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Abstract— This report presents an analysis conducted by 

the Island Health Biomedical Engineering Department, focus-

ing on the optimization of inspection frequencies for biomedi-

cal engineering test equipment. The study, spanning eight 

months, included 164 assets across ten subcategories, utilizing 

data extracted from the TMS Computerized Maintenance 

Management System and inspection certificates.  

The standard annual inspection frequency was examined 

and specific inspection intervals, ranging from one to four years, 

are recommended for each subcategory based on observed 

trends. Data challenges, especially in acquiring inspection cer-

tificates emphasize the critical need for enhanced collaboration 

with vendors to ensure accurate and comprehensive data rec-

ords. 

Recommendations include addressing data gaps for com-

plete evaluations and suggesting pilot studies for subcategories 

with limited data. The report concludes with a detailed set of 

recommendations for each subcategory, providing a technical 

framework for updating inspection frequencies within Island 

Health and other Health Authorities in BC. Continuous updates 

are emphasized to align with evolving requirements and adhere 

to clinical engineering best practices. 
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I. INTRODUCTION  

Biomedical engineering departments utilize various test-

ing equipment to ensure that medical devices function as in-

tended. This testing equipment is mandated to undergo peri-

odic Preventative Maintenance (PM) to ensure the equipment 

is operating within specifications. Test equipment manufac-

turers recommend this inspection annually, maintaining a 

consistent inspection frequency across all biomedical testing 

equipment. Based on user experience and anecdotal evidence 

in biomedical engineering departments, the need for an an-

nual frequency may vary, given that the inspection frequency 

could be contingent upon the specific requirements of the de-

vice.  

To validate the biomedical engineering test equipment in-

spection frequency requirements, a review was conducted, 

based on the Island Health Biomedical Engineering Depart-

ment’s experience and data. The objective was to verify and 

establish updated inspection frequencies that accurately re-

flect the specific calibration requirements of each device. 

II. METHODS 

The study utilized TMS, the Computerized Maintenance 

Management System (CMMS) developed by Accruent and 

used by Island Health Biomedical Engineering and other 

Health Authorities in BC [1]. TMS is used provincially for 

biomedical operations, which include asset management, 

work order management, and PM scheduling. 

Within TMS, the inspection history of the biomedical test 

equipment was obtained by collecting the performance veri-

fication certificates of each asset. These certificates are at-

tached to the asset within TMS after being inspected by a 

third-party organization. However, not all certificates in-

cluded inspection results, leading to notable gaps in data. The 

missing certificates from 2018 to the present, for all facilities, 

were obtained and reviewed to determine if calibration was 

required.  

The metrology used in the certificates to define the equip-

ment’s condition was adapted from Fluke Biomedical [2]. 

The condition was classified into one of the two categories 

below and used for data analysis. 

1. “Unit verified to meet specifications” – This applies 

if the device was verified to meet specifications; it 

did not require adjustments to be within specifica-

tions.  

2. “Unit calibrated to meet specifications” – This ap-

plies if the unit was calibrated to meet specifica-

tions; it required adjustment to be within specifica-

tion.  

The calibration history for each asset was collected and 

consolidated with the history previously obtained from TMS. 

The assets were organized by model, and the models were 

further organized by subcategory, based on the UMDNS 

classification [3]. The history was analyzed for each asset, 

and a recommended inspection frequency was determined. 

The study spanned over eight months due to the difficulty 

of data collection which included obtaining inspection certif-

icates. 



2 

The 46th Conference of The Canadian Medical and Biological Engineering Society 

La Société Canadienne de Génie Biomédical 

III. RESULTS 

This section outlines the study findings and presents in-

spection frequency recommendations for each subcategory. 

A summarized overview of these recommendations can be 

found in Appendix A, while supporting data and complete 

analysis are provided in Appendix B. 

