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Abstract

Reliability assessment of power converters is extremely important due to the degradation of the
converter performance under the thermal and electrical stresses. The normal or abnormal operation
of a converter is determined based on the quality of the manufacturing process and the
environmental and operating conditions. The failure indices are based on the previous failures data
which are calculated using the history of the main parameter of the converter which are strongly
affected by the aging process. In this article, a new real-time indicator is introduced using the
monitoring of the main parameters of the converter. Each indicator is modeled using Replicator
Neural Network (RNN) and the network reconstruction coefficient or reconstruction error will be
considered as the reliability index or the coefficient of anomaly of the converter. In fact, the
reliability assessment is based on the comparison between a reference model of the converter in
normal conditions and the estimation of abnormal operation of the converter in the future. In the
proposed method, a normal distribution function on the reconstructed error signal, their fit and
percentage distance are introduced as the abnormality risk coefficient. The advantages of this
method include taking into account all the uncertainties in the process of Manufacturing the power
switch and its working conditions, not needing the aging test process in preparing the failure data
and taking into account all the failures
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Abstract

To discuss the potential effect of iridium (Ir) nanoparticles as an active loaded in atmospheric
conditions, we prepared a series of catalysts with the same active phase, but different contents of
iridium (10, 15, and 20% by weight) on gamma-alumina for decomposition of hydrazine. The
performance of catalyst nanoparticles was better with 15wt% and 20wt% of the Ir particles, and also
the selectivity to hydrogen was about 27%. An increase in the reaction rate from 181 h to 218 h™?
was observed in loading 15% by weight of iridium particles due to the good dispersion of the active
phases by preventing surface agglomeration. Therefore, as a satisfactory result of this investigation,
it was found that Ir catalysts with different weight percentage (15wt% and 20wt%) show the same
performance against the activity and selectivity to hydrogen, and are suitable substitutes for each
other. Using a catalyst with a lower weight percentage of the active phase and high activity is
economically acceptable due to its low cost.
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Abstract

The sandwich panel is an important element of the satellite structure which various metal and
composite materials are used to make its faces. Anodizing is used as a conversion coating in order
to achieve the final properties of the panel surface and stability in the space environment.
Anodizing is an electrochemical process in which an oxide layer is formed using electricity.
During the anodizing process, concentration polarization is created and the process is stopped
when the limiting current resulting from the movement of electrical charges between the surface
of the anodic layer and the electrolyte is increased. By stopping the process without spending
enough time to obtain a sufficient thickness for the colorability, a black anodic layer for use in
space coatings is not achieved. In this research, by performing the anodizing process in four
container of 250, 500, 2000 and 40000 cm?, the effect of the volume of the electrolyte on the wear
and corrosion and optical-thermal properties of the layer obtained in each of the processes were
investigated. Optical- thermal properties were investigated by infrared emission coefficient and
solar absorption tests, wear resistance by pin on disk test and corrosion resistance by salt spray
test. The results showed that with the increase in the volume of the electrolyte caused by the
increase in the volume of the container, the stopping time of the process increases. The results of
measuring optical-thermal and wear and corrosion properties for three container with volumes of
500, 2000 and 40000 cm?® showed that with the increase in the volume of electrolyte and the
process completion time of the process, the thickness of the anodic layer increased, which
improved the optical-thermal properties, corrosion and wear resistance.
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Abstract

This paper compares spacecraft attitude control in the presence of disturbance torque using an
adaptive backstepping controller and an extended state observer-based backstepping controller. At
first, the adaptive backstepping controller is designed, in which the unknown parameters in a
specific disturbance model are estimated using an adaptive law so that the closed-loop system is
stable. Afterward, the backstepping control based on the extended state observer is designed. In
this method, first the standard backstepping controller is designed, and then disturbances with a
completely unknown model are estimated by the extended state observer, and the disturbance is
rejected by applying the feed-forward law. The simulation results for two different disturbance
models show that the backstepping controller based on the extended state observer demonstrates
very good results compared to the adaptive backstepping controller when no disturbance
information is available.
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Abstract

In this article, a solution for reducing the height of magneto-electric dipole antennas is presented
by using an artificial magnetic conductor structure as the antenna's ground plane. In this research,
two types of antennas were investigated: The first antenna is linearly polarized and the second
antenna is right-handed circularly polarized. In the linearly polarized antenna, a 7 x 7 array of
artificial magnetic conductor cells (AMCs) was designed at 3.5 GHz and placed on the antenna's
ground plane. By adding artificial magnetic conductor, the height of the first antenna was reduced
to 0.16 A. The simulation results show that the impedance bandwidth for values of |[S11|<[-10dB] is
equal to 1.9 GHz from the frequency of 2.3 GHz to 4.2 GHz (58.46%), while the measured
impedance bandwidth of fabricated prototype is equal to 2.13 GHz from the frequency of 2.21 GHz
to 4.34 GHz (65.03%).
The second antenna is a right-handed circularly polarized magneto-electric dipole antenna which is
fed by a Y-shaped feed line. By using a 5 x 5 array of AMC on the ground plane of the antenna, its
height was reduced to 0.13 A. The impedance bandwidth resulting from the simulation for values
|S11|<[-10dB] is equal to 1.24 GHz from the frequency 2.46 GHz to the frequency of 3.7 GHz
(40.25%), while the bandwidth resulting from the measurement of the fabricated prototype is equal
to 1.3 GHz from the frequency of 2.38 GHz up to the frequency of 3.68 GHz (44.52%).
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Abstract

