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ADVANCED MACHINING

Robotic Milling T |
» Milling with a spindle mstalled ona =5

robot.

» Replace chemical milling to machining
process.

Orbital Drilling

»  Drilling with an end mill in
helical motion

» Reduced cutting temperature,
increased throughput, improved
hole surface quality, reduced
tool costs

» Decrease In fatigue strength

Metal Deposition
» Additive & subtractive integrated
manufacturing

—

Axial force

Orbital drilling



ROBOT SEALING

> Labor reduction with automate
application
» Stable quality without workers skill
» Sub assembly and/or work piece which - N - B
have enough clearance to apply sealing , m

Analisis of skilled Determine oitimal

\ Fillet seal i
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Maximum output power 0.65 W
wavelength 1.064 um @ A[E L
Pulse length 2 nsec
Diameter of beam ~0.5mm T T T T T
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Sources:

The Behavior of Vibrational
Surface Residual Stress Relief in
FC25 Cast Iron [in Japanese]
NAKAGIRI Akikazu

Transactions of the Japan
Society of Mechanical

Engineers. A 50(452), 751-757,
1984-04-25
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Allocated area at June 5th: 18m
- Experimental area on the 15t floor is about
450m?2. North

- Sitting room on the first floor (Room s301) is

about 40m2.
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CMI of June 5,
2017.

Area kept for new building, ca 50m*40m.
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EXAMPLE OF RESEARCH RESULT:
CHARACTERIZING LFW JOINING STRENGTH OF
TI-6AL-4V (Ti64) ALLOY

Sabrina Alam Khan*,Takuya Higuchi, Jun Yanagimoto

4" International Linear Friction Welding

Symposium, 16-17 March 2017 24



INTRODUCTION

LFW I{rocess
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Friction Stage

Oscillation Stage

Applications

Integrally
Bladed Rotor

T-weldment

Blisk
weldment

Sources:

http://acb-netshape.mutuphp54.imagescreations.eu/
MTU Aero Engines
Industrial share of Turkish Institutes for F-35 JSF

Manufacturing Cost Breakdown Comparison

Forging Stage

Machined from a block Machined from LFW welded part

—) Savings 37%

- ——

Machining Control LFW Machining Control

Source: TWI 3rd Seminar on LFW - ACB Piolle, (2015)



EVALUATION METHODS

a. Macro Observation Residual Stress Measurement Tensile Tests
b. Microstructure observation

T
T
a A
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A
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b Parent b TMAZ 2
7
Distance from Weld Cénter
Measurement Conditions
— *; Before Heat treatment
b Weld zone 50um i Postweld Heat treatment
a. Fatigue Tests b. Fatigue Crack Growth Tests Fracture Toughness Tests Hardness Measurement
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No. of cycles ; et .
7 Distance from the Weld Center

Stress Intensity Factor



MICROSTRUCTURE REVIEW (BUTT WELDMENT)

W Center

|
25pm

TMAZ: Thermo-Mechanically Affected Zone

The welding plane is In the weld center
inhomogeneous in  the microstructure is
the thickness martensitic. In the
direction. TMAZ region we can
notice the band
structure of the alpha
8 beta.

10pum

There is no specifi
direction in the paren
metal and in the weld
center. The band
structures are strongly
aligned in the basal
direction {0001}.

10um



MICROSTRUCTURE REVIEW (2 SURFACES LFW)

Polishing (2 surfaces
weldment plane)

ut down the
unnecessary

portions of the LFW

blocks

Observed
Microstructure

Cutting plane

=)

Oscillating
Direction

=

Sample (No.) Frequency, f (Hz) Amp. A (tmm) m

.
F

LFW1 1.5P
LFW2 3f 1.3A 1.5P
LFW3 af 2A 1P
LFW4 af 2A 2P
LFW5 5f 2.5A 1.5P
LFW6 2f 3A 1.5P
LFW?7 6f 1A 1.5P
LFW8 af 2A 1.5P
LFW9 Af 2A 1.5P
LFW10 af 2A 2P

Results
ncluded in
his
resentation




MICROSTRUCTURE REVIEW (2 SURFACES LFW)

Oscillating ®
Block
2,
2
. <
Magnified Pictures %/
O'eo/)e
1mm
%,%
o
LFW 4 %
+ Welding defect is detected at the
center.
+ TMAZ appears mainly at the
oscillating block Base Block —
- 1mm




MICROSTRUCTURE REVIEW (2 SURFACES LFW)

11

Magnified Pictures

LFW 8

4+ Banded structure appears in
oscillating block

+ Low heat diffusion in the base
block

Oscillating
Block

Oscillating
Block

Base Block

Weld
Center

Weld
Center

Base
Block

Imm

1mm




FATIGUE TEST RESULTS

lives of butt weldment and 2
surfaces weldment is almost

similar to that of

S-N curves
A Parent metal
00 Butt weldment (~FY2015)
oo ® Butt weldment (FY2016)
00 A oo B 2 surfaces LFW (FY 2016)
[
00 A AA
A
v |00 A o
8 HE A®
& |00 -
o
& ﬁ%nditions:
5
E =0.1
‘< |Frequency=10 Hz
@© [$Rusoidal Wave
=
No of Cycle
4+ At each maximum stress fatigue

Machine

-

Parent

Specimens

81
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(s9°'8)

parent metal

~N

(2 Surfaces LFVV\
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FRACTURE SURFACE OBSERVATION (2 SURFACES LFW)

+ Stage|: Cracks initiated from the oscillating blocks
4+ Stage ll: Typical brittle type fracture

+ Stage lll: Typical ductile type “Cup-and-Cone” fracture

TMAZ (& WC
¢ Base > *' Oscillating >
Macro D

Micro Stage |

Main point: No defects at the crack nucleated area»Hardness measurement




DEMO PARTS MANUFACTURING

This part is manufactured by the LFW machine of Kawasaki Heavy industry (KHI)

=g




CONCLUSIONS

Microstructure Observation

+ Welding defect is detected at the center.
+ TMAZ appears mainly at the oscillating block

Hardness Data

+ Distribution of “hard” B(bcc) phase and “soft”a(hcp) phase might be the possible
reason for fluctuating data

+ Distribution of B phase in the TMAZ region might also affect hardness value

Fatigue Data

+ At each maximum stress fatigue lives of butt weldment and 2 surfaces weldment is
almost similar to that of parent metal

19
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