The inspection history of the subcategory 11-489 Testers, 

Electrosurgical Unit included 8 out of the 10 active assets 

within Island Health. Out of these 8 assets, a total of 20 in-

spection records were obtained, and only 1 inspection re-

quired calibration. Further analysis revealed that 50% of 

these assets have gone beyond 4 consecutive years without 

calibration. While 37.5% of the assets are inspected fre-

quently and have not gone longer than 2 years without being 

inspected, the remaining are inspected closer to a 2-year in-

terval. Consequently, a recommended inspection interval of 

2 years is proposed and outlined in Table 1 in Appendix A. 

This recommendation is verified by the fact that half of the 

devices have demonstrated a prolonged period without re-

quiring calibration, instilling confidence that this subcate-

gory does not require annual calibration.  

The analysis conducted for the subcategory 11-399 Test-

ers, Electrical Safety, included inspection records for 34 as-

sets corresponding to the current 34 active assets in Island 

Health. Subsequent analysis of the data revealed 2 trends, re-

sulting in the organization of models into 2 groups. The first 

group includes models 232D, 505PRO, DALE 601, and ESA 

180, with a total of 31 inspection records. Of these inspection 

records, 80.6% required calibration adjustments. The average 

inspection interval of these records is approximately 2 years 

and thus this indicated that the inspection frequency needs to 

be more frequent. The recommended inspection frequency 

for these devices is 1 year.  The second group includes the 

remaining models, ESA 609, ESA 612, LKG610, ULT 800, 

VPAD-ES, and Mestester1000. A total of 48 inspection rec-

ords were identified, 6 of which were initial inspections and 

3 indicated the need for calibration adjustments. This corre-

sponds to 7% of all inspection reports requiring calibration. 

Over 50% of these devices have gone over 3 consecutive 

years without requiring calibration. Consequently, these find-

ings suggest that the inspection interval for this group may 

be increased, and thus, the recommended inspection fre-

quency for these devices is set at 2 years. The recommenda-

tions for the two groups are outlined in Table 2 in Appendix 

A. 

The analysis conducted for the subcategory 17-711 Pres-

sure Meters, Digital, involved an assessment of 41 of the total 

58 active assets within Island Health. A total of 81 inspection 

records were obtained, and 2 trends were observed within this 

subcategory. The first group of 25 assets, includes models 

4078, 4080, 4071, 4081, and 4088, which are flow module 

units from TSI. A separate investigation into these devices 

found that these devices are susceptible to sensor contamina-

tion causing significant reading drifts and potential implica-

tions [4]. Consequently, the findings of this separate investi-

gation recommended an annual inspection, which has been 

incorporated into this analysis. For these devices, as well as 

models DPM 2 PLUS, DIGIMANO, Trucal, and Universal, 

the inspection records reveal 2 initial inspection calibrations 

and 18 records indicating the need for calibration, resulting 

in a calibration occurrence of 38%. This also supports the 

need to maintain the annual inspection frequency. The sec-

ond group, consisting of models DPIII, DPM 2350, DPM-

2100, PTS 2000, and 207, includes 16 assets with 33 inspec-

tion records. One of these records was an incoming inspec-

tion calibration, while another indicated the need for calibra-

tion, corresponding to a calibration occurrence of 3%. 

Overall, 37.5% of these devices have surpassed 3 consecutive 

years without requiring calibration, suggesting that the in-

spection frequency for this group may be extended to 2 years. 

The detailed inspection frequency recommendations for this 

subcategory are summarized in Table 3 in Appendix A.  

The analysis of subcategory 111-27 Testers, Defibrillator, 

included the inspection history of 15 assets, 13 active units 

within Island Health, and 2 retired assets. A review of 25 in-

spection records revealed one specific model that frequently 

requires calibration, facilitating the categorization of the 

models into two groups. The IMPULSE 400 inspection re-

ports consistently revealed requirement for calibration. As a 

result, it is recommended to conduct annual inspections for 

these devices. Further review of this subcategory revealed an 

asset, with over 25 years in service with 1 inspection record. 

This asset, model QED 6, is also recommended to have an-

nual inspections due to its age and limited data. For the re-

maining models, Impulse 7000DP, Phase 3, DA2006P, and 

DPM 2350, 20 inspection records were obtained, with 100% 

of these reports indicating no calibrations were required. 

