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Abstract 
The RF group constructed a second radio frequency (RF) 

system for the Taiwan Photon Source (TPS) RF system. 
This RF system employs a high-power RF transmitter to 
deliver RF energy to the cavity. The RF transmitter is com-
posed of multiple power supply modules (PSMs) that are 
installed in series. PSMs are critical and fragile compo-
nents of the RF transmitter. 

This article presents the maintenance history of PSMs 
from 2011 to 2022 and provides guidance on how to trou-
bleshoot and diagnose fault problems. Furthermore, this ar-
ticle proposes an improvement strategy for preventing any 
failure events. 

INTRODUCTION 
This paper analyzes the components that have a high 

failure probability in the power-supply module, to deter-
mine the reasons for their frequent failure. The goal is to 
improve the causes of component failure and reduce the 
likelihood of recurrence in the future. 

MOTIVATION 
Table 1 shows the count of damaged components in the 

power-supply module from 2011 to 2022. As per the table, 
three power-supply modules were damaged every year dur-
ing this period. 

Table 1: Damage Statistics 
Fault Occur-
rence Date 

Serial 
Number 

Damaged 
Components 

2013/3/13 #18 Transformer 
2017/12/27 #36 Transformer 
2017/12/29 #42 Transformer 
2018/4/9 SRF#3 #41 Transformer 
2018/8/6 SRF#2 #2 Transformer 
2018/8/20 SRF#2 #40 Resistance 
2018/10/2 SRF#3 #52 Transformer 
2018/4/25 SRF#2 #41 Transformer 
2019/6/24 SRF#3 #07 Transformer 
2019/12/2 SRF#3 #08 Transformer 
2019/12/2 SRF#3 #31 Transformer 
2019/12/2 SRF#3 #69 Transformer 
2021/3/8 SRF#2 #56 Transformer 
2021/5/17 SRF#2 #52 Transformer 

2021/5/21 SRF#2 #57 Transformer、
TVS Diode 

2022/5/3 SRF#3 #57 Transformer 
2022/5/3 SRF#2 #38 Transformer 

2022/10/17 SRF#3 #18 Cable of thermos 
switch、IGBT 

The causes of damage events were found to be similar, 
prompting the RF group to investigate and find a solution. 
The analysis in Table 1 revealed that the probability of 
transformer damage was significantly higher than other 
parts. 

FAILURE ANALYSIS 
It is crucial to gain a comprehensive understanding of the 

causes of device malfunction. Therefore, fault analysis was 
performed on the transformers. As a part of this analysis, 
all damaged transformers from the modules were disas-
sembled and their appearance was observed. Figure 1 illus-
trates that some transformers have a crack at the bottom. 

Figure 1: The bottom of a damaged transformer. 

Power Transformer Specification 
The original power transformer specification, which has 

a rated capacity of 6 VA, is illustrated in Fig. 2. We meas-
ured the input current value of the primary side of the trans-
former on the module, and the results are shown in Fig. 3. 
The input voltage value for the primary side is 570 V, and 
it can be calculated that the apparent power of the trans-
former is approximately 7.2 VA using Equation 1. The op-
erational power was identified as being higher than the 
specification values for the transformer. 

 ___________________________________________  

† li.yd@nsrrc.org.tw 



14th International Particle Accelerator Conference,Venice, Italy

JACoW Publishing

ISBN: 978-3-95450-231-8

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2023-WEPM021

MC7.T08: RF Power Sources

3613

WEPM: Wednesday Poster Session: WEPM

WEPM021

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2022). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



 
Figure 2: Transformer specification. 

 
Figure 3: Measure the input current on the primary side. 

𝑆𝑆𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = V ∗ A = 7.2 VA.    (1) 

REASON FOR IMPROVEMENT 
As previously mentioned, we discovered that the origi-

nally designed transformer had insufficient capacity. 
Therefore, we reformulated the specifications by increas-
ing the rated capacity of the transformer from the original 
6 VA to 12 VA. After developing the new specifications, it 
was entrusted with production. The new version of the 
transformer is depicted in Fig. 4. As the pin position of the 
new version of the transformer was incompatible with the 
original one, we used an adapter board for conversion. 

OPERATION TEST 
After replacing the damaged modules with the new ver-

sion of transformers, they were tested in practice. The input 
current value of the primary side of the transformer is dis-
played in Fig. 5. The input current value is 7.78 mA, and it 
can be calculated that the apparent power of the trans-
former is approximately 4.4 VA using Equation 2. The ac-
tual operational value of the apparent power is within the 
newly established specification. 

𝑆𝑆𝑛𝑛𝑛𝑛𝑛𝑛 = V ∗ A = 4.4 VA.    (2) 
 

 
Figure 4: New version of the transformer. 

 
Figure 5: Measure the current on the primary side of the 

new transformer. 

CONCLUSION 
The second RF system for Taiwan Photon Source (TPS) 

has been in use for over 11 years, and its record of failed 
power-supply module repairs has accumulated 18 in-
stances. Among them, sixteen failures were caused by 
transformers. After conducting a failure analysis, it was de-
termined that the actual operating power of the transformer 
exceeded the specification limit. 

To address the issue of transformer damage, the faulty 
transformer in the affected module was replaced with a 
new version. As a result, the repaired modules are no 
longer experiencing transformer damage. Furthermore, the 
input power of the modular transformer was reduced from 
7.2 VA to 4.2 VA, which means that the efficiency of the 
new transformer is higher than that of the original trans-
former. 

REFERENCES 
[1] THOMSON Klystron Supply Unit KSU 55k V / 12 A Instruc-

tion Manual. 
 



14th International Particle Accelerator Conference,Venice, Italy

JACoW Publishing

ISBN: 978-3-95450-231-8

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2023-WEPM021

3614

MC7.T08: RF Power Sources

WEPM021

WEPM: Wednesday Poster Session: WEPM

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2022). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.


	Introduction
	Motivation
	Failure Analysis
	Power Transformer Specification

	Reason for improvement
	operation test
	Conclusion
	References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.5

  /CompressObjects /All

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /sRGB

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType true

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /ENG ()

    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToRGB

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PreserveEditing false

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.000 791.000]

>> setpagedevice





