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Since becoming highly functional, complex and flexible, the machining system of CFRP(Carbon Fiber Reinforced Plastic)
has recently become highly functional, complex and flexible, its has its controllers are changing into open and distributed
structures. These, and need controlling to be controlled to maintain good quality of for a quality of machined parts. In
particularSpecifically, an open controller is required urgently needed to apply the optimal processing program for each
material and development of embedded SW, which enables after-production of CFRP, CFRP-metal stack material, waterjet
processing, inspection, and modification. As theThe characteristics of CFRP materials may create processing defects such as
stratified material stripping and un-cut., a A process monitoring module that can minimize or prevent the defects this
technology needs to should be applied to hence reducinge tool wear causedthrough by high hardness carbon fiber. Since
CFRP is mostly made from additive forming, there are many drilling processes, that require precision measurement
techniques and process signal monitoring technology, exist. Tsince the cutting force load and various signals generated
during processing are weaker than those during metal processing. An open controller for process control and monitoring of a
CFRP processing system was therefore developed. The system will then It is going to develop open controller SW structural
design and open platform, multi-channel signal processing algorithm and sensor system, process specific functions (CFRP
process control, boundary detection, etc.) and mount drilling tool parent monitoring algorithm on open platform.
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Name Pt [Access | mamming| MIN [MAX
Ox60FF Target Velrcny Vel. Unit| 0
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posih T&’;‘Z‘:m‘;‘n 06081 Velocity Offset Vel Unit| 0

. T '\
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Torque Actual Value | INT | RO | Yes - -

CSV mode Control Block Diagram CSV Object List

Fig. 1 Object lists of CSV
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(a) Single ring topology (b) Duplex ring topology

Fig. 4 Ring topology of EtherCAT for fault tolerant
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Table 1 PDO map assign for EtherCAT slave EDIO72/46

No. Object address Object name Device
1 0x1F02 Spindle Voltage
0x1F06 Spindle Output
3 0x1F08 Outputl6 1st
4 0x1FO0A Output16 2nd .
Spindle
5 0x1F0C Output16 3rd
6 0x1FA2 Spindle Encoder Pulse
7 0x1FA6 Spindle Input
7 0x1FA6 Spindle Input
8 0x1FAS8 MPG1 Pulse
9 0x1FAC MPG2 Pulse
10 0x1FBO MPG3 Pulse
11 0x1FB4 Inputl6 1Ist
12 0x1FB6 Input16 2nd MPG
13 0x1FB8 Input16 3rd
14 0x1FBA Input16 4th
15 0x1FBC Inputl6 5th
16 0x1FBE Encoder Disconnect
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Fig. 9 Configuration of multi-channel controller
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Table 2 Data acquisition assignment for sensor monitoring

Table 3 Register map assignment for the load of feeding axis

Point Sensor Measure Unit  Ch. Map Axis Torque value [Unit 0.1%)] Map
RMS m/s>  Chl  SV[1100] 1 axis. 10.5 SV[1250]
) Vib. FFT bandl m/s®  Ch2  SV[1101] 2 axis 13.1 SV[1251]
Spindle sensor
FFT bandl m/s?  Ch3  SV[1102] 3 axis 38.5 SV[1252]
Temp. °C Ch4 SV[1103] -
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Fig. 15 Torque monitoring for the load of feeding axis
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User-Specific Functions
Ex) Spindle Status Monitoring

[ Decision Making Algorithm ]
« Refresh() : On Refreshing Screen (100ms)
+ OnTimer() : Timer(100mc)
+ MultimediaTimer( ) : Real Timer (10ms)
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Fig. 16 Reaction plan for monitoring on machining CFRP
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Fig. 18 Real-time FFT profile of vibration sensor on spindle
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Fig. 19 Schematic diagram for multi-sensor monitoring system
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Fig. 20 Monitoring screen for CFRP drilling process
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Fig. 21 Health index planning for CFRP machine and machining
process

3.5 CFRP 7t&8 382| Health QIHIA M|

CFRP =99 379] 4] % Ewr 4 BUEPES A A
oA ZtRIIA F-83 FEE A7) iAol A A
glot 349 Ade Tt HojE 4= Sl AAQIAH(Health
Index)7} B asiH, o5 AFso® AstAL:, 2agt 2FAto|
A ARA AEE ADT S~ Qlojof 3t} FEFo = HAl o
3 7IME BEste] 2 7k ol Ho| ot FAIA HolH
of &gt Tt HIAUSE 7dshs Ao] EHao|th o E}ﬁloﬂ
A Faclaie} 23t 7ke] Auael dlole 58 88 U5
i ol golany i Fig 218 CRRP A3ble] 2 se
TR 7o) BUE RS $jste] ARA QEAS 22617
{3 2U B AACto|t

S i AlA= ol H Y wE Eag), dAE (3
GA), dar FHEFAA), 285 FSHEIAA), 2 a4
o A7|CKE=A)eIH, a7t IFEEAE A8 H5ger
ARgi) Eat, 24 NS R AEASE FFT Zaul
o AAAEle} AR S FAl0] BolFolx FAWIlS 2t
SHEAIS AASIA ShaL, At 22l o) guE 3k g vhe
ARG %a HolEnl, ATE o) e BT A4 A}
w4 A5 AT 2EH e CFRP 71E Aot 24 A7
K Qeas g0z AEstel AASkIA St k] A4
Q1A (Machine Health Index), 3+ u}X Z]A|QIX}H(Tool Health
Index), 715-= AA|Q1AF (Workpiece Health Index)® £3+ 2y
E]5] 31227} gitt. Fig. 22¢= CFRP E-7F3A] 3 bl ZJAIQ
AE =Es7] 913t AAjte]c

Il ' ' Real-time Monitoring

a08d , _ , .
ServoIData 300 5
. 16
B= 250 4 ™
L 4 200 L1z —
Power = o £
Force (Current) § 150 e
2 s 3
S &
= 100 [e S
/ [ s
501 Filtering freq.: 4 Hz s
T
04\——&~.A—J”‘ Lo

12 13 14

Time (S)
00 a
[ Signals] Real-time wear |

Iru st force Monitoring Chl |n .
utting (Tool wear % o d
force Breaka I

Fig. 22 Tool health index planning for CFRP drilling process
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