Moreover, 60% of these assets exceeded four years without 

calibration. Consequently, based on the supporting data, the 

recommended inspection frequency for these devices is 3 

years. However, the variability of inspection intervals ranges 

from 2 to 4 years and thus a preliminary frequency of 2 years 

is suggested as a pilot study. This is to verify all assets have 

the capability to remain within specification during this 

longer interval. Table 4 in Appendix A defines the recom-

mended inspection frequencies for this subcategory.  

The inspection analysis of subcategory 27-040 Electrical 

Multimeters comprised of 44 assets from 11 models, all cur-

rently active within Island Health. In total, 89 inspection rec-

ords were reviewed, revealing that 2 models, U1253B and 

179, exhibited an extended history and a greater potential for 

an increased inspection frequency than the other models. 

Consequently, the subcategory was organized into 2 groups. 
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For these 2 models, a total of 37 records were reviewed, all 

of which required no calibration adjustments, including the 

initial inspection. Additionally, 79% of these assets had a rec-

ommended frequency of 4 years, supported by the absence of 

calibration needs for over 4 consecutive years. However, a 

few devices had a recommended frequency of 2 years. Con-

sidering the variability in inspection intervals, a preliminary 

frequency of 2 years is proposed as a pilot study. This initia-

tive aims to confirm that all assets can consistently meet 

specifications before implementing this extended interval. 

For the remaining models, 52 records were reviewed, and no 

calibrations were indicated on the reports. Although 47% of 

these assets demonstrated the capability to surpass 4 consec-

utive years without calibration, the recommended inspection 

intervals ranged from 1 to 4 years. Thus, a frequency of 2 

years is recommended, aligning with the average recom-

mended inspection frequency of 2.6 years. The detailed rec-

ommendations for the two groups of electrical multimeters 

are presented in Table 5 in Appendix A.  

The inspection history for subcategory BE-636 Testers, 

Thermometry included 7 out of the 17 active assets within 

Island Health. A total of 19 inspection records were obtained, 

five reports were identified as incoming calibrations, and the 

remaining reports did not indicate calibrations were required. 

Notably, 57% of these devices have exceeded 5 consecutive 

years without needing calibration and the data for these de-

vices supports an inspection frequency of 4 years. The re-

maining 43% of the assets only have an inspection frequency 

recommendation of 2 to 3 years due to the lack of information 

available. The variability of recommended inspection inter-

vals promoted a recommended preliminary frequency of 2 

years for verification as noted in Table 6, Appendix A.  

The review of the subcategory 17-721 Testers, External 

Cardiac Pacemaker includes the inspection history of 2 out 

of the 4 active assets within Island Health. Obtaining 5 in-

spection records for these assets, it was revealed that 20% of 

the records indicated a calibration requirement. Even with the 

inclusion of this calibration, both devices demonstrated a ca-

pability to exceed 4 consecutive years without requiring fur-

ther calibration. In addition to this, the inspection records 

show these devices are inspected on average every 3 years. 

Consequently, this data supports a recommended inspection 

frequency of 2 years, as outlined in Table 7, Appendix A. 

The analysis of the subcategory BE-519 Testers, Infusion 

Pump, consisted of two assets, one active asset within Island 

Health and one retired asset. A review of the 3 inspection 

records for these devices revealed that all inspections did not 

require calibration. The active asset, model IDAPLUS, has 

gone over 5 consecutive years without requiring a calibra-

tion. While calibrations are typically not required for these 

devices, the limited number of inspection reports available 

necessitates a lower recommended inspection frequency of 2 

years. Table 8 in Appendix A provides the recommended fre-

quency for the active asset and the retired asset if in the future 

similar models are put back in service.   

The inspection history of subcategory 32-674 Testers, Ra-

diographic System, Quality Assurance, included data availa-

ble from 6 of 12 active assets in Island Health, along with the 

history of 3 retired assets. An analysis of 11 inspection rec-

ords for this subcategory revealed that 100% of the records 

did not require calibration. Although 1 of the active assets is 

recorded to have successfully exceeded 3 consecutive years 

without requiring calibration, 9 assets have limited data to 

support this.  Consequently, the data available does not jus-

tify a longer inspection frequency and as a result, annual in-

spection is recommended. The recommendation for this sub-

category is outlined in Table 9, in Appendix A. 