One of the main issues in the arrangement of equipment in multi-layered satellites includes placing
the equipment in each layer separately. In the arrangement of equipment on surfaces, the non-
overlap constraint has always been a challenge, especially for parts that do not have a circular cross-
section. This paper presents a robust flexible programming model (RFPM) for placing equipment
in different layers and considering uncertainty for placement of cubic equipment. Comparing the
output of the proposed model with previous studies in this field shows that the efficiency of the
model has increased significantly to meet the limitations of non-overlapping between equipment.
Eventually, it is expected that this research can cover the existing gaps in this field and by observing
other limitations such as stability and thermal limitations, moments of inertia and center of gravity,
it will reduce the design time in the conceptual and preliminary phase and ultimately reduce the
overall dimensions of the satellite, which has always been one of the main goals of designers.
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iy, (p 5 skS) (1) o i, (p 5 5kS) o
aifri bi hi mi Xi yi ri hi mi Xi yi
1 150 250 200 22.50 329.47 64.86 n/2 L, 28 100 240 26.62 -1.58 -288.80 L
2 150 250 200 22.50 177.47 82.86 n/2 L, 29 100 240 26.62 -193.90 49.01 L
3 150 250 200 22.50 174.13 -285.90 n/2 L 30 100 180 16.97 -175.93 -95.12 Ly
4 160 250 200 24.00 180.21 -33.62 /2 L 31 100 180 16.97 189.11 65.10 Ly
5 160 250 200 24.00 341.89 -35.46 /2 L 32 100 180 16.97 19.82 199.02 Ly
6 250 180 200 27.00 0.07 391.00 L 33 100 180 16.97 -164.75 113.40 Ly
7 200 200 250 30.00 -0.30 200.34 L 34 100 180 16.97 183.52 -134.83 Ly
8 200 200 250 30.00 200.37 193.88 L 35 100 200 18.85 211.87 -332.71 L,
9 200 200 250 30.00 -229.55 251.01 /2 L 36 100 200 18.85 333.30 -164.84 L,
10 150 150 250 16.88 118.90 302.23 /2 L, 37 100 200 18.85 -61.62 -190.27 L,
11 150 150 250 16.88 -153.95 305.58 /2 L, 38 100 200 18.85 133.97 -148.50 L,
12 150 150 250 16.88 270.27 283.38 L, 39 75 200 10.60 -324.88 -7.36 L,
13 100 150 200 9.00 -250.46 143.29 n/2 L, 40 75 200 10.60 -304.87 293.12 L,
14 100 150 200 9.00 -149.32 150.71 n/2 L, 41 75 200 10.60 -174.88 -6.50 L,
15 100 100 150 4.50 98.32 140.94 Ly 42 75 200 10.60 -230.85 -145.67 L,
16 100 100 150 4.50 153.65 36.60 Ly 43 50 200 4.71 -359.25 112.82 L,
17 200 185 150 16.65 228.81 -111.59 Ly 44 50 200 4.71 67.92 -283.18 L,
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18 185 200 150 16.65 -86.89 -200.66 n/2 Ly 45 50 200 4.71 -16.60 -336.62 L,
19 200 120 200 14.40 2.14 164.48 L, 46 50 200 4.71 -191.98 -264.47 L,
20 120 200 200 14.40 -18.22 325.14 n/2 L, 47 50 200 4.71 -116.38 -329.92 L,
21 160 100 120 1.92 -261.47 -133.58 Ly 48 50 200 4.71 -354.70 -128.75 L,
22 160 100 120 1.92 -35.20 159.98 Ly 49 60 150 5.09 67.08 -148.29 Ly
23 100 160 120 1.92 -165.12 99.19 n/2 Ly 50 60 150 5.09 0.03 273.81 Ly
24 160 100 120 1.92 -186.27 -30.91 Ly 51 45 160 3.05 -168.36 223.99 Ly
25 100 240 26.62 -333.30 -94.41 Ls 52 45 160 3.05 -261.07 68.28 Ly
26 100 240 26.62 -139.40 -143.42 Ls 53 100 180 16.97 -5.59 -199.92 Ly
27 100 240 26.62 -200.18 -334.88 Ls
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(Kg.m?) | (Kg.m?) | (Kg.m?) | (Kg.m?)
[1] Zhang et
al. (2008) 228.7 232.9 185.1 646.7
[8] Wang et
al. (2009) 227.8 226 178.2 632
[9] Teng et
al. (2010)- | 228.2 225.8 171.4 625.5
Ex.2
[12] Cui et
al. (2017) 223.4 220.7 168.4 612.6
[13] Zhong
etal. (2019) 218.2 2155 166.2 600.1
[14] Chen et
al. (2021)- | 224.1 228.1 179.7 631.9
Ex.3
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Y o louds (69590 axdllan 5o Ol jupexd by lasizko g ol -0 Jgue

(Froekes) oo ~ (rorkes) dinge Sl (Froekes) o ~ (Frorkes) dinge Sl o
iy, (p5L5) s o, (p55k5) () s
ri hi mi Xi yi aifri bi hi mi Xi yi
1 100 150 23.56 -157.91 323.04 L3 31 60 150 5.09 152.08 -200.16 Ly
2 100 160 23.56 -162.29 119.59 L3 32 60 150 5.09 254.36 -51.71 Ly
3 100 160 23.56 -334.04 221.00 L3 33 60 250 5.09 214.76 350.94 L,
4 100 200 23.56 -184.43 -86.48 L3 34 60 250 5.09 -39.89 294.17 L,
5 100 200 23.56 -356.04 19.65 L3 35 60 250 5.09 84.65 322.06 L,
6 100 250 23.56 -342.86 -206.04 L3 36 60 250 5.09 174.52 240.14 L,
7 100 120 23.56 -13.61 -200.30 Ly 37 250 150 150 28.13 -70.59 -376.17 L3
8 100 120 23.56 175.10 -123.62 Ly 38 250 150 150 28.13 170.26 -22.27 /2 L3
9 100 200 18.85 -323.04 149.99 L, 39 250 150 150 28.13 277.27 229.48 /2 L3
10 100 150 18.85 182.57 81.65 Ly 40 160 120 250 28.13 138.00 -365.67 L3
11 100 150 18.85 20.57 198.94 Ly 41 250 150 250 28.13 68.61 184.05 L3
12 100 160 15.08 -123.19 157.56 L, 42 250 150 250 28.13 70.52 341.27 L3
13 100 160 15.08 183.14 80.37 L, 43 250 150 250 28.13 22.27 -223.55 L3
14 100 150 15.08 -162.00 117.29 Ly 44 250 150 250 28.13 274.53 -222.49 L3
15 75 160 8.48 -171.11 325.87 L, 45 250 150 250 28.13 323.45 -22.16 /2 L3
16 75 200 8.48 48.39 192.02 L, 46 200 160 150 19.20 -349.98 -48.24 /2 L,
17 75 250 8.48 318.66 206.31 L, 47 200 160 250 19.20 -184.03 -47.62 /2 L,
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18 75 150 8.48 167.27 51.44 Ly 48 200 160 120 19.20 -204.69 -64.54 L,
19 75 120 7.95 -149.11 91.61 Ly 49 160 120 250 15.36 -4.24 -181.12 n/2 L,
20 75 150 7.95 65.57 162.25 Ly 50 160 120 250 8.64 -296.70 -213.45 L,
21 75 200 7.95 357.02 54.73 L, 51 160 120 250 8.64 -155.99 -232.17 n/2 L,
22 75 250 7.95 391.52 -93.06 L, 52 160 120 120 8.64 347.96 -3.84 n/2 L,
23 75 250 7.95 -7.19 424.25 L, 53 150 100 120 5.40 156.39 324.55 Ly
24 75 250 7.95 242.04 -84.42 L, 54 150 100 120 5.40 0.21 319.01 Ly
25 60 150 5.09 -0.03 -268.05 Ly 55 150 100 150 5.40 191.11 197.40 n/2 Ly
26 60 150 5.09 -154.03 -43.30 1 56 150 100 160 5.40 290.63 -220.08 2
27 60 150 5.09 41.05 -154.64 1 57 150 100 160 5.40 138.32 -281.15 2
28 60 150 5.09 137.99 -80.99 1 58 150 100 200 5.40 -16.39 -315.18 2
29 60 150 5.09 -79.94 -138.60 1 59 150 100 250 5.40 151.69 -388.18 2
30 60 150 5.09 -65.87 203.39 1 60 150 100 250 5.40 114.05 -154.64 n/2 2
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[6] Liu &
Teng (2008) 174.466 | 1713 101 446.8
[10] Liu et al.
(2016)- Ex.1 163.1813 162.9 93.8 420.1
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Abstract

