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The following electronic forms were created to ease performance verification.  For conventional acceptance testing, the DoD uses the forms to produce a baseline performance document.  Your command or service may also encourage the use of these forms.  They may be used as an adjunct to the documentation previously incorporated.   To use these forms, you must have a functional Excel 4, Excel 5, or other similar spreadsheet program.  The forms are locked, that means you may fill in areas intended for a response, but may not change areas or sections of the form where a response is not required or needed.  This purposeful protection of the form prevents you from inadvertently changing the numerical values that are part of formulas for providing a result based on your entries.  These forms were created in Excel 4.0 and formatted to print using HP Laserjet III print driver.  If you have a different configuration minor adjustments will be needed to format pages. 

DIRECTORY OF FORMS

1.
RADPCRI.XLS
Radiographic Post Calibration Radiation Inspection
2.
FLUOPCRI.XLS
Fluoroscopic Post Calibration Radiation Inspection
3.
GEPORT.XLS
Used for GE Portables
4.
CARM.XLS
Used for C-Arms
5.
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Used for all Other Portables - Generic Form
6.
ATHPORT.XLS
Used for WRM Portables Manf. by GENRAD

INSTRUCTIONS FOR X-RAY EQUIPMENT INSPECTION
I.  PURPOSE:  This instruction provides general guidance to be used during x-ray acceptance inspections. The instruction is not intended to provide step-by-step guidance for every test, but addresses sections that require standardized procedures.

The acceptance inspection procedures have changed considerably.  It is essential that you familiarize yourself with this document prior to the inspection.  Some tests have been eliminated; however, exposures for specific tests have increased.  You can save considerable time and avoid error by a thorough review of this package.  Inspectors should be familiar with setup and use of the necessary test equipment.

II.  CONTENT OF INSPECTION PROCEDURES.  The acceptance package is divided into two parts.

A.
Part I describes the procedures, defines inspector's and contractor's 
responsibilities, and outlines safety precautions.

B. 
Part II contains the cover letter and acceptance protocol which is completed by 
the inspector.  The completed inspection report, with cover letter, must be 
forwarded no later than 10 working days after completion of the inspection.

Distribution will be as follows:  original to Contracting Officer (DPSC-MQX); copies to using activity (Medical Maintenance), inspection activity (MERC, MMOD, local), and Service field office (AFMLO/FOM, USAMMA, NAVMEDLOGCOM-CODE 31).

III.  TEST EQUIPMENT, PERFORMANCE AND DOCUMENTATION:

A.  Test, Measurement, and Diagnostic Equipment (TMDE)

Tolerances on analog devices shall be within "2% of the actual value of the reading for meter reading ranges at 1/2 to 3/4 full scale.  Tolerances on digital devices shall be better than "2% of the absolute measurement with least significant  digit error of "one digit.  Annotate on test report, Page 18  the make, model, serial number, and calibration due date of each piece of test equipment used.  The following list describes TMDE and accessories which may be required:

  (1)
Frequency compensated high voltage divider, or non-invasive kVp measuring 
device (when applicable), with extra sets of BNC connectors and coaxial cables.

  (2) 
Dual trace storage oscilloscope (with two probes of 100 X and 10 X value).

  (3)
Radiation survey meter / Dosimeter with appropriate ion chambers.

  (4)
Test stand (equivalent to Victoreen or BRH) with components and inserts for focal 
spot location and half value layer measurements.  Requires type 1100 alloy 
aluminum filters of varying thickness.  Recommended: 5 ea. of 1.0 mm, 2 ea. of 
0.5 mm, and 4 ea. of 0.1 mm thickness.

  (5)
Phantom with absorbers and mesh.

  (6)
Step wedge (penetrometer).

  (7)
Tape measure (20 foot, English/Metric).

  (8)
Ruler, graduated in 1/10 inch increments.

  (9)
Light meter for measuring illumination values in foot candles or lux.

(10)
Phantom for indicating center and dimensions of light and radiation fields with 
lead markers (included with BRH conformance test stand).

(11)
Voltmeter capable of reading true RMS AC voltage.

(12)
MAs meter (if not using Machlett Dynalyzer).

(13)
Pull gauge (4 to 12 foot pounds).

(14)
Spirit Levels (3 foot & torpedo type; 12 inch).

(19)
Stopwatch.

(20)
Personal film badge.

(21)
Direct print paper (no processing needed), Kodak Linographic Type 1895, Cat.


#167-1049 or 
equivalent.

(22)
Cardboard cassettes.

(23)
T-hole Phantom.  

(24)
Extension cord with multiple outlets.

(25)
Extra paper for Dynalyzer printer.

(26)
Silicone Dielectric Compound. NSN 6850-01-236-4275, or High Voltage


Insulating Oil.

(27)
Lead marker set/collimator alignment tool.

(28)
X-ray related tools (e.g.  spanner wrench).

(29)
Protractor level.

(30)
4 sheets of lead  9X9 inch 1/8 in thickness

III.  TEST EQUIPMENT, PERFORMANCE AND DOCUMENTATION:  (Continued)

A.  Test, Measurement, and Diagnostic Equipment (TMDE)

(31)
Miscellaneous 


- Calculator, with statistics function


- Electrical tape


- Large tie wraps.


- Glue stick for attaching photographs to package

Tomographic test TMDE:

(32)
Body sectional device (tomographic phantom)

(33)
1 sheet Stainless Steel, 9" x 9" with 1/8th inch diameter hole in center.

NOTE:  Brand specific part numbers are provided for informational purposes only.  The use of alternate sources for similar or identical function items is encouraged.




Recording and Data storage devices:

(1)
Camera Hood, Oscilloscope

(2)
Polaroid camera and film (for room & equipment pictures)

(3)
Digital camera (for room & equipment pictures)

(4)
Scope meter with printer, Fluke 97, NSN: 6625-01-375-6528

(5)
Laptop computer with appropriate software

Note: 
Use equipment from the above list that will provide the necessary amount of information.  You are not required to use or have all of the items to perform acceptance testing.

B.  Required Publications:  The following documentation is required for review and use during acceptance tests. 


1.
"Title 21, Code of Federal Regulations",  Specifically, Parts 1000.00 through 1020.40. as amended  by the Medical Device Amendments of 1976,  the Safe  Medical Devices Act of 1990, (which incorporated the Regulations for the Administration and Enforcement of the Radiation Control for Health and Safety Act of 1968 into the Federal Food, Drug and Cosmetic Act) and the Medical Device Amendments of 1992.


2.
Copy of procurement documentation and all modifications or amendments to the contract.

C.  Reference Publications:  The following documents are highly recommended for

review and for explanation of some tests.

1.
American National Standards Institute (ANSI)


a. 
ANSI C2-1993, National Electrical Code


b.
ANSI/NFPA 70-1993, National Electrical Code

c.  ANSI/ UL 187-1985 X-Ray Equipment

2.
American Association of Physicists in Medicine (AAPM)


a.
AAPM Monograph No. 4, Quality Assurance in Diagnostic Radiology.


b.
AAPM Medical Physics Monograph No. 20, Specifications, Acceptance Testing 


and Quality Control of Diagnostic X-ray Imaging Equipment.


c.
AAPM Report No. 29, Equipment Requirements and Quality Control for 



Mammography.

d.  AAPM Report No. 31, Standardized Methods for Measuring Diagnostic X-Ray Exposures.

3.
National Council on Radiation Protection and Measurements (NCRP)


a.
NCRP No. 49, Structural Shielding Design and Evaluation for Medical Use of 



X-rays and Gamma--Rays of Energies Up to 10 MeV (1976), Adjunct to NCRP 


Report No. 49 (full-size reproductions of barrier requirement curves)


b.
NCRP Report No. 99, Quality Assurance for Diagnostic Imaging. (1988)


c.
NCRP Report No. 101, Exposure of the U.S. Population from Occupational 


Radiation.  
(1989)


d.
NCRP Report No. 102, Medical X-Ray, Electron Beam and Gamma -Ray 


Protection for Energies Up to 50 MeV (Equipment Design, Performance and 


use).   (1989)


e.
NCRP Report No. 105, Radiation Protection for Medical and Allied Health 


Personnel.  (1989)

4.  National Electrical Manufacturers Association (NEMA)


a.
NEMA Standards Publication No. PS 2-1989,  Data Compression Standard.  


This 
standard is intended to be used with ACR/NEMA  Standards Publication 


No. 300.


b.
NEMA Standards Publication No. 3.1-1992,  Digital Imaging and 




Communications in Medicine (DICOM) Part 1: Introduction and Overview


c.
NEMA Standards Publication No. XR 5-1992, Measurements of Dimensions 


and Properties of Focal Spots of Diagnostic X-Ray Tubes


d.
NEMA Standards Publication No. XR 7-1979 (R1990), High-voltage X-Ray



Cables and Receptacles. 


e.
NEMA Standards Publication No. XR 8-1979 (R1989), Test Methods for 



Diagnostic X-ray Machines for Use During Initial Installation. (Revised 1989)


f.
NEMA Standards Publication No. XR 9-1984,  Power Supply Guidelines for



X-ray Machines.  (Revised 1989)


g.
NEMA Standards Publication No. XR 10-1986,  Measurement of the Maximum 


Symmetrical Radiation Field  from a Rotating Anode X-ray Tube Used for 


Medical Diagnosis.

4.  National Electrical Manufacturers Association (NEMA) (Continued)


h.
NEMA Standards Publication No. XR 11-1993,  Test Standard for 




Determination of the Limiting Spatial Resolution of  X-Ray  Image Intensifier 


Systems.


i.
NEMA Standards Publication No. XR13-1990,  Mechanical Safety Standard for 


Power Driven Motions of Electromedical Equipment.


j.
NEMA Standards Publication No. XR 15-1991  Test Standard for the 



Determination of  the Visible Entrance Field Size of an X-Ray Image Intensifier 


System. 


k.
NEMA Standards Publication No. XR 16-1991  Test Standard for the 



Determination of the System Contrast Ratio and the System Veiling Glare of 



X-Ray Image Intensifier System.   


l.
NEMA Standards Publication No. XR 17-1991  Test Standard for the 



Measurement for the Image Signal Uniformity of an X-Ray Image Intensifier



System.   


m.
NEMA Standards Publication No. XR 18-1993  Test Standard for the 



Determination of the Radial Image Distortion of an X-Ray Image Intensifier 


System.   


n.
NEMA Standards Publication No. XR 19-1993,   Electrical and Thermal Loading 

Characteristics of  X-Ray Tubes Used for Medical Diagnosis.

5.
American College of Radiology (ACR) and National  Electrical Manufacturers 
Association (NEMA)


a.
ACR/NEMA 300-1988,  Digital Imaging and Communications Standard

6.
National Fire Protection Association (NFPA)


a.
NFPA 70,  National Electrical Code


b.
NFPA 99,  Standard for Health Care Facilities


c.
FPA 101,  Life Safety Code

7. 
Underwriters Laboratories (UL)


a.
UL 187, X-ray Equipment (ANSI/UL) (1990)


b.
UL 2601-1, Medical Electrical Equipment; Part I: General Requirements, 1994

8.
Other Publications


Physical Principles of Medical Imaging, 2nd edition, Perry Sprawls Jr.

A.
Inspector's Responsibilities

The following paragraphs discuss requirements, as well as provides suggestions and clarifications to make the acceptance inspection procedures easier to understand and perform.


(1) Procedure For Inspection or Reinspection


The DPSC Contracting Officer and DPSC-MQX act as an agent for the government during the procurement process of x-ray equipment.  The Contractor has a written contract to supply a product to an organization , and may have specific instructions to perform installation.  The contractor is obliged to contact DPSC following delivery of the product, and where installation is involved, to advise DPSC that installation is complete and the system is ready for inspection.


After receiving proper notification that a system is ready for inspection or reinspection, the Government has thirty (30) days in which to perform the inspection. If not completed within this time frame, and a variance to this time frame has not been requested or approved, the Government is obliged to accept installation, and establish a warranty start date.


It is the responsibility of the inspector to notify the Chief, Medical Materiel Services (CMMS), at the health facility, of the proposed inspection schedule, to include inspection duration and desired start date.  Normally, one to four days should be scheduled for inspection.  The Chief, MMS is responsible for coordination with the inspector, contractor, and radiologist to establish the actual inspection date within the established time frame.  Prior to the inspection, the CMMS should inform the local representative of the contractor about specific contract requirements and in particular, the inspection procedures contained in this document. 

Note:  The local representative may not be aware of all the elements of the inspection or of the contract.


The CMMS or his local military representative should initiate contact and describe the requirements of this document.  This may be a good time to advise the representative that the contracting officer makes the final determination of acceptance or rejection.  In the event of rejection by the contracting officer, the contractor has 14 days after notification of rejection to correct deficiencies without penalty.


Unresolved local problems regarding these areas should be directed to DPSC-MQX for resolution by the Contracting Officer.


Variance to the scheduled inspection period cannot be negotiated at the local level but must be requested and approved by the DPSC. A request for variance must be directed as early as possible to DPSC-MQX, prior to the end of established thirty (30) day inspection time frame. The request must provide a reason for not being able to 


(1) Procedure For Inspection or Reinspection (Continued)

perform inspection within the scheduled time frame, and provide a proposed new date for inspection or other action you are requesting; e.g. 10, 15, 30 day extension, postponement, cancellation, etc.


(2) Interviewing Users


Inspectors should arrive at the inspection site prior to the appointment with the manufacturer's representative. Enough time should be made to allow the user to describe any operational problems with  in-use equipment. The inspector can visually inspect the system for general installation quality and become familiar with the system's operation.  This preparation can considerably shorten the inspection and make it more effective.


The Technical Representative of the Contracting Officer (TRCO) is allowed to perform mechanical inspection of the system and components without the presence of the contractor's representative.


The inspector shall not perform any electronic tests of the x-ray system without the presence of the manufacturer 's representative. Discrepancies identified during visual inspection should be brought to the attention of the manufacturer's representative to allow appropriate correction during the course of the inspection.


(3) Contract Compliance Elements


The DPSC contract specifications are derived from a combination of:


- Service unique essential characteristics for equipment performance


- Customer's generic description of the requirement


- Manufacturer's published specifications


- DoD X-Ray Acceptance Inspection Procedures


- Title 21, Code of Federal Regulations


In some instances, manufacturer's specifications may differ from DoD requirements contained in "DoD X-ray Acceptance Inspection Procedures".  Disagreements between the inspector and the manufacturer's representative relative to particular points of system performance or specification are to be resolved by the Contracting Officer (DPSC), who has the final authority to make determination.  Discussions about issues and disagreements should be included in the report for the Contracting Officer.


(4) Documentation of Deficiencies


All deficiencies will be completely documented and forwarded to the Contracting Officer. Documentation includes a written description of the deficiency, printouts, or photographs.  Photos that clearly describe the problem or deficiency must be included with the document for the Contracting Officers review and inclusion in the DPSC rejection letter.  Dynalyzer or other mechanical printouts should be of good quality.  If photocopy capabilities are available, copy those pages of the inspection report that may be useful to the manufacturer's representative for corrective actions.  An advance copy of the deficiency pages explaining discrepancies identified during the inspection will be provided to the manufacturer's representative at the end of the inspection.


Any copy of this report that is left with the local organization is provided as a courtesy, and is considered an unofficial document, so may not reflect the final decision of the Contracting Officer as it appears on the official report.


(5) Correction of Deficiencies During Inspection


Deficiencies may be encountered during acceptance inspection. If deficiencies consist of minor adjustments or repairs which could be accomplished during the inspection, the inspector should allow the manufacturer's representative to make corrections.


The inspector shall repeat a test when the results of that test could have been affected by the correction of a deficiency.  All corrections should be noted in the inspection report.


The decision to permit correction of a deficiency or to terminate inspection is a matter of judgment by the inspector.  This decision should be based on the condition of the equipment, the degree of effort  of the manufacturer's representative to correct the deficiency, and the time remaining for the inspection.


As a general guideline, if correction of deficiencies will cause the inspection to last more than a day longer than normally expected, the inspection may be terminated, or if continued, the deficiency should be listed as an uncorrected defect.


(6) Termination of Inspection


The inspector may not terminate the inspection if the contractor's representative is not present.  The inspector will notify the CMMS who made arrangements for the inspection. The CMMS is required to notify DPSC-MQX by message or telephone, that the contractor has not arrived on site. Telephone numbers for the DPSC is DSN 444-2896, or commercial number of 1-215-737-2896, The Fax number is DSN 444-5752, or commercial telephone number of 1-215-737-5752.


DPSC-MQX will provide guidance regarding contractor's attendance.  Depending upon the new arrival date of the manufacturer, the inspector may perform those tests which do not require the contractor to connect the inspector's test equipment to the system.  If the manufacturer will not arrive on site within a reasonable time, as determined by DPSC-MQX, those tests which cannot be performed will be listed on page 22, and will become cause for rejection of the system. Inspectors should complete as many tests as possible, even if noted deficiencies will obviously result in rejection. Uncompleted portions of the tests should be clearly indicated in the report by page number, with the statement that they must be accomplished during reinspection.

     
Deficiencies that are not cited or identified in the report could result in a loss of the right of inspection and allow reinspection of only those previously reported deficiencies.

     
Occasionally, a manufacturer's representative may decline to continue testing when it is obvious by the number or type of deficiencies that the system will be rejected. In this instance, the reason for declination should be noted in the report.

     (7) 
Performance of Reinspection

     
The inspector should perform only those tests which failed the initial inspection, or tests whose previous results could have been altered by correction of a deficiency. The report must identify deficiencies cited in Contracting Officer's rejection letter to the contractor and indicate which deficiencies have been corrected.  Appropriate supporting documentation must be provided.

     
Recommendations for rejection cannot be based on discrepancies identified during the reinspection for unaltered tests which were accepted during initial inspection. These defects are to be corrected according to the provisions of the warranty.  If the discrepancies are minor in nature, reinspection of the system may be performed by the local medical maintenance activity.

Instructions:  Acceptance Test instructions follow the sequence of the table of contents.  Paragraph numbers correspond to the number of the test given in the table of contents. The appropriate page number is also given. Some inspectors will find it more convenient to perform sections or portions of sections in a different order.

IV.
ADDRESS.  Service specific mailing addresses are provided below.


Navy:  NAVMEDLOGCOM


Naval Medical Logistics Command


Attn: Code 31


521 Fraim St.

Ft. Detrick, MD 21702-5015

IV.
ADDRESS (Continued)


Air Force:  AFMLO\FOM


Air Force Medical Logistics Office


1423 Sultan Drive


Ft. Detrick, MD 21703


Army:  USAMMA


U. S. Army Medical Materiel Agency


ATTN: MCMR-MMM-P


Ft. Detrick, MD 21702-5001

V.  CHANGES TO THIS DOCUMENT

Recommendations to improve these test procedures are encouraged, and may be submitted at any time.  Recommendations should be forwarded to the respective Military Service Field Office and to:


DPSC-MQX


P.O. Box 8419


2800 S. 20th St.


Philadelphia, PA 19101-8419.

All specifications, standards, regulations, codes, or other documents referenced in this inspection protocol are current as of the acceptance inspection package release date and are subject to change.

Prior to commencement of testing, review the section below to determine the parts necessary to complete acceptance testing of a specific equipment item.  Use this chart to determine what tests are required, and to locate the sections of the document that are relevant to the equipment 

Type of X-ray  Equipment
Section that applies

Light Duty, Mobile


C-arm, Mobile


Mobile, >50 mA


Radiographic System


R & F System


Specials, Biplane


PART I

ACCEPTANCE INSPECTION

I.  SCOPE

This procedure contains tests related to the design, performance, installation and radiation safety characteristics of medical x-ray systems.  Certain tests are performed to confirm compliance with Federal Law as it pertains to 21 CFR.  Other tests are performed to determine manufacturer compliance with the contract requirements, which by Service agreement and concern may be more stringent than 21 CFR.  Additional tests determine if the assemblers have properly installed the x-ray system.

II.  DEFINITIONS

· CONTRACTOR.  A person who represents a company that manufacturers or supplies the product or system identified in the equipment description of a contract.

· CMMS.  Chief, Medical Material Services.  An Officer, Warrant Officer, Non-Commissioned Officer, or Civilian in Charge of the Medical Material Section of the Health Care Facility, who acts as the primary point of contact between the contractor, representative, TRCO, and the Department of Radiology.  

· EXTENDED INSTALLATION.   An additional contract line item (CLIN) to the contract whereby the contractor is responsible to perform additional work to the facility, to ensure the timely installation of the X-ray equipment and completion of the contract prior to an established .  This may include work functions such as re-wiring from the main circuit breaker to the control, or relocation or additional trough materials.  In all instances,  the preparation work does not allow for the renovation of the room, painting or replacement of major components (ceiling or flooring) of the room.  

· INSPECTION.  Means examination, measurement, and the testing of the system and components by physical and technical means to determine compliance with the contract requirements and the equipment specifications.

· REPRESENTATIVE.  A person or group of persons employed by a contractor, that performs installations, calibrations or other services on the installed system.  These individuals are also known as the manufacturer's representative or representative of the manufacturer.

· TRCO.  A military or civilian representative of the Government who acts as the Technical Representative of the Contracting Officer. The TRCO compiles information taken during acceptance testing and provides it to the Contracting Officer for decision.

· VARIANCE.  A request to delay or to defer a scheduled inspection.  This request originates from the manufacturer or from the receiving organization, and is addressed to the DPSC Contracting Officer.

III.  TRCO RESPONSIBILITIES:


A.  General Responsibility


The TRCO must review the entire acceptance inspection package as soon as possible and address any technical questions to DPSC-MQX, DSN 444-2896.  During the inspection, the TRCO must evaluate each defect and identify it in the report.  Written comments on the possible cause of defect should be provided as part of the report.


B.  Contractor Installed Equipment.


The TRCO performs the inspection, and is responsible for operating the test equipment and recording data.  The Contractor Representative is responsible for connecting the TRCO's test equipment to the x-ray system and components and for operating the x-ray equipment during the inspection.


C.  Government Installed Contractor Supervised


The TRCO performs functions described above. The Government installer or the contractor's representative performs functions described above.

SAFETY NOTES

· Under no circumstances should you expose any portion of yourself or of any other person to useful or primary X-radiation.

· ( Symbol designates initiating an exposure.

· When measuring x-ray for verification of calibration, it is mandatory that adequate shielding be used by operating personnel, such as the wearing of lead aprons and lead gloves for additional protection against radiation.

· When making exposures, strictly observe all radiation safety precautions and wear your personal monitoring device.