The subcategory BE-519 Testers, Probe, Ultrasonic, relied 

on the inspection history of 2 assets out of the 4 currently 

active within Island Health. The analysis of the available data 

revealed that the 2 records obtained for this subcategory did 

not require calibration. However, due to the restricted num-

ber of records available, an inspection frequency of 1 year is 

recommended, as presented in Table 10 Appendix A. 

For a summary of the recommended inspection frequen-

cies, please refer to Table 11 in Appendix A. This table pro-

vides a comprehensive overview for a clear understanding of 

the proposed inspection intervals specific for each biomedi-

cal test equipment subcategory. 

IV. DISCUSSION 

A review of biomedical engineering test equipment was 

conducted, targeting a total of 164 assets across 10 subcate-

gories. It is important to acknowledge that a portion of the 

subcategories lacked complete inspection records for all ac-

tive assets. Gaps in the data limited the recommendations that 

could be made for inspection frequencies, leading to a more 

conservative recommendation. These missing records indi-

cate the need for a more thorough data collection process 

from third-party vendors to ensure a more accurate represen-

tation of each subcategory. The percentage of active assets 

included in the study is presented in Table 12 in Appendix A.  
As observed in Table 12, of the 10 subcategories within 

the study, 4 presented challenges due to limited data availa-

ble. The analysis for the subcategory BE-636 Testers, Ther-

mometry, is primarily based on reports for a single model, 

which is only 41% of the current assets within Island Health. 
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The absence of records for other models within the subcate-

gory introduces uncertainty, making it difficult to confidently 

recommend a higher frequency for the entire subcategory. 

Thus, the recommendation is only for this model and further 

analysis will need to be conducted for the other models. Sim-

ilarly, the 17-721 Testers, External Cardiac Pacemaker, 50% 

of assets lack inspection reports, and the limited available 

data poses challenges in forming recommendations. The sub-

category 32-674 Testers, Radiographic System, Quality As-

surance, faces the same data gap of 50% of active assets, and 

the existing data is relatively limited, impacting the overall 

confidence in setting precise inspection intervals. The same 

holds for BE-519 Testers, Probe, Ultrasonic, with 50% of as-

sets missing inspection records, leading to a restricted dataset 

for informed frequency recommendations. 

Despite this, recommendations were made with the infor-

mation available, and pilot studies were suggested to con-

sider any variable data. In the case of limited data, a  more 

conservative recommendation was suggested to ensure all 

equipment stayed within specification. Subcategories that 

were well represented by the number of assets used and in-

spection reports for each asset include: 11-489 Testers, Elec-

trosurgical Unit; 11-399 Testers, Electrical Safety; 17-711 

Pressure Meters, Digital; 111-27 Testers, Defibrillator; 27-

040 Electrical Multimeters; and BE-519 Testers, Infusion 

Pump. These subcategories were represented by a majority 

of active assets and had multiple inspection records per asset. 

Overall, this structured approach to reviewing and validating 

biomedical engineering test equipment has shown that the in-

spection frequency is specific to the device, and an annual 

inspection frequency is not required across all biomedical en-

gineering test equipment. 

V. CONCLUSION AND RECOMMENDATIONS 

A review was conducted to determine optimal inspection 

frequencies for biomedical engineering test equipment. 

Based on the experience and data of Island Health's Biomed-

ical Engineering Department, information was gathered from 

the TMS CMMS, and performance verification certificates 

were obtained from Getinge, a major service provider to Is-

land Health. The analysis aimed to assess and establish up-

dated inspection frequencies that accurately reflect the spe-

cific calibration requirements of each device. 

The results, presented in Appendix A, Tables 1 through 

11, offer an overview of the recommended inspection fre-

quency for the biomedical engineering test equipment sub-

categories. For subcategories with limited data, such as 111-

27 Testers, Defibrillator, BE-636 Testers, Thermometry, and 

27-040 Electrical Multimeters, pilot studies are recom-

mended. These pilot studies will provide valuable insights 

into the feasibility and effectiveness of proposed inspection 

frequency changes before a longer interval is implemented. 