The gyroscope system is an attractive nonlinear system that is used in various industries such as
the military, aerospace, navigation, etc. Considering the importance and applications of the non-
linear system of the gyroscope, the design of the control system for the operation of the
gyroscope system is indispensable. Most systems in the real world have nonlinear dynamics, and
it is inevitable to avoid the destructive effects of noise and unpredictable external disturbances.
Nonlinear uncertainties in gyroscope dynamics, noise, and unpredictable external disturbances
are major challenges in controller design. The model-free control is developed for this system.
Particularly, the sliding mode controller is widely used in the control of non-linear systems due to
its robustness to system dynamic uncertainties and system disturbances. In this paper, the
dynamic behavior of the nonlinear gyroscope system is analyzed then a sliding mode controller
based on the neural network is used to control the gyroscope system. The stability of the
nonlinear gyroscope system is proved using Lyapunov's theory. The nonlinear model of the
gyroscope is simulated in Simulink MATLAB to investigate the behavior of the proposed control
method and compare it with other controller's methods, so the efficiency of the proposed control
method in the control of the nonlinear gyroscope system is investigated.
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Abstract

In this article, a new closed-loop algorithm is presented to generate an optimal angular trajectory
for a given satellite to reach the desired final point. Using the capabilities of artificial neural
networks, this algorithm can find the best trajectory to reach the final setpoints based on the
dynamic behavior of the system and the preset controller capability by using the desired final values
of the trajectory and the values of the system state variables at each simulation time. In the presence
of external disturbances, this closed-loop intelligent trajectory generation algorithm shows
advanced adaptive performance, which allows it to develop the best alternative trajectory to achieve
the final setpoint and return the system to the main trajectory. Despite the fact that this algorithm
is able to restore the main trajectory, it is also capable of preventing unreasonable control efforts
by considering the control properties of the system. This intelligent algorithm of angular path
generation shows high accuracy and effective performance after simulations are performed in the
MATLAB software environment with predefined external disturbances.
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Abstract

In this article, a fault tolerant control based on a virtual actuator is used for the maneuvering of low
earth orbit satellites that are subject to the loss of the effectiveness and additive actuator faults as
well as natural disturbances such as atmospheric drag, earth's gravity, solar radiation and third
body. In the approach used, there is no need for a separate unit to detect, isolate and identify the
error. The main feature of this approach is to provide the same performance for the nominal system
and the faulty system since the actuator faults and disturbances are hide from the nominal controller
due to placing a virtual actuator between the faulty plant and the nominal controller.

For the purpose of satellite maneuvering, using Kepler's orbital dynamics, which is affected only
by the Earth's gravity, the desired second orbit parameters are calculated. In addition, orbital
dynamics based on six modified orbital elements have been used, which avoids singularities. Then,
using the desired orbit parameters, the relative motion elements are calculated and used in the
control laws. To demonstrate the effectiveness of the control method, a maneuvering scenario of a
satellite with Kepler's orbital dynamics that affected by natural disturbances and the actuator faults,
is simulated for 42 days. The satellite has an effective cross-sectional area of 0.56 m2, and an
actuator fault is occurred since the 32nd day. The results show higher performances the proposed
method compared with conventional controllers like LQR
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Abstract

Generally, the determination methods of the satellite orientation are known as attitude
determination and attitude estimation. The attitude determination solution of the satellite leads to
the Wahba problem. Therefore, at least two independent measurement vectors and two
corresponding reference vectors are needed to apply the Wahba problem. These input vectors aren't
accurate due to sensor noises, misalignment, and low-order approximations. However, these
uncertainties aren't considered in the classic Wahba problem directly. In this case, the estimation
error of the Wahba problem depends on the input vectors' accuracy. Hence, modeling error and
measurement noise are modeled using Interval analysis. Then, the attitude determination problem
is transformed from a single-objective problem to a multi-objective robust optimization problem.
Since solving the multi-objective problem with heuristic solvers such as NSGA Il is time-
consuming, the multi-objective problem was solved using the min-max optimization algorithm.
The attitude determination error with the proposed method is reduced (7 times) compared to the
quaternion method, and its dependence on the accuracy of the input vectors is reduced (200 times).
In fact, while reducing the mean attitude error, the algorithm robustness has increased compared to
the uncertainties in the input vectors. Using the min-max algorithm has reduced the execution time
of the algorithm (about 600 times) compared to the NSGA 11 algorithm and is suitable for real-time
applications. Based on the results, the proposed method has narrower bounds, so that the mean
square error (RMS) is decreased by more than 50% over the g-method.
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Abstract

Paying attention to the increasing use of metal-polymer composites in aerial and space structures
and their economic efficiency, it is possible to achieve a more economical and high-quality
connection by determining the appropriate parameters. The purpose of this article is to calculate
the optimal parameters for the friction stir welding (FSW) process to properly join aluminum to
polymer. Polycarbonate sheets and aluminum alloy sheets, widely used materials in the aerospace
industry, were employed for FSW. Initially, a traditional FSW was conducted without additional
material. Subsequently, for two samples, a layer of epoxy glue was placed between the two sheets,
followed by FSW. On the second sample, a restorative FSW was performed with a 10 mm comb
stirrer head. The results indicated that the most optimal condition was a spindle speed of 1400 r/min
and a welding speed of 50 mm/min, particularly for the sample with epoxy glue and repair welding.
Traditional FSW showed flaws, while FSW with adhesive displayed fewer defects. Repair welding
significantly influenced the FSW joint, enhancing the cleanliness of the macroscopic appearance
of the weld surface. In the tensile test, it was observed that the tensile strength of the repair weld
exceeded that of the joint welded by two traditional methods and with glue. Microscopic results
revealed more holes in FSW with two traditional methods and with glue, gradually reducing defects
during repair welding
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Abstract

lon mobility spectroscopy (IMS), as one of the detection methods based on the ionization of
mineral, organic, and chemical substances, has been used efficiently for many years in manned and
robotic space missions. The space applications of these instruments include environmental
monitoring of spacecraft and the identification of organic and mineral substances in samples
collected from space. In this method, warm-up is required for the cleanup and transport of ions in
the drift area of the detector cell. Considering the need to miniaturize and optimize the necessary
power of space detectors, the experimental investigation of the thermal gradient and factors
affecting warm-up time is essential. For conducting the experimental thermal analysis of the IMS
cell, micropumps, desorber, and temperature recording equipment such as a temperature control
system, data logger, thermocouple sensors, monitoring system, and resistance temperature detector
have been used. In this research, by experimentally investigating the warm-up time and thermal
gradient in the IMS cell in different modes and at several target temperatures, the main factors have
been determined. The results showed that the oscillating air flow inside the IMS cell can reduce
the warm-up time and the temperature gradient. Finally, several suggestions for better thermal
efficiency are presented.



