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Study on HMD optical system

GAO Yong', ZHOU Hai-xian?, ZHAO Zhi-min'
(1. College of Sciences, Nanjing University of Aeronautics and Astronautics, Nanjing
210016, China; 2. Luoyang Institute of Electro-optical Equipment, Luoyarng 471009, China)

Abstract: The design of HMD optical system is very challenging. This paper briefly introduces
the work principle and the general construction of HMD optical system. A perfect HMD optical
system should be light-weight and compact. To comply with these requirements, two methods
are described to improve the conventional HMD optical system in this paper. The first one is to
reconstruct a superior HMD optical system with helmet visor and Free-Form-Surface (FFS)
prism. And the second one is to substitute the conventional optical elements with HOE and BOE.
These models have many advantages over conventional optical systems and make HMD optical
system compact and light-weight.

Key Words: HMD optical system; helmet visor; FFS prism; HOE; BOE
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STUDY ON LIGHT-WAVE WAVELENGTH SELECTION IN

REPAIRING COMPOSITES MATERIALS

WANG Le-xin. ZHAO Zhi-min, SHI Lei, GAO You, CHEN Yu-ming, YU Xiao-lei

(College of Science, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Absftract. Holographic interference technique was used to study the effect of light wavelength on repair of
composite materials widely used in aircrafe structurt. The results indicated that damage cure of composite materials
was dependent on light wavelength. The study provided guideline for instant light repair of composite materials.

Keywords: Composite materials; Light-repair; Wavelength's selection
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Abstract

Shape Memory Alloy ( SMA) optically activated is the key technology of optical SMA activator .

According to the shape memory mechanism of SMA | researches are done on the activating response time and light

wavelength of activating source ete of SMA optically activated to approach the parameters selection of optical activa-

tion. SMA has the optimum efficiency in the range of 13 seconds to 27 seconds when SMA is illuminated continu-

ously by warelength of 675 nm ; The power of light wave has a low effect on SMA 5 The longer the activating ware-

length . the quicker the response time of SMA activated . If the proper activating time and activating wavelength are

adopted | and the structure deformation of composite materia! of SMA imbedded may be actively controlled , an ide-

al effect will be gotten . The research provides «n evidence for the design of optical SMA activater and is of great sig-

nificance to its application . The rescarch on smart structure has a wide application prospect .

Key words:

| Introduction

One of the functions of smarl composite materials is

. S T . s . . .
adaption ' . The structure which has this function is

called adaptive structure. One of the key technologies of

the adaptive structure is the activator performance. Shape

Memory Allov { SMA ) is a new type of materials of

metallic functions and has good characters of powerful

restoring force, high strength, fatigue resistance and easy

couple. Compared with other materials, the functions of

SMA are stable, and the activating effect is obvious. So
SMA has become the first choice of activator of the adap-
tive structure.

In 1988, Ph. C. A. Roger who worked in Virgina
Ploytechnic Institute and State University first put forward
the application of SMA in the adaptive structure* | and
from then on the rescarches on SMA as activator of adap-
tive structure are spreaded.

After ten years development, the research is mainly
focused on the basic application, strength of adaptive
structure , adaptive controlling mode and damping of vibra-
tion and noise 3~ 12
Now . electrical activating 1s widely adopted in the re-

search of SMA activator. SMA is heated by current up to

ZHAO Zhi-minCGECEHD < Born in 19555 Prof. ; College of Sci-
ence, Nanjing University of Acronautics and Astronantics, Nanjing
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shape memory alloy 5 optical activator ; composite material 5 smart structures

the transform temperature = but there are some deficien-
cies in this activating mode. First, large current capacity
conducting wires and electrical source are adopted which
will reduces the entirety of svstem. Second he power lost
is serious for the low electric resistance of conducting
wires. I[ the SMA activators are spreaded in the whole
plane or the whole structure, longer wires are needed, so
the power lost is more. Third, fitting of activators is diffi-
culty. Each wire must be activated alone and can not be
affected each other. So there is a certain elfect on the ap-
plication of adaptive structure when the electric SMA acti-
vators are adopted. For this reason, it has become an im-
portant task mn the research of smart structure to develop a
more advanced, more practical SMA activator. Optical
SMA activator, raised just against this background, has
characteristics of rapid response speed, easy activation,
electromagnetic resistance when compared with electrical
SMA activator and activators made of other materials. One
of the kev questions i research of optical SMA activato:
is the technology of SMA optically activated. In this pa-
per, basic researches are done on the new technology .
mainly including activating response time and light wave-
length of activating source ete. of SMA optically activat-
ed, to approach the optimum parameters selection of opti-

cal activation.
2 Time Selection of SMA Optically Ac-

uvaied
According 1o the shape memory  mechanism  of

SMA ™ when the  transformation from  martensite 1o
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austenite starts at the temperature of A, and ends at Ags
the shape of SMA will recover completely. Here, the nu-
merical values of A, and A are definite. However, after
coupling SMA with a composite material, the transforma-
tion temperature will be increased in the controlled reflex
course and will not be equal to A, and 1, any more. Se-
lecting the proper activating time to obtain the best acti-
vating effect of SMA is one of the kev questions to be re-
solved in the optical activating technology .