The data used for the analysis, supporting the recommended 

inspection frequencies are presented in Appendix B, Tables 

13 through 22. 

The study encountered challenges, particularly in data col-

lection, with difficulties in obtaining inspection certificates. 

This emphasizes the importance of future collaborations with 

service providers to provide comprehensive data records. Ta-

ble 12 in Appendix A provides an overview of the percentage 

of assets included in the study. Addressing the identified data 

gaps is essential for enhancing the credibility and applicabil-

ity of proposed changes to inspection intervals. Collaborating 

with these providers will ensure regular collection of inspec-

tion records and will contribute significantly to future evalu-

ations.  

These recommendations may serve as an initial guide to 

update inspection frequencies within Island Health and other 

Health Authorities in BC. Regularly updating this study as 

future inspection reports become available ensures that the 

calibration frequencies remain aligned with the latest require-

ments and clinical engineering best practices. 
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APPENDIX 

A. Recommended Inspection Frequencies by Subcategory  

The results, presented in Tables 1 through 10, provide an 

overview of the recommended inspection frequency for the 

subcategories of biomedical engineering test equipment. 

Each table includes the model and sample size to enhance 

understanding of the accuracy of the recommendation and the 

study. 

Table 1 Recommended Frequency - 11-489 Testers, Electrosurgical Unit 

Model Sample Size Recommended Inspection Frequency 

454A 2 

2 

ESU 2400 1 

QAESII 2 

RF303 1 

VPAD-RF 2 

Table 2 Recommended Frequency - 11-399 Testers, Electrical Safety  

Model Sample Size Recommended Inspection Frequency 

232D 2 

1 
505PRO 1 

DALE 601 2 

ESA 180 7 

ESA 609 3 

2 

ESA 612 12 

LKG610 1 

MEDTESTER1000 1 

ULT 800 1 

VPAD-ES 

RUGGED 
4 

Table 3 Recommended Frequency - 17-711 Pressure Meters, Digital 

Model Sample Size Recommended Inspection Frequency 

4078 1 

1 

4080 2 

4081 2 

4088 5 

4071 (A/B) 3 

DPM 2 PLUS 4 

DIGIMANO 3 

Trucal 2 

DPI705 1 2 

DPIII 1 

DPM 2350 4 

DPM-2100 3 

PTS 2000 2 

207 5 

Table 4 Recommended Frequency - 111-27 Testers, Defibrillator 

Model Sample Size Recommended Inspection Frequency 

IMPULSE 4000 2 
1 

QED 6 1 

IMPULSE 

7000DP 
9 

3 (Pilot of 2) PHASE 3 1 

DPM 2350 1 

DA2006P 1 

Table 5 Recommended Frequency - 27-040 Electrical Multimeters 

Model Sample Size Recommended Inspection Frequency 

1587 1 

2 

79SERIESII 3 

87 V 15 

SC5 1 

287 2 

115 4 

233 1 

289 2 

83V 1 

U1253B 6 
3 (Pilot of 2) 

179 8 

Table 6 Recommended Frequency - BE-636 Testers, Thermometry 

Model Sample Size Recommended Inspection Frequency 

9600 PLUS 7 4 (Pilot of 2) 

Table 7 Recommended Frequency - 17-721 Testers, External Cardiac 

Pacemaker 

Model Sample Size Recommended Inspection Frequency 

SIGMAPACE1000 2 2 

Table 8 Recommended Frequency - BE-519 Testers, Infusion Pump 

Model Sample Size Recommended Inspection Frequency 

2000 INFUTEST 

2000 
1 

2 

IDA4PLUS 1 
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Table 9 Recommended Frequency - 32-674 Testers, Radiographic System, 

Quality Assurance 

Model Sample Size Recommended Inspection Frequency 

PIRANHA657 9 1 

Table 10 Recommended Frequency - BE-519 Testers, Probe, Ultrasonic 

Model Sample Size Recommended Inspection Frequency 

ULT2010 2 1 

 Table 11 provides a summary of the recommendations 

presented in Tables 1 through 10.  