?ﬁﬁgngUb

S o b Jobw ()l 0 Sdos (gilwdiate 9 (225 (o2

<

= r & o - &t . . A £ A 3
TUS e 2l dumaw (o y8 Lo yule s S5 sodaw o0 58 M Sl Fanid sl

h.sheikhbahaei@isrc.ac.ir <l !« \kaol (il ! Las olKimgh o555 5 dlge 00Siipghs sl sl -1
f.saliminezhad@isrc.ac.ir .l ! o lodol (ol ! lad olKimgs o555 5 Slge oSty bl cuoliis 5 Y
sa.ghorashi@isrc.ac.ir .l ! (leiol ¢yl pl olad olKimgh (5,0 g dlge 0aSimghs « opo -
s.hajialigol@isrc.ac.ir ! kbl (o)l (olad oKty o555 § dlge saSimrghy (58 - ¢

J}ﬁ.m.n o..\.l.mg.}; *

oS

2 @hoed 5 Il igams slye genliin Gobul 3Ly S8T slagss, 5l (S Ol @ (S S0 miecinh
ol b gloo )l ool 4285 18 oolil 5 j50 (ool jboa b Jlus ¢l Sl 5 ot j (glacy y50lo
Ol 5l 0niis,510,5 slaaiged 3 Gase 5 Jlolse plolid (izmes 5 lalaglad (ame (2l Jolis o)y
azg b oo sz Giale S 4 5l il ST Jsho il 4ol 5o by JE 5 (g5lanSTy gz oo ol 0 bl
2 55e Jelss 5 (Sl QoL (075 (o) 2bd (lajlo) ST 5L 0550 g8 (3loainge 5 3loSzsS 4 Sl
oo J 28 allols (ygzman oo oo Sl 5 asliy esbo ()L (0025 s bl Sz 25 Sl s ]
3l ST s ol iz (rizpan g (Sroglio slod R Ritaled (JisS505 sl S Dbl oaiseld
Sl 0Ll 5 GleS ey (225 (omyn b gl (ol )3 Cansl o oolitil Loy Seas g oaiiS A2y Jols
@b ad alelid T Hige Jalse cdam slod paiz 5 it Glacll> o g o8 miwinb Jobo )0 35750
Sl Gk @ goe; Oley g @les Gl a5 carge Wi oo Jobe (990 I8 Slugi Gl sl wls (las
el 0 @) S5y 5 jldings gl oS8, cales 53 s

1 SLAS 33 1 oy
Journal.isrc.ac.ir

gl_»as sl2o o,

PPV amivo ¥ o )lous ipgm JUw
VFe¥ Gl 5 5mly

DOI:
10.22034/jssta.2024.424941.1144

&9l Az ;b

V¥ eAIYY el y
VXN 5 by

Sols’ slasily

ol es2lod LIS (o2 2
Gl oS odaly (e F

<>

Alio ol 4 sbciwl ogxs

sr oS 5 Sl md sl
Sl o Ses Glo gt 5 2728
Cn S e b sl
sloon)5 5 55l psle aoliladys
Sloxis ipgs o )leds ipgu al (LA

AFY AP0




K le o2l 5 (3 )5 i prondes o g2 G

it b (S Gl Cosl g Sl b o
5 S 5w Kbl b by 995 5] b (GIYPS SHRE)
%] QHGA UAM w)Lo)] \))9.0 o\)Lo &5; scDJ.A l) 4_......vlJLA
[\ *9
poas )| ) ‘Gcel_i"_wo ‘5L{e]';.,o|)l_3. 6);0)"..\_3‘
Lebilo S ol Gg S 25 slogialesl Jsb jo vakd
Sg—i o0 S S 25 s pSosladl (o e lociahd sue
Syle 2ol Cosby s 10 g (59, 2 odee il g0 Leo Iyl
Uinlas walize T slac JUT 4y a v YU slales o
S (IBaSIASS 5 Jymame (g ass 5l O laJsSUse
)\) °M‘5>LMJLhMJ J}..am 0% ‘UJ‘))L"’ ..\)9_...4 k}..iu.u ))u.u.u
YL' LSLO\) B o..\_uksvl_ut_u O uLo..Q S uio.a dl.v‘ LSLO\)
slacdale cod oab JSas Glagn) Gian & Jaie yo 5
R ROV VR PRIPU I JYVPRNCHUC g S Ly I CCOW I AN
stbwwt\})é c -y 9w%mlw4?)é Yoo LA
S lap] Cugn ol by s e 4375 esise (y9r S
oisly g slos ST ecpl popdle [N 1Y VY] 000 o Lai>
L elegs wily oo wali (Sep Je S o0 po—wab
osle olulids jo Uas el a5 590 olow) glaie slo Ll
30 EleiSs gl sles Jloel (ol by ol aales a5 o440
N ojls 5l Gg S jou olfws 8 Slas 5 ot 4 il aly)
1y o sl il 5 San i i el o D10
g aioly 18 adlas 0,90 S S o0 pr—wcad SIS 0,08
o LSS @yad as wials lis g,k g o0 ek 4
SlBl L Ks Golie ar ol ugSae Ca s il 58 sles
slos Ll Kan g 5,lb [V F] Wb o rals LS @508 Leo

Oy Slp P (ploer B oS iz fealiS Ddnly age
sy > izped IV Siagas g 1) S5 000
S 28 gcisb Jobo i los ) Sen 5 05 e S0
&S Jbk sl 21 o o ool _ul (gl 7 Lol
5 poliye NAD wiagas anlllas 5 (o) 0 )glolS 5" pams s
S S i 013 o ) e sles il Sen

