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 

Abstract— Output window assemblies, derived from coaxial 

line, are designed for medium to high average RF power 

propagation in/from traveling-wave tubes (TWTs). During 

power propagation, thermal load arises due to impedance 

mismatch and other losses, like, ohmic loss, dielectric loss, etc, 

causes rise in temperature in the window assembly, hence, 

demand for proper thermal and structural analysis. This paper 

presents the thermal and structural analysis of output window 

assembly for TWTs which includes thermal management, 

structural deformations and stresses at different joints in 

ANSYS.  Window disc in the assembly plays multiple roles, 

namely, incorporation of very high vacuum inside TWT that is 

tolerance of certain stress limits and very good S-parameters or 

VSWR. Hence, the analysis has also been extended for different 

window disc materials. 

 

 

Index Terms— Window assembly, Coaxial Coupler, 

transmission line, traveling-wave tube, thermal analysis. 

 

I. INTRODUCTION 

Window assemblies, also known as coupler 

assemblies, are used in traveling-wave tubes (TWTs) for RF 

power transmission and are comprising of a center conductor, 

outer conductor and window disc and all are brazed together 

(Fig. 1) [1]-[3]. The output window assembly in a TWT 

transports several hundreds of average RF power from the 

helix slow-wave structure (SWS) [4]-[6]. Electromagnetic 

design of window assembly is carried out in cold condition for 

proper transformation of helix characteristic impedance such 

that S-parameters or cold return loss profile may be obtained 

less than -15 dB [3]. Under hot condition (due to intercepted 

beam power) helix deforms and its impedance changes and, 

also due to heat load, the window assembly is heated up and 

gets deformed than its cold condition which also changes 

impedance of the coaxial line. These all together enhances 

impedance mismatch and deterioration of S-parameters and 

finally lead to failure of the TWT due to bank and fourth 

reflection of the signal. Material properties of window disc, 

such as, dielectric property, strength, loss tangent and 

thickness of the window disc play an important role sustaining 
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stress limits and in holding leak proof joints [1]-[3], [8]. 

Hence, thermal and structural analysis of the window 

assembly is an essential part to design an efficient window 

assembly if it is to be used for long life application.  

In the window assembly (Fig. 1), there are several brazing 

joints namely, center conductor to window disc, window disc 

to window cup cup to outer conductor and center conductor to 

helix,  which have to sustain certain stress limit to hold 

vacuum throughout the life of the TWT. In this paper, analysis 

of the window assembly has been carried out to study the 

thermal management of the assembly, dimensional 

deformation, and stress at different portion. Also, effect of 

material properties and thickness of the window disc on 

thermal management and structural integrity (stress) have 

been studied. The window assembly is thoroughly 

investigated, developed, taking care of its dimensional 

deformations under hot condition. The analysis has been 

carried out using commercially available software package 

ANSYS [9] and compared with COSMOS [10]. 

 

 
Fig. 1(a) 

 
            Fig. 1(b) 

Fig. 1. (a) Three dimensional view of the window assembly 

with helix SWS in a TWT and (b)  Schematic view of 

window assembly. 

  

II. THERMAL ANALYSIS  

 

Thermal model of the coupler assembly (Fig. 1b) consists of 

three regions: i) the first region (region 1) exposed to ambient 

condition and heat dissipation from this region takes place 

through conduction, convection and radiation, ii) in the third 

region (region 3) heat dissipation takes place only by 

radiation from center conductor to outer conductor, but due to 

very high vacuum inside TWT (~ 10
-9

 torr), radiated heat loss 
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is very less, iii) the most important region is the second region 

(region 2) in which upper surface exposed to ambient 

condition and lower surface is in vacuum and heat dissipation 

takes place through conduction from center conductor to 

outer conductor through window disc. In this region (region 

2), the conductive path is comprises of series of thermal 

resistances [5], namely, thermal resistances of center 

conductor, window disc, window cup and outer conductor and 

three thermal contact resistances at brazing joints, namely, 

between center conductor to window disc, window disc to 

window cup and window cup to outer conductor. 