· In checking collimator calibration, avoid unnecessary radiation exposure. Require that personnel not directly involved in the inspection leave the area.

· Use a partner or the "Buddy System" to minimize the hazard while making connections to or working in high voltage circuits.

· Take extra care when operating remote exposure or servicing switches to ensure proper safety precautions.

· Never make electrical connections to the x-ray generator or other components with the power on.

· Do not wear loose clothing, ties, or jewelry near the table motor, gears, or any mechanical system that could snag such items. Remove rings and other metallic items when operating near electronic components.

· Inspect "wire-rope" cables with gauze pads for severely flattened areas, burrs, rough spots and verification of proper lubrication.

· Consult operating and service manuals for other special safety precautions.

· Lock-out or Tag-out any electrical circuit breakers or fuses prior to working on line powered circuits.

During inspection of an x-ray tube for filament or rotor operation, verify that no radiation is being produced. If examination of rotor surface or x-ray filament "change over" or "boost" circuits need verification do not look directly into the tube port.  Use a mirror to view into the port.

PART II

INSPECTION REPORT

Upon completion of required tests, forward appropriate pages or electronic copy (3 1/2" disc) of the report, with documentation, as directed in paragraph II.B., Page 1.

INSTRUCTIONS

INSPECTION COVER LETTER


a.  The TRCO is responsible to prepare and submit the completed acceptance document to the Contracting Officer.  In particular, provide telephone numbers for an on-site representative who is familiar with the project.  Ensure the generic description and trade name is filled out, as those entries may be used as the descriptive entries into the property accounting system.  Ensure the representative has provided a filled out FDA 2579, as they may be liable for a significant penalty if the form is not provided.  Absolutely ensure block 2 is checked, either for acceptance or rejection.  Don't leave the report as a guessing game for the contracting officer.  Lastly, be sure the report is signed.


b.  Provide all requested information.  If the information requested is not applicable for the system being inspected, indicate "N/A" in the appropriate blanks.  If the inspection was not completed for any reason, indicate this on the discrepancy summary sheet. Indicate in the report which tests which that were not completed.


c.  Note that the TRCO only recommends acceptance or rejection.  Prior to the inspection, inform the manufacturer's representative that the Contracting Officer makes the final determination of acceptance or rejection.  Recommendation for rejection should normally be made if there are any uncorrected deficiencies.  The contractor has 14 days after notification of rejection by the Contracting Officer to correct the deficiencies without penalty.


d.  If the deficiencies do not require a complete reinspection or use of specialized test equipment, the TRCO can recommend reinspection by the local medical mainten-ance activity. In such instances, the designated local manufacturer's representative and local medical maintenance personnel should be advised of reinspection requirements. A local hospital representative should be present during the reinspection.


e.  If the report is being filed as the result of reinspection, a statement of travel, per diem, and salary expense for the reinspection period should be incorporated with the report. Provide a valid name and address of the organization to receive the reimbursed funds or other credit.

To:
      Contracting Officer, DPSC-MQX



Date:_______________


      2800 S. 20th St.


      P.O. Box 8419


      Philadelphia, PA 19101-8419

From:  

Subject:  Inspection/Reinspection of X-Ray Equipment

1.
The equipment identified below was     inspected     reinspected and performance tested.


a.
MXN               Project Number:                                                                      

b.
Activity Requisition Number:  _________________________________________ 


c.
Contract/Delivery Order Number:  _____________________________________ 

 
d.
Manufacturer:                                          Installed By:  _____________________ 


e.
Location:  Base/Post:                                    Building:                     Room #______ 
    

Telephone Number: Radiology                                            Medical Maintenance


f.
Generic Description (Mobile, R/F etc.):  _________________________________ 

g.
Trade Name/Model (MTX, Advantx, etc.):   ______________________________ 
    
h.
Notification Date:                                     Deadline Date:  ___________________ 


i.
Inspection Period:  _________________________________________________ 


j.
Inspector's Name (TRCO):  __________________________________________ 



Inspector's Address:  _______________________________________________



Telephone Number (Commercial and DSN):  ____________________________ 
   

Telefax Number (Commercial and DSN):  _______________________________ 


k.
E-Mail address:  ___________________________________________________ 


l.
Equipment first placed In-Service on (Date):   ____________________________ 

m.
FDA Form 2579 Completed:  ___Yes     ____No     Serial # _________________ 
   
n.
Inspector's Workorder Number (if applicable):  ___________________________ 
2.
Based on the attached report, I recommend that the x-ray equipment and  installation be:   ____  Accepted    ____  Rejected

3.
For reinspection, documentation for reimbursement can be found listed at Encl. or will be forwarded under separate cover.

Encl.





                                                                               








(Inspector's Signature and date)
GENERAL INFORMATION

A.
Read the procedures carefully.

B.
Record the test equipment used.

C.
Allow sufficient warm-up time for x-ray and test equipment.

D.
Observe x-ray tube warm-up procedures as specified by the manufacturer.

E.
Periodically verify the calibration of test equipment during testing; check baseline 
drift of oscilloscope, zero the DVM, etc.

F.
Label all hard copy test results when they are made, i.e., photos and Dynalyzer 
tapes when created to avoid later error.

G.
References to 21 CFR are noted, when applicable.  Further guidance can be 
obtained in the "Regulations for the Administration and Enforcement of Radiation 
Control for Health and Safety Act of 1968."

H.
Additional notes describe safety or procedural information to prevent possible 
damage to the equipment or harm to personnel.

I.
Direct print paper will require higher techniques to properly expose the emulsion.

J.
If using the Dynalyzer on three phase units, note that each time the kVp is lowered, 
an 
additional exposure must be made to reestablish the manufacturer kVp threshold 
point before accurate readings can be measured.

K.
Indicate the project number on each submitted page.

L.
When recording x-ray tube information, identify horn angle, focal spot, size, and 
target angle.

M.
If a situation arises where other than the inspector's test equipment must be used, 
indicate the equipment and the reasons.

N.
Non invasive test equipment shall  be operated at the correct operating distance and 
exposure 
factors.  Note:  Solid State detectors can be saturated during excessive 
exposure factors producing wrong values for kVp.

TEST EQUIPMENT LIST

All test equipment used in the performance of this inspection is the property of: 

                                                                                        , and is identified below:



NOMENCLATURE
MFG & MODEL NO.
SERIAL #
DUE CALIBRATION

Densitometer




Digital Display




Digital Printer




Digital Volt Meter




High Voltage Bleeder




Light Meter




MAs Meter




Non-Invasive kVp Meter




Oscilloscope




Radiation Meter




Note:
The TRCO should verify that test equipment which requires calibration has a valid certification label. If the equipment label indicates that calibration is overdue, the item should not be used unless its accuracy can be proven by comparing it with an instrument of known accuracy and with the written consent of the manufacturer's representative.

INVENTORY LIST.  21 CFR 1020.30(e)

a.  On the inventory list, the inspector should verify that the manufacturer has provided components and accessories required by the contract.  List shortages or discrepancies on pages 20 and 21. A copy of the inventory list should be retained and used as a reference to input or update the Historical Maintenance Record (HMR), or Property Accounting System (PAS). The Army uses (AMEDDPAS).

b.  Verify that all manuals supplied, comply with the Service Data Manual clause as stated below.

c.  During inventory, the inspector should inspect for general workmanship (internal/external wiring, screws, bolts, cleanliness, physical damage, etc.) of the installation.  Deficiencies identified should be documented with photographs.

d. When requested by the customer or user, ensure that two copies of  all diagnostic/ operating/setup and maintenance software is provided. (Software nondisclosure agreement will require a local user  signature).

REQUIREMENTS FOR SERVICE DATA MANUALS FOR X-RAY EQUIPMENT
a.  The contractor shall furnish two (2) copies of all manuals, handbooks and/or brochures containing complete operation, installation and service/maintenance instructions (including pictures or illustrations, as necessary) with complete schematics and wiring diagrams.

b.  All manuals, handbooks, and/or brochures are to be written in the English language and all schematics and wiring diagrams will use American electrical and electronic symbols.  The manuals will include electrical data and connection diagrams for all applicable utilities.  

c.  The instructions shall include a complete list of replaceable parts showing part number, number and quantity required.

d.  All service notes, service memos, etc., pertaining to the equipment and issued subsequent to the printing of the original instructions shall also be included.  These instructions shall be, as a minimum, that furnished to service engineers (or servicemen) that normally install and service the equipment for the company or distributor.

e.  When the system being procured includes or will operate with other ancillary equipment, the service data shall include complete instructions and drawings which show interfacing of all system components.  Two copies of the above information will be furnished to the Chief of Medical Materiel Services at the hospital receiving the equipment.

f.  The Government reserves the right to award based upon those contractors which meet the above service data requirements for both contractor and subcontractor items.

INVENTORY LIST 

Component
Manufacturer
Model
Serial #

Line Conditioner




Power Unit




Control #1




Heat Integrator




Patient Table




Overhead Suspension




#1 Tubehousing




     Horn Angle




     Insert




     Focal Spot size




     Target angle




Collimator




Collimator Power supply




Table Photodetector




Table Grid




Table Bucky




Chest Stand




Chest Stand Grid




Vertical Image Receptor




     VIR Grid




Tubestand




High Speed starter




Transformer #1




#2 Tubehousing




     Horn Angle




     Insert




     Focal Spot size




     Target angle




Collimator




Tubestand




   TS Photodetector




High Speed Starter




Transformer #2




Automatic Injector




Cassette Holder




Chest Unit




Fluoro Tube Housing




     Horn Angle




     Insert




     Focal Spot size




     Target angle




Image Intensifier




Photodetector




Spot Film Device




  SFD Grid




  Spot Film Camera




  Spot Film Device




Programmer




INVENTORY LIST

Component
Manufacturer
Model
Serial #

Monitor (s)




Cine Camera




ID labeler




Laser Imager




Multiformat camera




Stereotactic Device




Contract and 21 CFR Compliance Elements
Yes
No

Does the delivered equipment inventory agree with the contract? 21 CFR 1000.55(c)(2)



Has the manufacturer supplied maintenance and user documentation?   21 CFR 1020.30(g) and (h)



If required to perform diagnosis, was software provided? 

21 CFR 1020.30(g) and (h)



Were two (2) copies of documentation provided?  DPSC contract clause.



Are leakage technique factors provided for each tubehead and beam limiting device combination?  21 CFR 1020.30(h)(2)(I)



Have the correct anode cooling and tube rating charts been supplied? 21 CFR l020.30(h)(2)(ii) and (iii)



Is the completed FDA 2579 on file at the using activity?

21 CFR 1020.30(d)



Are DHHS certification labels affixed and legible to those components subject to 21CFR ? 21 CFR l0l0.2(b)



Are labels and tags clearly marked with name and address of the manufacturer ? 21 CFR l0l0.3(a)(1)



Are labels and tags clearly marked with place, month, and year of manufacturer ? 21 CFR l0l0.3(a)(2)



Are labels and tags clearly marked with model and serial numbers ? 21 CFR l020.30(e)



Are labels and tags clearly marked and accessible to view ? 21 CFR l020.30(e)



Has on-site user oriented operator training been provided?  



DEFICIENCIES

The list of deficiencies should include all deficiencies found during the inspection.  Whenever possible, the page and paragraph number should be used.

Deficiencies or discrepancies identified during this inspection are as follows: (Insert additional pages as required.)

Describe deficiencies in narrative form or detail.  Annotate whether the problem has been "CORRECTED" or "UNCORRECTED" (If corrected describe what action was taken.).

PAGE / PARA
DEFICIENCY






















































































































Personnel contacted, assisting, or participating in this inspection are as follows:

Government & Manufacturer Representatives
Title


Telephone Number

































NOTE: Business cards may be attached to simplify recording information.









INSPECTOR (SIGNATURE)

If the equipment uses exposure counters, provide exposure Information:


Overtable Tube

Number of Exposures


Begin


End


Total



Undertable Tube

Number of Exposures


Begin


End


Total



Fluoro Timer Duration

Begin


End


Total


PHOTOGRAPHS OF ROOMS

Provide photographs of the control booth, table, tubestand, transformer, electronics cabinets, etc., and attach to Pages 25.

NOTE:  If possible, one photograph should be taken to show as much of the room as possible, oriented to show table and tubestand with accessories mounted, and cable drape.  More than one component may be included in each photo if it helps to show relative position of the components with respect to each other.

Take two photographs of any deficiencies, equipment crowding, or other inappropriate component location and attach.  Provide interior as well as exterior views of the defects.  DPSC will forward extra photos to the manufacturer to identify the discrepancies.  Views shall show equipment front, back, and side views where practical.

In some instances, the Contractor may have performed "extended installation" as a contract requirement.  As part of this requirement, work was done to the room to facilitate the installation of the system.  Contractor performed work elements that are part of extended installation should be photographed if there is any question on the part of the TRCO as to quality, materials, or workmanship of the installation practice.

COMMENTS:
ATTACH ROOM AND EQUIPMENT PHOTOGRAPHS AS NECESSARY
CONTROL AND TRANSFORMER

X-ray Control & High Tension Transformer
Yes
No
N/A

1. 
Is the operator control, high tension transformer and other power control devices suitably mounted and supported as necessary for stability? 




2. 
Are all control indicators operational? 




3. 
Are the x-ray tube(s) and high voltage transformer properly sealed to prevent oil leakage?  




4. 
Are the cable candles properly seated in the well and without stress to the cable?  




5. 
Are unused cable wells properly insulated and covered?  




6. 
Are all exterior wires and cables properly dressed and securely fastened?




7. 
Are all interior components properly secured, and free of other visible damage?  




8. 
Is the Main Disconnect Means (branch circuit breaker) to the X-Ray equipment readily accessible to the operator and labeled? (NFPA 70, National Electrical Code, Article 517)  




9. 
Is the red "Emergency Shut down Button" readily accessible to the operator?




10. 
Is the location of the "Emergency Button" protected against accidental contact and shut down of the system?




11. 
Is the control adequately cooled /vented?  




12. 
Does the control have strain relief’s or other protective devices on all cable exit ports?  




13. 
Are all control knobs and switches tight, and properly indexed?  




14. 
Are all panel indicators, lamps, or LED’s in the control panel operational?  




15. 
Is the radiographic exposure switch properly secured in the control booth?  




16. 
Is the operator prohibited from initiating a radiographic exposure while outside the confines of the control booth?  




17. 
Does the control indicate that changeover of components or electrical equipment has occurred?  (Table or Vertical image receptor, Tubes, photodetectors, etc.)  




TABLE OPERATION AND INSPECTION

Inspection of the table includes inspection of the spot film device, locks, and releases, and table image receptor (referred to as the  Bucky.)  The receptor should be counter-balanced without a cassette to avoid interference with fluoroscopy.  With the table vertical and the table image receptor unlocked, and without a cassette in place, there should be no receptor drift.  Receptor lock should hold the device in-place with a cassette in the top vertical position.


Table Operation & Inspection
Yes
No
N/A

1. 
Are accessories compatible with table?  





Smoothness of Operation:  For the following tests, simulate a 300-pound patient load on the table top.  (You may have to use two people to approach the 300 pound limit. 




2.
Does the power table top provide support and move freely over its entire range of travel?  




3.
Does the table image receptor operate freely over its entire range of travel?  




4.
Table Image Receptor:





a. Does the receptor lock operate properly?  





b. If present, does the receptor slot cover operate properly? (Indicate whether automatic or manual close.)  




5.
Variable Speed Tilt:  (Use stopwatch and/or tilt indicators.)




5a.
Is tilt operation quiet and smooth, without vibration?  




5b.
Is the table tilt indicator accurate, readily visible, and does it track freely?  




5c.
Does the table motor brake operate smoothly and not allow drift?  




5d.
With the tubehanger assembly in the "parked position", can the table be tilted without interference?  




5e.
Does the footrest support 300 pounds, move with table top, and not strike the floor during table tilt operation ?  




5f.
Is the maximum tilt motor speed 4.5 +.3/-.75 degrees per second and the minimum tilt motor speed 1.2 degrees per second? (Use stopwatch)  




5g.
Are ALL suspension and  counterweight cables free of cuts, nicks or frayed ends? (Wire rope and cable defects will predominate in clamp-down areas)  




5h.
Is the table securely fastened to the floor?  




6.
Table Top, motorized or assisted




6a.
Is the minimum table top speed two inches per second for a distance of 30 inches beyond either end of table?  




6b.
Does the table top provide one inch per second transverse motion for 4.5 inches  either side of the center line?  




6c.
Does the table top end support 250 pounds at full extension?  




6d.
Is the table center line clearly marked? (on fixed and two-way travel tops) 




6e.
Is the center line of the table radiolucent? (The center line is NOT visible (transparent) on film)  




6f.
Can the compression device be attached to the table, is the band sufficient to cross the abdomen of a 300-pound patient, and capable of adjustment to the full width of the table top?  




6g.
Is the barium shield (under the table top) properly mounted, in good condition, and does it provide protection for interior parts?  (Powered table tops only)  





Table Operation & Inspection
Yes
No
N/A

6h.
Is a mounting-step supplied, skid-proof, retractable, and operational?  (on Tilt tables only)  




6i.
With the radiation shield up, can the table be operated without interfering with the radiation shield? (If provided and during fluoroscopy use). 




6j.
Does the radiation shield project a minimum of five inches above the table top (fixed and two-way tops)?  Fluoro only.




6k.
Does the radiation shield maintain its position during use?  Fluoro only.  




6l.
If the system is equipped with a film transport system, is it smooth in operation from the supply magazine to the receiving magazine or processor?




7.
Image Receptor to Table Surface Distance
Check table top to image receptor holder distance.  (Measure from lowest point on table top bottom surface, to highest point on image receptor holder surface.)






7a.
For a fixed top, is the distance 2-5/8 inches or less? 





Record the actual space  in the marked area.




7b.
For a movable top, is the distance 3-3/8 inches or less?




7c.
For tomographic units, does the distance comply with manufacturer specifications?




TUBESTAND OPERATION

PURPOSE: The TRCO will verify that tubestand components and mechanical and electromagnetic locks function as intended.  He will also verify that with loss of electrical power, or the purposeful turn off of electricity at the equipment, that no hazardous conditions are created by motion of mechanical items that rely on constant electrical power, or strength of electromagnetic coils or locks to maintain position.

NOTE:  Electromagnetic Locks are used for 'maintaining position' of mechanical components. They are not "brakes" for stopping equipment from inertial or counterweight motion.


Tubestand Operation & Inspection
Yes
No
N/A

1. 
Operation of Locks




1a.
Are locks positive holding, easy to operate and within reach of the operator?  




1b.
Does the tubestand remain in place with ‘no drift' when locks are applied?  




1c.
When continuously energized, do the electromagnetic tubestand locks operate quietly and without chattering?  




1d.
With equipment power de-energized, do all mechanical parts of the system remain in place?




2.
Tube Angulation and Rotation




2a.
Does the tube angulate smoothly, without whip or mechanical backlash?  




2b.





2c.
Can the tubehead be rotated a minimum of 180 degrees?  




2d.
Is the tubehead angulation scale legible and marked with enough degree lines to accurately position the tubehead?  










Tubestand Operation & Inspection
Yes
No
N/A

3.
Tubestand Carriage




3a.
Is the tube carriage aligned, in both vertical and horizontal planes? (Verify with a level)  




3b.
With the tubehead fully extended on the carriage, does the tube head remain perpendicular with the table?  




3c.
Does the tube hanger readily accommodate the X-ray tube and associated components?  




3d.
For rooms that use a floor mounted tubestand, is there enough room to maneuver a wheeled stretcher without interfering with the floor mounted tubestand?  




4.
With the table in a vertical position and the table image receptor located at the lowest point, can the tubehead be positioned to allow the X-ray central beam to impinge on the center of the table receptor?  




5.
Do distance scale lights operate properly?  




6.
Do overhead tube hanger tracks allow the equipment to meet minimum transverse travel specified by the manufacturer? 




7.
Are All counterweight cables free of frayed ends, cuts or nicks? (Give special attention to clamp-down areas and over pulleys.)  




8.
Are tubestand detents positive acting in both longitudinal and lateral positions?  




9.
Is the tubestand assembly and associated parts, free of binding, bearing noise or drift?  




10.
Record the tension required to maintain vertical tube motion on the overhead tubestand *




10a.
Is the pull force less than or equal to seven pounds?  




11.
Is the X-ray tube properly counterbalanced for its primary application?  




12.
Can the center of the x-ray beam be brought to within 1.5 inches of the table top for lateral radiography?  




12a.
If not, record actual distance, in area at right.




13.
Are the tube support rails properly secured and free from signs of warping and cracks?  




*Note: To overcome the “static at rest force”, the initial force required to start movement will be higher than the “in motion” value.

DETERMINATION OF  FOCAL SPOT LOCATION

Purpose: The TRCO will determine the exact location of the focal spot.  This shall be accomplished even if the focal spot has been previously marked:

Procedure: To determine the focal spot location the TRCO will follow the following procedures:

1.
Place the BRH Test Stand (with 2” x 2 “aperture and the extension bracket), on the tabletop.

2.
Gently lower the tubehead on to the extension bracket of the BRH test stand.

3.
Center the BRH Test under the tubehead using the collimator light.

4.
Manually collimate the collimator light field just outside of the 2” x 2” aperture.

5.
Insert an unexposed film into a cardboard cassette and locate the cassette/film 14 inches below the 2” x 2” beam defining aperture.

6.
Make a trial exposure at 80 kVp, 10 mAs.

7.
 Develop film from the cardboard cassette.

8.
Measure the length and width of the image on the developed film.  Calculate the average of the two readings.

9.
The distance from the 2” x 2” aperture to the focal spot can be determined by using the formula:





X    =                
Y  =  _________



where:
X    =  Distance from the 2” x 2”  aperture to the focal spot.





Y    =  Dimensions on the film (average of length and width.)

           


28  =  Two times the distance from the 2” x 2” aperture to the cardboard cassette.  If another distance is used, simply double that distance and insert in the formula.

10.  After calculating for X, measure from the 2” x 2” aperture to the anode side of the tubehead.  Mark the anode at the distance specified by X.

VERIFICATION OF SOURCE IMAGE DISTANCE (SID)

PURPOSE:  The TRCO will verify that the distance scale on the collimator to image receptor agrees with the actual focal spot location of the x-ray tube to the image receptor (SID).  The verification will be performed for each x-ray source and image receptor in the system.

