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*Kim, Seong Hyeon, et al. "Robotic machining: A review of recent progress." International Journal of Precision Engineering and Manufacturing 20.9 (2019): 1629-1642.



2 | Sna | o
X (mm) 1212.324 | 1214239 1.915
Y (mm) 621.323 622.329 -1.006
yA (mm) 823.782 824.283 -0.501
Rx (deg) 1523 14,88 0.35
Ry (deg) 65.86 64.98 0.88
Rz (deg) 25.29 25.1 0.19
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= 7 DOF O|0|H =2/= 7}s¢t g 0| X ELfH
= 7 DOF data(X,Y, Z, Rx, Ry, Rz, Time)
= H2E: +15 ym + 6 pm/m, 1000 points/sec

= HAIZHS: "'*I’P HEHA 7|5 via RTFP(ReaI-tlme feature pack)
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<Robot system with laser tracker> L”s'lﬁéanféﬁfz?z‘éﬁ“{(ﬂéi



Real-time Feature Pack —— F——
#1 AngleHz -0.00423042873014623 LREAL 8.0
”PJ Ar‘lglth 2.5779787749052 LREAL 8.0
= Communicate using EtherCAT protocol ok SN or
#1 Quaternionl 0.0 LREAL 8.0
: Distributed Clock = Real-Time guarantee . & i
#! TimeStamp 908550417670 ULINT 8.0
= Position data <Synchronous data captured by IPC>
: AngleHz, AngleVt, Distance | €4 Hexacon
m I I a
Orientation data X 472143
: Quaternions 3 Y -441.273

= Timestamp (1kHz) i/ T Z 2835989
' Adl R 7-0.173

!
J

P 5.406 |

Y 172718

00:10:38:908__,

Real-time 7DoF EtherCAT data delivered at up to
1000 Hz with absolute accuracy

V I




Spindle

—

sensor

o] O] X IEE||5"|




aqr

| 0| X EcfF 7]+

Kinematic chain

M

..z

e

.........

». i ..,

.

) %.... 4.. .

Aﬂ

' Innovatlon Summlt

!?

\
..

.
....

Eﬁ.ﬂwo:

WS A S5 2L
= O

1 &= KO 5 585 ¢
T = O @) o O
N %x__.._ot ~ O 56 O
%0 T L T 3 %370
Rl N = 8852
m_/l_lu__H_ O_ T..w ..mm.wmg
72w e823
_._.__ NI ~ S }}
KK = CHENCHS
o OF TF i

o H ol ¥

|

'?I- ""v V'? v

3 September 2025 | Korea



=

MO A AR FHE

Laser
Robot Tracker
Controller
k il :1 Position <t Bl U Al
i Feedback S -
%% ' bfé Robotic
Position ~ Machining System m
Command \
Trajectory
Information 6DOF
Real-time Measurement data
Controller NZJ HEXAGONLIVE
(EtherCAT Master) o b e
Compensated .

Position



T = Mo ¥aelF

7| 22X AKX M F= 80 F7H el X Mo FZPI) 24

t Pacer Oaer 01K E2H7 57 HER RHEA 7Tz Wt

act -

—— cascade motor control loop — d,
) :ﬁ 0 + S -
~ref Qz(ref.m r1 >%_ 3 Gc‘l > Gp1 a1\u
5
S —
@ = 3J
n = AX
®© @ L :
° = E Key s Real time error
25 L Ko o compensator
¢ 3 S ARz
g‘.
Rz £ 6 ;QF s Oassf
ref >O 15) - GGE N Gpﬁ aB:}%_
ds

<Block diagram of real-time error compensator>
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» 3-dimensional shape is machined
(workpiece size : 150x150x20 mm)

3-dimension milling result

without feedback control with feedback control
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Machined workpiece
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Table. Machining error of robotic milling experiment

measured by laser tracker (RMS value).

Without control With control
AXxis Calibrated Nominal Calibrated
DH parameter DH parameter DH parameter
X 607 25 28
Y 306 74 66
Z 634 39 40
Rx 1.5 0.2 0.2
Ry 1.2 0.2 0.2
Rz 1.1 0.2 0.2
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<Following errors during robotic machining>



E1|O|X-| EEH?‘I E% .ITI.IEH_I'lI X'"()'I Machining condition

; . Workpiece : Aluminum 7073
= Circle slot milling results

Feedrate : 900 mm/min
= Reference diameter: 40 mm gp'”t‘:]'e fSF’eted ZS’OOO "pm
. epthofcut :2 mm
= Machining error reduced from 841 pym to 22 ym (RMS value). Tool diameter : 10 mm
# of flutes : 3
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(a) without control (error: 841 ym) (b) with feedback control (error: 32 um) ?;?S‘Bn'?'m'rt'VE
ber 2025 | Korea
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Thank you for listening
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