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The features of laser beam heating

Scanning direction

'

Spray  Substrate g
powder R

" Coating film

Plasma spray gun Laser beam

Laser assisted plasma hybrid spray method

The features of laser beam heating include:
(1) the power density of the heating unit can be controlied freely,

(2) the heéting surface can be treated by a rapid heating and quenching process,

(3) there are few limits to the work environment.
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Ball-on-Inclined Plane Scratch Test, #SiG4212

Ball: 1/8" diameter Si,N,, Ra 0.025 pm
Plane: Laser plasma hybrid Mo coating (graphite substrate)

Incline angle: 1.0 degree
Scratch speed: 0.2 mm/s

Dry sliding
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Background (1)

C/C composite materials have been
developed mainly for high temperature
components, such as rocket nozzles and
aircraft brakes linings, because of their low |
density, high temperature strength, and low .’
coefficient of thermal expansion. |

C/C composites also have a high specific stiffness, which
gives superior performance characteristics in high speed
rotating applications.




Background (2)

In designing high performance machinery,
some critical components such as high
speed spindles need high temperature
strength and low thermal deformation
rates. As technology advances,
materials and their properties become
the issue.

For example, in the case of the high-speed |
spindles in the milling machines, the |
ever increasing rotational speed
requirements produce differential
thermal expansion of the materials,
which decrease the mechanical
accuracy produced on the work piece.
C/C composite materials will be suitable
materials to improve the performance
capability of the machine.




A polygonal mirror is a reflecting element of a printing device, such as a laser
printer, which irradiates the laser light onto a sheet of printing paper

It is usually a thin hexagonal aluminum alloy unit and rotates. at about
25,000rpm.

Increasing the printing speed and resolution of future printers would cause
the present aluminum alloys polygonal mirror to distort and suffer deteriorated
resolution.

The specific stiffness of the C/C composite mirror is several times larger than
the aluminum alloy device, making it possible to drastically increase the
rotational speed without mirror distortion.

The polygonal mirror targets were set at 45,000rpm while maintaining
at least 99% of the reflectance typical of current mirrors.




R&D Targets

(2) High Speed Spindle for a Milling Machine:

Spindies for milling machines often vibrate at a resonant frequency.
However, if a C/C composite material is used for the spindle, the natural
frequency will be increased and chatter vibration will hardly occur since
the specific stiffness of the C/C composite is around severl times larger
than that of steel. Also, since the coefficient of thermal expansion of the
C/C composite is about one tenth that of steel, strict temperature control
is not necessary, making it possible to drastically improve the productivity.

The final spindie speed target was set at 40,000rpm.




Schedule of Research and Development:

FY1995 | FY1996| FY1997

1. Investigation and changing information

I S E—

2. Design of C/C composite materials for machine components
* Polygonal mirror
* High-speed spindle

3. Development of C/C composite coating technique
* First layer coating technology
* Surface layer coating technology

4, Evaluation technology
* Characterization of C/C composites and coating surface
* Performance of trial machine components




1R (OSIR i1 Ead=)
MY RS ORI

H E) 42
wrog L6 BEOF I
RS SV )
wrioo L} EF ORI / /) EEEEGEEY DT O I F#E
FlH oW Xl OxMAOE - "SI YEH
HE - RO A E0/0 T2 ST EIVOIZENS O 2L (e

—HAEAG LY —
XUz E¥MES IV T (EHON) BENGOALE il
T2 SR eS8 o N

— R AN INIAY L - f—A—
FESONZY A2t ED/D
THPMH IV — < S AE Nz HZFEON A&t ED/0
EEEORHN A e lE0/0

&S M F I

BTO—LC=/ALC N




Sy
B
\I )

A

%@%ﬂ%%Tﬁ/GG (0 LK £ Mé’mz_ %25!

s=\1‘°lct”“¥&¢_~l_§sr}@q L PO —
Me D SR wdigo0 Sy Y] (1 P21 E _|¥@
ZED /O YUED (s 2E) '@Hil