PROCEDURE:  Distance scale accuracy should be performed after the TRCO has visually inspected the overtable tube, support mechanism, and image receptor area. From the marked focal spot location, measure the actual source-image-distance (SID) and compare that value to the SID indicators provided with the system. The TRCO should verify the measurement at several distances, and annotate the results below:

Distance Scale Accuracy


Indicated
Measured
Maximum SID

Longitudinal




Vertical




Chest Stand or wall receptor





Source Image Distance, Grid and PBL
Yes
No
N/A

1a.
Record the maximum SID obtainable in the area at right.




1b.
If less than 48" indicate reason




2a.
Record the maximum distance from tube focal spot to table receptor




2b.
Record the maximum distance from tube focal spot to Tubestand.




2c.
Record the maximum distance from tube focal spot to Chest Changer




3.
Is the vertical image receptor grid acceptable for the SID obtainable?




4.
With the table in a vertical position, can the tube focal spot be located within 36 inches of the table image receptor.




5.
If applicable, does the Positive Beam Limitation (PBL) system track properly?  




OVERHEAD TUBE 


Overhead X-Ray Tube
Yes
No
N/A

1.
Is the X-ray tube supplied with proper cable horns and Federal Standard cable wells?  




2.
Is the tube blower properly installed and does it operate quietly?  




3.
If a fan is supplied, does the screen provide adequate safety protection?  




4.
Anode Visual Inspection*




4a.
If visual inspection of the anode was performed, was the anode appearance and bearing sound acceptable? If ‘No’ is the answer, make a written response.




5.
Rotor Verification




5a.
Does the rotor operate smoothly? (Check in three different planes.)  




5b.
Does the HS rotor brake operate within manufacturer's specifications?  




5c.
Was the anode quiet during boost, run and brake?




6.
Cable Dress




6a.
Is the cable retractor installed and operating properly?  




6b.
Are the cables properly dressed?  




6c.
With the locks ”off”, are the cables properly dressed so that they do not cause the tubestand to "drift" when positioned at the ends of travel?  




6d.
With locks ”on”, are the cables properly dressed so that they do not override the capability of the locks, causing the tubestand to "drift" when positioned at or near either end of travel?




6e.
Are the cables protected by strain relief?




6f.
Are the cables protected by covers when required? 




6g.
Are the cable ends suitably protected with insulating materials?




* On some systems, visual inspection of the anode is labor intensive and can create misalignment of the collimator.  Unless there is significant reason to inspect the anode (for noise or incorrect focal spot size) you should not remove the collimator

Safety Note:  Prior to, and during, any visual inspection of internal components of an X-ray tube, verify that no radiation is being produced.
COLLIMATOR, MECHANICAL CHECKS (Overhead Tube)


Overhead Tube X-Ray Collimator
Yes
No
N/A

1.
Is the tube unit properly centered to the table (horizontal and vertical)?  




2.
Is the tube unit properly centered to the Vertical Image Receptor?  




3.
Has the collimator lamp been set to an 'On-Time' interval that is acceptable to the using activity?  




4.
Does the collimator light align on the center line of the table image receptor?




5.
Does the collimator light align properly on the vertical image receptor?  




6.
Are control knobs and switches tight and properly indexed?  




7.
If the unit is equipped with a special purpose multidiaphragm collimator, does it adjust properly? 




VERTICAL IMAGE RECEPTOR

The vertical image receptor may be a Vertical Bucky device, a wall-mounted cassette holder, a multi-sized cassette holder, or vertical chest stand or Filmer.


Vertical Image Receptor
Yes
No
N/A

1.
Is the vertical image receptor properly installed?  




2.
With a cassette size normally used by the customer placed in the image receptor, is the assembly properly counterbalanced?




3.
Does the image receptor holder travel smoothly throughout the entire range?  




4.
Are power cables protected by strain relief?  




5.
Are cables protected by covers when required?  




6.
Do locks operate properly?  










ILLUMINANCE OF LIGHT LOCALIZER

21 CFR l020.31(d)(2)(i)

PURPOSE:  The TRCO will verify that the light localizer (collimator light) provides at least 160 lux (15 foot candles (FC)) of illuminance at a distance of one meter (100 cm: 39.37 inches) or at the maximum SID, whichever is less.  The TRCO will also verify that the light has been set to an "ON Time" interval that is acceptable to the using activity.

PROCEDURE:

1.  Locate the collimator above the table at a distance of 100 cm or at the maximum SID, whichever is less.  Turn the collimator light off and reduce the overall illumination in the room to the minimum level.  

2.  Place the light meter in the location where the collimator light will impinge.

3.  Record this value as background readings from each quadrant.

4.  With the collimator light on, record the illuminance at the center of each of the four quadrants.  Subtract the background reading from each of the four values.  Record the reading in foot candles that was obtained from the center of each quadrant.

Quadrant
Measured Foot Candles
Minus Ambient FC
Net Illuminance in FC

1. 




2. 




3. 




4. 




Light output of the Collimator
Pass
Fail

The average illuminance is 
FC



5. Is the average illuminance greater than or equal to 15.0 FC ? 




6. Record the time the light remains "on".




SCOPE ALIGNMENT AND PROBE CALIBRATION; PHOTOS

PURPOSE:  The TRCO will make oscilloscope photographs as required, to document problems in waveform or signal amplitude.  In addition the TRCO will provide a set of "calibration photos" to demonstrate to the Contracting Officer and the equipment manufacturer that during the inspection, measures were taken to indicate proper adjustment of oscilloscope focus, astigmatism, scope calibration, vertical amplifier balance, trace rotation, and high frequency adjustment of scope probes.  Calibration voltages and output frequencies are not standardized between various manufacturers.  For instance, the Tektronix model 434 has an output of 0.6 Vp-p, and the model 2232 uses 0.5 Vp-p as it's calibration waveform.  Ensure the calibration voltage and frequency are correctly displayed on the oscilloscope.

1.  Normal Square Wave

Provide oscilloscope photographs of the following waveforms, and annotate time setting and volts per division on each photo.  With scope in "chopped" mode, display a calibrated waveform (1 kHz, 0.5 Vp-p) simultaneously on channel A and B (at least three cycles should be present). Channel A sweep should be located at the top major division on the graticule screen and Channel B should be located at the bottom major division on the graticule. Retain (store) the two "chopped" mode waveforms on the scope screen.  Reduce brightness.  Select "add" mode, then slowly increase brightness until a waveform is visible.  Store this calibrated waveform (1 kHz, 1.0 Vp-p) on the scope. This waveform should be located on or near the center line and between the previous "chopped" mode waveforms displayed.  Record with one black and white scope photograph and attach to the next page.

2.  Inverted Square Wave

This test verifies that the vertical gain of Channel A and Channel B are the same at a given input signal.


a.  Apply the calibration signal to Channel A (1 kHz, 0.5 Vp-p) so the waveform is one major division high.  Place this waveform at the top of the graticule.


b.  Select "invert' position for Channel B and place this waveform at the bottom division of the graticule.


c.  "Store" these two waveforms, reduce brightness and select the "add" mode.  Bring up to the brightness level until the waveform is visible at or near the center line of the screen.  If both amplifiers are calibrated, the addition of two waveforms that are 180 degrees out of phase with each other, will produce a straight line.  It may be necessary to adjust the front panel gain for Channel A or B until the waveform is straight.


d.  Record the waveform and annotate on the photograph, sweep rate, volts per division, and if adjustment was required to either input to make the gain equal.  Attach photo to next page.

Note:  Ensure that scope probes are frequency calibrated by observing that the square wave is in fact square with no spikes (overshoot) or rounded corners at the transition points on the wave.  Adjust as necessary per probe compensation instructions.

SCOPE ALIGNMENT AND PROBE "CALIBRATION PHOTOS"

If using a digital camera, insert the image data into the report at this point, or cut and paste required verifications or scope photographs

PHOTO 1

Settings:

______________________
V/Div.

______________________
Time

PHOTO 2

Settings:

______________________
V/Div.

______________________
Time

DERATING OF X-RAY SYSTEMS

Federal Law requires a manufacturer to refuse to connect his product to an electrical line that is not sized to adequately power the device. The product may also be electrically disabled at higher mA and kVp stations that will allow use of the product at lower levels of performance. The DoD requires the manufacturer to derate any X-Ray product to allow use on the available electrical power supply.

“Derating” X-Ray equipment
Yes
No
N/A

1.  Is the line regulation (as calculated) in accord with the manufacturers specification, thus not requiring the x-ray system to be derated. If “No” comment below.




2.  Have all required changes to the system been accomplished by the manufacturer?




3. If the system was derated, does the  control panel and manufacturer's literature reflect the changes made to the x-ray system?




4.  Annotate the new derated limits of the x-ray system.




5.  Was derating adequate to meet manufacturers specified line load regulation?




COMMENTS:

LINE DROP TEST - 21 CFR 1020.30(b)(3)

PURPOSE:  The TRCO will  observe the drop in supply voltage at the maximum kVA demand of the x-ray unit and determine if the electrical supply line and wiring is adequate to power the x-ray system.  The line drop, load test and the maximum advertised limits test produce similar results.  Consideration should be given to performing these tests simultaneously.

Do not exceed kW rating of the X-ray generator even though the x-ray tube may be capable of greater kW load.  Likewise, do not exceed kW rating of the X-ray tube even though the X-ray generator may be capable of a greater kW load.

This test can not be accomplished with a digital multimeter unless the sampling rate of the voltmeter is greater than or equal to 1/20 second (50 msec).

The test should be performed at the contract specified maximum mA and kV product obtainable.  Multiply each mA station times the maximum allowable kVp on that station and use the setting which gives the highest value.  For example, if a unit allows 110 kVp at 1000 mA and 150 kVp at 800 mA, the test should be performed at 150 kVp on the 800 mA station since 800 x 150 is greater than 1000 x 110.  Exposure Time should normally be no longer than 1/20 second (50 msec).  Observe tube charts and warm-up procedures.

(
1. 
 Dynalyzer Procedures:

Connect the Dynalyzer and printer per the manufacturer's instruction.

Note: In order for the Digital display to update the load voltage during a short time exposure, the HV divider must be connected.  Ensure that print output is legible prior to actual measurements.  Ensure measurements are taken at the techniques above, and label Dynalyzer printouts to show line volts during pre-exposure and exposure.  The TRCO should be aware that the Dynalyzer rounds down all readings to the nearest whole number.  (For example: 4.9% = 4.0%)

Unless there are suspected or confirmed measurement problems, scope photographs are not required.

For three phase systems, measurements should be provided for phase to phase voltages.

2. 
Oscilloscope Procedures:

Note:  Ensure that the scope is grounded properly.  Do not use an ungrounded (floating) oscilloscope to measure line potentials.

A.  SINGLE PHASE SYSTEMS


1.  Connect  a 100 X probe from channel  A of the scope to line 1.  Connect  the other 100 X probe from channel B to line 2 of the incoming line.  This connection can be made at the room disconnect or the power entry point at the control unit.

  
2.  Adjust scope vertical gain to obtain a sine wave as large as possible, within the limits of the vertical graticule.


3.  Set oscilloscope on single sweep, time at 0.2 sec/div.  With maximum technique at 
1/20 seconds (50 msec), press rotor or `Prep' switch.

(



4.  Once the rotor is up to speed, press `scope sweep' reset and initiate an exposure.  This exposure provides a single l-second sweep that displays a 1/20 second (50 msec) voltage drop during the exposure.  Provide photograph and calculations for this measurement.

B.  THREE PHASE SYSTEMS.  Provide photographs and calculations for each possible phase to phase connection similar to the above procedure.


Measure the differential voltages between:
L1 and L2









L2 and L3









L3 and L1

Calculate the percentage of line regulation and compare it to the manufacturer's specification.


Line regulation is derived from the following formula:


Regulation in Percent   =    Voltage, no load (VNL)  -  Voltage, load (VL)   x   100%






                       Voltage, load (VL)

If line regulation exceeds specification, the unit must be derated by the manufacturer during installation.

Identify any discrepancies and annotate any corrective action taken.

ATTACH SCOPE PHOTOS AND/OR DYNALYZER PRINTOUTS HERE

SAFETY NOTES:

· A clarification on electrical power. Three phase electrical power may be ‘delta’ or “D connected”, with 220 or more volts across each winding and all three windings connected in a ring or a D connection.

· The wye or "Y" configuration typically has 240 volts or more from the neutral line of the power supply to L, L2, and L3.  The voltage between phase legs, L1, L2, and L3 should be 380 or more volts.

· For "Extended Installation" projects where the contractor is responsible to install or replace the existing wiring, the TRCO should identify the actual length and wire gauge of  the power cable.

· Measurements of wire gauge and distance to power source.

Distance                           in feet to power source.  

Wire gauge of power cable to disconnect  _____.

LINE DROP, LOAD TEST

Record scope settings:   Vertical:  Volts/Div. ______
Horizontal:  Time/Div. ______

Record X-ray Control Settings for MAXIMUM line current:


Manufacturer recommended 
Tested


mA
________________            ________________


kVp
________________            ________________


Time
________________            ________________


mAs
________________            ________________

(
Caution:  During Exposures, Do Not Exceed Tube Or Generator Limits.

Record manufacturer specified limit for line regulation: _____% @ _____ mA _____ kV

Voltage on the incoming line and Derating
Pass
Fail

Record measured and calculated line regulation
Measured
Calculated



Is the Government supplied electrical power adequate for operation of the system?



Calculate line voltage regulation in accordance with 21 CFR 1020.30(b)(23), from the following formula:


Percent Regulation  =  100  x   (Vnl - Vl)






     Vl



Where:
Vnl = No-load voltage




           Vl   = Voltage under Load

Note:  For equipment that operates on three phase electrical power, perform the calculation for each phase. 

SINGLE PHASE             , THREE PHASE             . (check one)


NO LOAD


           LOAD



% DROP


L1 and L2
                        
L1 and L2                       

                    

L2 and L3
                        
L2 and L3                       

                    

L3 and L1
                        
L3 and L1                       

                    
Note: If the unit does not meet manufacturer specifications, the unit must be derated to comply with manufacturers specifications.  If derating cannot be accomplished or if the wiring supplying power to the unit does not meet NEC codes, DPSC must be contacted before proceeding with the acceptance inspection.

TRANSFORMER BALANCE TEST

PURPOSE:  This test is performed on high voltage transformers that have one or more center-tapped secondary windings, to verify that the output voltages, after rectification, are balanced on both the anode and cathode side of the x-ray tube.  In addition, the test discloses if there are significant differences in the number of turns per winding, that could appear as an unwanted ripple voltage component at the tube, and possibly stress the high tension cables.  If  there is significant  transformer imbalance, the total voltage applied to the X-Ray tube may be correct, however the individual cable voltage may exceed the design rating (typically, 75 to 85 kVp ) of the high tension cable, and cause voltage breakdown or arcing within the cable.

DoD LIMIT:  A maximum difference of 4 kVp between either the anode and cathode voltage, as referenced to the centertap of the transformer shall not be exceeded.

PROCEDURE:

1. 
If possible, connect the High Voltage bleeder or Dynalyzer in parallel with the radiographic tube to reduce loading of the filament circuit.

2. 
Connect the anode output of the High Voltage measuring device to scope Channel 1, and the cathode output to scope Channel 2.

3. 
Set vertical gain for both channels to 20 kVp/Division.  The input for channel 2 should be in the normal, not invert mode.  Ensure the oscilloscope is in chopped mode.

4. 
A series of exposures will be taken to provide an indication of anode voltage in the positive direction and the cathode voltage in a negative direction.

5. 
Proceed with the test as follows:


a.
Prepare the scope to store a waveform, single shot mode.


b.
Exposure time should be about 1/20  second (50 msec).

(

c.
At the lowest mA on large focal spot, make an exposure at a lower kVp selection 
sufficient to trigger the scope and store the waveform.


d.
You will be required to produce a series of photographs of the kV waveform at 
progressively higher kVp settings as indicated below.


e.
Check at least the 50, 80, 110, and maximum contracted value of kVp selection.  For low kV systems such as used in Mammography, use low, medium and high settings.

Attach results of Transformer Balance tests:

TRANSFORMER BALANCE TEST RESULTS

Identify X-ray Tube insert:

(1) Metal envelope and ceramic Tube.
___________________

(2) Glass envelope Tube.

___________________

Provide scope photographs below of kVp waveforms taken at the following selections:

Advertised Maximum kVp,  110 kVp,  80 kVp,  50 kVp

Scope settings:   Vertical:  Volts/Div.
_______
Horizontal:  Time/Div.
_______

Set scope in Chopped Mode

X-ray Control Settings:

kVp  _____________

mA   _____________

Exposure 0.05 (l/20) Seconds

ATTACH PHOTOS HERE

MAXIMUM ADVERTISED LIMITS

PURPOSE:  This group of tests is intended to verify the X-ray system is capable of operation at a kW output and kVp and mA limits, as specified by the contract.  For some systems, the maximum technique factors may be the same values as the first two tests requested below. You should perform the test only once for each tubehead on the system.  Some of these tests may be performed concurrently with others, so may share the results.  Before starting this test, the tube protection circuitry should be adjusted to 100% of the maximum tube rating, or generator rating, whichever is less.

Note: This procedure is not intended to be a tubehead heat unit endurance test, therefore you must allow adequate cool down time between exposures. For any single exposure, do not exceed values given in the tubehead rating chart.  This is an overall test of the high voltage cables insulation quality and assembly practice, and frequently may identify a potentially gassy tube before acceptance by the Government.

PROCEDURE:  Following connection of a Dynalyzer, bleeder, or non-invasive kVp measurement device you should perform and document the following:

Note for mAs only generators:  Select mAs setting at the highest kVp possible to give highest mA possible according to tube rating charts.

(
1.
Maximum  kVp Test.

Provide a kVp photograph of the contract stipulated maximum rated kV, at the highest mA station specified by the contract. 

This should be photo 1.

For example, a system is rated at 1000 mA and maximum output voltage of 150 kVp. The system uses an integrated tube protection circuit that prevents an exposure at 150 kVp and 1000 mA. You should reduce the mA until the tube protect circuit allows an exposure. Follow the manufacturer's and X-ray tube rating chart for these exposures.

(
2.
Maximum mA Test

Provide a kVp photograph of the maximum rated mA at the highest kVp station specified by the contract.

This should be photo 2.

For example, the scenario described above applies, except that the kVp should now be reduced with an increase in mA to the maximum specified in the contract. 

(
3.
Maximum Time Test

Provide a photograph of the maximum time at the contract identified highest kVp selection, without exceeding the total kW rating of the tube or generator.  Use the lowest mA station if possible. 

This should be photo 3.

NOTES:

(1)  High voltage breakdown or arc-over in the tube, transformer or cables must be documented. Comments or explanation of the problem which may be helpful for determination by the Contracting Officer should be included.

(2)  Reluctance on the part of the manufacturer's representative to perform these tests should be documented.

(3)  Questions that concern maximum load limits should be resolved either by review of the contract or the Contracting Officer.

Maximum Limits, Test Results:

Scope Settings:   (use chop mode)

Vertical:
     __________  (V/div.)

Horizontal
     __________  (Time/div.)

Probe (if used)   __________

X-Ray Control Settings #1:  Maximum kVp Test

kVp
__________



PLACE PHOTOGRAPH #1 HERE

mA
__________

Time
__________

X-Ray Control Settings #2:  Maximum mA Test

kVp
__________



PLACE PHOTOGRAPH #2 HERE

mA
__________

Time
__________

X-Ray Control Settings #3:  Maximum Time Test

kVp
__________



PLACE PHOTOGRAPH #3 HERE

mA
__________

Time
__________

X-RAY TUBE PROTECTION CIRCUITRY TEST 1020.30 (h) (2) (ii)/(iii)

PURPOSE:  This test examines the operation of tube protect circuits.  The TRCO will verify that operator selected maximum exposure techniques do not exceed the tube rating, either by an instantaneous or single long term exposure.  The integral tube protection circuitry and safe area of operation will be compared to the actual x-ray tube(s) and tube heat rating chart(s) supplied with the system.

PROCEDURE:  Ensure that the tube rating chart applies to the tubehead furnished.  Typical elements that should be verified from the contract and the actual tube are:


Anode Material


_____


Target Angle



_____


Heat Capacity


_____


Focal Spot dimensions

_____


Speed Characteristics

_____


Frequency of Rotor Control
_____


Heat Dissipation


_____

1. 
Identify several examples of exposure selection that the tube protect circuit prevents exposure.  The next lower setting will permit an exposure.

2. 
For each selection that prevents exposure, you should plot that point for kVp, mA and time (or mAs) on the tube rating chart. The plot which you drew, should not be outside the limits for that particular tube. 

Note:  Some manufacturers may provide a kW chart in  lieu of a technique chart.  Calculate the kVp/mA combination from the formula:



tube kW  rating =  kVp x mA   (at 0.1 sec exposure)

3. 
Certain x-ray systems will allow an instantaneous exposure that exceeds the limits of the tube rating chart supplied. When such a condition has been identified, annotate accordingly on the chart, and provide a copy of the chart with the report.

Note:  The manufacturer has in some instances provided tube rating charts that have been significantly derated to limit the possibility of overloading the x-ray tube.  Such a technique may save tubes, but also reduces the capability of the system.

4.
Various techniques at each mA station should be checked.  Verify that an exposure inhibit or overload light operates and prohibits exposure.

Note:  Some units may require the rotor circuit to be activated in order for the tube protection circuit to operate.  Do not overheat the rotor windings, particularly those systems that use high-speed rotor start circuits.

5. 
On higher mA stations, it may be necessary to verify tracking of the tube protection circuitry.  You should plot the tube rating chart at two other kVp points and adjust the time to a point where the tube protection circuitry prevents exposure.  Record these additional settings.

6. 
These values should be compared to the tube rating chart and should not exceed the tube rating.  The tube protection limits should be set to above 90-95% of the maximum ratings of the tube rating chart unless otherwise directed by the radiology department. In no instance shall tube limits exceed values specified by the manufacturer.

X-RAY TUBE PROTECTION CIRCUITRY TEST RESULTS

ADD DATA

PROVIDE COPY OF THE TUBE RATING CHART

TIMER TEST

PURPOSE: This test verifies the accuracy of the exposure timer from the shortest duration available, to the longest selection available.  The test also verifies that selected exposure duration is repeatable.

Note: Timer tests cannot be performed on systems that use mAs selection as a primary means of exposure control and on those systems that do not provide an independent time selection.

1.
Test equipment used to measure exposure duration may be either invasive, such as a Dynalyzer, bleeder, or oscilloscope, or of non-invasive nature.

(
2. 
Provide either oscilloscope photographs or Dynalyzer printouts to verify timer accuracy.  If oscilloscope photographs are provided, additional timer settings can be photographed on one print by varying the horizontal baseline location (vertical position control).  If Dynalyzer printouts are provided, each should be labeled with the timer setting in milliseconds.

