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Table 1 Parameters of refrigerator operating vibration source

Frequency /Hz 1 3 4 5 7 9 20-100
PSD displacement /(m,HZ*%) 1LOX10°  14X10° 40X10° 40x10° 80xX107 50x107 80x10°
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Fig.1 Structural diagram of NIF cryogenic target assembly
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Fig. 2 Preliminary design of damping target assembly. (a) Assembly drawing; (b) scheme 1; (c) scheme 2
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Table 2 Main structure parameters of target assembly

Project Section size Length Material
Base $40 mm 24 mm Pure copper

Copper platen ¢4 mm 124.5mm  Pure copper
Copper clamp 6 mm X8 mm 22 mm Pure copper

Si arm 6 mm X 1 mm 63.5 mm Si
Thermal sleeve ¢6 mm 7 mm Au and Al
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Fig. 3 Continuous beam model with spring damping support
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Fig. 4 Schematic of damping structure
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Fig. 5 Schematics of arrangement of vibration damping
components. (a) 3-Y type; (b) 3-inverted Y type; (c) 4-X
type
Ve 3 M HEAG 77 300 i &2 T3 0 B w] AL, A T Y
RLLY BUHE A o AR 22 0 N R SE A A
il #1225 IR AL R 3-Y B R A O

s

# 3 IR A A [ AT AR

Table 3 Natural frequencies of different damping target assemblies

Type of vibration damping component

First natural frequency /Hz

Second natural frequency /Hz

Original target assembly without vibration damping component
3-Y type
3-inverted Y type
4-X type

57.3 57.9
88.2 90.5
88.2 90.5
91.4 94.0
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Fig. 6 Contour diagrams for simulation results of wires. (a) Suspension response deformation; (b)natura frequency; (c) wire mass
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Table 4 Simulation results under variable global damping
. . .. Maximum response deformation of . . o .. 0
Global damping coefficient . 5 Convergence time /s Optimization efficiency /%
suspension end /(10 " mm)
0.01 5.62 2.73 -
0.02 6.36 2.03 25.6
0.03 5.99 1.68 38.5
0.04 5.75 1.49 45.4
0.05 6.09 1.28 53.1
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Table 5 Comparison of vibration response characteristics between original target assembly and target assembly in scheme 1

Response Response Convergence Convergence
Natural deformation deformation time under time
Target assembly o o _— L
frequency /Hz under vibration  optimization vibration optimization
source 1 /m rate / %% source 2 /s rate /%
Original target assembly 57 9.64 X 10° - 2.86 -
Target assembly with wire diameter of 0.8 mm 138 6.36 X 10 ° 93.4 2.05 28.3
Target assembly with wire diameter of 1.0 mm 153 7.68 X 10 ° 92.0 2.11 26.2
Target assembly with wire diameter of 1.2 mm 163 4.20 X 10°° 95.6 2.09 26.9

FR6 7S 2 AR TR 4R B g R AR X L

Table 6 Comparison of vibration response characteristics between original target assembly and target assembly in scheme 2

Natural Response Response Convergence Convergence
Target assembl frA ney / deformation in  deformation time under time
arget assembly eqt;_;cy vibration optimization vibration optimization
’ source 1 /m rate /% source 2 /s rate /%
Original target assembly 57.3 9.64 X 107° - 2.86 -
Target assembly with wire diameter of 0.8 mm 138.0 6.09 X 107° 93.7 1.28 55.2
Target assembly with wire diameter of 1.0 mm 153.0 9.89 X 107° 89.7 1.26 55.9
Target assembly with wire diameter of 1.2 mm 163.0 5.54 X 107° 94.3 1.28 55.2
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Fig. 9 Final structure of damping target assembly
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Fig. 12 Measurement results under vibration source 1. (a) Time domain result of orlgmal target assembly; (b) frequency domain result
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scheme 1 when wire diameter is 1.2 mm
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scheme 1 when wire diameter is 1.2 mm
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Table 7 Measurement results of target assembly in scheme 1 and original target assembly

Vibration source 1 < .
Convergence time

under vibration

T assembl Natural
Target assembly Root mean square value Response frequency /Hz

of deformation /m frequency /Hz source 2 /s
Original target assembly 1.67 X 107° 34 3.32 33.8
Target assembly with wire diameter of 0.8 mm 1.37 X 10° 110, 185 2.45 113.0
Target assembly with wire diameter of 1.0 mm 1.71 X 10°° 130, 216 1.24 120.0
Target assembly with wire diameter of 1.2 mm 1.04 X 107° 99, 180 1.13 178.0
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Fig. 14 Measurement results in scheme 2 when wire diameter is 1.2 mm. (a) Vibration source 1, time domain; (b) vibration source 1,

frequency domain; (c) vibration source 2, time domain; (d) vibration source 2, frequency domain
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Table 8 Measurement results of target assembly in scheme 2 and original target assembly

Vibration source 1 < .
Convergence time

Natural

Target assembly Root mean square value Response un(‘ier Vibratii)n frequency /Hz
of deformation /m frequency /Hz source 2 /s
Original target assembly 1.67 X 107° 34 3.32 33.8
Target assembly with wire diameter of 0.8 mm 3.26 X 10°° 109, 185 1.25 110.7
Target assembly with wire diameter of 1.2 mm 1.38 X 10°° 110, 186 0.76 183.0
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Abstract