5 Desorber
6 Differential Mobility Spectrometry (DMS)
7 Putrescine

dodfo
TR N g WEL i P VIR YRR v e SE N
)o Jﬁ..a?bo dbuy JJDU wL...J‘ » o\)Lo u& G]Lo..}‘ ua...?v.m)
S o0 e [V V] 595 o solitl S 2SI loge G
slalesl_ad glep coaS o las 6l Gl l5 jsbay e
45 LS'LaS g}’L""’ 9 kSLLQJ‘U"') ‘5>L43 Olin.m)‘ 4.Lo..’> )| )L)u,..m_v).u
4 i g ole 4 LS5l (yazman 5y ey slaly j5ele sLiSal,
LSLDA)LOL.» ‘U"‘ » 05)19 u...u‘ IR W) 4..3)5 )lsd.v u.\_uJL'LSA C.vfo
39 ol Ol by Sl el gl ad iy b
bloplad slgn ;o 18 Gﬂ Slge olowlbd g oload Lo
9 I slodiges Juow § 458 508 sow 5l alenis solaiul
5 S 5 o 28 sy jgele 5l oaiis slans Gans
slal_assT b oygo ol 5l g Jowe jo Sladon plol puizen
G5 JS—b 5 ol JolSS (SsSs S )0 jshaiear (oL 28
S 25 il (6l SST alh gy (guid 53 deghine
I¥lecil Jlo,65 5 slogng caenl 51 S
Sl sley s 5 anses wgslow IS8T is, ol 5o
6&09" T~y [69 f]&j_wLSA JM "'\"9—““’g5‘° oJ.».:y 6)@
Sibolaz b (3l 4l (Sop azm 30 Sy Bosb 5l oad sl
05; su.u.vb 4..}[; )Q [9] QHLSA 4..&5 @9) 55)_79 G._M.vu...'a
R PR NV | . FCONEWIPRRL L ¢ [ EVOROR RIS
S S lass opl il coou Laygs 45 jshilan auS
log] ey S o oS > Allde Cg> yo a4 il 8
S b S 25 e LAs V] aliees talS
)'L,;)li.ﬂw 5 S5 45,0 w45 Sl QT oly Ao S
Lo, " slodils (g as 5 5l Yoo el ol sl a3 5 138
Solate cilizes sloz,b (o Loyl cals ) oyl @l 4
Lddgd SO U wiloass ooz o2 (59, a5 Ceal oas JSid (!
b eSS g > a5 Je sodisS s LS | elgsds Jobo
Sl il S )1y (g5t b g 5SS 355
L lon Mobility Spectrometry (IMS)

2 Drift Tube
3 Rings

8 Cadaverine 4 Analite

V&7  \FeY Obewo) 9 3l p90 0 )los (oo Jlw— ;s’l"‘-* o 0,5 9 5,9Ld pole aolladgo



i Sy iwcinb Jolo ()l 0 p5lee sjloding 5 (o2p2 oy 12

BRRRIAICPET I G PN RPER VTS W JUA U FUA AR VIPIE VIR N
Wydoe Jate Joho (539,5 all> 4y a5 oS D2y (o 0
55925 OSpS Ay 4 ,lBu 4 0ads pslaen 3 has
s 53 3 ey JUl aiulsy neemgs Som 5 o0l plocl
OO SL Geizmed 5 (S S S il () adaie
S8 50 il onge p ]y gam il 8T ] 8 ol alaiore
olyod & 0aS CA2ly 5 (G S5 28 giwiel Joko 5l (oled )
oo oals Lol > g3l 0 eoliiwl 8,90 (sla S
]
S el sk (S5l (2525 (o) 2 bl Helate 4
a>ly Gezmes (ploy p (e Les o Dl wiejls (S
M LsSsep gl S VoMbl saSud M los S
el 1t aglie slos lu ) K5T s slo S 5 ,Sitles
oo b T 51 osliial b JysSye sla S 385 i
roglia slod 5Ly lST 30 gl S LS 50 ey S
S 5o Cagh g Lo Sl 5l U1 Ll 13 ioren 098 o0 plox]
Loo Lol S w2 sy el ol aid )3 las o o lasbinl lasly
b coled bl 4o s b ol cloails «Jsbo Jsb 4o
539 Ehg 3l g L led Kz g 00l ()¢ jg yionkeo ) a3
90 Sl ¥ USS 5o 058 oo )8 ) aladse 3 ails
03ls Las Lo (sl Kz Cipape 5 (Son S 20 el Jobos

Sl 00

15 Silicone Heating Wire

16 Temperature Control Module

7 Data Logger

18 Thermocouple Sensors

19 Resistance Temperature Detector (RTD)

e 4 O =y Gl ) ket Sloo 5 (y T il 50
val ws gl cows 4 poadas 518 (60 SeSis
il g b o cleSy 5 el sles Jloel  ogdle
1y oBws GBSl (sl a5 (6,500 g5d50 (il slaaly)
5 omlaS ley sals w)ls comnl 4l _ad glas LS
b 5o cely pol ol ol oo 3T (gl olSins cyooole]
o 08U aSul 4 azrgi bl (els olfiws (65, 8 pas
S 25 el ol (59,0 lop sl L adal) o 5,1~
S5 ojlail 5 48,55 B j90 palar 5 Sslatasns Sjg0 4 e
el andpdy plowl Jolo ais g slizl 526 51 i )1~
WY gles (Lol (2285 (s G005 (nl B s G
=t Bk 3 O Fse Jelse 9T Gmbe S oy Ml
2 S0 S 2 b ilwaig sl (Jslw 09,0 slse

o g9, -¥
Sl dil> golass Jold Sr S o0 il ol
& Ol 48 (N2 Do 4 alie (Llew)) 558 5 (B2le)
Tonokr TS glee iy 0 lagK dil> 5 (ge wliis
YLl 5 el g (509)5 laail> (s (oSl 5o SN
Seoglie (55 sladil> (59, p dBlios g 0 pte i Jolb
a Job—w 5 a8 8 )13 (S S plase slaml sl (S Sl
(sl 595 32 09 00ezmd) 10 G55k (s (525 alonsy
el oo Bole ()l Sl GoldS Aty Lasgs g oude S
Sl ) BT oSoss S j0 (Fgr S o0 el Jol 0 ogdle
i e gy s S s Ly i s 252

9 Traveling Wave lon Mobility Spectrometry (TWIMS)
10 Temperature Gradient

1 Heat Loss

12 Warm-up Time

13 Shutter Grid

14 Collector

VOV [ \FeY Obewo g )a.:b 099 0 Lol (P g Jle— @LAE o, 9 5y9L3 pole aolladgo



K e o2l 5 (o805 I3 ardes o JHlgy i

(h [
»
g Ui 5as) o S
99,5 4il>
Sl dils 55 oubansl e S (0 ey Sy gmdinh Jeb (1)) S5
59555 di Oyl @e CRET® g5 sl S adl> gyl olg)adl
g = : 77
PR ud;}b
s o =2 L —U
S =
A ——
T7
Sl gomw 50,8
lg (gl e T1 - T2 T3 T4 T5 T6