3.
Documentation for each available timer selection is not required.  However, results for the longest available time (can be taken from Page??), one second, one half, one quarter, and settings at, and below 0.1 second should be provided.

4. 
At 1/20 second (50 msec) and below, verify timer accuracy with an oscilloscope and provide annotated photographs.

Dynalyzer Notes:


(a)
The time measurements taken from the Dynalyzer should be at the 75% level of the waveform (3-phase) or 10% level of the waveform (single).


(b) On three-phase units, note that when kVp is lowered, additional exposures may be necessary to reestablish the Dynalyzer kVp threshold point before accurate time measurements can be taken. 


(c) Measured values need not be written on Page ?? of the report. Attach the Dynalyzer printout and label each setting.


(d)
If the Dynalyzer free runs, it may be due to `first trigger' noise. Readjustment of the trigger threshold control may be required.

COMMENTS:  

TIMER TEST

Caution: Do not exceed tube or generator limits.


X-Ray Timer
Yes
No
N/A

1.
Does the unit prohibit uncontrolled or repeated timed exposures? (Termination of exposure should result in timer automatically resetting to zero, except during serial angiography) 21 CFR 1020.31(a) (2)(i)




2.
Does the control provide visual indication of `Exposure in Progress'?

1020.31 (a) (3) (i)




3.
Does an audible signal terminate at end of exposure?  




Scope Settings:  Annotate Sweep rate (Time/Div.) from oscilloscope on each photo you provide.

X-ray Control Settings:     mA  ______
kVp  ______

SELECTION

ACTUAL
SELECTION
ACTUAL

Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




Time




SPACE CHARGE COMPENSATION, mA, & kVp TEST

PURPOSE:  These tests verify adjustment of the space charge compensation circuitry and accuracy of kVp stations.  In addition, the tests validate that selected mA is accurate and remains constant throughout the kVp range.

NOTES:

a).
To reduce the number of exposures and potential for heat damage to the tube, linearity tests may be performed in conjunction with space charge and kVp tests.  Ensure that Half Value Layer (HVL) tests are performed before linearity tests.  Linearity test results should be extracted and annotated on Page 96 of the PCRI form or electronic PCRI form.  For a given kVp station, the average of mR/mAs values for all mA selections available shall not exceed 10 % of the average.

b).
To minimize heat unit loading of the x-ray tube, it may be helpful to start with the highest mA station and work down.  Allow adequate cool down between exposures. You may also elect to start at the lowest kVp station and work up.

PROCEDURE:  Space charge controls affect the emission rate of the x-ray tube to maintain a pre-established mA, while the kV is raised and lowered.  As kVp is raised, the filament current is lowered, the converse is true when the kVp is reduced.  Incorrect setting of the space charge control(s) will cause the mA to shift out of tolerance,  in a non-linear manner, while kV is changed.

1.
When a Dynalyzer is used for measurement and documentation, be aware that mAs readings may be significantly affected by connection of the Dynalyzer.  The cathode cable can be removed.  Corrected kVp measurements are obtained by using the anode connection, and doubling the kVp number. This method is valid if transformer balance was previously verified and correct.  A scope should be connected for observation of waveforms. Provide photographs of discrepancies or questionable waveforms.  Label all Dynalyzer printouts.

2.
For oscilloscope measurement and photographic documentation. Select the ADD mode. Vertical gain should be set at 20 kVp per division.  Exposure time should be at least 1/10 (0.10) second, and 1 second for exposures below 100 mA.  Superimpose kV exposures for each mA selection on one photograph.

(
3.
It is not necessary to verify and record every mA station.  Verify and record the control setting for the four highest mA stations and at the 25 and 50 mA stations at kVp stations throughout the range of 50 to 120 kVp to ensure a representative sample of kVp is measured. 

4.
Verify mA calibrations at representative mA stations, including at a minimum the following selections;  25, 50, 100, 200, 300 or 320, 400, 500, 600 or 640, 700 or 720, 800, 900, and 1000 mA, at 60,  80, and 120 kVp . 

5.
The manufacturer's representative should be given the opportunity to correct any discrepancies.

DoD LIMITS:  For a given kVp selection, and over the range of mA stations available at that kVp selection, the deviation of an individual mR/mAs value shall not exceed 10% of the average of all mR/mAs values taken at that kVp selection.

6.
Record mAs and actual mA for each exposure using a mAs meter or the Dynalyzer mAs/mA setting.  Measured mA should be within "5% of the selected mA.

Measured or calculated mAs should be within "5% of the selected mAs over the range of 60 to 120 kVp.  Measured kVp should be within "4 kVp of the selected kVp, pre-spike shall not exceed 8 kVp.

MOVING GRID RADIOGRAPHS

PURPOSE:  The TRCO will verify that the moving grid (bucky) is operational. Grid lines will be visible on a finished radiograph if:

1.  The bucky is not moving during exposure.

2.  The exposure interlock switches in the bucky are incorrectly adjusted.

3.  The exposure occurs while the bucky is at a stationery point during its travel.

(
Note:
Ensure that the cassette used for this test is not a "gridded" cassette.  For some systems, the Bucky can usually be heard oscillating prior to exposure.  With a catapult Bucky system, the grid does not move until an exposure is initiated.

Grid
Yes
No
N/A

1. Is the grid as stated in the procurement contract? 




2. Is the grid appropriate for its intended use?  (at the usable SID)  




PROCEDURE:

3.  Load the cassette with film, and place it into the Bucky Tray.  Ensure that the Bucky switch is turned "ON".  Make a radiographic exposure to the loaded film receptor. You may use the following technique factors as a starting point for adequate film density.

Superspeed Bucky:
52 kVp





Select mAs that provides usable contrast





1/60  (0.016) Sec.





Distance (SID) appropriate to the grid

Par Speed Bucky:
60 kVp





Select mAs that provides usable contrast





1/60  (0.016) Sec.





Distance (SID) appropriate to the grid

4.  Process the film and look for evidence of grid lines or defect in the grid material.

Grid Lines
Yes
No

5.  Is the film free of grid lines? 



6.  If grid lines are visible, the switches are in the right positions, and the grid is properly installed, adjustment may be required.

(
7.  Repeat the test for each grid in the system. Provide radiographs when grid defects are visible on the radiograph, or if there are problems with the bucky.

AUTOMATIC EXPOSURE CONTROL (AEC) SYSTEMS 

AEC  BACK-UP and SAFETY TIMER TEST 

TABLE IMAGE RECEPTOR (BUCKY)   

PURPOSE: The TRCO will verify that the automatic back-up and safety time circuits function as prescribed in 21 CFR.  This test is performed on the radiographic tube, as the same limit circuitry is used for both radiographic and fluoroscopic modes.

LIMIT: The back-up and safety time circuits must operate and limit the maximum tube current and time combination (mAs) to 600 mAs, or limit the load to 60 kWs at tube potentials above 50 kVp.  For kVp lower than 50, the limit is 2000 mAs.  21 CFR 1020.31(a)(3)(iii)

PROCEDURE: Record information on the next page.

1.  Select a kVp value greater than 50.

2.  Set the manual backup timer to the longest available time.

3.  Block the x-ray beam with lead.

(
4.  Initiate a photodetector terminated exposure.

5.  Measure mAs obtained using the Dynalyzer or mAs meter, or calculate mAs from the product of mA and time of exposure.

6.  If the manufacturer specifies either a 600 mAs or 60 kW as the limit, record maximum mAs obtained or provide the calculation of kWs by multiplying the kVp setting by mAs obtained.

(
7.  Repeat the above procedure with kVp set below 50 kVp, and verify that 2000 mAs cannot be exceeded.

COMMENTS:

AEC:  BACK-UP and SAFETY TIMER TEST 

TABLE IMAGE RECEPTOR (BUCKY)   21 CFR 1020.31(a)(3)(iii)


Back Up Timer
Specified mAs / kW
Measured mAs / kWs
Pass
Fail

1.
Record the manufacturer specified mAs or kWs limits, for greater than 50 kVp.





2.
Record the manufacturer specified mAs or kWs limits, for less than 50 kVp.





3.
Are the measured results comparable with specification?





4.
Does a visual indication occur when the exposure terminates? 

21 CFR 1020.31(a)(3)(iv)





5.
Does the automatic exposure control require manual reset after a backup or safety timed exposure? 

[21 CFR 1020.31(a)(3)(iv)]





AEC:  MINIMUM RESPONSE TIME

IMAGE RECEPTOR

PURPOSE:  The TRCO will verify that the automatic exposure control (AEC) meets the minimum response time prescribed in 21 CFR.  All AEC controlled  Image receptors used with the system are to be verified.

CFR Limits:  Within the US, AEC must terminate an exposure within 1/60 (0.016) second at 60 Hz and 1/50 (0.020) seconds at 50 Hz for exposures of greater than 300 mA . At 300 mA and below, 5 mAs is the maximum limit.  21 CFR 1020.31(a)(3)(ii).

PROCEDURE:  Ensure that the system is in the AEC mode, that a grid is in place at the image receptor, and that the SID has been set to a usable distance.

1.  Align the x-ray beam with the collimator to a specific image receptor (do not use a phantom or absorbers to block the beam.)

2.  Block receptors which are not being tested with lead or limit the radiation field to the receptor under test.  You should use the manufacturer's literature to locate each detector with respect to the image receptor.

3.  Select 70 kVp, and initiate exposures at several mA stations to verify that the AEC functions.

(
4.  With the Dynalyzer, bleeder, and oscilloscope, or non-invasive TMDE, verify that an exposure does not exceed the limit of 1/60 second or 5 mAs, whichever is greater.

5.  Repeat the test for each selectable receptor field.

Note:  For example, on a 600 mA station, 1/60 second would be the limit since that time results in a 10 mAs exposure.  On a 100 mA station, 5 mAs would be the limit since a 1/60 second exposure would result in only 1.7 mAs.  

Most photodetector systems allow for selection of different fields for phototiming.

6.  Provide oscilloscope photographs or Dynalyzer printouts as evidence of response time.

AEC:  RESPONSE TIME


Record the AEC response time in the chart below, for each image receptor.


a.
Record each exposure for each detector.

Above 300 mA, mA setting: 
SID 


Receptor Field
Right
Left
Center
All


Exposure Time




Table

Exposure Time




Spot Film*

Exposure Time




Vertical

Exposure Time




Other*

* = To be completed during Fluoro tests

Below 300 mA, mA setting: 
SID 


Receptor Field
Right
Left
Center
All


Exposure Time




Table

Exposure Time




Spot Film*

Exposure Time




Vertical

Exposure Time




Other*

* = To be completed during Fluoro tests

Note:  21 CFR limits are:
60 Hz, 5 mAs, 1/60 second (16.66 ms).





50 Hz, 6 mAs, 1/50 second (20 ms).


Automatic Exposure Control
Yes
No

b.
Does the AEC comply with 21 CFR? (21 CFR 1020.31(a)(3)(ii)  



c.
Are exposure detectors well sealed and free of defects which may impair proper operation?  



d.
Attach and label Dynalyzer printout and oscilloscope photos here.

AEC:  COMPENSATION AND BALANCE TEST (TABLE BUCKY)

PURPOSE:  Verify that with a change in patient thickness, the AEC circuit compensates by adjusting an exposure parameter.  Verify balance between different detectors for the same receptors.

PROCEDURE:

Perform the test at a commonly used technique; i.e., 80 kVp, 300 mA using an absorber large enough to cover the three AEC receptors simultaneously.  Use absorbers that simulate a patient.  Recommended absorbers would be two blocks of 1100 alloy aluminum approximately 16" by 16", one 1.5 in thick and one 0.5 in thick.

1.
Place a loaded cassette in the table receptor, using the maximum SID available.  Place one of the absorbers in the beam.

2.
Select normal density and one detector.  Set backup timer to maximum.

3.
Initiate exposure and record time; develop film.  Mark film as the 1st exposure of that receptor.

4.
Reload the cassette.

5.
Add the second absorber to the beam, leaving the first absorber in the beam. 

6.
Locate the loaded cassette into the receptor.

7.
Initiate exposure and record time; develop film.   Mark film as the 2nd exposure of that receptor.

8.
Repeat test for each chamber of the table receptor, trying not to move the absorbers.

9. 
Use a densitometer to measure the optical densities of each exposed film.

10.  Results of Optical Density (OD) should not vary by more than 0.2 optical density, and time or mAs should be within 10% of the average of the three detectors, for the same absorber.  The time reading with the second absorber added should show an increase. 

11.  Compare film densities/times to confirm detector balance.  If film densities vary or times do not reflect an increase, adjustment by the manufacturer's representative is required.

Note:  Film densities cannot be compared between different receptors (i.e., vertical image receptor vs. table bucky).

Record exposure factors
kVp


mA


SID


Table AEC
DET #1
DET #2
DET #3
AVE
Within 10%

1st Exposure Time or mAs






2nd Exposure Time or mAs






e.  Do all exposures show the detectors are balanced?  ___ Yes         No       

Vertical AEC
DET #1
DET #2
DET #3
AVE
Within 10%

1st Exposure Time or mAs






2nd Exposure Time or mAs







AEC Results
Yes
No

f.
Do all exposures show the detectors are balanced?



RAPID FILM CHANGER TESTS

PURPOSE:  Verify the proper exposure rate in frames per second, uniformity of kVp, exposure time, and a uniform time between exposures.

PROCEDURES:

a.  Note that oscilloscope recordings and X-ray exposures can be accomplished simultaneously.

b.  Place a Westinghouse penetrometer and wire mesh on the film changer and select the technique that will produce a readable film.

c.  With the oscilloscope connected to the Dynalyzer or bleeder, obtain kVp waveforms of a two second long series for a 2 per second rate, 4 per second rate, and 6 per second rate.  Scope sweep speed should be 0.2 seconds per division (two seconds per sweep).  During the 4 per second rate, set the X-ray timer at the maximum allowable exposure time (Use the same section each time.)  Inspect films for non-uniformity or blurring due to movement and attach films to this page.

(
d.  Supply test films representing a two (2) second long series for each exposure rate tested with this report.

e.  Attach oscilloscope photographs; Dynalyzer printouts are not acceptable for this test.  The photographs should be inspected for proper exposure rate, uniformity of kVp and exposure time, and uniform time between exposures.

f.  Define any irregularities, pulses, or timing errors which may be present on the waveform.  Misadjustment of the timing cams in the rapid film changer can cause extra pulses and should be corrected.

g.  Does the film changer programmer sequence the Angiography injector (if supplied), X-ray generator, and film changer(s) in the sequence selected?  ___ Yes         No

Place Film Here            Place Film Here            Place Film Here           Place Film Here

(Or Attach To Package)

RAPID FILM CHANGER TEST

Scope Settings:  "ADD" Mode



Control Settings:


Vertical (Volts/Div.):
____________

kVp
__________


Horizontal (Time/Div.):
____________
mA
__________









Time
__________



2 per second 


PLACE PHOTOGRAPH HERE



4 per second 


PLACE PHOTOGRAPH HERE

Note:
Additional sheets should be added if  AP and Lateral are available.



6 per second



PLACE PHOTOGRAPH HERE 

TOMOGRAPHIC DEVICE

PURPOSE:  The TRCO will verify that for tomographic functions, the indicated level of cut is accurate and thickness of cut is correct. 

DoD LIMITS: Simple "add-on" linear tomographic systems should have repeatable cut level indicator accuracy of  2 mm or less.  Dedicated tomography units shall provide accuracy within 1 mm of control settings for level and thickness of tomographic cut.

PROCEDURE:  A tomographic phantom (45 degree angle wedge phantom) calibrated in mm and cm is required for these tests.  The TRCO will provide an X-ray film for each cut shown below: 

a.
Take radiographic films of three separate cuts and provide films that demonstrate level and thickness obtained.

b.
If the manufacturer's terminology or settings for section, stroke, or speed are different from those used in this protocol, so indicate.

c.
To  evaluate slice thickness, the TRCO should refer to specifications of the equipment manufacturer and compare results with the stated specification (given below) for various types of motion and exposure angle.

EXPOSURE
LEVEL OF CUT
THICKNESS OF CUT

1st
4 cm
1 mm

2nd
12 cm
3 mm

3rd
20 cm
5 mm

1. 
Place a properly loaded 8 x 10 inch cassette in the table cassette tray.

2.  
Position the tomography test wedge on the table top with the number scale perpendicular to the direction of the tube travel.

3.  
Select the appropriate cut level and thickness of cut.

4. 
Align the tomography test wedge so that the desired cut level scale mark is coincident with the central ray.

5. 
Set the tomographic exposure angle and sweep speed parameters.

(
6. 
Select 40 kVp and an mA/time combination that will allow for full travel of the tubehead . A starting point would be approximately 100 mAs at 40 mA.

7.
Make a tomographic exposure and process the test film.  Record the tomographic parameters on the film.

8. 
From the film determine the height or numerical value where the test image is sharpest. Compare the measured value of the cut level to the selected value and record the difference.

9.  Determine the distance from either side of the sharpest image of the cut plane where the wire images remain in reasonable focus.  This value is the thickness of the cut plane.  Record the test result.

10.  Repeat procedure with different level and cut thickness settings.

VERIFICATION OF TOMOGRAPHIC MECHANICAL PERFORMANCE

The TRCO will verify mechanical performance of the tomography device by the following procedure:

1. 
Place an 8 x 10 inch cassette in the cassette tray.

2.  
Locate a lead or stainless steel aperture plate (sheet with a 1/8 " hole drilled in the center) approximately 5 cm above the table top, and with the hole in the plate coincident with the central ray of the X-ray beam .

3.  
Set the tomographic exposure angle to the largest usable angle and sweep speed parameter to allow for a complete tracing on the film.

4. 
 Select an indicated cut level of 12 cm.

(
5.
Select 60 kVp and a mA and time combination that will demonstrate a full tomo-graphic exposure. Start with approximately 100 mAs for complex tomographic motions, and 20 mAs for linear tomography.

6. 
Make a tomographic exposure and process the test film.  Record the tomographic parameters on the film.

7.  The movement of the tubehead image receptor combination and deliberate offset of the aperture plate will create a trace or on the film which is representative of system motion and exposure.  If the tracing is too light, increase the technique factors.  Submit whole films with inspection report.

Evaluation Factors:

· For linear tomographic systems, the tracing should be straight, of constant density, and should not have any erratic motion displayed on the film.

· For non-linear tomography systems, the tracing will generally be of circular shape.

Note:  For circular or cycloid images, the trace should reflect the X-ray tube motion. If significant overlap or incomplete trace occurs, adjustment to exposure duration or tube angulation may be required.  Permitted overlap should not exceed 5 degrees.

Tomography Evaluation Factors
Yes
No

  8.
Is the tracing complete?



  9.
Is image density uniform?



10.
Is the produced line indicative of stable tube motion (i.e., without wobble or other abnormalities)?



11.
Does the body sectional device operate as specified? 



12.
Is the tomographic device installed so that it does not interfere with the X-ray system when it is in its "parked" position?



13
If the unit is equipped with a "remote control", are interlocks to the timing and Bucky circuits functional?  



14.
Does the exposure control device include the  "dead man"  feature that upon release, immediately stops all motion?



A Conversion and approximate angle equivalent chart is provided below:

AVERAGE ANGLE EQUIVALENT

TOMOGRAPHIC ANGLE
THICKNESS in mm

40
1 - 3 mm

30
2 - 4 mm

20
6 -  8 mm

15
8 - 10 mm

10
10 - 12 mm

8
13 - 15 mm

5
17 - 25 mm

4
25 - 30 mm

TOMOGRAPHIC DEVICE TESTS

EXPOSURE #1

EXPOSURE #2

EXPOSURE #3

Cut level:  4 cm
Cut level:  12 cm
Cut level:  20 cm

Thickness of cut: 1 mm
Thickness of cut: 3 mm
Thickness of cut: 5 mm

KVp
kVp
kVp

MAs
mAs
mAs

Selected
Selected
Selected

Measured
Measured
Measured

Difference
Difference
Difference





Cut Thickness
Cut Thickness
Cut Thickness

Selected
Selected
Selected

Measured
Measured
Measured

Difference
Difference
Difference

POSITIVE BEAM LIMITATION


PBL
Yes
No

a.
Does PBL occur at commonly used SIDs?   21 CFR 1020.31(e)(3)




b.
Does the system return to positive beam limitation (PBL) with a change in image receptor?  21 CFR 1020.31(e)(3)



c.
At vertical SIDs in the range of 90-130 cm, does PBL operate at all SIDs where exposure can be made?  21 CFR 1020.31(e)(4)(iii)



d.
At horizontal SIDs in the range of 90-205 cm, does PBL operate at all SIDs where exposure can be made?   21 CFR 1020.31(e)(3)(iii)



e.
Do PBL circuits operate when the beam axis or table angulation is + 3 degrees of the vertical or horizontal plane?   21 CFR 1020.3l(g) (2)(iii)



f.
Is X-ray exposure withheld while PBL circuits adjust to the size of an inserted image receptor? (Allow 5 seconds for circuits to adjust)

21 CFR 1020.31(g)(3)



g.
In PBL mode, can the beam be manually collimated smaller than the field size?  21 CFR 1020.31(g)(4)



h.
Does the capability exist to override PBL in event of system failure.  21 CFR 1020.31(g)(5) (either answer is not cause for rejection)



i.  *
If accessible to the operator, can the key be removed when PBL mode is overridden?  21 CFR 1020.31(g)(5)



j.  *
Is the key or key switch labeled "For X-ray Field Limitation System Failure"?  21 CFR 1020.31(g)(5)



*  Items i. and j.  above only applicable if answer to item h. is yes.

POST-CALIBRATION INSPECTION PROCEDURE/RADIOGRAPHIC 

PURPOSE:  "Post Calibration Inspection Procedure" (PCRI) provides maintenance technicians with procedures to inspect X-ray systems for compliance with Federal regulations.

DOCUMENTATION: Inspectors will prepare and submit either electronic or hard copy format of test results in the acceptance inspection package, Post-Calibration Radiation Inspection Record/Radiographic.  Inspectors will include a copy of completed AF Form 2025 with all copies of the inspection package.

RADIATION LEAKAGE, RADIOGRAPHIC - 21 CFR 1020.30(k)

a.  Measure leakage radiation from the radiographic X-ray tube.

(
b.  Utilize test procedure #1, Page 65

Leakage Radiation Measurements
Pass

Fail


c.
Manufacturer  Specification
mR/hr @

kVp
MA

mR/Hr

d.
Record Results







Anode cooling Rate of 

Thousand Heat Units (KHU/hr)


BEAM QUALITY, RADIOGRAPHIC  (HVL) - 21 CFR 1020.30(m)

a.  Verify half-value layer (HVL) at 90 kVp @ 100 mAs.