He-Ne laser Recording

>|)(‘('kle
P pattern

Object Len Holographic plate

Fig.1  Layout of speckle photograph
SMA was activated continuously by the light wave-
length of 675nm. When the activating time was 0 5,6 s,
13s,20s,245,275,30 s and 36s, double-exposure record
was done at the adjacent state of the test object, so seven

pieces of double-exposure speckle patterns can be got,

then we analyzed the speckle patterns point by point, the -

layout is shown in Fig. 3. By analyzing the obtained
Young's interference fringes, we can get the displacement
d according to the speckle theory
’ d = 1A/MA

where L is the distance Letween the speckle pattern and
the observation screen, A is the space between the
fringes. The direction of the displacement is perpendicular
to the direction of the Young’s interference fringes, A is
the wavelength of He-Ne laser (632.8nm), M is the im-
age magnification limes of the recording systein. i our ex-
periment M =1, =0632.8nm,and L = 10cm. After mea-
suring Young’ s interference fringes of each speckle pat-
termn, we can obtain the relative displacement of the test
object at each time. On the basis of the measured data,
Fig.4 shows the relation between activating time and in-
plane displacement of the test object.

It can be observed from Fig.4 that the best activat-
ing effect of SMA was obtained when the activating time
was 27s. At this moment, increasing speed of the test ob-
ject’ s in-plane displacement reached its maximum, and
SMA got the remarkable activating effect. During the pe-
riod of O — 13s, the test object’s displacement increased
slowly, which shows the temperature of SMA was not high
and the activating time was not enough in this period. It
can be called the preheating period. During the period of
13 — 27s, the linear relation between the displacement

and activating time shows that transformation was occur-

The comparatively mature speckle interferometn was
adopted in our research ' _ The experiment layout is
shown in Fig. I . where the test object was a resin compos-
ite rectangular {lat-plate of 50mm x 10mm x Imm, whose
one end was fixed and the other was free completely to
forn a overhanging beam. The NiTi SMA filament having
line-shaped parent phase was imbedded in the composite
after a certain deformation, the imbedding fonn is shown

in Fig.2.

L —_—
SMA
A
4 |
object
L2 .

Fig.2  Test object and imbedding form of SMA
ring in SMA. The activating effect is remarkable and it is
in liner relation. Active control on the activating « ffect
can be achieved by controlling the activating time. This
peried is the optimum period of activating time and can be
called the working period. After 27s, the displacement
varied slightly with the activating time, which shows the
transformation has ended, the activating effect was tend-

ing to saturation. This period can be called the saturating

period.
¥, 5! l A
x I,
]He—Ne A)eckle pattern /
aser

0 Z Sereen

Fig.3  Layout of point-by-point analysis

From the above discussion, SMA should work in the
linear range to increase the energy availability of activat-
ing light source and to obtain a better activating effect in
the practical application. So it is important to select the
activating time which can be used to control the displace-
ment deformation under the certain condition of optical ac-

tivation.
3 Wavelength Selection of Activating
Light Source

The essence of optical activation is to transform opti-
cal energy into thermal energy. When the SMA is illumi-
nated , optical energy absorbed by SMA will be transformed

into thermal energy, thus temperature of SMA will in-
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crease, transformation will occur and shape will recover.

White light source was adopted in our experiment.
When the visible light passes respectively through the col-
or filters whose center wavelengths are 577nm, 546nm,
436nm,405nm and 365nm, we used light dynamometer to
measure their light power under the conditions of the same
background light. Experiment results show their relative
values, from which we can observe that the maximum
variation range of the light power was 16% . Using an Ni-
Ti SMA having liner shape parent phase and recording its
response lime when it was activated by light of different
wavelengths, we can obtain the experiment results shown
in Fig.5 which indicates that the maximum variation range
of response time was 83.6% . So the influence of power
variation is not important according to the discussion
above and it can be considered that the variation of wave-
length is the major factor that leads to the different re-
sponse time of SMA .