S8 S gwdinb Jobw 5 256 9 0950 il oK 6525518 Caxdge () JSb

YOA  \FeY Obewo g )-»-iLi 099 0 Lol (P g Jlw— G’Las LSLQQ)'.')LT 9 9L pole aolladgo




i S grcdak Jolos ()2 05 hos jlodigs 5 otp2 oo s

Sl spgesl wlaseive :(Y) Jouor

uf.tﬁyo5&9.)5o\)l.a.._m| Sy90 (_gl.m) (_gl.ﬁ)im}\ LJ5~.\D.-)O

Fdon | oo | o= o leasiss s Saa sles | o)l sl 08 jattie LQQT wal oo
dzlgea )
b | eaSe | sares ’ ol (ogemades) | 505) .
, , , , \/ \ve \ Sl 2 o 50 Lo b s (1) Jgu
_ _ _ N N \Y- Y Ceonbge &y Ly S
- - N, N N, VY- ¥ oS dzly sl an (Jsho (599 4il> K Voled Ko
- - v v v v \ ) oo gl adl> K Yol S
- - v V V V¥ 0 ¥ ole lis ail> K Yoot S
- V \ J J VY 4 0 Sl Solis adl> K ¥ojlas S
y - N V v _w\;\f’ v V e iskis ail K Dojlets S
3 sl sk il K P olads S
. 3 - sl K 5 3 sk s _
ey BT 55505 sl S (5> 09051 b Sl B Y
Muk%‘ouwbgjw)u)bbmw‘jégj&‘ ojled S LS s Jsbo (S o K S axly S
oS end 5 Les slaosls (gl slos il ailelis aiS o v Lo
Soges a1y ) e aali 5l ool b g 00,5 il ,o cledol U1 sles Jgkw 5 g RTD “ Thtj""
°)
los (SoSels (o (S5 (BB, b S (o0 JroS L ] | A
los au B wamsl l33l o as au o 0,0 Slen 5 Jobw St oo ¥ ojles

los (Jlo ol )0 05 Culi g odpmn; oo J 08 axly andas
)i_.,o)L;S)o aS)Y o)Lo_..‘L)im}iL:_..uj:\go..\_& ools ul_m.»
9 Job— S9p cha
|) J4555.,o).» (_gLa)f_u}Ja_wy' Lo ‘_gﬁfo)“..\.il usou.:m
5 05205 ool oS 5l ol F S 0 aes e ol
(Jol—w «leMbl soS s Jol i oolaiwl 050 Oljgzs

el 00 ools lid Lo ol aileles 5 Los sl K>

s led (oo —ai oo S axlg

i Syt gyl Jyloo |
3 Nl

=

Loo)ima

5 eadceal gla S T ganaz o 585 ol 5l e
(Sl okl s oles slapses el sl Jsl—w J5o
(ogamdas a2 0 V0 ) laze slos &y Jolos (sloo lail ol
slaige;] Slasine 03s £5,0 (Fil> o9a3] e 000
sl 00l QL:..: )Lail;" LY qu? 4o c_é)‘)’

SleMbl oS e B sl sles ol ailale, B

Sy oo 2y (ow) iy y0 soliiwl 090 Ol jupas 1 (V) S

20 Calibration

0] [ F.Y Obewo g )—UL’ 099 0 Lol (P g Jle— G’Las 6Lm.>,»l5 9 9L pole aolladgo



K le o2l 5 (3 )5 i prondes o g2 G

0 1000 2000 3000
(4l oo

(1 03k (19031) ok 35 (o o 33 Lod ol o o(F) S
Y EsdS 5l am el oads ools las §SCE jo a8 ek Lo
O ok Gy mhaw ;0 (Y o)leds [S>) 56,5 slos adds
IS wly alwsg a4 o 5l a5 oy oo gl a2 )3 1Y
les (ol 3 (ol 5,0 (Jlor e 50 09— oo Cali oo
a0 Ve AL 5l 699,5 slod g ai_ilo 59>y GNLLM_N
sl (Sloe Saand ;0 5 0 od ol i (wga—ad
Sl 38l g 4z 0 VYT U aS 4 Bls 092 g oo s i
b Lol T wlai oo <l Los ;S0 slgsl ;o 0 )bgs 5 Wb 0
S8 Lol 35 ppme 3 o 4 sl sleal 53 0
Wl a5 wSlios gl Lo b Jshw 2letl 5 69955
@ Cad bl cpl o Lo als cely g ails YL 5>
A (69959 asl> o Lo w&ls O U”‘ o \)5_..4‘5‘0 J}l_w AJLA.A
ool i 500 Sl 4 S )5 slom b LU o
O35 009,y b Jsler 9,0 lop (e Slpeis & IS 0
09051 b 50 ays e (052 igals g casiS dly (S ,S
(ogemdas a0 VY + Lo 08 axly candais (glod) ¥ oo,les
Ceoglae i 4 oS sasuS Ldzly gled Ll so ool ylis

az )3 Voo dgaz ;0 0 Blios (wledpd 5 (68 (cor—w
Ol 50 i e oaalin O S jo aS les el ogaand
S99y slad olKEns iy g Lol b 5l oo JUil b el
by SRl ool az 2 Ve b LS Cdlo 4 s S5l
1 85 559,54l waiiS iz ly o by, b il 03,5
led DS 5 0adip 5 lojed ol oo Jate oS 0ixl

ior IS Jolo sl 55 49

Co g b -¥

OS5 3l ookl b Jshw (35,0 lsp el S sl
abaizme a4y Giilw; g a @b 5l &)l (SoSel (o
Bl ahize Slga slod U005 (oo crge 9 00 Jiie (1,
Lo ed S amly Ko 4 ¥ o lods S sl il
odmoli Bus slos A wos oo 18 cali sles G o ) ainn
adls S sl (Sow Jobw 515 slon sled b g 00
clls Gy sl ul) alhasee glga gloo b akal,y jo alil
3 9590 Oliwe 5l eS Lagm S 28 Gl Sl lales 5o
39, YU jl—s Los a5 Sloj 5 009 (olwlii 5 SGS&5 (6l
L wilgioe a5 300 0929 oole —ion Hor—wliig Jloio
S S5 qulymd pams )0 g sl ST lea slaJsSIge
S5t pabighd e Jds 4V glales o 0,188 S
248 2lgs s 3l Sezy plwlib Sl S
503,5 3,5% p m Lol oo Wip—d oo JoS—25 Vs slaled
039 Bl 5l a8 asis slenl ganaz slosSse (6 —wsy
S S5 S5y 2 5 093 Solie adsl esle L Sl JySUsa
JsSUge 45 ol los o oy it o 02l 51 aly L1 3l
b ogd JS—i3 5 S 20 L ey Bl o500 oy Lads
ol SLs plsze & g 5 M sly Sals” JgSUge LS
ol el 4 azrgi b g 28 o ol sl LB
ar > Ve glos o (mwiinb gl SESE (e 92 ge
IAlsgs oo Jol> gl

Jsb )0 il helS ool 4y (6l Los e
ssbie 4 o3¥ Gloj (9903 et eizman g 5l 55T Joles
oolitul b Joboo bl 51 Sy p2 sl (5,12 oIl 4 o)
pladl wlie Jad 30 i 4 af (029 Glalejl (naiz
Syl 0555 oy ) 0yl (y3e5] (b il 45 sl 00
L ks g oansSodxly g9 (pB9) G Jske 0090 Les LIS
Les JuS aoly (ooekais sbed) Johw S0 )5 (50905 (2,
loo Sl F S cal ool oy 0 ((wguadas a0 VY -
olas ]y celn o (b o o slo Sl sanlawo