(
b.  Utilize test procedure 2, Page 66.

c.  0 mm ______ 2.5 mm ______ 4.5 mm ______ HVL ______ mm @ ______ kV

d.  Is the total fixed filtration stated in the manufacturer's literature or on the collimator tubehead combination label(s) at least 2.5 mm of aluminum equivalent for an x-ray unit rated over 70 kVp?  21 CFR 1020.30(h)(4)      ___ Yes   ____ No      

RADIATION VS. LIGHT FIELD, RADIOGRAPHIC - 21 CFR 1020.31(d)(2)

a.  Verify accuracy.

(
b.  Utilize test procedure #3, Page 68

c.  Record results: L1 + L2 __________
Wl + W2 __________  % Error __________

     ___ Satisfactory   ___ Unsatisfactory      

FIELD SIZE VS. INDICATORS, RADIOGRAPHIC - 21 CFR 1020.31(e)(l)(iii)

a.  Verify compliance.

(
b.  Utilize test procedure #4, Page 68.

c.  Record results:   ___ Satisfactory     ___ Unsatisfactory     % Error _______

MINIMUM FIELD SIZE, RADIOGRAPHIC - 21 CFR 1020.31(d)(l)

a.  Verify compliance.

(
b.  Utilize test procedure #5, Page 68.

c.  Record results:   ___ Satisfactory     ___ Unsatisfactory

FIELD VS. RECEPTOR (CENTER OFFSET), RAD - 21 CFR 1020.31(e)(1)

a.  Verify compliance.

(
b.  Utilize test procedure #6, Page 68.

c.  Record results:  ___ Satisfactory     ___ Unsatisfactory 

Note:  Results should be in inches.

SID
Allowed
Measured

Table Horizontal




Table Vertical




Chest Receptor




FIELD SIZE (PBL), RADIOGRAPHIC - 21 CFR 1020.31(g) (1) (ii) & (2)(iv)

a.  Verify.

(
b.  Utilize test procedure #7, Page 69.

c.  Record Results:

Table, Horizontal
Allowed
Measured

SID
Length



Width



Sum (L + W) 


Chest Receptor
Allowed
Measured

SID
Length



Width



Sum (L + W) 


REPRODUCIBILITY, RAD - 21 CFR 1020.31(b)

a.  Verify.

(
b.  Utilize test procedure #8, Page 71.

c.  Record Results:


kVp ______
mA _______

Time _______


mR 1 ______
mR2 ______

mR3 ______

mR4 ______


___ Satisfactory     ___ Unsatisfactory

LINEARITY, RADIOGRAPHIC - 21 CFR 1020.31(c)(1)

a.  Verify.

(
b.  Utilize test procedure #9, Page71.

c.  Record results on linearity worksheet page 97 or use Electronic PCRI Worksheet.

POST CALIBRATION INSPECTION PROCEDURES 

PROCEDURE #1:   LEAKAGE RADIATION   21 CFR 1020.30(k)

PURPOSE: This test measures radiation leakage from areas of the tube, other than the output port. It is based on the manufacturer's stated leakage technique factor and is used to locate shielding problems of the tubehead or collimator.

DEFINITION: Leakage Technique Factor can be considered to be the highest kVp and the highest mA value that a x-ray tube can be operated at, on a continuous basis, without damage to the tube by overheating.

LIMIT:   The maximum permissible leakage is 100 mR in one hour while the tube is operated at its leakage technique factor.  Leakage radiation is satisfactory if it is lower than 100 mR/hr.

PROCEDURE: Close the collimator shutters and block the beam area of the collimator with at least 10 half value layers (half value layers (HVLs)), about (l/8 inch lead sheet).  Use a radiation probe to measure for radiation values in excess of Federal Standards.

1.  Select maximum kVp or highest value allowed by manufacturer.

2.  Select a time station approximately equal to the response time of the survey meter (usually 1 to 3 seconds).

3.  Select the lowest mA station.  The lowest mA station is used to eliminate a deliberate miscalibration of the system to actual leakage technique factors.

4.  With the radiation probe located one meter (about 3 feet) away from the x-ray tube, make an exposure.

(
5.  Move the probe in a circle around the tube, and note if any radiation is detected. Make sufficient exposures over an area of approximately 100 square centimeters and average the results.  You may bring the probe closer to the tube to locate `Hot Spots', but be aware that at very small distances, the radiation measured, does not reflect actual "Leakage Radiation".

6.  If the average value obtained in (5.) above is less than 100 mR/hr, the radiation leakage is satisfactory, and there is no need to proceed further with the test.  If the value exceeds 100 mR/hr, the actual mR/hr will be calculated using the following procedure:

a.  Divide the mA from the leakage technique factors by the mA setting used for this test and multiply by the average mR obtained in step (6.) above.


  x  measured mR/hr  =  leakage radiation mR/hr

For example: An average of 300 mR/hr is obtained at 25 mA at 150 kVp. The specified leakage technique factor is 3.33 mA. The extrapolated value for the leakage factor would be:


  =  0.133  and now:   0.133  x 300 mR/hr = 39.9 mR/hr

Since this value is below the maximum permissible leakage of 100 mR/hr, it is satisfactory.

b.  Record the calculated leakage and indicate whether satisfactory or unsatisfactory.

PROCEDURE #2 :  BEAM QUALITY (HVL) - 21 CFR 1020.30(m)

Determine the HVL of the useful beam for the radiographic tubehead.

Method 1:  Calculated

1.  Position a radiation detector and test stand capable of receiving a number of calibrated sheets (specific thickness) of 1100 alloy aluminum between the tubehead and detector.

2.  Select 90 kVp and 100 mAs.  Keep kVp, mA, time, and distance constant for each exposure.

(
3.  Remove all selectable filters and initiate an exposure.  Record the mR value obtained in the "0 mm" blank and record this value on the semi-log graph paper at the 0 mm location.

(
4.  Insert 2.5 mm of aluminum between the tubehead and detector.  Initiate an exposure and record mR obtained in the "2.5 mm" blank and record this value at the 2.5 mm location on the semi-log graph paper.

(
5.  Insert 4.5 mm of aluminum between the tubehead and detector and initiate an exposure.  Record the value obtained in the "4.5 mm" blank and record this value at the 4.5 mm location on the semi-log graph paper.

6.  Draw a line on the semi-log graph paper between the values obtained at 2.5 mm and 4.5 mm of additional filtration. If the measurements were taken accurately, the line should meet the 0 mm filtration point on the left side of the graph.

7.  Divide the "0 mm" value by 2. This new value corresponds to 50% of the radiation value and should be located along the line drawn earlier.

8.  Draw a line down from this point.  The value obtained is the HVL of the useful beam at the specific kVp used for the test.

Method 2:  Measured

Requires type 1100 alloy aluminum filters of varying thickness.  Recommended: 5 ea. of 1.0 mm, 2 ea. of 0.5 mm, and 4 ea. of 0.1 mm thickness.

1.  Follow steps (1) and (2) above.

(
2.  Remove all selectable filters and initiate an exposure.  Record the mR value obtained in the "0 mm" blank.  Add approximately 2.5 to 3.0 mm of aluminum and make another exposure.  Compare the results of the two exposures.  Continue to add or subtract aluminum filters to the beam until the measured output is equal to one half of the initial value.  Record the amount of aluminum filtration used.

(
Results:

1.  If the value obtained in step (4) above is less than 50% of the initial value, remove aluminum from between the detector and tubehead. Record the additional mR values.  Continue removal of aluminum until the mR value exceeds 50% of the "No Additional Filtration" value.  Plot aluminum thickness versus mR on semi-logarithmic graph paper.  The point where mR equals 50% of the initial value is the HVL.  If it is less than 2.5 mm at 90 kVp (3.1 mm for 3-phase generators), the difference between the calculated HVL and 2.5 mm (or 3.1 mm) is the amount of additional filtration that must be added to the tubehead assembly.  If corrective action cannot be accomplished at the time of inspection, annotate unsatisfactory on the form and notify the department that the unit cannot be operated at a kVp that is higher than that specified in 21 CFR 1020.30, Table 1, for the actual HVL of the unit until this deficiency can be corrected.

Table 1  from 21 CFR 1020.30 (m) (1)

X-ray tube voltage (kilovolt peak)
Minimum HVL

(millimeters of aluminum)

Designed operating range
Measured operating potential
Specified dental  systems
Other X-ray systems

Below 51…………

51 to 70…………..

Above 70…………


30

40

50

51

60

70

71

80

90

100

110

120

130

140

150
1.5

1.5

1.5

1.5

1.5

1.5

2.1

2.3

2.5

2.7

3.0

3.2

3.5

3.8

4.1
0.3

0.4

0.5

1.2

1.3

1.5

2.1

2.3

2.5

2.7

3.0

3.2

3.5

3.8

4.1

Some X-ray systems have a selectable filter which can be removed to reduce filtration at lower kVp, but prohibits exposure at higher kVp levels if removed.  If this is the case for the system, step (1) through (4) should be performed with selectable filters in the beam. A second test should be performed with the filter removed at the maximum kVp the filter interlock will permit.  The HVL should be calculated and compared to the permissible value in 21 CFR 1020.30, Table 1.

2.  Indicate       __ Satisfactory        Unsatisfactory     
Note:  For 3-phase equipment, NCRP Report No. 102 requires a value of 3.1 mm of aluminum equivalent at 90 kVp.

HALF VALUE LAYER

If Plotting the HVL, use SEMI - LOG GRAPH PAPER

Note:  Reproduce this page for each additional x-ray tube.

PROCEDURE #3:  RADIATION VS. LIGHT FIELD - 21 CFR 1020.31.(d)(2)

1.  Manually collimate the light field to a cassette size of 8 X 10 or 10 X 12 inches at a SID of 40 to 48 inches.  NOTE:  If the cassette is placed on the table top, the indicated SID will not be correct and the tube will have to be raised by the additional distance to the image receptor to correct for the offset.

(
2.  Mark the edges of the light field so they will be visible on the exposed film.  Expose and develop the film.

3.  Measure the offset between the indicated and actual edges of the radiation field on the exposed film.  Sum the two edges of the film, ignoring sign, and enter on the form.

4.  Calculate allowable errors in either dimension by multiplying the SID by 0.02 (2%).

5.  If either the width or length exceeds allowable values, indicate unsatisfactory on the inspection form.

PROCEDURE #4:  FIELD SIZE VS. INDICATORS 21 CFR 1020.31(e)(1)(iii)

1.  Place a cassette in the image receptor at a commonly used SID. Note that you may need to readjust SID if the cassette is placed on the table top.

2.  Manually adjust the collimator field size indicators to a commonly used field size.

(
3.  Make an exposure and develop the film.

4.  Measure the actual length and width of the radiation field on the exposed film.  Subtract those values from the indicated dimensions and enter the length and width differences 

5.  Calculate the percent of error by multiplying 0.02 (2%) times the SID used.  Indicate whether satisfactory or unsatisfactory.

PROCEDURE #5:  MINIMUM FIELD SIZE 21 CFR 1020.31(d)(1) 

Verify that the minimum field size does not exceed a 5 cm square (2 inches) at a distance of one meter.

1.  In the radiographic mode, close the shutters completely and adjust the SID for 100 cm or maximum SID.  For spot film test, use maximum SID.

(
2.  With a film in the cassette holder, initiate an exposure, process the film and measure the irradiated area.  Indicate whether satisfactory or unsatisfactory on the form.

PROCEDURE #6:  FIELD VS. RECEPTOR (Center Offset) - 21 CFR 1020.31(e)(1)

This test is to be performed for each tubehead-receptor combination.  Table-horizontal and table-vertical are considered to be two different image receptors for this test.

Note:
There are various test tools available which will simplify the center offset test and are acceptable for use.

1.  Place a loaded cassette in the cassette tray.

2.  Using applicable detents, angulation indicators and centering lights, center the tubehead and collimator to the receptor at a commonly used SID.

PROCEDURE #6:  FIELD VS. RECEPTOR (Center Offset) - (Continued)

3.  Manually adjust the collimator to a field smaller than the cassette.  Expose and develop the film.

4.  Draw two sets of lines on the film, one set connecting the corners of the film and one set connecting the corners of the X-ray field as illustrated below:

5.  Measure the offset between the film center and the x-ray field center and record.

6.  Calculate the allowable offset by multiplying .02 (2%) times SID and record.

7.  Complete the above test for each tubehead-receptor combination.

(
8.  Label and provide a film from each receptor with the report.

Note:  Use of metric size film in standard size cassettes may introduce errors in the center offset test.

PROCEDURE #7:  FIELD SIZE (PBL) 21 CFR 1020.31(g) (1) (ii) & (2)(iv)

Prior to this test, verify collimator size indicators are correctly indexed.  Two or more commonly used different size cassettes should be available to check PBL tracking over the range of cassette sizes.

PURPOSE: This test verifies that the collimator light field and radiation field dimensions agree with the physical dimensions of the image receptor at usable SIDs.  It identifies misalignments in the light beam or radiation field caused by a shift in an optical component or maladjustment of the collimator shutters producing radiographs that could excessively expose the patient to radiation, or lose important diagnostic information due to image cutoff.

The test produces two (2) radiographs which are compared to each other so that congruence of the optical light field to radiation field which are adjusted by collimator devices can be verified.  The same size light field to radiation field relationship is called congruence.

LIMIT: For any one dimension (length or width) the radiation field cannot exceed 3% of the SID.  For example, with a SID of 48 inches, allowed error is 1.44 inches.

When the errors of both length and width are added together, the total error cannot exceed 4 percent of the SID.  Generally, PBL adjustment can be set to an error much less than the limits of 21 CFR.

This test is required for each tubehead-image receptor combination that has PBL.  The table image receptor (cassette holder) is considered as one receptor regardless of vertical or horizontal position.

1.  Verify that the X-ray tubehead is perpendicular to the image receptor under test.

2.  Place a loaded cassette (8 x 10 or other appropriate size) in the image receptor.  Align, center and lock the X-ray tube to the center of the image receptor at a commonly used SID (usually 36 to 40 inches for table, 48 to 72 inches for wall receptor).

Method 1:  Cardboard cassette directly on top of image receptor.

1.  Place a loaded cardboard cassette which is larger than the test cassette on the surface of the image receptor.  If this is not possible, relocate the cardboard cassette to the tabletop or front accessible surface of the image receptor.

PROCEDURE #7:  FIELD SIZE (PBL) - (Continued)

2.  Place a small lead marker or coin in the center of the collimator cross hair projection on the surface of the table or wall receptor (This may be helpful for determining direction of adjustments, if necessary).

3.  With test cassette in place, PBL should cone down to the size of the test cassette.  Observe the collimator light field and verify that PBL occurs.

(
4.  Make an exposure with both cassettes in place.  The first exposure should be about 60 kVp and 5 mAs.

5.  Bypass PBL with key or switch control.  Manually adjust the collimator to approximately the size of the cardboard cassette.

(
6.  Make a second exposure at about 60 kVp and 2 mAs.

7.  Process both films.

8.  The resultant images of the marker should be almost identical in size due to the closeness of the two films.  Observe that the cardboard cassette film will have a darker image which outlines the shape of the image size selected by the PBL system.

9.  If this radiation field exposure is greater or smaller in physical dimensions than the size of the test cassette, adjustment is required.  The cardboard cassette film will describe which collimator adjustments are necessary.

10.  Following adjustment, repeat the above sequence to verify that light beam to radiation field is correct for the image receptor.

11.  Verify slope adjustment of the PBL system by varying the size of the test cassette and the SID.  It may be necessary to compromise at extreme ranges of SID, but the limit shall not exceed 4% total error.

Method 2 :                                 L1            

  Collimator light field

Collimator Rotation.

                                                  W1
          
W2

Radiation light field







L2

1.  Place a 10” by 12” cassette in the receptor and align the tube with the receptor at a commonly used SID (i.e. 40”, 44”, or 72”).

2.  Rotate the collimator approximately 45 degrees.  Take an exposure at the following technique:  70 kVp, 5 mAs.  Phototiming is suggested for most systems.

3.  After processing the film, overlay a film of the same size (exposed or not, although a clear film works best)onto the exposed area.  Add or subtract the difference of the length and width.

4.  Repeat procedure using a 14” by 17” film.

5.  If this radiation field exposure is greater or smaller in physical dimensions than the size of the test cassette, adjustment is required.  Generally, PBL can be adjusted to limits better than required by 21 CFR.

PROCEDURE #8:  REPRODUCIBILITY - 21 CFR 1020.31(b)

Verify reproducibility by making four consecutive exposures and record mR values obtained.  Allow at least one minute between exposures.  If all values are within "5% of the average, reproducibility is satisfactory.  If any mR reading exceeds "5% of the average, calculate the coefficient of variation from:

C =      1     
       mRave




                         (mRave  -  mR1)2  +  (mRave  -  mR2)2  +  (mRave  -  mR3)2 +  (mRave  -  mR4)2







3

Where:  mR avg. is the average of the four readings.  If C is greater than 0.05, circle the value and indicate unsatisfactory on the form.

Note:  Technique  factors shall be adjusted to alternate settings, and reset to test settings after each measurement. 

PROCEDURE #9:  RADIOGRAPHIC LINEARITY - 21 CFR 1020.31(c) (1)

Verify radiographic linearity with kVp and distance to a radiation detector maintained as constants, and calculate linearity from the individual ratios of radiation output to selectable mAs, for each selectable mA station on the X-ray system, including both small and large focal spots.  Perform the test at three different kVp settings, such as one at 50-70, one at neutral kVp (the kVp at which basic mA calibration is performed, usually 80-90 kVp), and one at 100-130 kVp.  Record distance and the three kVp selections tested in appropriate areas of the inspection worksheet.

(
1.  For each kVp tested, make an exposure at representative mA stations, including at a minimum the following;  25, 50, 100, 200, 300 or 320, 400, 500, 600 or 640, 700 or 720, 800, 900, and 1000 mA, at 80 kVp. Record mA, time selected, and mR obtained.  Exposure duration used should be in the range of 0.1 (1/10) second to 1 second.  Time selections can be varied between mA stations since this will be compensated for in the conversion to mAs.  If the X-ray system has a mAs selector rather than independent mA and time selections, record the settings in the selected mAs blocks on the page 96 or electronic PCRI worksheet.

2.  Calculate selected mAs and mR/mAs for each exposure and record.  Determine the average mR/mAs value for all mA stations tested at each kVp by adding the individual mR/mAs values and dividing by the number of stations tested.  The upper and lower limits are "10% of this average.  Determine whether any value is outside the range either above or below the limits and readjust the mA stations to obtain satisfactory results.

Note:  This linearity limit is more stringent than addressed in 21 CFR 1020.30(c).

FLUOROSCOPIC IMAGING DEVICE

Fluoroscopic Imaging Device
Yes
No

a.
Fluoroscopic Carriage



(1)
Is the image system as specified on the contract?  



(2)
Is the image system properly counterbalanced in the normal use configuration?  



(3)
Does the image system (in normal use configuration) move easily on the overhead tracks without binding or drifting?  



(4)
Verify that the fluoroscopic carriage movement meets the following maximum specifications as measured with a pull gauge (unless the movement is power assisted):



(a)
  8-pounds maximum moving lengthwise:  



(b)
  5-pounds maximum moving crosswise:  



(c)
8-pounds maximum moving up and down:  



(5)
Is the fluoroscopic assembly installed such that it does not "drift" or "creep" in any position longitudinally or laterally?  



(6)
Does the vertical carriage move without digging or binding on the table tracks when the table is horizontal or vertical?  



(7)
Is the myleographic stop installed such that it does not keep the fluoroscopic assembly from going below a predetermined position?  



(8)
Is the fluoroscopic cabling/wiring properly draped?  



(9)
Are wires or wire bundles properly strain relieved?



(10)
Are the insulated bushings and other cable supporting devices present and installed properly?  



b.
Spot Film Device:  (Some or all of the tests may be accomplished in conjunction with the Phototimer performance Tests



(1)
Is the spot film device and tube stand installed such that they do not interfere with one another?  



(2)
Does the spot film device change technique to the radiographic mode as soon as the cassette in the spot film device moves into position?  



(3)
Does the cassette fit easily into the spot film device?  



(4)
Is the cassette easily removed when the release is activated?



(5)
Are table and spot film switches easily functional while the operator is wearing lead gloves?  



(6)
Does the spot film device move easily while the table is tilted at various angles and positions?  



(7)
Does the cross travel centering lock center within manufacturer's specifications?  



(8)
Is a quick release compression lock available, and is it operational?  



(9)
Are all fluoroscopic carriage locks operational?



FLUOROSCOPIC TUBE

Fluoroscopic Tube
Yes
No

a.
Is the X-ray tube supplied with proper cable horns and Federal Standard cable wells?  



b.
Is the tube blower properly installed and does it operate quietly?  



c.
Does the High Speed rotor brake operate within manufacturer's specifications?  



d.
Does rotor operate smoothly and quietly.



e.
Cable Dress:



(1)
Are the cables properly ‘dressed’?  



(2)
Are the cables ‘dressed’ to ensure the fluoroscopic carriage does not "drift" when positioned at its extreme ends of travel?  



(3)
Are the cables protected by strain relief?  



(4)
Are the cables protected by covers when required  



(5)
Are the cable ends suitably protected with insulating materials?  



g.
Is radiation prohibited from the fluoroscopic tube when the spot film device is in the "parked"  position?  21 CFR 1020.32(a)(1).  Limitation of useful beam.  



IMAGING SYSTEMS

PURPOSE:  Verify that a high resolution image is obtainable.

a.  Focusing and Resolution:

(1)  Place a l/2 inch equivalent aluminum attenuator on the table top and place the resolution pattern (mesh) on top of a 12-inch(25.4 cm)  spacer.

(2)  Lower the fluoroscopic assembly until it is in contact with the resolution test pattern.

(
(3)  Select a fluoro technique of 60 kVp and initiate an exposure.  Adjust the mA for the highest quality image and record the number of mesh wire that can be clearly seen.

(

(4) Repeat the test for each magnification mode.  Run test films on systems with cone 


and Photospot capability and record the results.

b.  Low Contrast Perceptibility (T-hole):

(1)  Position the T-hole phantom with 1-1/2 inch  equivalent aluminum attenuator at the table top and lower the imaging assembly to a 12-inch spacer.

(2)  Select 80 kVp, auto brightness, and record the smallest pair of  T-holes that can be visualized in the image.