The heat load to the window assembly is the sum of power 

loss due to impedance mismatch and carry over helix 

temperature [1]-[3], [5]. For the present TWT operating at 6 

kV helix voltage, power loss in helix is equal to 12 W, arises 

due to 2 mA helix interception current (P= 2 mA × 6 kV = 12 

W), which causes ~135
0
C rise in temperature [5]. Thermal 

load of the assembly is 1.4 Watt due to impedance mismatch, 

other losses and carry over temperature from helix, is 

estimated and used as heat load in simulation. The heat load 

varies with material property and thickness of window disc, 

namely, alumina and CVD diamond. This heat load causes 

rise in temperature at center conductor which is dissipated to 

outer conductor, which is exposed to ambient condition (20 
o
C), through window disc and cup by conduction. Hence, 

essential boundary conditions required for the simulation are 

the thermal resistances, heat load and outside ambient 

temperature.  Thus, a temperature gradient among the 

different parts causes different structural deformations and 

stress. 

The window assembly or the transmission line under study 

comprises of three section quarter-wave transformers. The 

ratio of outer conductor (b) to inner conductor (a) radii of 

three sections, from top to bottom, are 2.2, 3.5 and 6.1, 

respectively, and corresponding lengths are 9.5 mm, 7.0 mm 

and 2.0 mm (Fig. 1). Ratio of radii (b/a) and length of each 

transformer are very sensitive to S-parameters and frequency 

of operation [2], [3]. Hence, demand for detail analysis such 

that dimension of different components of the assembly, 

which were originally envisaged during cold design, are not 

deviated beyond sensitivity limit. Temperature developed at 

different points in the coupler has been obtained from 

ANSYS [9] shown in figure 2 and using same boundary 

conditions and different material properties [5], results have 

been compared in COSMOS [10] (Fig. 3) and results agree 

very closely. 

 

III. RESULTS AND DISCUSSION 

Thermal and Structural analysis of the window assembly (Fig. 

1), developed for Ku-band space TWT, is carried out with 

respect to its thermal management in ANSYS (Fig. 2) and 

compared in COSMOS (Fig. 3). It can be seen that temperature 

at different regions agree closely in both software packages. It 

can be seen from figures 2 and 3 that due to heat load, 

maximum temperature reaches in the center conductor and 

minimum in the window cup. This temperature gradient is due 

to different thermal resistances of conductive heat path and 

brazing joints which are in series. 

Temperature distribution at different parts has also been 

studied using alumina and CVD diamond window disc for 

different thickness (Table-1), keeping all other dimensions 

constant. It can be seen from Table-1, that in case of CVD 

diamond thermal management is improved and this effect 

deteriorates as the thickness of the disc is reduced to half in 

both cases (alumina and CVD diamond). Thus, thermal 

management is better for thicker window disc, however, there 

is a tradeoff in thermal management and optimum 

S-parameters. Hence, 0.9 mm alumina disc has been chosen for 

optimum electromagnetic design and cost effectiveness 

compared to diamond.  

Both axial and radial expansion, arise due to heat load, of the 

constituent elements have been studied and depicted in Tables 

2 and 3, respectively. For CVD diamond, both the effects are 

less than alumina window disc and these effects further 

improves if the thickness of the discs are reduced. Thus, it can 

be seen from the tables that expansions are comparable to 

wavelength and hence it will affect S-parameters of the 

window assembly. Hence, during cold design of the window 

assembly the deformations are necessary to incorporate in cold 

design of the coupler.  

Since window assembly has to hold high vacuum inside the 

TWT, structural analysis is also an important critical 

parameter. It can be seen from Tabe-4 that stresses at different 

parts are considerably less in case of CVD diamond disc than 

alumina disc. This further improves with the reduction of disc 

thickness in both cases. This is due to reduction in contact 

surface area between window disc to cup or center conductor. 

Diamond being a hard material, stress released by diamond is 

less. 

