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Flexible Post-Process Machining of the Directed Energy Deposition (DED)
Printed Part through the On-Machine Measurement
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The directed energy deposition (DED) process has been used for enhancement of the mechanical property, repair, and part
manufacturing. Post-process machining is required due to the low quality of the DED printed part. Even if the part is printed
under similar conditions, dimensional variations occur frequently due to the accumulation of small printing errors. Due to
tool overfeeding and the occurrence of the non-cutting area due to this variation, the quality of the finished part is not
guaranteed. Therefore, the post-process machining should be carried out considering the actual printed part shape. Herein,
the flexible post-process machining is proposed by utilizing the shape information through the on-machine measurement
(OMM) of DED printed parts. The process margin for machining the design shape is calculated through the OMM of the
geometric dimension of the printed part. Feedrate (Override) and machining path of each printing parts are flexibly
determined depending on the process margin. This technique is applied to the pocket shape part printed with STS 316L
material, and the rough and finish machining conditions are established. Rough machining time was reduced by adjusting
the feedrate flexibly. The final form of accuracy and surface roughness were achieved under 30 and 0.25 um, respectively.
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NOMENCLATURE firs frs=Feedrate for face and side milling, respectively
a; = Variables to determine the depth of cut of rough milling
pi= On-machine measurement points (i = 1, ..., n) from on-machine measurement data (i = 1, ..., 6)
{P} = Print coordinate system ¢;= Coefficients of the n-th polynomial model for rough
{M} = Workpiece coordinate system for post-process milling feedrate (i = 1, ..., n)
Amy, Amy; Amy, = Process margins for height, width and length f=Feed per tooth

dimension, respectively
d.r, d.r=Radial depth of cut for rough and finish milling,
respectively
d,r, d,r=Axial depth of cut for rough and finish milling,

respectively
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Fig. 2 On-machine measurement points for calculating the process
margin of a web shape
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Table 1 Test piece printing condition

Table 3 Experimental condition to determine cutting parameter

Power source Fiber laser

Workpiece material STS 316L (for printing & bulk)

Material STS 316L powder
Laser power [W] 700
Powder flowrate [g/min] 9
Feedrate [mm/min] 400
Carrier gas flowrate [L/min] 3
Shield gas flowrate [L/min] 8

Table 2 Machining center specification

Model DMU 60 FD duoBLOCK®
Travel range X/Y/Z [mm] 600/700/600
Table size [mm] 9 700
Shank type HSK-A63
Max. spindle speed [rpm] 12,000
NC system Sinumerik 840D

Flat endmill

Dynamolneter

Fig. 4 Experimental configuration to determine cutting condition of
rough and finish machining
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TSE 4100M (TaeguTec Ltd.)
Diameter (@) = 10 mm

Flat end-mill Helix angle A = 30°

4-Blades
PVD coating
Feed [mm/tooth] 0.03, 0.05, 0.07
Spindle speed [rpm] 2,900
Axial depth of cut [mm)] 0.2,0.3,04
Radial depth of cut [mm)] 5
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Fig. 6 Cutting forces of the bulk and printed STS 316L test piece
depending on depth of cut and feedrate
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Fig. 7 Surface roughness of the bulk and printed STS 316L test
piece depending on depth of cut and feedrate

Fig. 8 Surface quality of bulk (Left) and printed (Right) STS 316L
test piece (d, = 0.3 mm & = 0.05 mm/tooth)
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Table 4 Experimental condition to establish rough machining

condition
Workpiece Printed STS 316L
Feed [mm/tooth] 0.03, 0.05, 0.07, ..., 0.17
Spindle speed [rpm] 2,900

Depth of cut [mm] 0.1,0.2,0.3,04,0.5

Table 5 Maximum feedrate depending on depth of cut

dyr, drr Feed Feedrate Adj. feedrate
[mm] [mm/tooth] [mm/min] [mm/min]
0.1 0.15 1,740 1,809
0.2 0.11 1,276 1,403
0.3 0.09 1,044 1,044
0.4 0.05 580 522
0.5 0.03 348 243
20009 —a&— Max. feedrate under
1800 chatter condition

1600

B B
S 2
8 8
1 1

1000

800
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Fig. 9 Maximum feedrate under chatter condition
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TW(25)
Fig. 10 On-machine measurement points for determining post-
process machining of the web shape DED printed test piece

Touch probe

S—pamtea

workpiece~_

Fig. 11 OMM for obtaining Amy, Amy; Am;, from test piece

Table 6 Touch-trigger probe specification

TS 642 (Heidenhain
corporation)

Probe model

Probe accuracy [um] <45

20<1
at a probing velocity of 1 m/min

Probe repeatability [um]

Mass [kg] 1.1

Table 7 Measured dimension and Amy, Amy, Am; of the test pieces

(Unit: mm)
Nominal Actual (A, B, C)
H 15.000 15.596 15.542 15.403
(Amy) ' (0.596) (0.542) (0.403)
W 25.000 25.967 26.501 25.722
(Ampy) (0.483) (0.750) (0.361)
L 101.019 101.526 100.769
(Amy) 100.000 (0.509) (0.763) (0.384)

APl =3 E 0.25 pm o2 7hEEE SR HFH L
2 A, B, C Al AX 2 27 AlAE NS U3

5. 88

2 Qo)A DED 84 2980 584 35S Y

Table 8 Calculated depth of cut for post-process machining of the
test pieces (Unit: mm)

A B C Note

Amyy 0.596 0.542 0.403

dur 0.496 0.442 0.303 d,
Ao 0.1 5.0
Amy, 0.483 0.750 0.361

drr 0.383 0.500 0.261

dor - 0.150 - Sd ‘(')
drr 0.1

Amy, 0.509 0.763 0.384

drr 0.409 0.500 0.284

dor - 0.163 - Sd ‘(‘)
drr 0.1

Table 9 Dimensional error & surface roughness of the finished test
pieces (Unit: mm)

Nominal Actual (A, B, C)

H 15.000 15.011 14.993 14.998
(Error) ’ (+0.011) (-0.007) (-0.002)

w 25.000 25.013 24.987 24.983
(Error) ’ (+0.013) (-0.013) (-0.017)

L 99.986 99.974 100.012
(Error) 100000 014y (0.026)  (+0012)

Ra [pum] 0.24 0.25 0.23

(3) STS 316L MBS fitos Hgalgn, M} Ses
AH A HArE o] A= AL B 2N W 4
2 A3 AoA o A"} A A EEE AlES o B

2ol 27 Hg B8
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