(3) Ensure the fluoro grid is in position during this test.

Note:  For some systems with automatic brightness control, no operator control of kVp is possible.

The values given below describe the minimum limits or range of mesh numbers for image intensified fluoroscopic imaging systems during various viewing and film recording modes.

* SEE NOTE




VIEWING MODE

FILM RECORDING MODE

Input Screen of II
TV
VCR / VTR
Photospot
Cine

10 -12 cm (4-5”)
35 / 40
35 / 40
50 / 60
50 / 60

15 - 18 cm (6-7”)
24 / 35
24 / 35
40 / 50
40 / 50

19 - 28 cm (8 - 11”)
20 / 24
20 / 24
30 / 40
30 / 40

29 - 43 cm (12 - 17”)
20 / 24
16 / 20
16 / 20
20 / 24

The values of T-holes given below describe the minimum perceivable hole size as a limit for image intensified fluoroscopic imaging systems during various viewing and film recording modes. *SEE NOTE 




VIEWING MODE

FILM RECORDING MODE

Input Screen of II
TV
VCR / VTR
Photospot
Cine

10 -12 cm

(4-5”)
1.52 mm 0.06” 
1.52 mm 0.06” 
1.52 mm

 0.06” 
1.52 mm 0.06” 

15 - 18 cm 

(6-7”)
3.3 mm 0.13”
3.3 mm 0.13”
1.52 mm 0.06” 
1.52 mm 0.06” 

19 - 28 cm 

(8 - 11”)
3.3 mm 0.13”
3.3 mm 0.13”
1.52 mm 0.06” 
1.52 mm 0.06” 

29 - 43 cm 

(12 - 17”)
4.8 mm

0.19”
4.8 mm

0.19”
3.3 mm

0.13”
3.3 mm 0.13”

Using the criteria from the above charts, check and record the mesh number or T-hole:


10 - 12 cm
15 - 18 cm
19 - 28 cm
VCR / VTR
Photospot

Resolution






T-Hole






Magnification Factor






Notes:  

(1)  The operational kVp of the system used for performing the T-hole test can also influence the results as the test device is optimized around 80 kVp.  For some automatic brightness control systems no operator control of kVp is possible.  However, they should stabilize between 70 and 90 kVp for the particular phantom employed.

(2)
The four sizes of holes are:  0.25, 0.19, 0.13, and 0.06 inch diameter.

(3)
For some imaging systems, it may be necessary to use a magnifying glass to evaluate the image on processed films.

(4)
If a Video Tape Recorder (VTR) or VCR is supplied, have manufacturer representative record the above tests for later evaluation.

*  This information was taken from "Quality Assurance for Fluoroscopic X-ray Units and Associated Equipment," published by the Center for Devices and Radiological Health (CDRH), Department of Health, and Human Services (DHHS).

TV/VTR (VIDEO RECORDER) DISPLAY 

(Normal and Reversed Modes)

X-Ray Control Settings:


85 kVp


1.5 mA

a.
Insert the mesh phantom with absorbers #l and #2.

(
b.
Initiate a fluoro exposure and observe the image.

c.
Is the image properly centered?


MAG 1:
YES      NO      N/A


MAG 2:
YES     
 NO     N/A      


MAG 3:
YES     
 NO     N/A      

d.
Is the image linear over the entire field?


MAG 1:
YES     
NO     N/A      


MAG 2:
YES      NO     N/A      


MAG 3:
YES      NO     N/A      

e.
Is the image presentation circular?


MAG 1:
YES      NO     N/A      


MAG 2:
YES      NO     N/A      


MAG 3:
YES      NO     N/A      

f.
Does the image size correspond to manufacturer specifications for the monitor?


MAG 1:
YES      NO     N/A      


MAG 2:
YES      NO     N/A      


MAG 3:
YES      NO     N/A  
g.
Do the operator image reversal switches function properly (i.e., left to right, top to bottom, black to white)?


MAG 1:
YES      NO     N/A      


MAG 2:
YES      NO     N/A      


MAG 3:
YES      NO     N/A      

h.
Does image remain centered within 2 mm, when switched from normal to reverse mode?


MAG 1:
YES     
NO     N/A      


MAG 2:
YES     
NO     N/A      


MAG 3:
YES     
NO     N/A      

NOTE:  For any question regarding image quality, two photographs should be taken and provided with the report for determination by the contracting officer.

i.
Do the images appear satisfactory?  YES       NO      N/A      

j.
Is the VTR / VCR supplied, as specified in the contract?  YES       NO      N/A     

k.
Have the manufacturer representative play back a recording of the T-hole and focusing resolution test (Page 75).  Is reproducibility and resolution satisfactory?  YES       NO       N/A      

l.  The TRCO should make oscilloscope connections to the video chain at the camera output port and at the TV monitor if  discrepancies appear in the visual presentation that cannot be calibrated or adjusted out of the system.  In the event of dispute or concern regarding image quality, the TRCO will provide two photographs of the baseband video signal taken from the output jack at the rear panel of the television monitor. Photo 1: should be referenced to the vertical sweep (FIELD VIEW).  Photo 2: should be referenced to the horizontal sweep rate (LINE VIEW) of the television system.  Annotate the photos with the scope settings on gain and sweep.

PLACE PHOTOGRAPHS HERE
FLUOROSCOPIC kVp AND AUTO BRIGHTNESS

PURPOSE:  Verify kVp selection and monitor kVp changes during fluoroscopy. For systems that incorporate automatic brightness control (ABC), the system is exercised to determine the rate of change with significant increase in patient density.  There  should be little or no change in image  quality.

a.  MANUAL CONTROL of kVp:  The image intensifier may be turned off or the radiation beam blocked to prevent damage to the image detector or pickup.  

(

Select manual fluoroscopic mode and use 1 or 2 mA technique.  

      With the scope in single trace, add mode, provide a group of kVp waveforms that            
demonstrate several kVp settings. Provide a photo that includes the lowest and highest kVp 
selections.

b.  AUTOMATIC BRIGHTNESS CONTROL:   Ensure that a phantom or beam blocker is used to limit or

     prevent unattenuated radiation from damaging the image detector or pickup.  Determine whether the

     ABC system is kVp or mA controlled, and select the appropriate test below.

(1)  Test #1 for kVp Control:

a. Prepare to measure kVp waveform via Dynalyzer or non-invasive technique.

b. Set the scope for a two second/div. sweep.

c. With #1 absorber in place, initiate a fluoroscopic exposure.

d. During exposure, place blocker into the beam. This action should cause kVp to increase to 120 
kVp, or manufacturer specified upper kV limit..

e. After kVp stabilizes and before end of sweep, remove blocker.  The resultant waveform should 
be 
similar to the example below.  Provide one photograph of kVp waveform.


     Test #2 for kVp Control:

a. Prepare to measure kVp waveform via Dynalyzer or non-invasive technique.

b. Set the scope for a two second/div. sweep.

c. Initiate a fluoroscopic exposure.

d. During exposure, place blocker into the beam. This action should cause kVp to Increase to 120 
kVp, or manufacturer specified upper limit.

e. After kVp stabilizes, not to exceed 1.5 sec., remove blocker, kVp should return to original value 
in 1.8 second, or less.


kVp Measurements during Fluoroscopy
Yes
No

a.
Is the manufacturers specified maximum kVp obtained when the II input phosphor is blocked?



b.
Is maximum rise time equal to or less than 1.5 sec?



c.
Is maximum fall time equal to or less than 1.8 sec?



(2) Test for mA Control:

a. If using Dynalyzer, provide photograph of mA waveform using procedure described previously for

    kVp tests.

FLUOROSCOPIC AND ABC WAVEFORMS

Scope Settings:  (If used)


Mode:

Add


Volts/Div.:
_______


Time/Div.:
_______

X-ray Control Settings:


mA
________


kVp
________

Scope Settings:  (Auto Brightness Control)


Mode:

Add


Volts/Div.
________


Time/Div.
________

SPOT FILM DEVICE

FOUR-ON-ONE SPOT FILM

PURPOSE:  Verify that the phototimer density control varies mAs and that a four-on-one spot film is properly aligned.

a.  Normal densities are selected by the radiology department.  If densities were not adjusted, radiographs will be taken and furnished to the radiology department.

b.  Perform the tests at a commonly used technique; i.e., 80 kVp 300 mA with phantom or equivalent with absorbers #1 and #2 in the beam.  Record the mAs obtained from three settings, normal, light, normal and dark.  Dynalyzer printouts may be used in lieu of oscilloscope photographs.

(
c.  Set the spot film device control to allow a four-on-one exposure.  The results of the phototimer test will also be used to verify proper alignment and operation of the spot film device.  The first exposure should be marked as No. 1 and the lead marker removed for the remaining three exposures.

d.  Later sections of this procedure contain additional tests on the spot film device.  It may be more feasible to complete these tests in conjunction with the phototimer performance test at that time.

e.  Attach an exposed four-on-one radiograph here.  (Three of the four exposures should show varying densities as determined by the phototimer density selector).

SFD Film Results
Yes
No

(1)
Are all four exposures focused and clear?  



(2)
Are the four exposures of regular or normal densities on the film?  



(3)
Is it impossible to initiate a double exposure on the same area of the film?  



(4)
Is spacing between frames less than 4.5 mm (3/16 inch) with no overlapping?  



Note:
Depending on SID to the receptor, one of the absorbers may have to be removed if the backup timer activates.

PHOTOTIMER PERFORMANCE TEST

Record Exposure Factors:


kVp
____________


mA 
____________


Distance
   _______

Density Setting Normal __________

mAs __________

Density Setting Light __________

mAs __________

Density Setting Normal __________

 mAs __________

Density Setting Dark __________

mAs __________

SPOT FILM CAMERA 

PURPOSE:  Verify that the spot film camera operates correctly throughout the range of contracted for and user selectable frame rate in frames per second, without producing image distortion on the film.

a.  Perform test with high voltage divider and oscilloscope connected to the fluoroscopic system.

b.  Select desired frame rate .  Tests should be performed at three different frame rates. Include films taken at the maximum frame rate..

c.  Set the fluoroscopic shutters to maximum, remove all external cones or diaphragms in the exposure field prior to test.

d.  Place the #2 absorber and wire mesh phantom in the fluoroscopic beam. Identify the frame rate with lead markers (number in fps) on top of the phantom to indicate selected rate.


e.  Select 0.5 sec per division sweep on the oscilloscope.

(
f.  Initiate an exposure series for the spot film camera. Process the film and calculate the actual frame per second rate from the oscilloscope wave form.  Exposures will appear as pulses.

g.  Look at the processed film for defects such as image distortion and non-uniform density.


h.  Attach film and photo of waveform for each test performed.

Frames Per Second __________

PLACE SECTION OF SPOT FILM (CINE) CAMERA NEGATIVES HERE

Frames Per Second __________

PLACE SECTION OF SPOT FILM (CINE) CAMERA NEGATIVES HERE

POST CALIBRATION INSPECTION PROCEDURE/FLUOROSCOPIC

PURPOSE:  "Post Calibration Inspection Procedures" provides maintenance technicians with procedures to inspect X-ray systems for compliance with Federal regulations.

DOCUMENTATION:  Air Force inspectors will follow the inspection format and record test results in the acceptance inspection package and on AF Form 2026, "Post Calibration Radiation Inspection Record/Fluoroscopic."  Air Force inspectors will include a copy of the completed AF Form 2026 with all copies of the inspection package.

Navy inspectors will record tests results in the space provided from the acceptance inspection package or the optional electronic PCRI worksheet if electronic means are available. 

TIMER ACCURACY, FLUOROSCOPIC - 21 CFR 1020.32(h)

TIMER ACCURACY, FLUOROSCOPIC
Yes
No

a. (
Verify in accordance with test procedure #10, Page 87.  Design of some systems may prevent performing this test.  



b.
Does an audible tone sound when the timer has 30 seconds of time remaining for an exposure?



c.
Does the audible tone continue until timer is reset?



NOTE: If any of the above do not apply, then note that they are not testable.

RADIATION LEAKAGE, FLUOROSCOPIC - 21 CFR 1020.30(k)

a.  Verify leakage radiation from the fluoro X-ray tube.

b.  Utilize test procure #11, Page 87.

c.  Record results:


kVp
_____   mA
_____
     Average mR/hr  _______


Satisfactory ___
 Unsatisfactory ___       

BEAM QUALITY (HVL), FLUOROSCOPIC - 21 CFR 1020.30(m)

a.  Verify half-value layer (HVL).

(
b.  Utilize test procedure 12, Page 88.

c.  0 mm  ______  2.5 mm  ______  4.5 mm  ______ 

 HVL  is  ______  mm @  ______  kVp

d.  Is the total fixed filtration stated in the manufacturer's literature and/or the collimator/tubehead not less than 2.5 mm aluminum for units over 90 kVp?

21CFR 1020.30(h)(4)     Yes ___  No ___   

FLUORO OUTPUT MEASUREMENTS - 21 CFR 1020.32(d) 

a.  Verify entrance exposure rate compliance.

(
b.  Utilize test procedure #13, Page 89.

c.  Record results:

ENTRANCE EXPOSURE RATES (21 CFR 1020.32 (d) (3)) LIMITS

Mode Selected
Automatic
Manual
Auto / Manual*

W/O High Level
10 R/min
5 R/min
10R/min

High Level, Off
5 R/min
5 R/min
5R/min

High Level, On
5 R/Min
5 R/min
20 R/ min - 20 R/min

* This equipment has both automatic and manual selection.

TRCO Observations
Yes
No

d.
Is the radiation output at, or below the limits of the above chart?



e.
Does the audible tone change in loudness or pitch when high level control is activated?



f.
Is there special means to activate high level control?



MINIMUM FIELD SIZE, FLUOROSCOPIC - 21 CFR 1020.32(b)(2)(iv)

a.  Verify compliance.

(
b.  Utilize test procedure #14, page 89.

c.  Satisfactory ___  Unsatisfactory  ___       

MINIMUM SSD 21 CFR 1020.32(g)

a.  Verify minimum source-to-skin distance.

(
b.  Utilize test procedure #15, Page 90.

c.  SSD __________

d.  Satisfactory ___  Unsatisfactory ___    

FIELD SIZE VS. INTENSIFIER INPUT - 21 CFR 1020.32(b)(2) 

a.  Verify the size of the X-ray field at the intensifier input phosphor.

(
b.  Utilize test procedure #16, Page 90.

c.  Record results:


(1) Is clipping visible(all sides) with shutters fully open?  ___ YES  ___ NO 


(2) Length of error:       L1 + L2  ________      Error %  ________


(3) Width error:             Wl + W2  ________     Error %  ________


(4) Sum of length and width errors: ________  Error % ________



Satisfactory ___
  Unsatisfactory ___     

FIELD SIZE VS. SPOT FILM SIZE - 21 CFR 1020.32(g)(1) (i) & (ii)

a.  Verify offsets.

(
b.  Utilize test procedure #17, Page 91.

c.  Record results:


(1) Length of error:      L1 + L2  ________       Error %  ________


(2) Width error:            Wl + W2  ________      Error %  ________


(3) Sum of length and width errors: ________  Error % ________


(4) Center Offset: ________   Error % ________



Satisfactory ___   Unsatisfactory ___     

SPOT FILM REPRODUCIBILITY - 21 CFR 1020.31 (b)

a.  Verify reproducibility of spot film exposures.

(
b.  Utilize test procedure #18, Page 92.

c.  Record results:



kVp ________
mA ________
Time ________



mR1 ________
mR2 ________
mR3 ________
mR4________



Satisfactory ___   Unsatisfactory ___     

SPOT FILM LINEARITY - 21 CFR 1020.31(c)

a.  Verify linearity of mR/mAs for spot film technique.

(
b.    Utilize test procedure #19, Page 93.

c.  Use the chart below, or page 96.  

TUBE CURRENT CHART, OUTPUT AND LINEARITY

Distance:
Low kVp:
Medium kVp:
High kVp:

MA
Time
mAs
mR
mR/mAs
mR
mR/mAs
mR
mR/mAs






































































































Low kVp
Medium kVp
High kVp

Average mR/mAs




High




Low




Allowed Deviation is +/- 10% of the average of mR/mAs

Satisfactory ___   Unsatisfactory ___     

ACTION REQUIRED:

If review of the report indicates that some or all parts were unsatisfactory, indicate so on the report deficiency list.  Corrected discrepancies should also be noted.

POST CALIBRATION INSPECTION PROCEDURES

PROCEDURE #10:  TIMER ACCURACY - 21 CFR 1020.32(g)


Set the fluoroscopic timer to allow for a 30-second time remaining exposure and activate a fluoro exposure.  Ensure that upon termination of the 30 second exposure time, an audible tone sounds and continues to sound while X-ray is produced, and remains so until the timer is reset.  Design of some systems may prevent this test.

PROCEDURE #11:  LEAKAGE RADIATION - 21 CFR 1020.30(k)

With the collimator shutters closed and the beam blocked with at least 10 half value layers (half value layers (HVLs)) (l/8 inch lead sheet), check the tubehead assembly for compliance with Federal Standards.  The maximum permissible leakage is 100 mR per hour with the tube operated at its leakage technique factors.

(1) Select the unit's maximum kVp and a time setting of 30 to 60 seconds.  Select the mA setting which corresponds to the leakage technique factor in the manufacturer's literature.  If, for some reason, this value cannot be selected, use the lowest mA station obtainable. Make an exposure long enough for the radiation measuring device to get a response. Generally an exposure of ten to 15 seconds should be long enough to as outlined in the procedure below.

(2) Position the survey meter approximately one meter (39.5 inches) from the source as illustrated below.  Make sufficient exposures over an area of approximately 100 square centimeters and average the results.  Record this value.

(3) If the average value is less than 100 mR/hr, the radiation leakage is satisfactory and there is no need to proceed further with the test.  If the value exceeds 100 mR/hr and the mA for the leakage technique factor was not provided by the manufacturer, the actual leakage radiation in mR/hr may be calculated using the following procedure:


(a) The mA from the leakage technique factor is divided by the mA setting used for the test and this value is then multiplied by the average mR obtained in step (2) above.


  x  measured mR/hr  =  leakage radiation mR/hr

For example: An average of 300 mR/hr is obtained at 25 mA at 150 kVp. The specified leakage technique factor is 3.33 mA. The extrapolated value for the leakage factor would be:


  =  0.133  and now:   0.133  x 300 mR/hr = 39.9 mR/hr

Since this value is below the maximum permissible leakage of 100 mR/hr, it is satisfactory.


(b) Record the calculated leakage and indicate whether satisfactory or unsatisfactory .

PROCEDURE #12:  BEAM QUALITY, FLUOROSCOPIC (HVL)  - 21 CFR 1020.30(m)

Determine the HVL for the fluoroscopic tubehead.

Method 1:  Calculated

1.  Position a radiation detector and test stand capable of receiving calibrated sheets of 1100 alloy aluminum between the tubehead and detector.

2.  Select 90 kVp and 100 mAs.  Keep kVp, mA, time, and distance constant for each spot film exposure.

3.  Remove all selectable filters and initiate a spot film exposure.  Record the mR value obtained in the "0 mm" blank and record this value on the semi-log graph paper at the 0 mm location.

4.  Insert 2.5 mm of aluminum between the tubehead and detector.  Initiate an exposure and record mR obtained in the "2.5 mm" blank and record this value at the 2.5 mm location on the semi-log graph paper.

5.  Insert 4.5 mm of aluminum between the tubehead and detector and initiate exposure.  Record the value obtained in the "4.5 mm" blank and record this value at the 4.5 mm location on the semi-log graph paper.

6.  Draw a line on the semi-log graph paper between the values obtained at 2.5 mm and 4.5 mm of additional filtration. If the measurements were taken accurately, the line should meet the 0 mm filtration point on the left side of the graph.

7.  Divide the "0 mm" value by 2. This new value corresponds to 50% of the radiation value and should be located along the line drawn earlier.

8.  Draw a line down from this point.  The value obtained is the HVL of the useful beam at the specific kVp used for the test.

Method 2:  Measured

Requires type 1100 alloy aluminum filters of the following thickness.

5 each of 1.0 mm, 2 each of 0.5 mm, and 4 each of 0.1 mm thickness.

1.
Follow steps (1) and (2) above.

2. 
Remove all selectable filters and initiate a spot film exposure.  Record the mR value obtained in the "0 mm" blank.  Add approximately 2.5 to 3.0 mm of aluminum and make another exposure. Compare the results of the two exposures.  Continue to add or subtract aluminum filters to the beam until the measured output is equal to one half of the initial value.  Record the amount of aluminum filtration used.

Results:

1.
If the value obtained in step (4) above is less than 50% of the initial value, remove aluminum from between the detector and tubehead. Record the additional mR values.  Continue removal of aluminum until the mR value exceeds 50% of the "No Additional Filtration" value.  Plot aluminum thickness versus mR on semi-logarithmic graph paper.  The point where mR equals 50% of the initial value is the HVL.

If it is less than 2.5 mm at 90 kVp (3.1 mm for 3-phase generators), the difference between the calculated HVL and 2.5 mm (or 3.1 mm) is the amount of additional filtration that must be added to the tubehead assembly.  If corrective action cannot be accomplished at the time of inspection, annotate unsatisfactory on the form and notify the department that the unit cannot be operated at a kVp that is higher than that specified in 21 CFR 1020.30, Table 1, for the actual HVL of the unit until this deficiency can be corrected. (see pg. 67 for table)

2.   Record whether test results are satisfactory or unsatisfactory.

PROCEDURE 13:  FLUORO OUTPUT MEASUREMENTS - 21 CFR 1020.32(d) (3)

Measure and record the maximum exposure rates with the radiation detector one centimeter above the table top in the fluoro mode as illustrated below and indicate whether satisfactory or unsatisfactory.

Mode Selected
Automatic
Manual
Auto / Manual*

W/O High Level
10 R/min
5 R/min
10R/min

High Level, Off
5 R/min
5 R/min
5R/min

High Level, On
5 R/Min
5 R/min
20 R/ min - 20 R/min

* This equipment has both automatic and manual selection.

(1)  Depending on the available functions of the radiation measurement meter (TMDE) that is used, the exposure rate per unit of time may have to be determined with a stopwatch and the calculation of the maximum readings converted into Roentgens per hour made using the measured exposure time and the radiation meter reading (30-60 seconds is usually sufficient).

(2)  Use several technique settings to identify the maximum entrance exposure rate.

(3)  Ensure that a phantom intercepts the beam at the test stand to prevent un-attenuated radiation from damaging the image detector or pickup.