100.0

75.0 1

Displacement/pm
‘N
S
o
1
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!
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0.0 1000 20.0 30.0 b

Activeling lime/s

Fig.4  Displacement rs . activating time

20.01

Rl‘\‘[)(l'l.\? Time/s

10.0 .

0.0 — v
300.0 400.0 500.0 600.0

wavelength/nm

Fig.5 Response time s. wavelength

Fig.5 also indicates that as the wavelength of acti-
vating source increased, the response time of SMA de-
creased, and the tendency of the decrease slowed down
with the increase of wavelength. Because the light power
of different wavelengths can be considered approximately
the same, the different response time can be due 1o the
SMA” s different absorption to light of different wave-
lengths.

According to the theory of metal opties, when affect-

ed by light wave having not very short wavelength (w <
< 10" Hz), the free electrons inside the metal scatter on-
ly on the surface and form the skin current. The existence
of the current will strongly reflect the incident light wave
and enable the metal to absorh the penetrating optical en-
ergy, which will be transformed into the Joule heat rapid-
ly. To the same metal, the reflectivity varies according to
the incident light wavelength. Generally speaking, a high
reflectivity accompanies with long wavelength and strong
absorption with a high reflectivity. So it can be considered
that the metal’ s absorption to optical energy increases
with light wavelength. Fig.5 shows NiTi SMA follows this
rule. Hence, light source of long wavelength should he
chosen in practical application to increase the optical en-

ergy availability and speed up the activation.
4 Application

One of the important applications of parameter choice
of SMA optically activated is realizing the active control of
deformation of composite material structure.

In the actual research of smart composite materials
and structure , SMA being used to realize the active control
is an important research branch .

Based on the optimum parameters choice of SMA op-
tically activated, the optimum light wave is made to illumi-
nate the SMA embedded previously in the structure of
composite materials in certain mode. After the optimum
activating time, the active control of distortion of structure
is realized.

The test object is shown in Fig. 2, where one fixed
end and a free end formed a overhanging beam. The par-
ent phase of NiTi SMA filament had a linear shape. Be-
fore being imbedded in the test object, it was deformed
previously. The experiment lavout is shown in Fig. 1.

The speckle pattern photography  technology  wa
adopted "' The  double-exposure speckle pattermns of
the free end were recorded before and after a load was aj-
plied (p =40g) , then the light wavelength of 675nm v~
used to illuminate the SMA imbedded in the test object for
about 18 seconds to make the SMA activating wholly . arnd
the double-exposure speckle patterns are recorded hefere
and after a load was applied (p =40g) . Five equidistant
points are chosen in the project beam, and the displace-
ment d can be calculated by the formula d = IA/MA.
where M =1, L = 10em,and A = 632.8nm. We analvzed
the relationship hetween the location of the point and the
displacement point to point by the light path of Fig.3, <o
the curves can be drawn oul as shown in Fig. 6. Compar-

with displacements of the same point, d was reduced -
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viously after SN optically activated, which means that
the bending degree of the overhanging beam was de-
creased . So the harmful deformation of composite material
can be controlled quickly and effectively if the activating
time and wavelength are proper. and the resistance of

bending is strengthened .

50.04
40.0
30.0
E a
= 2001 b
10.0
0.0
0.0 10.0 20.0  30.0 400 50.0 60.0
vmm
Fig.6  The relationship between the location

of the point and the displacement point

a without activated SMA b with activated SMA

5 Conclusions

SMA optically activated, as a kind of brand-new
technology, is still at the fundamental research stage in
many aspects. In this paper, we studied the related pa-
rameters selection of the technology, and the results indi-
cate as follows:

a) After imbedding SMA in the composite overhang-
ing beam, the in-plane displacement of the composite will
produce when optically activated. In the certain period of
activating time, we can realize the active control on the
activating effect by controlling activating time because of
the good linear relation hetween the displacement and the
time. But the saturation in the activation of SMA shows
that the activating time was limited under certain condi-
lions.

h) The temperature of SMA increased when SMA
was optically activated. That is primarily decided by the
SMA’s absorption to optical energy. The result indicates
that for the NiTi SMA filament, light source with long
wavelength should be selected to increase the optical ener-
gy availability and speed up the activation. We selected
light with wavelength of 675nm as the activating source
according to our experimental condition.

¢) The driving control of the structure deformation of
composite material can be realized quickly and effectively
if we choose proper time and wavelength of SMA optically
activated, which has a great significance for application of

composite materials and structure.
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