.MOLSA

2 Sharﬁ 21 peak

Vee  VFeY Obewo) 9 3l p90 0 )los (oo Jlw— @Laﬁ o, 9 5y9L3 pole aolladgo



i Sy iwcinb Jolo ()l 0 p5lee sjloding 5 (o2p2 oy 12

s 3 Sl ol ol ol b e 28I sk s
BY ojlods S 5 235 4l (59,0 (les LIS b 098 o0
oY ojled S o Lo als Lol elS gus U
4 0aS Odly 5l 63955 Syl 18l 4 bgyye (5999 adl>
g ¥ooled g0l 50 a5 albise V ooyleds S 4l
o35 3 5 (s ol Sl 5 s ol s il
Ogs 00l 0died

S35 2 Baa sled mhw Al 556 o) jelite 4
oo b0 5 F (slagygesl (miwil Jsho (3,1, slo el
ObolS ad el 5 (2hb Gogds a2 )3 VFe 5 1Y Boa
Jols (Sl sl g eanes g S a5 alyd 5o Les
Sk sl wilioe o0y, caiS D2ty 5 Jske Se5
YV USS o (ugmdo a0 VY Gan gloo b il albass
UK ol 50 45 ool ansl o o0l (L (F olest y905])
3 Sz 3 Bas sl mhaw (il wed oo cnslic
S sles i e el U3, oo o 5 5 o5
OeSlo b (alos o0gamme )3 (5095 abl> a>U o 5 ) Jolos
355 )8 gpmdes a2 )0 VY

3 1
=
3, 2
LY i
T4
. 6 s
k) T6
=
=

9 0dked ceoygySe o5 (alyd )3 Led Lol el ogdle
Sl gy eaSOd2ly 5 Jshe Se S Jels Sl iz
az 0 VP b ply Gos sleo o (Ll alaass (55lwSL (ol y)
oads oolo ylid (& o,les Q}A}T) A IS 50 bl oo (gades
s il g oo sanlive JS ol 0 45 s las e
Ol Lo g anilas oles (Lol T (g9, » 6wl Ban sles
0dga5xe )3 (595,9 all> 4>l o 52 ) Jsbo loo sloo
8300 )18 ogadis 4z 3 VT (S0l b (ples

(o ggmbes a2 30) Led

0 1000 2000 3000
(46) )le

aa g a5 by S # U Y o )les Q}A}T b sl o

JEST Grizman g (00ied aoyg,Se) (il aaione (55luShy
o 21y (o425 g Sas) i aliia 51 & lotiges
oo g,Son (pl Wigh oo adlol aiygesl (o ,So 4 wiyls
Y o0 p5Slas g eudais LB a0 b cdg VY alis sae g0 Jul)
St el 313 5 il Jokos 31 2 6 (i 1 2
9 $39,9 Sl 4 lop JUSl Sy Solis dlg) L g anils 18
oy S &5 (alpd )3 Les Slpois Wed oo Jate (29>
Oy oS Ddly 9 ok S8 el (1> sl g oones
b oply Sas sles 5 (Gl abize (g3l Cg) wilioe
oL (¥ ojlad 903) # UK )0 il o ogammdas 4 30 VY ¢

Sl 00 00l

0 1000 2000 3000
(al) oo

(¥ 03l 33031) Jobow 35 oolo) w2 Lo ol pui 1(5) JS

Oxdpdey bl JSE b oaslie js g F SE sk
3 slen sles (Jshw 3,0 192 ()b, sl g eoied oy g S

2\ ] VFeY Obewo g )-ul.: 099 0 Lol (P g Jle— @L»A.B o, 9 5y9L3 pole aolladgo



K le o2l 5 (3 )5 i prondes o g2 G

o <l sl el ssalive 5 4 St 0 4 sblen
Joke 0950 lso Slugs (4L, 5 ooy g Ko dlwg 4 (Li2S0—
O U & 5 sk 9,8 5 5 Sle all el 5
Ol e=ben Jobow 09,3 sl 4 oy 5l ol JUasl ol
999 oy 4 Job—w Gloo o jai ioli8l el el
Oy oy g (2leo (Lal,5 el 4 e (g adge (ol Cules
g oo 22 )3 TV d90> b ()l 5lwb @
Job— Sl o Sles 5 Sl Jdon 5L 31 50
loo a5 oyl o 0als oloyl sles Lol 5wl ool o)y
)\ ‘)Lwd.éjf&l.b‘ouodrj.\?‘j@&u

9 S e i (slaly S ay (sl o0 ools Lis gl

4_:_;[3'\...

39 Sl 0eel el sl sas eols yLis Y ooleds g0l b
(00iad roy9,500) 0392 by (51, Syl ded &5 al 5
£ aado 0 pugwd—w az 0 VP S eais sleo
YA A aids 5l g uged s a2, 0 VY0 L ol (a6 Y7 )
el 00l ploxil 009y wgmdis a0 VYo L ol oy a4y (a5l

145 1

140

135

130 7

125 7

(s gummdens a2 0) Lao

115 1 : ' ’ ' .
0 200 400 600 800 1000
(asb) obs;

(Y o 5losds (y9031) (bl (lod Judgyp (Vo) S

sl ol Jdg 5l Juol> sles Lol 3 VY ST o

odls aled (Ggr S8 el Jobo (1) alaize Jobo o

S 09— go ol JSb pl jo a5 jebles Lol sal
Dl oo oddlive oles glaal plKin ;o S>o5 oles g

140

120 4

00 4

@
>

(g 43 13) Lo

40 ]

) 1000 2000 3000
(a5l obe;

(B 05l y3031) Jokw 30 Hloj cows 1 Lod O i 1(A) JSCi

Ll oo ools HLis AL # sla S 0 a5 j5b les
Oy Oy (905 9> B ol (S5 (cedats oo (il
bos a3l )90 50 oo GIPl ()l 65laal glos
Jooi BB Lo STz davazr s biuge—ad—w az 0 V¥
S 9 A 3929 (9l (B9 g JSD S el o5l
o zlrgel Yoo oyl wie SYsb soliil & ygo 10 ud

Sl 0 Lo Lol )3 Jlaged «(F oles Q}o)']) RIS W
Sl (59 0000 ey 9 S0 9 0aS il o Jolw (Sp )5 a5
Slod) 35S0 (Pgals g () oSt amrg,See gl 4 g
o3l igled o ogpmd s a0 VY + oo S axly endais
Loy oaiiS iy jl o) (slsp b pl o el sab
0)kgd 9 095 oe o3l B il; gl B 4 0uiSo am g S
gbien Jwl Jolo 5l 251 4 198 00ind ooy e Langs
5 od,y Slwy cllr sleol L wl jaxin aS jsbylen
4 eugemales az )3 VP BV e e Sl sl (6955 sled (25
e ol g Gl Gl )90

o 500 1000 1500 2000 2300 3000 3500
() s

(8 0ykous y903T) Jokw 30 (3los s 33 Lod 5l i () S

V2Y P Obewo g )-ul.: 099 0 Lol (P g Jlw— @L»A.B o, 9 5y9L3 pole aolladgo



i Sy giwcinb Jolo 3yl 0p5hos siludigs 5 otp (s 1t

140 4

[} )
= =

=)

