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In this study, three types of large scale multi-tasking machine tools together with core
technologies involved have been developed and introduced; a multi-tasking machine tool for large
scale marine engine crankshafts, a multi-tasking vertical lathe for windmill parts, and a large scale
5-axis machine tool of gantry type. Several special purpose devices has been necessarily
developed for the purpose of handling and machining big and heavy workpieces accurately, such
as PTD (Pin Turning Device) with revolving ring spindle for machining eccentric crankshaft pins,
hydrostatic rotary table and steady rest for supporting and resting heavy workpieces, and 2-axis
automatic swiveling head for high-quality free surface machining. Core technologies have been
also developed and adopted on their detail design stage; 1) structural design optimization with
FEM structural analysis, 2) theoretical hydrostatic analysis for the PTD and rotary table bearings,
3) box-in-box type cross-rail and octagonal ram design to secure machine rigidity and accuracy,
4) constant spindle rom control against gravitational torque due to unbalanced workpiece.
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Table 1 Specifications of the multi-tasking machine tool

for large scale marine engine crankshaft

Item Specification
Machine size 27(L)x10(W)x6(H) m
Max. swing diameter ¢ 3,500 mm
Max. workpiece length 10,000 mm
Max. workpiece weight 100 tons
Faceplate diameter ¢ 1,750 mm
Steady rest load capacity | 20 tons

X1 & X2 axis stroke 1,600 mm
71 & 72 axis stroke 14,000 mm
U axis stroke 80 mm

C axis index precision 0.001°

Ram
g
Saddic Saddle Crossrail
=]
2 72 ‘ 71 X \
| | ﬁ‘ L1 [
[=]1=] =]
) > 5 5 = 8 g
Tilting head Yaw & Pitch Turret AHC & ATC
bearing magazine
Rotary table Column

Fig. 2 Multi-tasking vertical lathe for windmill parts
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Table 2 Specifications of the multi-tasking vertical lathe

Item Specification

Machine size 12(W)x8(B)x4(H) m

Workpiece size 5,000(D)*x500(H) mm
Bearing Hydrostatic
Table diameter 4,000 mm

. Load capacity 500 kN

C axis .
Static stiffness 3,000 N/um
Rotation speed 130 rpm
Resolution 10 um
Bearing LM guide

X axis | Stroke 3,000 mm
Resolution 1 um
Bearing Box type slide guide

Z axis | Stroke 600 mm
Resolution 1 um
Clamping type Hydraulic & spring
Positioning . .

AHC . Curvic coupling
mechanism
Accuracy 10 um
Clamping type Hydraulic
Tilting
o . Bevel gear
Tilting | mechanism
head | Positioning . .
. Curvic coupling
mechanism
Accuracy 3 sec
X % ARzd4d ofFAE dHHEHd= ¥
=2 5 719 ZA"(column)dl 23 A A HWY, F
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multi-task machining
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Table 3 Specifications of the large scale gantry type 5-

axis machine tool

Item

Specification

Machine size

7.26(W)x5(B)x6.5(H) m

Workpiece size 30(L)*x3(W) m
Max. spindle speed 15,000 rpm
Max. turning
25 rpm
speed
Max. turning
. +110°
Head angle (A axis)
Max. turning
. +360°
angle (C axis)
Index precision | 0.001°
.| Max. feedrate | 20 m/min
X axis
Stroke 31,000 mm
.| Max. feedrate 16 m/min
Y axis
Stroke 4,310 mm
Max. feedrate 120 m/min
Z axis
Stroke 1,500 mm
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Fig. 5 Size and normalized deflection domain of machine
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