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Table 1 Experimental conditions

Dynamic ultra micro hardness tester
Shimadzu Co. DUH-50

Forming equipment

Tool Sapphire ball : ¢ 0.2mm
Indenting load 98mN—392mN
Loading speed 12.7mN/s

Workpiece AS5186

Measuring equipment| SPM (TopoMetrix TMX-2000)
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Fig. 1 Analysis model of forming dimple
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(a) Experiment (b) Simulation

Fig. 2 Cross section of formed dimple
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(a) Experiment (b) Simulation-1 (c) Simulation-2

Fig. 3 Deformation of dimple in cross section through center axis
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Fig.4 Influence of indenting load on ratio of elastic recovery
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Fig.5 Influence of indenting load on radius ratio of dimple
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Fig.6 Close up of cross section of dimple
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PZT:PZT  Actuater, FG:Force gauge
HP:HIPOSS

Fig.7 System of multi dimpling machine
Table 2 Components of multi dimpling machine

PZ1 actuator

Force gauge

Fig.8 Photograph of multi dimpling machine
P HEERELNS. o bO—FKy 7 ABEXDRET
%2R &, BRCPCL DYy yo—-FLTWke7a s
SLZE, RF—-UELBEXrTAIEy FETBHEES.
BEHXRTHISPIEZBNE L, FIT7Fa—S
BEEMIT, TEEREIZI LAL. DY A 27 V28R
DEL, F4 Vv IARAEHKT 5. FEHEE AHXT
—INELKEYy FEIBET 5. BEHE KOT 1
FARNEHET O EIC 25 L CEEHRA T -2 )
2BET S U LoBRLICEVESE LT 7 AF vE
BRT 5. HEONBIERBIIRT.

EMTERL, R#ITRTEREEFETT L.
Table 3 Experimental conditions of multi dimpling

Forming equipment Multi dimpling machine

Normal load [N] 294mN
Workpiece A5186
Tool Conical tool : Shape of tips:20 4 m

Sapphire ball: ¢ 0.2mm

Measurement equipment| HIPOSS, Taly step

DSP dSPACE DS1102

PZT Amplifier MESS-TEC M2610

Stage SIGUMA KOKI PH564-B

Force gauge Kistler 9001A

HIPOSS(High precision optical

Measurement equipment
surface sensor)

"MATLAB3.0"
"Simlink3.0"
"Control disk"

Software
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(a) Square

(b) Parallelogram

Fig.9 Example of dimple texture
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(b) Force gauge signal
Fig.10 Output signal of force gauge and
input signal of PZT amplifier
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Fig.11 Example of dimple profile
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Fig.12 Spot array
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