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The features of laser beam heating
Scanning direction

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 controlled freely,

(2) the heating 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 Si3N4, Ra 0.025 p.m
Plane: Laser plasma hybrid Mo coating (graphite substrate)

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

Fzc=3 4N 

(cracks initiate) - 0.5Ft/Fn
- 0.4

L 0.0
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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.



Backgroun
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:
Spindles 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 spindle speed target was set at 40,000rpm.



Schedule of Research and Development

FY1995 FY1996 FY1997

1. Investigation and changing information

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
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C/Cny/f^y

Peak Load'(50kg) CD/hS6D5IE • V^T C/C#(D 3 ^ AZ !P %

®f*S?-»l£bfco

-y- y y /v mz

(mm)

te

(mm)

Peak Load

(kg)

a peak 

(kgf/mm2)

•^y y yy y y?—%Ky 2.999. 3.956 2.08 6.55 8.11

MI.ID-C/C 2.987 3.982 1.57 21.65 27.42

7^ n* 2D-C/C-H1 2.999 3.984 1.66 13.98 17.57

2D-C/C-H 2 2.984 3.979 1.66 11.63 14.77

ry n* 2D-C/C-V 3.005 3.956 1.66 15.65 19.71

#&## 3D-C/C-1 2.985 3.999 1.69 12.60 15.91

0C&&&0 3D- C/C-2 2.990 3.998 1.43 15.95 20.08

FMI 3D-C/C-M 3.001 4.006 1.97 16.88 21.05

FMI 3D-C/C-V 2.997 4.002 2.01 12.60 15.91
T^nx 2D-C/C-Ht7^n^ 2D-C/C-V|j;li©|R]tt*2>In] ■

illSUtarV^S .
FMI 3D-C/C-M FMI 3D-C/C-V
^-CfcSo

In ^ l. ^7cS:^]Sv^j^±ie:,

: fflofco

'n fo'Q&fTofZo
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Materials design for mechanical components;

PoJiygpiitaJi mirror
The polygpnall mirror is a hexagonal1 pirisim with laser relBctiive; swirfases 
on its si,dies., Considering; that the reflective sides shouildl possess; 
properties; similar to the: fiber structure, the fiber stmeimre was 
determined,1 to, have three directions at a constant 1i 2Q) degrees per 
plane,, plus, one vertical direction to prevent separaiom Petweeni the; 
planes. A C/C composite block, which was a hexagonal; prism with: a 
length of 20,Oram; and an outside diameter of 60mm, wasslcedl t,Oi @m;m 
thick section to make the unfinished polygonal mirrors.
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x/v/v -10
Sr/tgapore

Laser assisted Plasma Spraying System
Specifications

-Low pressure plasma 
spray system (LPPS)

-Twin plasma spray guns

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

-6-axes NC Robot

-multi-mode C02 laser 
with a maximum output 
of 6 kW

-Infrared temperature 
measurement system

MEL, JAPAN
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Fig. 3 Gas deposition equipment
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Performance of Polygonal Mirror

Rated Speed

rpm

Jitter

%R-P

Pyramid error

Second

Flatness

Plane

Reflection

%

Standard mirror

(Al alloy)

20,000 0.020 1 00 A/4 80

C/C mirror 45,000 0.015 82.8 < A/4 78.5

ompoxvei
_________ ^ow coeffi|
C\C comnoai^G

rhioh gives C/C composites an adv*

\d mainly „ 

xh temper



Performance of high-speed spindle

Rotating Speed
Stiffness

Radial
Axial

Vibration
Radial
Axial

Standard spindle 
Invar metal

30,000

C/C spindle 
Mo coating

40,000

>1.0 kgf/At m
>0.5 kgf/fj, m

1.5 kgf/m
0.9 kgf/^ m

< 0.5 Atm 0.2 Atm

0.3 At m


