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Fig. 1. Diagram of the reaction forces at the locating and clamping points
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Fig. 2. The proposed process for experimental calculation of reaction forces at the locating points as well as the clamping
forces
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Fig. 3. a) 3-2-1 Locating system for milling fixture - b) test workpiece
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Fig. 4. Clamp components used in milling fixture

b o ).J u’__uﬂ.u )b,a.i
500 a6
,—"
400 32
s
274 "
1 300 2 ] o
Z 200 raa
Z 108 o F(N) = 35.93 x Ax + 0.5669
100 B oA
0
0 2 a 6 8 10 12 14
AX —(mm) 5 S,
(<)

b i 41905 () oAU LoT A gazma () Wiigeked (Lo oy 50 &by S yid shas Anmslixn 52,265 (3905 & S
Fig. 5. Experiments for calculating spring stiffness used in fixture clamps (a). Experiment setup (b). Spring stiffness dia-
gram

)lSuhS F—\

Sloker 55,105 S5

Wl axio

Olaike clowe

S andad— 000 9uud e F S0
Fig. 6. Fixture-workpiece system

9 M 4 axgi b ol lade a5 albie Y 5 X slo e slinl, L Lo, a5 abbioe poske 2 (39 YOIAY L plp o8 i,
bl e 6oyl LB o] o aih, IS & 55 50085 e (eske 2 oies ¥8) o] 85le SelbIS o ond pdlel ol ko

o4



BEYE 15 0FND dxio AF+ Jlo VY oyl DY 0,93 ¢S prol Sl puoiee & it

Olaideo slaso 4 Comws Bl g Gilwls bl 28l Olaise ) Jus
Table 1. The actual coordinates of the locating and clamping points relative to the origin of the coordinates
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1 - Force Sensitive Resistor (FSR)
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Fig. 7. The placement of the FSR sensors at the contact points between the workpiece and the fixture components
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Fig. 8. a) FSR sensor calibration setup, b) FSR sensor output conversion curve to force
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Fig. 9. a) Experimental setup for measuring the friction coefficient between the FSR sensor and the workpiece, b) The
force-time curve obtained to measure the friction coefficient of the workpiece with the FSR sensor
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Table 2. Normal and tangential components of clamps No. 1 and 2 in different positions
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Fig. 10. a) Experimental setup for measuring the coefficient of friction between steel clamp and workpiece, b) Force-time
curve obtained to measure the coefficient of friction between workpiece and steel clamp
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Fig. 11. Workpiece-fixture system equipped with FSR sensors
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Table 3. Normal and tangential (frictional) components of the locator reaction force for different states of the clamping
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