PROCEDURE 14:  MINIMUM FIELD SIZE, FLUOROSCOPIC - 21 CFR 1020.32(b) (2) (iv)

PURPOSE: Verify that the minimum field size does not exceed a 5 cm square (2 inches) on the monitor.

(1) Close the fluoro shutters completely and adjust the unit for maximum source-image-distance (SID).

(2) Initiate a fluoroscopic exposure.  If the exposure area appears larger than 2-inches square, determine the actual dimensions and indicate satisfactory or unsatisfactory.

PROCEDURE 15:  MINIMUM SSD - 21 CFR 1020.32 (g)

PURPOSE: Verify that the minimum source-to-skin distance is not less than 38 cm (15") for stationary fluoroscopy, 30 cm (12") for mobile fluoroscopy, 20 cm (8") for specific surgical operations.

(1) Measure the distance from the marked focal spot to the table top and indicate whether satisfactory or unsatisfactory.   

PROCEDURE 16:  FIELD SIZE VS. INTENSIFIER INPUT - 21 CFR 1020.32(b)(2) 

PURPOSE:  Verify that neither length or width misalignment exceeds the visible area of the image receptor by more than 3% of the SID.  The sum of the excess length and the excess width shall be no greater than 4% of the SID.    (reference:  NEMA Standard 5-15-1979).

PROCEDURE:  Measure the offset between the edges of the X-ray field and the input phosphor of the intensifier as a percentage of the SID with the shutters open.  If `clipping' of the image is visible at all SIDs with shutters at maximum, check yes.  If clipping is not visible, proceed as follows:

(1) Place a beam localizer phantom marked in inch or centimeter increments on the table top or in a test stand.

(2) Center the image intensifier over the phantom.

(3)  Measure the distance from the focal spot to the localizer phantom (SSD).

(4) During a fluoroscopic exposure, adjust shutters until clipping of the x-ray field is just visible on the image.  Record the field dimensions visible on the phantom or mark with lead.

(5) Place a cardboard cassette over the phantom, open shutters fully, and expose and develop the film.

(6) Measure the total length and width offset of the actual field with the previously marked or recorded visible field.  L1 + L2 equals the sum of the top and bottom offsets irrespective of sign; Wl + W2 equals the sum of the sides.  Divide each sum by the distance from focal spot to the localizer phantom (SSD) and record the percentage of error.  Add the two percentages.

(7) Indicate unsatisfactory if the values exceed the tolerances.

PROCEDURE 17:  FIELD SIZE VS. SPOT FILM SIZE - 21 CFR 1020.31(g) (1) (i) & (ii)

PURPOSE:   This test measures the offset of the edges and the center of the spot film.

PROCEDURE:

1.  Place a loaded cassette in the spot film device.  Select a one on one spotfilm image. 

2.  Position the spotfilm device at the maximum SID.  Center the spot film device laterally over the table.  Lock the spot film device into position.  

3.  
Place the localizer phantom on the table top.  Center the localizer phantom by use of fluoroscopy.    

4. 
Measure the distance from the focal spot to the spot film cassette (SID).

5.  
Manually drive the fluoroscopic shutters wide open.

6. 
Place a cardboard cassette over the localizer phantom

7.  
Initiate a spot film exposure at the format being inspected.  Process and inspect both 
films.

8.
If the radiation field left visible unexposed borders on the spot film, measure and record the length and width offsets between the film and the field as a percentage of SID.  L1 + L2 is the sum without regard to the sign of the top and bottom offsets.  Wl + W2 is sum of the side offsets. Add the total length offset and total width offset and record as a percentage of SID.

(Note:  The beam localizer phantom will leave visible coordinates on both films.)

PROCEDURE 17:  FIELD SIZE VS. SPOT FILM SIZE - 21 CFR 1020.31(g) (1) (i) & (ii) -- (Continued)

9.  Compare the corresponding coordinates of the edges of the radiation field of the spot film to those on the cardboard cassette to ensure they are the same.  If they are, draw two sets of coordinates on the film, one connecting the film corners and one connecting the field corners. Measure the offset between the film center and field center and record as a percentage of SID.  If they are not, the beam is being limited by the spot film orifice in the device rather than by the collimator.  In this case, proceed to the next step below.

10. 
If one or more edges of the X-ray field did not leave visible unexposed borders on the film, or if a comparison of edge coordinates with the cardboard cassette indicates cutoff by the spot film device, proceed as follows:


a.
Measure the distance between images of the phantom divisions on the spot film.  Next, measure the distance between images of the phantom divisions on the cardboard cassette.  Divide the distance from the spot film cassette by the distance on the cardboard cassette.  The result is the magnification factor.

  
b.
Count the number of phantom divisions to the spot film edge being measured.  (NOTE:  Phantom center may not correspond to film center.  This is unimportant as long as the same reference is used in all steps.)


c.
Count the number of phantom divisions to the corresponding edge of the radiation field shown on the cardboard cassette.  


d.
Subtract step b from step c and multiply by step a.  This gives the offset for that edge.


e.
Repeat as necessary for other edges and record L1 + L2 and Wl + W2 as a percentage of SID.

 
f.
Add the total length offset and the total width offset.  Record as a percentage of SID.


g.
On the film from the cardboard cassette, draw lines connecting the corners of the radiation field and determine the center.


h.
Using the phantom coordinates, place a dot on the corresponding spot on the film from the spot film device.


i.
Draw lines connecting the corners of the film and measure and record the center offset as a percentage of SID.

11.  State whether satisfactory      or unsatisfactory     .  

PROCEDURE 18:  SPOT FILM REPRODUCIBILITY- 21 CFR 1020.31(b)

Check reproducibility by making four consecutive exposures and recording mR obtained.  Allow at least one minute between exposures.  If all values are within "5% of the average, reproducibility can be considered satisfactory.  If any mR reading exceeds "5% of the average, calculate the coefficient of variation from:

C =      1     
       mRave




                         (mRave  -  nR1)2  +  (mRave  -  mR2)2  +  (mRave  -  mR3)2 +  (mRave  -  mR4)2
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Where mR avg. is the average of the four readings.

Record:  If C less or equal to .05, Indicate satisfactory.

Note:  Technique  factors shall be adjusted to alternate setting and reset to test settings after each measurement.

PROCEDURE 19:  SPOT FILM LINEARITY- 21 CFR 1020.31(c)

Measure film linearity at one kVp which should be recorded according to the following procedure:

Note:  Some systems have only one spot film mA station.  If this is the case, enter N/A.

1.  Make an exposure at representative mA stations, including at a minimum the following;  25, 50, 100, 200, 300 or 320, 400, 500, 600 or 640, 700 or 720, 800, 900, and 1000 mA, at 80 kVp.. Record mA, time selected, and mR obtained.  Exposure duration used should be in the range of 0.1 (1/10) second to 1 second.  Time selections can be varied between mA stations since this will be compensated for in the conversion to mAs.  If the X-ray system has a mAs selector rather than independent mA and time selections, record the settings in the mAs blocks on the worksheet.

2.  Calculate mAs and mR/mAs for each exposure and record.

3.  Determine the average mR/mAs value for all mA stations by adding the individual mR/mAs values together and then dividing that amount by the number of exposure selections.  Upper and lower limits are "10% of the average.  Determine whether any value is outside the lower and upper limits, and readjust the mA stations to obtain satisfactory results.  This linearity limit is more stringent than addressed in 21 CFR part 1020.30(c).

4.  State whether satisfactory or unsatisfactory   

ITEM 20:  COMMENTS AND RECOMMENDATIONS

Annotate any data that may be helpful during analysis of results of tests, in support of a determination by the contracting officer, or any recommendation that may clarify your finding to DPSC.

ITEM 21:  ACTION REQUIRED

For any tests that were unsatisfactory, indicate so on Page ?? of this report. Identify whether the discrepancies were corrected during the inspection.

REIMBURSEMENT FOR REINSPECTION POLICY

Under current policy, the manufacturer, contractor, or vendor (hereafter called Contractor) is required to reimburse an inspecting organization for all costs associated with, and actually incurred during the performance of reinspection.  The Contractor shall be responsible for the actual cost of transportation, salary, per diem, and other costs associated with the inspection.

To recoup these costs, it is necessary for the inspecting organization to provide a fully documented bill to the Contracting Officer at DPSC.  The Contracting Officer in turn submits the bill to the Contractor, thereby obligating a return of funds to the Government.  Generally, the amount owed for the reinspection is subtracted from the Contractor's account or remaining balance still held at the DPSC, that would be due to the Contractor, following completion of installation and acceptance of that item.

There may be some instances that reimbursed funds can be returned to the inspecting organization, but these instances must be validated by the Contracting Officer and by the respective Military Service Field Office that has obligation authority for disbursement of funds.

PROCEDURE

Following reinspection, the inspecting personnel of each respective branch of service are required to prepare certain  documentation concerning the reinspection.  The documents will be prepared by the appropriate authority from the activity and submitted to DPSC.  Such documents may be forwarded as an enclosure to the DPSC inspection packet or under separate cover at a later date. In all instances, original documents must be submitted.

Required documents are as follows:


a.
Air Force refer to AFMLO Guidance Document 80-8.


b.
Army 



(1)
Travel Order(s) (DD Form 1610)



(2)
Travel Claim(s) (DD Form 1351-2)



(3)
Travel Voucher (DD Form 1351)



(4)
Work Order(s) (DD Form 2407 or Automated Work Order)



(5)
Receipts for; Lodging, Vehicle, Fuel, etc. 


c.
Navy



(1)
Applicable Travel Order(s)



(2)
Travel Claim(s) (DD Form 1351-2)




Include documentation for use of Government vehicle



(3)
Work Order(s) NAVMED 6700/4

SUBMITTAL OF DOCUMENTATION

Each respective service must submit completed documentation as follows:

Defense Personnel Support Center

ATTN:  DPSC-MPEA

P.O. Box 8419

2800 S.  20th St.

Philadelphia, PA 19101-8419

EXCEPTION:  USAMMA operated Medical Maintenance Operations Divisions (MMOD), Tracy, CA and MMOD Tobyhanna, PA are required to submit documentation to:

U.S. Army Medical Materiel Agency

ATTN:  SGMMA-RDA

Frederick, MD 21702-5001

COVER LETTER FORMAT

SUBJECT:  Request for Reimbursement, DPSC Project No./Contract/Delivery Order No.

TO:  DPSC-APNC-46

1.
This organization has completed a reinspection on the above cited project.  Under the terms of the DPSC Contract, the vendor is obligated to reimburse the government.

2.
Reimbursed funds should be sent to:


a.  Air Force - Air Force Base submitting documentation.


b.  Navy - Naval installation submitting documentation.


c.  Army - Applicable Finance and Accounting Office.

3.
Indicate to DPSC who the check should be made out to.  List a point of contact.

          



                      _____________________







(Signature Block)

TUBE CURRENT CHART, OUTPUT & LINERAITY FOR RAD & FLUORO
TO BE USED BY COMMANDS WITHOUT ELECTRONIC (COMPUTER) CAPABILITIES

Distance
Low kVp
Med kVp
High kVp

mA
Time
mAs
mR
mR/mAs
mR
mAs
mR
mR/mAs







































































































































































































































































































































































































Allowed Deviation + 10% of Average of mR/mAs





Average
               
               
                




High

               
               
                




Low

               
               
               




Satisfactory ____       Unsatisfactory ____

Action Required:  If review of the report indicates that some or all parts were unsatisfactory, indicate so on the report deficiency list.  Corrected discrepancies should also be noted. 
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Tel: (908) 707-4301
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ELECTRONIC FORM 

(Bold text - available on PCRI Electronic Form)

The following electronic form was created to ease performance verification.  For conventional acceptance testing, DoD uses this form to produce a baseline performance document.  Your command or service may also encourage use of this form.  This may be used as an adjunct to documentation previously incorporated.  To use this form, you must have a functional Excel 4, Excel 5, or other similar spreadsheet program.  The form is locked, that means you may fill in areas intended for a response, but may not change areas or sections of the form where a response is not required or needed.  This purposeful protection of the form prevents you from inadvertently changing numerical values that are part of formulas for providing a result based on your entries.  This form was created in Excel 4.0 and formatted to print using the HP Laserjet III print driver. If you have a different configuration, minor adjustments are needed to format pages. 

DIRECTORY OF FORM

1.
MAMMO.XLS     MAMMOGRAPHIC X-RAY VERIFICATION/CALIBRATION/PCRI FORM




PART I

ACCEPTANCE INSPECTION

I.  SCOPE

This procedure contains tests related to the design, performance, installation and radiation safety characteristics of medical x-ray systems.  Certain tests are performed to confirm compliance with Federal Law as it pertains to 21 CFR.  Other tests are performed to determine manufacturer compliance with the contract requirements, which by Service agreement and concern may be more stringent than 21 CFR.  Additional tests determine if the assemblers have properly installed the x-ray system.

II.  DEFINITIONS

· Contractor.  A person who represents a company that manufacturers or supplies the product or system identified in the equipment description of a contract.

· CMMS.  Chief, Medical Material Services.  An Officer, Warrant Officer, Non-Commissioned Officer, or Civilian in Charge of the Medical Material Section of the Health Care Facility, who acts as the primary point of contact between the contractor, representative, TRCO, and the Department of Radiology.  

· Extended Installation.   An additional contract line item (CLIN) to the contract whereby the contractor is responsible to perform additional work to the facility, to ensure the timely installation of the X-ray equipment and completion of the contract prior to an established .  This may include work functions such as re-wiring from the main circuit breaker to the control, or relocation or additional trough materials.  In all instances,  the preparation work does not allow for the renovation of the room, painting or replacement of major components (ceiling or flooring) of the room.  

· Inspection.  Means examination, measurement, and the testing of the system and components by physical and technical means to determine compliance with the contract requirements and the equipment specifications.

· Representative.  A person or group of persons employed by a contractor, that performs installations, calibrations or other services on the installed system.  These individuals are also known as the manufacturer's representative or representative of the manufacturer.

· TRCO.  A military or civilian representative of the Government who acts as the Technical Representative of the Contracting Officer. The TRCO compiles information taken during acceptance testing and provides it to the Contracting Officer for decision.

· Variance.  A request to delay or to defer a scheduled inspection.  This request originates from the manufacturer or from the receiving organization, and is addressed to the DPSC Contracting Officer.

III.  SAFETY NOTES

· Under no circumstances should you expose any portion of yourself or of any other person to useful or primary X-radiation.

· When measuring x-ray for verification of calibration, it is mandatory that adequate shielding be used by operating personnel, such as the wearing of lead aprons and lead gloves for additional protection against radiation.

· When making exposures, strictly observe all radiation safety precautions and wear your personal monitoring device.

· In checking collimator calibration, avoid unnecessary radiation exposure. Require that personnel not directly involved in the inspection leave the area.

· Use a partner or the "Buddy System" to minimize the hazard while making connections to or working in high voltage circuits.

· Take extra care when operating remote exposure or servicing switches to ensure proper safety precautions.

· Never make electrical connections to the x-ray generator or other components with the power on.

· Do not wear loose clothing, ties, or jewelry near the table motor, gears, or any mechanical system that could snag such items. Remove rings and other metallic items when operating near electronic components.

· Inspect "wire-rope" cables with gauze pads for severely flattened areas, burrs, rough spots and verification of proper lubrication.

· Consult operating and service manuals for other special safety precautions.

· Lock-out or Tag-out any electrical circuit breakers or fuses prior to working on line powered circuits.

During inspection of an x-ray tube for filament or rotor operation, verify that no radiation is being produced. If examination of rotor surface or x-ray filament "change over" or "boost" circuits need verification do not look directly into the tube port.  Use a mirror to view into the port.

IV.   INSPECTION REPORT

Upon completion of required tests, forward appropriate pages or electronic copy (3 1/2" disc) of the report, with documentation to DPSC and appropriate military logistics office listed on page 6.

INSPECTION COVER LETTER


a.  The TRCO is responsible to prepare and submit the completed acceptance document to the Contracting Officer.  In particular, provide telephone numbers for an on-site representative who is familiar with the project.  Ensure the generic description and trade name is filled out, as those entries may be used as the descriptive entries into the property accounting system.  Ensure the representative has provided a filled out FDA 2579, as they may be liable for a significant penalty if the form is not provided.  Absolutely ensure block 2 is checked, either for acceptance or rejection.  Don't leave the report as a guessing game for the contracting officer.  Lastly, be sure the report is signed.


b.  Provide all requested information.  If information requested is not applicable for the system being inspected, indicate "N/A" in the appropriate blanks.  If the inspection was not completed for any reason, indicate this on the discrepancy summary sheet. Indicate in the report which tests were not completed.


c.  Note the TRCO only recommends acceptance or rejection.  Prior to the inspection, inform the manufacturer's representative that the Contracting Officer makes the final determination of acceptance or rejection.  Recommendation for rejection should normally be made if there are any uncorrected deficiencies.  The contractor has 14 days after notification of rejection by the Contracting Officer to correct the deficiencies without penalty.


d.  If the deficiencies do not require a complete reinspection or use of specialized test equipment, the TRCO can recommend reinspection by the local medical maintenance activity. In such instances, the designated local manufacturer's representative and local medical maintenance personnel should be advised of reinspection requirements. A local hospital representative should be present during the reinspection.


e.  If the report is being filed as the result of reinspection, a statement of travel, per diem, and salary expense for the reinspection period should be incorporated with the report. Provide a valid name and address of the organization to receive the reimbursed funds or other credit.

To:
      Contracting Officer, DPSC-MQX
Date:_______________


      2800 S. 20th St.


      P.O. Box 8419


      Philadelphia, PA 19101-8419

From:  

Subject:  Inspection/Reinspection of X-Ray Equipment

1.
The equipment identified below was     inspected     reinspected and performance tested.


a.
MXN               Project Number:                                                                      

b.
Activity Requisition Number:  _________________________________________ 


c.
Contract/Delivery Order Number:  _____________________________________ 

 
d.
Manufacturer:                                          Installed By:  _____________________ 


e.
Location:  Base/Post:                                    Building:                     Room #______ 
    

Telephone Number: Radiology                                            Medical Maintenance


f.
Generic Description (Mobile, R/F etc.):  _________________________________ 

g.
Trade Name/Model (MTX, Advantx, etc.):   ______________________________ 
    
h.
Notification Date:                                     Deadline Date:  ___________________ 


i.
Inspection Period:  _________________________________________________ 


j.
Inspector's Name (TRCO):  __________________________________________ 



Inspector's Address:  _______________________________________________



Telephone Number (Commercial and DSN):  ____________________________ 
   

Telefax Number (Commercial and DSN):  _______________________________ 


k.
E-Mail address:  ___________________________________________________ 


l.
Equipment first placed In-Service on (Date):   ____________________________ 

m.
FDA Form 2579 Completed:  ___Yes     ____No     Serial # _________________ 
   
n.
Inspector's Workorder Number (if applicable):  ___________________________ 
2.
Based on the attached report, I recommend that the x-ray equipment and installation be:


____  Accepted    ____  Rejected

3.
For reinspection, documentation for reimbursement can be found listed at Encl. or will be forwarded under separate cover.

(Inspector's Signature and date)

Encl.



A.
Inspector's Responsibilities

The following paragraphs discuss requirements, as well as provides suggestions and clarifications to make the acceptance inspection procedures easier to understand and perform.


1.
Procedure For Inspection or Reinspection


The DPSC Contracting Officer and DPSC-MQX act as an agent for the government during the procurement process of x-ray equipment.  The Contractor has a written contract to supply a product to an organization , and may have specific instructions to perform installation.  The contractor is obliged to contact DPSC following delivery of the product, and where installation is involved, to advise DPSC that installation is complete and the system is ready for inspection.


After receiving proper notification that a system is ready for inspection or reinspection, the Government has thirty (30) days in which to perform the inspection. If not completed within this time frame, and a variance to this time frame has not been requested or approved, the Government is obliged to accept installation, and establish a warranty start date.


It is the responsibility of the inspector to notify the Chief, Medical Materiel Services (CMMS), at the health facility, of the proposed inspection schedule, to include inspection duration and desired start date.  Normally, one to four days should be scheduled for inspection.  The Chief, MMS is responsible for coordination with the inspector, contractor, and radiologist to establish the actual inspection date within the established time frame.  Prior to the inspection, the CMMS should inform the local representative of the contractor about specific contract requirements and in particular, the inspection procedures contained in this document. 

Note:  The local representative may not be aware of all the elements of the inspection or of the contract.


The CMMS or his local military representative should initiate contact and describe the requirements of this document.  This may be a good time to advise the representative that the contracting officer makes the final determination of acceptance or rejection.  In the event of rejection by the contracting officer, the contractor has 14 days after notification of rejection to correct deficiencies without penalty.


Unresolved local problems regarding these areas should be directed to DPSC-MQX for resolution by the Contracting Officer.


Variance to the scheduled inspection period cannot be negotiated at the local level but must be requested and approved by the DPSC. A request for variance must be directed as early as possible to DPSC-MQX, prior to the end of established thirty (30) day inspection time frame. The request must provide a reason for not being able to perform inspection within the scheduled time frame, and provide a proposed new date for inspection or other action you are requesting; e.g. 10, 15, 30 day extension, postponement, cancellation, etc.


2.
Interviewing Users


Inspectors should arrive at the inspection site prior to the appointment with the manufacturer's representative. Enough time should be made to allow the user to describe any operational problems with  in-use equipment. The inspector can visually inspect the system for general installation quality and become familiar with the system's operation.  This preparation can considerably shorten the inspection and make it more effective.


The Technical Representative of the Contracting Officer (TRCO) is allowed to perform mechanical inspection of the system and components without the presence of the contractor's representative.


The inspector shall not perform any electronic tests of the x-ray system without the presence of the manufacturer 's representative. Discrepancies identified during visual inspection should be brought to the attention of the manufacturer's representative to allow appropriate correction during the course of the inspection.  The TRCO performs the inspection, and is responsible for operating the test equipment and recording data.  The Contractor Representative is responsible for connecting the TRCO's test equipment to the x-ray system and components and for operating the x-ray equipment during the inspection.


3.
Contract Compliance Elements


The DPSC contract specifications are derived from a combination of:

· Service unique essential characteristics for equipment performance

· Customer's generic description of the requirement

· Manufacturer's published specifications

· DoD X-Ray Acceptance Inspection Procedures

· Title 21, Code of Federal Regulations


In some instances, manufacturer's specifications may differ from DoD requirements contained in "DoD X-ray Acceptance Inspection Procedures".  Disagreements between the inspector and the manufacturer's representative relative to particular points of system performance or specification are to be resolved by the Contracting Officer (DPSC), who has the final authority to make determination.  Discussions about issues and disagreements should be included in the report for the Contracting Officer.


