workpiece at the same time. At these
conditions, current efficiency was, for especially ECM
working of Ni-Ti SMA, approximately 100% and high
frequency pulse current was detected.
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Fig.1 Schematic illustration of micro ECM system
using the point electrode
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Measurement Device
for Electric Condition

Power supply or
Pulse generator

Pgim Electrode

Fig.2 Schematic illustration Experiment setup of
point electrode ECM system

Fig.3 Lay-out of Point Electrode

Table.1 Experiment specification used in this study

Point Electrode Copper (99.9%)
WorkPiece Ni-Ti SMA
Electrolysis 15% Sodium Nitrate Solution
Condition 30% Acetic Acid Solution

Electrode feed 1000mm/min

speed
Spindle speed 50~200rpm
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B Theorectical Value
Experimental Value

Removal Volume(mm®)

Case of Electric condition

Removal mass
Case Theorectical Experimental | Voltage[V]
Value[g] Value[g}
1 0.624356 0.930233 15.8
2 0.827803 0.930233 738
3 0882157 0.930233 6.75
4 0.927875 0.908527 6.02
S 0.974451 0.930233 525
6 1.435051 1.085271 293

Fig.4 Removal Volume in 15% Sodium Nitrate Solution

I Theorectical Value
Experimental Value

Removal Volume(mm’)

4 5
Case of Electric condition

Removal mass
Case [T i Exp Voltage{V]  [Current[A)
Value[g] Value[g]
1 0.839356 1.860465 18.75 0.0789
2 1.408303 2325581 7.53 0.03766
3 1941951 2.325581 5.36 0.026785
4 3.520551 4.186047 3.05 0.01523
5 4.428347 4.860465 258 0.012895
6 4.68764 5.100775 2.06 0.010295

Fig.5 Removal Volume in 30% Acetic Acid Solution
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Fig. 6 Comparison of the variation with
kinds of acid solution

Fig. 7 Schematic illustration of measuring SMA system

Table.2 Electric Condition used this study

Case Electrolyte Voltage [V] | Current [A]
1 6.5 6.73
2 15% Sodium 5.3 3.25
3 Nitrate Solution 12.0 10.79
4 20.0 17.65
5 30.0 24.36
6 5.5 5.33
7 3.0 3.05
8 30% Acetic Acid 2.1 2.06
9 Solution 10.0 8.97
10 20.0 17.55
11 30.0 23.46
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Fig.8 Variation of the Recovery Stress
without or with machining
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Fig.9 Variation of the Surface Roughness [R,]
without or with machining
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Fig.10 Change of the Surface Roughness [R,]
in various pulse current

Table. 3 Electric Conditions
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Voltag Current Current
Case Electrolyte e [A] Efficiency
[Vl %]
1 15% Sodium 6.4 6.7 105.4
2 Nitrate Solution 53 5.2 95.5
3 30% Aceti 5.4 53 119.8
% Acetic
4 | Acid Solution |—> 3 [18.9
5 2.1 2.1 108.8
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