°<% o ~_§2M0

h-i

ZE (i
etk

PEQ— L

.y =
Lig> N Ry 38H o ) 'CD% [l-."ﬂ HS ¥ -55 CD%V

T

'—lﬁﬂa’@ wdiQo0‘se k. (Wwp~g R & ‘wwo{r

GG ¢ [ —) BTE S SN L OWHEMVEZE NP

,J_'gy

EQCM& J‘%-@Lﬁmﬂ“lq—ﬂ%fﬂé{ﬂﬂ%ﬂlﬁ# 1 :LC@

2N HOE -6 N LH—1RI2 -2 = ZE N3

— L =71




Y Tg[e

LA AT A

M) ZE SIS

T O re s 2 s 2 pESE O N

M 4

ML INAL L i~
SO WZ{ AEAED /D

S 6Tz mE

G UHEQY CEMAED /D

1EEOHAN ~CHAED /O

SMET

ST OME




f BlU=IEEVDR-F 0,08 | (1 PEE)
o A T T =EwALGHEES S E OHEE

\) R\ g )L \) B Y @Rl i
\ B G R ETT \ 5} & FL IR AT
\1>211
FHECEHNAAL V1L X F3E
OVENVETI¥ETE GESNAAS P IEFLO
CEENEEOME  (TGNETIE 7 SEIENEE QT

JagdiED /D (B E) T T ) (e

WEMRY TRBEHBOEs 26222 8E

HIE el -



C/ CarRyy rEnks

X aTEET
Sl - SEE G TEIREL
RMEDEL R T[]
%ﬁSMMﬁ

Ww\ﬁudﬁmc C/CarvikZy O E
2. ftth 71
3. AR AR E




C/CarvRYy btk

BRTE: D DIWTEDBENC & BRE~DEBLT S 7 b

I OPEEITo 7=
Peak Load (50kg) D/NEIDE(ZE - - EREREREE AWTC/ CHO 3 REBITRRICL Y
FhEHE L,
® HIHRERR
v 7N Ex |iE BE | Peak'Load | o peak
(mm) |(mm) (kg) (kgf/mm?2)
)Y Vvs =R 2.999. | 3.956 | 2.08 6.55 8.11
HER#% 1D—C/C 2987 | 3982 | 1.57 21.65 27.42
Ts/uX 2D—C/C—H1| 2999 | 3984 | 1.66 13.98 17.57
Fs/ux 2D—-C/C—H2| 2984 | 3979 | 1.66 11.63 14.77
T/ux 2D—C/C—V | 3.005 | 3956 | 1.66 15.65 19.71
WK 3D—C/C—1 | 2985 | 3999 | 1.69 12.60 15.91
WEMRE 3D—C/C—2 | 290 | 3998 | 143 1595 20.08
FMI 3D—-C/C—M | 3.001 | 4006 | 197 16.88 21.05
FMI 3D—-C/C—V | 2997 | 4.002 | 2.01 12.60 15.91

Ts/oRx 2D—-C/C—H&77ux

RELILEVWIE .
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FMI 3D—-C/C—M H%EW\FMJ 3D—C/C—V RHEEREERD
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Materials design for mechanical componenis;

(a) Polygonal mirior

The polygonal mirror is a hexagonal prism with laser refiective surfaces
on its sides. Considering that the reflective sides should possess
properties similar to the fiber structure, the fiber structure was
determined to have three directions at a constant 120 degfees per
plane, plus one vertical direction to prevent separation between the
planes. A C/C composite block, which was a hexagonal prism witi a
length of 200mm; and an outside diameter of 60mm, was: sliced to, 3mm
thick section to make the unfinished polygonal mirrors. |
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Laser assisted Plasma Spraying System
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Specifications
-Low pressure plasma

spray system (LPPS)
-Twin plasma spray guns

-Vacuum chamber with
an inside diameter of 2
and a length of 3 m

-6-axes NC Robot
-multi-mode CO laser

with a maximum output
of 6 kW

-Infrared temperature
measurement system
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Performance of Polygonal Mirror

Rated Speed

rpm

Pyramid error

Second

Flatness

Plane

Reflaction
%

Standard mirror
(Al alloy)

20,000

100

Al4

80

C/C mirror

COMIDOZILS

hich gives C/C composites an adv




Performance of high-speed spindle

Standard spindle C/C spindle
Invar metal Mo coating
Rotating Speed 30,000 40,000
Stiffness
Radial >1.0 kgf/ u m
JAVAEY >0.5 kgf/ u m
Vibration
Radial <0.5 um