 Thermal and structural analysis of window assembly has 

been carried out with respect to thermal management, 

structural deformations and stresses with variable material 

properties of the window disc. With the increase in disc 

thickness, thermal management improves, however, with the 

reduction in thickness, structural deformations and stress 

improved. However, dielectric property of the disc is also 

critical parameter in matching character impedances between 

helix and connector for suitable S-parameters. Thus, to make a 

tradeoff between electromagnetic design and thermal design, 

and also for cost effectiveness, 0.9 mm alumina window disc 

has been chosen. Diamond being a hard material has several 

advantages over alumina disc but due to cost effectiveness for 

medium power propagation alumina is also a suitable choice. 

  

 
Fig. 2:  Temperature distribution of the window assembly for 

0.9 mm alumina window disc, obtained from ANSYS (The 

ratio of outer conductor to inner conductor radii, from top to 

bottom, are 2.2, 3.5 and 6.1, respectively and corresponding 

lengths are 9.5 mm, 7.0 mm and 2.0 mm). 
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Fig. 3:  Temperature distribution of the window assembly 

obtained from COSMOS (dimensions are depicted in figure 2). 

 

Table-1:  Window disc versus temperature (
o
C) 

distribution in different parts of the assembly  

 Alumina CVD diamond 

 0.9 

mm 

0.5 mm 0.9 mm 0.5 mm 

Center Pin 134.3

5  

135.26  134.27  134.77  

Window 

Ceramic 

115.3

5  

131.1  95.007  102.71  

Window Cup 92.51
 
 98.32  94.792  101.48  

Outer 

conductor 

63.08 57.33 63.84 58.27 

 

Table- 2:  Radial expansion (× 10
-4

 mm) of different parts  

 Alumina CVD diamond 

 0.9 mm 0.5 mm 0.9 mm 0.5 mm 

Center Pin 1.43 1.803 1.204 1.90 

Window 

Ceramic 

0.128 0.179 0.138 0.189 

Window 

Cup 

0.128 0.145 0.150 0.195 

Outer 

conductor 

0.195 0.137 0.194 0.199 

 

Table- 3:  Axial expansion (× 10
-4

 mm) of different parts  

 Alumina CVD diamond 

 0.9 mm 0.5 mm 0.9 mm 0.5 mm 

Center Pin 0.131 0.165 0.168 0.178 

Window 

Ceramic 

0.143 0.1140 0.083 0.067 

Window 

Cup 

0.209 0.172 0.124 0.116 

Outer 

conductor 

0.196 0.180 0.108 0.076 

 

Table- 4:  Stress (MPa) at different joints  

 Alumina CVD diamond 

 0.9 mm 0.5 mm 0.9 mm 0.5 mm 

Center Pin 0.126 0.199 0.226 0.177 

Window 

Ceramic 

32.158 49.26 9.989 17.55 

Window 

Cup 

1.167 5.495 1.151 6.062 

Center 

conductor 

11.07 4.42 8.59 6.00 

REFERENCES 

[1] Hyoung S. Kim1, Han S. Uhm and S.W. Baek, "Thermal and Structural 

Analysis on Output Coupler of Helix- TWT", Proceedings of 30th 

IEEE International Conference on Plasma Science (ICOPS), pp. 174, 

June 2003.  

[2] Mukesh Kumar Alaria, A. K. Sinha and V. Srivastava, "Thermal analysis 

of coaxial coupler for a space helix TWT", India Journal of Radio & 

Space Physics, vol. 38, pp.227-232, August 2009. 

[3] TK Ghosh, Richard G Carter, Antony J. Challis, Kevin George 

Rushbrook, and Darrin Bowler, ―Optimization of Coaxial Couplers,‖ 

IEEE Trans on ED, Vol. 54, No. 7, pp. 1753-1759, 2007. 

[4] Yong Han, Yan-Wen Liu, Yao-Gen Ding, Pu-Kun Liu and  Chun- Hua 

Lu, "Thermal Analysis of a helix TWT Slow- Wave  Structure," journal 

of IEEE Trans. on Electron  Devices,  Vol. 55, No. 5, May 2008. 

[5] V Gahlaut, PA Alvi, S Ghosh, ―Thermal behaviour of periodic structure 

supported by dielectric rods in vacuum,‖ Journal of Heat Mass 

Transfer, DOI 10.1007/s00231-014-1298-1. 