 

Table 21 Recommended Inspection Frequency Summary 

Biomedical Engineering Test Equipment Recommended Inspection 

Frequency (Years) 

BE-519 Testers, Probe, Ultrasonic 1 

32-674 Testers, Radiographic System, Qual-

ity Assurance 

1 

11-399 Testers, Electrical Safety 1-2 

17-711 Pressure Meters, Digital 1-2 

111-27 Testers, Defibrillator 1-2 

BE-519 Testers, Infusion Pump 2 

11-489 Testers, Electrosurgical Unit 2 

17-721 Testers, External Cardiac Pacemaker 2 

BE-636 Testers, Thermometry 2 

27-040 Electrical Multimeters 2 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Table 12 presents the percentage of assets included in the 

study out of the current active assets within Island Health.  

Table 32 Percentage of Active Assets Included within the Study  

Biomedical Engineering Test Equipment 
Subcategory 

Percentage of Active As-

sets Included in the Study 

11-489 Testers, Electrosurgical Unit 80% 

11-399 Testers, Electrical Safety 100% 

17-711 Pressure Meters, Digital 71% 

111-27 Testers, Defibrillator 100% 

27-040 Electrical Multimeters 100% 

BE-636 Testers, Thermometry 41% 

17-721 Testers, External Cardiac Pacemaker 50% 

BE-519 Testers, Infusion Pump 100% 

32-674 Testers, Radiographic System, Qual-

ity Assurance 

50% 

BE-519 Testers, Probe, Ultrasonic 50% 
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B. Analysis of Inspection Frequencies   

The results of the analysis are listed in Tables 13 through 22 with the device’s subcategory listed at the top of each table. The assets within each subcategory are organized by 

model, presented in the first column, with the asset number in the second column, and the acceptance date extracted from TMS in the third column. The next section details the 

inspection history of each asset, where each date corresponds to an inspection, and the color indicates the result of the inspection. If an asset, upon inspection, did not require 

calibration, the cell is highlighted green. In instances where the asset was found out of specification, and required calibration, the cell is a pale yellow. If the inspection findings were 

missing, indicated by a pale red color and a diagonal line through the cell, that inspection data point is not used in the analysis. 

The following section calculates the days between each inspection, starting with the acceptance date and the first inspection date. If two inspections were five or more years apart, 

it was identified as an outlier, and in such cases, this date was excluded from the recommended inspection interval. The acceptance date was often treated as an outlier, as many 

devices were accepted more than 5 years before the first recorded inspection certificate. 

The next section calculates the consecutive duration the asset went without requiring calibration, based on the days between inspections, presenting this information in both days 

and years. The average inspection interval is provided beside this to offer an overview of the current frequency at which the device is inspected, shown in both days and years.  

Utilizing these data points, a recommended inspection frequency was calculated. Additional corresponding justification for each specific asset was added. The average of the 

recommended inspection frequency is then calculated at the bottom of the table, and a final recommendation is made for the specific subcategory. If data showed that the sub-

category of test equipment have high variability in calibration intervals, a preliminary frequency may be suggested, in pilot studies. More data on the calibration for that sub-category 

is required in the next long interval, to verify all assets are able to remain calibrated during the longer interval.  The recommendation for each subcategory is discussed in the body 

of the report, in the results section.  

Table 43 11-489 Testers, Electrosurgical Unit Analysis Table 5 Font sizes and styles 
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Table 64 11-399 Testers, Electrical Safety Analysis 
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Table 75 17-711 Pressure Meters, Digital Analysis 
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Table 86 27-040 Electrical Multimeters  
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Table 97 111-27 Testers, Defibrillator Analysis  
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Table 108 BE-636 Testers, Thermometry 

 

Table 19 17-721 Testers, External Cardiac Pacemaker 

 

Table 20 BE-519 Testers, Infusion Pump 
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Table 21 32-674 Testers, Radiographic System, Quality Assurance  

 

 

Table 22 BE-519 Testers, Probe, Ultrasonic 

 
 

 

 

 