(Ugauds a3 ;3) Lea

100
90 A
30 T T T 1
1 2 3 4 5 6
PR GWE NS

29 st S 525 giminiab Jakas 53 (55l y> Gl T S
Sl sy

(Sl alaly 4 pa; g Gale S (lej 0550 50

A Gy Gley loas dwwlas VY S o calizie sloyge;]

Cardye L) Fojlads Ko a5 Gloj bl oG, oIk
o ey Sl sles S 4 Gl ST sl aibee SIS

o)u ‘_gl.buﬁ.a)‘ )\) (5"” u5l&.> 5).1) LS...: k5.7[.'4:.@ u.w‘ ol
0905 Cammd 4 Y o )lecs (yg03] 40 dix 2 W0l05 095 O B )
Cired Dy oo 0dalin yiole,S loy 3>l rals ) ojledd
Oley o5 dga> L dlas JpuS asly Gus sles ilidl b
Sbse GRIE0 B Y Glaggesl 10 )l )l 4 o,
(o gme i oled Judg 3l colail LY ojleds chﬂ Iy
ool oy i Lol Log cod caline ¥ o las chﬂ D Cand
SelS 0 oYY L P ol Q}Aﬂ G by ywb,S g
Sl olaws BB oy Jyus daliy (o s b aS cul
095° Sy slga slml) # ojles (9031 b daipe B9 9, o

el Gale)S 0loj dgute Sl sl 43S (M) aU

3000

2500
2000
) 1500
ll 1000
5
0
1 2 3 4 ) 6 T

O3l o)led

L

)

L]

(

=
[=]

Sl (ol ol @ o) Gl )5 ol (1Y) S
Sl s

0 1000 2000 3000
(b ()lej

(Y o Loy 05“‘)'7) Jolw 50 bo) cawe w1 Lod Ol juosi :(1)) JSCi

dslie b el ouds oolo las VY S o a5 job len
e g 4200 VY0 it anats glos s b o]
b 4 oo, Glej g @l @l GLolS 50 (pugee
S (gueie sk 3925 6390 (53095 cod osaline 551>
Sl ol S ks 900 pley 4 bgrye wadl Sl
S S iz pley & Cons 51> g p SS9 Wl
BV B g5l 5l alol> bl aslio 5 gw)pm a aslol (o
oo VY S 55 el oy 4z s 5> ol S b L,
ol oo 00ld yLas yge3l o LU o Lo sla K cabins
Voled ggail 55 9o ovalin pgal (ol p3 a8 jsbles
L s e Jobo @lize blas o ols WS g0l sgu> b
L oas o)ls 0925 o0l g9, 3l Cels SO Sgu> S
Ot @999 B Y o)lad (y905l (b 50 eanSOdaly (adinds,
LY ojlad sl (b yo b pall gles lolS
@les QLol S ) Glaiz Dol waies camg S (B,
2 gy nl s dsdeed eaalin Yool (sejl & Cund
a0 VFe g WY Gan cled w4 aS 0 ¢ F slagge;]
o & o)l 051 5 25icn 1S5 e dlge usade
DLl didle HE 2alS rge s piSe - e iluy
Voojleds zeil 5o bl po 5 aaS Jshe Jsb o gles
Sz s g WBbee T oojled (gl alive gled (L3I S
wil 5 5 T VY S 4 ar g b 0gd sad ounlie
@bl el sles plgior S S 28 gwcinb Jobo (2!
ot ) oled Kz 5P olad K (le ples | Jsbo
Sy

\2Y ey Obewo g )-»-iLi 099 0 Lol (P g Jle— G’Las 6L:o.>,3,l5 9 9L pole aolladgo



K le o2l 5 (3 )5 i prondes o g2 G

Iv T ol glos olpuss ¢ 5 ATIAL o, cnl 5l 5 Sloj o5k At

P=mc AT/At )

o) Ol JUST o s syl (aks Sl 4 4z g5 b
39yl (B g Jil wle 4t o el (gl s
Jsb 5o Les Lol 3 olaul cacly ol aF w0y o L, 4l
ol 3 5o VY UK Billae V B Y (slaygesl by Jsl
Colao CollB b gloole b golas slaail> gl co olpiiing 9,
(S S8lsd) omby Sl (Sosdl calan 5 YL (Gl
S 8ee g 3Rl ad iy (651 0 eST SlaSial s (y52ren
350 048 § (278 Dygo & (e S ey Lals 55, 2 o
e el sloSial o Slat i 55 13 ()
LIy ] sl oaal ¥ Jgum o sl b 030>

G5 5§ SoiS—b ag ey b (Jyoz (nl 3l
JE! oo uizma P oS 600ssS 25 5 " anaS ninas]]
3590 99 M omSTock 5 7 ieeteegl GVl &>
055 2 63V Coglyl 5l conlio slagn Kolr plye 4 5,51
Sl yms 99 (ol ol i jo CBls Az gy ol aldl el
5035 VL laSel ) ;00 4y S 08,y (g
¥l cow &3 hls og cdls 4o anSTods

oLl Gl JBlas 4y & )5,0 b g iy S0, Bullas
b s 50,5 SLtsay 5 gy oV BY (305D (51>
Sk dil> axiio (59, 2 3lge Slisa (55l 5l eslin]
obeyS ln Seig Sl Sl K05 olyen an (Sesl o b
IVEIS s owyp coils a8 ol Sbeladl Koo 5l (s ST

b ® 2l g 099 adl> yo (Gl Wl azg b
Bz 4 g )l ) Ele sgmn sshio ar dopse;l olos
Jsbe o033 (Sdg iSUl slajlnl oo 40 &)l Jlisl sl
ol sgsle oolaul gl sl wblss jo  uwalb
Sl ™ Jolscagil Sl J39 0] (azed 418, iy
ssbolen) (05 &ile) Jsonl dlanie 51> T slagny 058 o0
LY 5l slcwbes o (Gl oas ools Lui VF S jo oS

)...,o\‘ L6|)‘)05}.~¢.J.~o\"‘ LL&"&PL:MY’

27 Beryllium Oxide (BeO)
28 Nanoporous Silica Aerogel
29 Blankets
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23 Heat Sink
24 Aluminium Oxide (AI203, Alumina)
25 Zirconium Dioxide (ZrO2, Zirconia)

26 Aluminium Nitride iAINi
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