[6] Henry H. Fong and David J. Hamel "Thermal/Structural  Analysis of 

Travelling wave Tubes Using Finite Elements"   journal of IEEE Trans. 

on Electron Devices, CH1504-  0/79/0000, 1979. 

[7] S Ghosh, PK Jain, and BN Basu, ―Rigorous Tape Analysis of 

Inhomogeneously loaded Slow-wave structures,‖ IEEE Trans. on 

Electron Devices, Vol. ED-44, No. 7, pp. 1158-1168, 1997. 

[8] Frank P Incropera, et al, David P DeWitt "Fundamentals of Heat and 

Mass Transfer" Fourth Edition, John Willey and Sons. 

[9] ANSYS help guide, version 10.1, ANSYS Inc. 

[10] COSMOS Manual online tutorial professional 2009 SP3.0 

 

 

 Rupasree Roy has done her M.Sc. in Physics from Jadavpur University, 

Calcutta in 1998. Currently she is pursuing her Ph. D in Microwave Tubes. 

She is associated with Microwave Tubes Division, CEERI, Pilani, 

Rajasthan, India and Department of Physics, Banasthali University, 

Banasthali, Rajasthan, India. 

 

 Vishant Gahlaut is an Assistant Professor in the Department of Physics, 

School of Physical Sciences, Banasthali University, India. After completing 

his M.Sc. (Physics) in 2008 and Ph. D. in microwave tubes in 2014, he has 

joined as physics-faculty in Banasthali University, Banasthali. His research 

area includes microwave tubes design, Opto-electronics, and Material 

Science. 

 Parvej Ahmad Alvi is an Assistant Professor in the Department of 

Physics, School of Physical Sciences, Banasthali University, India. He has 

completed M.Sc. (Physics) in 2002, M.Phil. (Applied Physics) in 2005, and 

PhD (Applied Physics) in 2007 from Department of Applied Physics, 

Faculty of Engineering & Technology, Aligarh Muslim University, Aligarh, 

India. His research area is MEMS, NEMS technologies, Opto-electronics, 

and Material Science. 

 SK Ghosh did his M.Sc in Physics and Ph. D. in microwave engineering, 

both from Banaras Hindu University, BHU in 1991 and 1996, respectively. 

Before joining CSIR CEERI, Pilani in 2010 he was associated with the 

design and development center of microwave tubes at Bharat Electronics, 

Bangalore. There he developed different types for microwave tubes for 

defence and civil applications. He has published more than 50 research 

papers in peer reviewed journals. Currently he is responsible for design and 

development TWTs for space application and leading the projects. His 

research area includes, modeling, design, development of microwave tubes, 

more specifically for space application and new smart materials for 

microwave tubes. He is Fellow/Member of IETE, VEDA, IEEE. 

 

 AK Sinha was born in Bhabua, India, in 1954. He received the Ph.D. 

degree from Ranchi University, Ranchi, India, in 1986. He is currently with 

the Microwave Tube Area, Central Electronics Engineering Research 

Institute, Council of Scientific and Industrial Research, Pilani, India, where 

he is currently leading the gyrotron activity. He has worked in various 

projects of TWT and Gyrotron sponsored by DRDO/ISRO, DST, etc. in 

different capacities such as member and project leader respectively. He 

visited the Lancaster University, Lancaster, U.K., the Seoul National 

University, Seoul, Korea, the Massachusetts Institute of Technology, 

Cambridge, and the Karlsruhe Institute of Technology (formerly FZK), 

Karlsruhe, Germany, under various schemes. He authored/coauthored more 

than 200 research papers in peer-reviewed journals and conference 

proceedings. He has supervised several Ph.D. and M.Tech. degree 

dissertations. His major field of research includes megawatt tubes, megawatt 

applications, and mathematical modeling in general and TWT and 

gyro-devices in particular. He is life Fellow/member in different professional 

bodies like IETE, CSI, VEDA, IPA, IVS, ISCA, IFTA, etc.  

http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8704
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8704