Objective High-power laser facilities require a high-precision beam-target coupling, and one of its important error sources is the
stability of the target system. There are inevitable internal vibration sources in a cryogenic target system that cause the vibration
response of the slender cantilever structure, thus reducing the stability of the target system. The cryogenic target assembly is a
slender cantilever-beam structure located at the head of the target system. Therefore, the stability of the suspension end of the target
assembly significantly affects the accuracy of the beam-target coupling. There are two common methods of vibration control for
cantilever beams, namely, active control and structural optimization. The active control method requires additional control circuits
and driving mechanisms that can easily fail and have poor reliability in the low temperature and strong magnetic field environment of
the vacuum target chamber. The latest Laser Megajoule (LMJ) device adopts the structural optimization method of reducing the
length-to-diameter ratio of the target assembly. However, this method increases the mass of the cryogenic target head, and the
stability optimization effect of the target system is not obvious. Compared to the less reliable active control method, the structural
optimization method is worth further discussion. The structure specific-stiffness of the target assembly is improved, and the vibration
response characteristics are optimized without changing the shape and mass of the original target cantilever beam. This method can
effectively improve the stability of the target assembly and provide a reference for the design of target assemblies in future high-power

laser facilities.

Methods The National Ignition Facility (NIF) cryogenic target system is used as a reference. First, the vibration source is analyzed
using relevant literature, and a 1 : 1 target assembly model is built according to the data. The preliminary scheme design establishes a
damping structure consisting of multiple sets of tensioning wires that contains two damping structure forms. In this scheme, a steel
wire with an elastic damping property is attached to the middle of the cantilever beam of the target assembly, and the middle
supporting point of the target assembly is added to change the vibration response characteristics of the target assembly. According to
the design, the support for the spring damping Bernoulli-Euler equation of the cantilever beam is set up, the modal matrix is sorted
based on the theory of mechanics of materials to establish formulas for calculating the stiffness of tensile steel wire vibration
components, and the target assembly response function of the installation position of the vibration reduction component, diameter of
the wire section, and three key research series damping size parameters are determined. The three theoretical parameters correspond
to five parameters in an actual engineering structure: the number of components, installation position, diameter of the steel wire,
value of the preload, and damping. ANSYS finite element analysis software simulates and optimizes these five structural parameters.
The optimal value is used to design the vibration damping target assembly in detail, and a model of the assembly is constructed and
assembled (Fig. 9). Two vibration sources can be accurately simulated: 1) an eccentric mass block and a direct current (DC) motor can
simulate the vibration source of a refrigerator operation, and 2) a fixed track and heavy objects are used as the source of impact
vibration when the insulation cover is opened. To characterize the optimization effect for the response amplitude and impact
convergence time of the damping structure, the vibration damping target assembly with different parameters and design schemes is

tested on a vibration test bench.

Results and Discussions In the simulation, the total mass of the target assembly, natural frequency, and amplitude control effect
are considered comprehensively (Fig. 6), and the installation position of the vibration damping structure is finally determined at the
pressure plate. After the installation position is determined, the influence of the steel-wire diameter is simulated. We find that when
the diameter is less than 0.8 mm, the vibration amplitude of the suspension end of the target assembly decreases uniformly as the
diameter increases. When the diameter is greater than 0.8 mm, the vibration amplitude increases with the increase in diameter in an
oscillatory manner (Fig. 7). This may be because when the diameter increases, the energy generated by the vibration of the vibration
damping component also increases. When the critical point of 0.8 mm is reached, the vibration coupling effect between the vibration
damping component and target assembly becomes evident, and the final amplitude increases in an oscillatory manner. The lowest
point in the 0.8 mm diameter stationary zone, the point with a large amplitude in the 1.0 mm diameter oscillation zone, and the point
with a small amplitude in the 1.2 mm diameter oscillation zone are selected for simulation. The theoretical optimal optimization rate of
the damping target assembly is obtained as follows: the amplitude is 90% and the impact convergence time is 55% (Table 6). In the
simulation experiment, the variation trend of the amplitude control effect of the two vibration damping structures agrees with the
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simulation results in Fig. 6, which proves that an oscillation zone exists and the minimum amplitude point of the oscillation zone can
be realized by customizing the overall mass ratio of the steel wire. The optimal optimization rate of the damping target assembly
measured in the simulation experiment is as follows: the amplitude optimization rate is 91.7% and the impact convergence time
optimization rate is 77.1% (Table 8 and Fig. 13). Comparisons show that the integrated control effect of the designed series structure
of the steel wire and damping material is superior (Tables 7 and 8).

Conclusions In this study, a structural stability optimization design of the long cantilever structure of a cryogenic target assembly
in the NIF is carried out, and a vibration-damping structure in the form of a vibration-damping component is designed according to the
characteristics of lightweight and adjustable damping. Mathematical modeling shows that the control effect of the damping structure is
mainly related to the installation position, diameter of the steel wire, and series damping. After the simulation experiment, the
parameters are optimized, and the initial structural design is modified. In the simulation experiment, the experimental data on the
vibration response characteristics of the target assembly are consistent with the simulation results. The results prove that the optimal
control point of the damping structure in the oscillation region is achievable. The existing simulation experiments achieve the
amplitude optimization rate of 91.7% and the impact convergence time optimization rate of 77.1%. Experiments show that the
vibration-damping structure designed in this study has a good optimization effect on the vibration response amplitude and convergence

time, and the wire and damping material series design scheme has a better comprehensive effect.

Key words lasers; structural design; vibration control; finite element method; parameter optimization; cryogenic target; high power

laser facility
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