4.
Documentation of Deficiencies


All deficiencies will be completely documented and forwarded to the Contracting Officer. Documentation includes a written description of the deficiency, printouts, or photographs.  Photos that clearly describe the problem or deficiency must be included with the document for the Contracting Officers review and inclusion in the DPSC rejection letter.  Dynalyzer or other mechanical printouts should be of good quality.  If photocopy capabilities are available, copy those pages of the inspection report that may be useful to the manufacturer's representative for corrective actions.  An advance copy of the deficiency pages explaining discrepancies identified during the inspection will be provided to the manufacturer's representative at the end of the inspection.


Any copy of this report that is left with the local organization is provided as a courtesy, and is considered an unofficial document, so may not reflect the final decision of the Contracting Officer as it appears on the official report.


5.
Correction of Deficiencies During Inspection


Deficiencies may be encountered during acceptance inspection. If deficiencies consist of minor adjustments or repairs which could be accomplished during the inspection, the inspector should allow the manufacturer's representative to make corrections.


The inspector shall repeat a test when the results of that test could have been affected by the correction of a deficiency.  All corrections should be noted in the inspection report.


The decision to permit correction of a deficiency or to terminate inspection is a matter of judgment by the inspector.  This decision should be based on the condition of the equipment, the degree of effort  of the manufacturer's representative to correct the deficiency, and the time remaining for the inspection.


As a general guideline, if correction of deficiencies will cause the inspection to last more than a day longer than normally expected, the inspection may be terminated, or if continued, the deficiency should be listed as an uncorrected defect.


6.
Termination of Inspection


The inspector may not terminate the inspection if the contractor's representative is not present.  The inspector will notify the CMMS who made arrangements for the inspection. The CMMS is required to notify DPSC-MQX by message or telephone, that the contractor has not arrived on site. Telephone numbers for the DPSC is DSN 444-2896, or commercial number of 1-215-737-2896, The FAX number is DSN 444-5752, or commercial telephone number of 1-215-737-5752.

    
DPSC-MQX will provide guidance regarding contractor's attendance.  Depending upon the new arrival date of the manufacturer, the inspector may perform those tests which do not require the contractor to connect the inspector's test equipment to the system.  If the manufacturer will not arrive on site within a reasonable time, as determined by DPSC-MQX, those tests which cannot be performed will be listed on Page 19, and will become cause for rejection of the system. Inspectors should complete as many tests as possible, even if noted deficiencies will obviously result in rejection. Uncompleted portions of the tests should be clearly indicated in the report by page number, with the statement that they must be accomplished during reinspection.  Deficiencies that are not cited or identified in the report could result in a loss of the right of inspection and allow reinspection of only those previously reported deficiencies.

     Occasionally, a manufacturer's representative may decline to continue testing when it is obvious by the number or type of deficiencies that the system will be rejected. In this instance, the reason for declination should be noted in the report.


7.
Performance of Reinspection

     The inspector should perform only those tests which failed the initial inspection, or tests whose previous results could have been altered by correction of a deficiency. The report must identify deficiencies cited in Contracting Officer's rejection letter to the contractor and indicate which deficiencies have been corrected.  Appropriate supporting documentation must be provided.


Recommendations for rejection cannot be based on discrepancies identified during the reinspection for unaltered tests which were accepted during initial inspection. These defects are to be corrected according to the provisions of the warranty.  If the discrepancies are minor in nature, reinspection of the system may be performed by the local medical maintenance activity.

Instructions:  Acceptance Test instructions follow the sequence of the table of contents.  Paragraph numbers correspond to the number of the test given in the table of contents. The appropriate page number is also given. Some inspectors will find it more convenient to perform sections or portions of sections in a different order.

B.
Address (Service specific mailing addresses are provided below):


Navy (NAVMEDLOGCOM)


Naval Medical Logistics Command


Attn: Code 31


521 Fraim St.


Ft. Detrick, MD 21702-5015


Air Force (AFMLO\FOM)


Air Force Medical Logistics Office


1423 Sultan Drive


Ft. Detrick, MD 21703


Army (USAMMA)

U. S. Army Medical Materiel Agency


ATTN: MCMR-MMM-P


Ft. Detrick, MD 21702-5001

V.  CHANGES TO THIS DOCUMENT

Recommendations to improve these test procedures are encouraged, and may be submitted at any time.  Recommendations should be forwarded to the respective Military Service Field Office and to:


DPSC-MQX


P.O. Box 8419


2800 S. 20th St.


Philadelphia, PA 19101-8419.

All specifications, standards, regulations, codes, or other documents referenced in this inspection protocol are current as of the acceptance inspection package release date and are subject to change.

REQUIREMENTS FOR SERVICE DATA MANUALS FOR X-RAY EQUIPMENT

a.  The contractor shall furnish two copies of all manuals, handbooks and/or brochures containing complete operation, installation and service/maintenance instructions (including pictures or illustrations, as necessary) with complete schematics and wiring diagrams.

b.  All manuals, handbooks, and/or brochures are to be written in the English language and all schematics and wiring diagrams will use American electrical and electronic symbols.  The manuals will include electrical data and connection diagrams for all applicable utilities.  

c.  The instructions shall include a complete list of replaceable parts showing part number, number and quantity required.

d.  All service notes, service memos, etc., pertaining to the equipment and issued subsequent to the printing of the original instructions shall also be included.  These instructions shall be, as a minimum, that furnished to service engineers (or servicemen) that normally install and service the equipment for the company or distributor.

e.  When the system being procured includes or will operate with other ancillary equipment, the service data shall include complete instructions and drawings which show interfacing of all system components.  Two copies of the above information will be furnished to the Chief of Medical Materiel Services at the hospital receiving the equipment.

f.  The Government reserves the right to award based upon those contractors which meet the above service data requirements for both contractor and subcontractor items.

DELIVERY ORDER VERIFICATION
1.
VISUAL INSPECTION


a. 
Verify that the contractor has done a quality installation and provided good workmanship practice by inspection of the equipment and general observation of the complete installation:



(1)
Cabinets, control and transformer, including interconnecting cables.



(2) 
Table and accessories if present.



(3)
Peripheral equipment: i.e.; Stereotactic biopsy unit, safety screens, parts cabinets, accessory racks, patient comfort items, etc.



(4)
Safety hazards, installation, operational and patient.



(5)
Rails, cable drapes and hardware. (Document on pages 17 & 18)


b.
Consult with facility Biomedical Engineering to determine if equipment has been inspected for proper electrical connection, proper grounding and electrical safety testing.

2.
DOCUMENTATION OF EQUIPMENT


a.
Verify presence of ALL items listed on purchase order, recording ALL product identification nomenclature.


(1)
List all model and serial numbers for each piece of equipment listed on purchase order.  Document indicated dates of manufacture for all X-Ray tubes.


(2)
Itemize sub-assemblies inherent to a particular component or system.


(3)
Tube identification includes cable port angulation, date of manufacture, focal spot size, heat unit rating and target angle.


(4)
All grids are to be examined for correct number of lines per inch/centimeter, grid ratio and focal distance.  (Attach copies of manufacturer’s inventory sheet)

Note:  As of the publication date of this manual, all General Electric Medical Systems (GEMS) mammographic grids are 5:1, 31 lines per centimeter.  They are not marked with that information.


b.
Verify the presence of two complete sets of manuals, operators instructions and parts manuals for ALL equipment and peripherals listed on the purchase order in addition to the required diagnostic software and programming devices. (Note: be alert for documentation of components or subsystems which require manuals, etc.)  Check for current dated two sets of operating software and memory backup.


c.
Document all deficiencies on page 19.  Identify missing items and incorrect substitutions.


d.
General documentation includes:


(1)
Complete names and titles of all personnel who were contacted or who assisted in the performance of the inspection.


(2)
Location of all equipment by room number and room identification.


(3)
Photographs of the room and all equipment listed on the purchase order.


(4)
A list of all test equipment utilized in the inspection including model number, serial number and calibration date.


e.
Complete the X-Ray tube inventory sheet for the contracting officer on both new inspections and re-inspections where new X-Ray tubes have been installed.

Government & Manufacturer Representatives
Title


Telephone Number

































Note: Business cards may be attached to simplify recording information.








___________________________________________


Inspector (Signature)

If the equipment uses exposure counters, provide exposure Information:


Mammography Tube

Number of Exposures


Begin


End


Total


TEST EQUIPMENT LIST

All test equipment used in the performance of this inspection is the property of 

_________________________________________, and is identified below:




NOMENCLATURE
MFG. & MODEL NO.
SERIAL #
 DUE CALIBRATION

Densitometer




Digital Display




Digital Printer




Digital Volt Meter




High Voltage Bleeder




Light Meter




mAs Meter




Non-Invasive kVp Meter




Oscilloscope




Radiation Meter




Slit Camera



















Note:   The TRCO should verify that test equipment which requires calibration has a valid certification label. If the equipment label indicates that calibration is overdue, the item should not be used unless its accuracy can be proven by comparing it with an instrument of known accuracy and with the written consent of the manufacturer's representative. 

MAMMOGRAPHIC UNIT ASSEMBLY EVALUATION

Purpose:  The TRCO verifies that all locks, detents, angulation indicators and mechanical support devices for the X-Ray tube and image receptor holder assembly are operating properly.

1.
Check the mammographic unit assembly for the following:


a.
Verify that the free-standing dedicated unit is mechanically stable under normal operating conditions


b.
Verify that all moving parts move smoothly without undue friction, that cushions or bumpers limit the range of available motions and that no obstructions  hinder the full range of motions within these limits.


c.
Set and test each lock and detent independently to ensure that mechanical motion is prevented when the lock or detent is engaged.


d.
Verify that the image receptor holder assembly is free from wobble or vibration during normal operation.


e.
Verify that the image receptor slides smoothly into the proper position in the image receptor holder assembly and that the image receptor is held in place securely by the image receptor holder assembly.


f.
If provided, verify that the compressed breast thickness scale (analog or digital) is accurate to within +/- 5% and reproducible to within +/- 1%. as measured with the RMI Mammography Compression Test Device Model 163.  

Note: The compression pressure shall not exceed 35 to 55 lb.

g.
Verify that in normal operation, the patient and operator are not exposed to sharp or rough edges or possible electrical hazards.

Note: Verify that the compression release feature functions properly.  Ensure that the grid is not bent or damaged at the higher compression value.

MAMMOGRAPHIC UNIT ASSEMBLY EVALUATION
Mammographic Unit Assembly Evaluation
Yes
No
N/A

1. 
Are all assembled parts mechanically stable?




2. 
Do all moving parts move smoothly without drift in any direction or movement?




3. 
Do all moving parts move without obstruction, binding or bearing noise?




4. 
Do all locks and detents work properly?




5. 
Is the image receptor holder assembly free from vibration?




6. 
Is the image receptor held securely by assembly in any orientation?




7. 
Does the image receptor slide smoothly into the holder assembly?




8. 
Is the compressed breast thickness scale accurate to within +/- 10% and reproducible to ~+/-1 mm?




9. 
Is the Compression Release ‘pressure limited’ to less than 35 to 55 lbs?




10. 
Ensure that the grid is not touched or contacted by the breast support at higher pressures. The grid is not bent or warped? 




11. 
Does the breast compression “release” function properly?




12. 
Is the patient or operator exposed to sharp or rough  edges or other hazards?




13. 
Are operator technique and control charts posted?




14. 
Is the operator protected during the exposure by adequate radiation shielding?




15. 
Is the tube carriage rigid and level?




16. 
Are proper bumpers and stops installed?




17. 
Are all cables properly dressed?




MAMMOGRAPHIC UNIT ACCEPTANCE TEST SUMMARY

Purchase Order No:  __________________________

Date:  __________________ 

Mammographic Unit Assembly Evaluation
Pass
Fail

1.
Collimator Assessment



1a.
Deviation between x-ray field and light field is less than 2~% of SID



1b.
X-ray field is within image receptor at left, right and anterior edges



1c.
X-ray field does not extend beyond chest wall edge of the image receptor by more than 1~% of SID



1d.
Chest wall edge of compression paddle does not extend beyond image receptor by more than 1~% of SID



2.
Focal Spot Size Measurement



2a.
Measured focal spot size is within acceptable limits for large focal spot



2b.
Measured focal spot size is within acceptable limits for small focal spot



3.
KVp Accuracy and Reproducibility



3a.
Measured average kVp within +/- 5% of nominal kVp



3b.
KVp coefficient of variation < 0.02



4.
Beam Quality (Half-Value Layer [HVL]) Assessment



4a.
HVL is within acceptable lower and upper limits at all kVp values tested



5.
Automatic Exposure Control (AEC) System Performance



5a.
Exposure reproducibility is within acceptable limits



5b.
Phototimer compensation for kVp and breast thickness meets specifications



5c.
Density control function meets manufacturer’s specifications for +/- percentage of change



6.
Breast Entrance Exposure and Average Glandular Dose



6a.
Average glandular dose for average breast is below 3 mGy (300 mRAD



6b.
Average glandular dose to a 4.5 cm thick breast on this is unit is



7.
Mammographic Phantom Artifact Assessment



7a.
Is the total score consistent with DoD, and ACR requirements?



Note:  Regarding filling in the blanks on any of the forms.  If you require additional boxes to enter data on equipment, discrepancies, or other data that needs to be looked at by the contracting officer, you should place the cursor at the outside edge of the lower right of the last box you want to fill in. Use the “Enter” key to add another row, identical to the one above it. You may also use the “enter” key anywhere on the right margin of any box to add more rows.

SUMMARY OF DISCREPANCIES FOUND AND CORRECTED

DEFICIENCIES

The list of deficiencies should include all deficiencies found during the inspection.  Whenever possible, the page and paragraph number should be used.

Deficiencies or discrepancies identified during this inspection are as follows: (Insert additional pages as required.)

Describe deficiencies in narrative form or detail.  Annotate whether the problem has been "CORRECTED" or "UNCORRECTED" (If corrected describe what action was taken.).

Page / Paragraph
Deficiency



























































































PHOTOGRAPHS-OF NEWLY INSTALLED MAMMOGRAPHIC EQUIPMENT

SCOPE ALIGNMENT AND PROBE CALIBRATION; PHOTOS

Purpose:  The TRCO will make oscilloscope photographs as required, to document problems in waveform or signal amplitude.  In addition the TRCO will provide a set of "calibration photos" to demonstrate to the Contracting Officer and the equipment manufacturer that during the inspection, measures were taken to indicate proper adjustment of oscilloscope focus, astigmatism, scope calibration, vertical amplifier balance, trace rotation, and high frequency adjustment of scope probes.  Calibration voltages and output frequencies are not standardized between various manufacturers.  For instance, the Tektronix model 434 has an output of 0.6 Vp-p, and the model 2232 uses 0.5 Vp-p as it's calibration waveform.  Ensure the calibration voltage and frequency are correctly displayed on the oscilloscope.

1.  Normal Square Wave

Provide oscilloscope photographs of the following waveforms, and annotate time setting and volts per division on each photo.  With scope in "chopped" mode, display a calibrated waveform (1 kHz, 0.5 Vp-p) simultaneously on channel A and B (at least three cycles should be present). Channel A sweep should be located at the top major division on the graticule screen and Channel B should be located at the bottom major division on the graticule. Retain (store) the two "chopped" mode waveforms on the scope screen.  Reduce brightness.  Select "add" mode, then slowly increase brightness until a waveform is visible.  Store this calibrated waveform (1 kHz, 1.0 Vp-p) on the scope. This waveform should be located on or near the center line and between the previous "chopped" mode waveforms displayed.  Record with one black and white scope photograph and attach to the next page.

2.  Inverted Square Wave

This test verifies that the vertical gain of Channel A and Channel B are the same at a given input signal.


a.
Apply the calibration signal to Channel A (1 kHz, 0.5 Vp-p) so the waveform is one major division high.  Place this waveform at the top of the graticule.


b.
Select "invert' position for Channel B and place this waveform at the bottom division of the graticule.


c.
"Store" these two waveforms, reduce brightness and select the "add" mode.  Bring up to the brightness level until the waveform is visible at or near the center line of the screen.  If both amplifiers are calibrated, the addition of two waveforms that are 180 degrees out of phase with each other, will produce a straight line.  It may be necessary to adjust the front panel gain for Channel A or B until the waveform is straight.


d.
Record the waveform and annotate on the photograph, sweep rate, volts per division, and if adjustment was required to either input to make the gain equal.  Attach photo to 
next page.

Note:  Ensure scope probes are frequency calibrated by observing that the square wave is in fact square with no spikes (overshoot) or rounded corners at the transition points on the wave.  Adjust as necessary per probe compensation instructions.

SCOPE ALIGNMENT AND PROBE "CALIBRATION PHOTOS"

If using a digital camera, insert the image data into the report at this point, or cut and paste required verifications or scope photographs

PHOTO 1

Settings:

______________________
V/Div.

______________________
Time

PHOTO 2

Settings:

                                            
V/Div.

                                             
Time

DERATING OF X-RAY SYSTEMS

Federal Law requires a manufacturer to refuse to connect his product to an electrical line that is not sized to adequately power the device. The product may also be electrically disabled at higher mA and kVp stations that will allow use of the product at lower levels of performance. The DoD requires the manufacturer to derate any X-Ray product to allow use on the available electrical power supply.

“Derating” X-Ray Equipment
Yes
No
N/A

1.  Is the line regulation (as calculated) in accord with the

     manufacturers specification, thus not requiring the x-ray

     system to be derated. If “No” comment below.




2.  Have all required changes to the system been

     accomplished by the manufacturer?




3.  If the system was derated, does the  control panel and

     manufacturer's  literature reflect the changes made to the

     x-ray system?




4.  Annotate the new derated limits of the x-ray system.




5.  Was derating adequate to meet manufacturer's specified

     line load regulation?




Comments:

LINE DROP TEST - 21 CFR 1020.30(h)(3)

Purpose:  The TRCO will  observe the drop in supply voltage at the maximum kVA demand of the x-ray unit and determine if the electrical supply line and wiring is adequate to power the x-ray system.  The line drop, load test and the maximum advertised limits test produce similar results.  Consideration should be given to performing these tests simultaneously.  (you may use PCRI electronic form MAMMO.XLS to electronically record results.)
Do not exceed kW rating of the X-ray generator even though the x-ray tube may be capable of greater kW load.  Likewise, do not exceed kW rating of the X-ray tube even though the X-ray generator may be capable of a greater kW load.

This test can not be accomplished with a digital multimeter unless the sampling rate of the voltmeter is greater than or equal to 1/20 second (50 msec).

The test should be performed at the contract specified maximum mA and kV product obtainable.  Multiply each mA station times the maximum allowable kVp on that station and use the setting which gives the highest value.  For example, if a unit allows 110 kVp at 1000 mA and 150 kVp at 800 mA, the test should be performed at 150 kVp on the 800 mA station since 800 x 150 is greater than 1000 x 110.  Exposure Time should normally be no longer than 1/20 second (50 msec).  Observe tube charts and warm-up procedures.

1. 
 Dynalyzer Procedures:  Connect the Dynalyzer and printer per the manufacturer's instruction.

Note:  In order for the Digital display to update the load voltage during a short time exposure, the HV divider must be connected.  Ensure that print output is legible prior to actual measurements.  Ensure measurements are taken at the techniques above, and label Dynalyzer printouts to show line volts during pre-exposure and exposure.  The TRCO should be aware that the Dynalyzer rounds down all readings to the nearest whole number.

(For example: 4.9% = 4.0%)

Unless there are suspected or confirmed measurement problems, scope photographs are not required.

For three phase systems, measurements should be provided for phase to phase voltages.

2. 
Oscilloscope Procedures

Note:  Ensure that the scope is grounded properly.  Do not use an ungrounded (floating) oscilloscope to measure line potentials.

A.
SINGLE PHASE SYSTEMS


1.
Connect  a 100 X probe from channel  A of the scope to line 1.  Connect  the other 100 X probe from channel B to line 2 of the incoming line.  This connection can be made at the room disconnect or the power entry point at the control unit.


2.
Adjust scope vertical gain to obtain a sine wave as large as possible, within the limits of the vertical graticule.


3.
Set oscilloscope on single sweep, time at 0.2 sec/div.  With maximum technique at 1/20 seconds (50 msec), press rotor or "Prep" switch.


4.
Once the rotor is up to speed, press "scope sweep" reset and initiate an exposure.  This exposure provides a single l-second sweep that displays a 1/20 second (50 msec) voltage drop during the exposure.  Provide photograph and calculations for this measurement.

B.
THREE PHASE SYSTEMS

Provide photographs and calculations for each possible phase to phase connection similar to the above procedure.

SINGLE PHASE          , THREE PHASE            . (check one)

For three phase equipment measure the differential voltages between:


NO LOAD


LOAD



% DROP


L1 and L2
                        
L1 and L2                       

                    

L2 and L3
                        
L2 and L3                       

                    

L3 and L1
                        
L3 and L1                       

                    
Calculate the percentage of line regulation and compare it to the manufacturer's specification.

Line regulation is derived from the following formula:

Regulation in Percent   =    Voltage, no load (VNL)  -  Voltage, load (VL)   x   100%





      



Voltage, load (VL)

If line regulation exceeds specification, the unit must be derated by the manufacturer during installation.

Identify any discrepancies and annotate any corrective action taken.

ATTACH SCOPE PHOTOS AND/OR DYNALYZER PRINTOUTS HERE

SAFETY NOTES:  (If applicable)

· A clarification on electrical power. Three phase electrical power may be ‘delta’ or “D connected”, with 220 or more volts across each winding and all three windings connected in a ring or a D connection.

· The wye or "Y" configuration typically has 240 volts or more from the neutral line of the power supply to L, L2, and L3.  The voltage between phase legs, L1, L2, and L3 should be 380 or more volts.

· For "Extended Installation" projects where the contractor is responsible to install or replace the existing wiring, the TRCO should identify the actual length and wire gauge of  the power cable.

· Measurements of wire gauge and distance to power source.

Distance                           in feet to power source.  

Wire gauge of power cable to disconnect  _____.

TECHNICAL INSPECTIONS

1.
Tube Protector. To assure that the generator tube protector settings do not permit or unduly limit exposures as shown on the X-Ray tube rating charts.


a.
Record ALL maximum tube settings for all tubes from manufacturers' Tube Rating Charts; compare settings with actual permitted exposures.



(1)
Exposures are not to exceed tube rating chart.




(a)  Permitted tolerance is minus 8 kVp OR (1) time station below the tube rating 
chart.



(2)
kW Rating as determined by manufacturers' literature.




(a)
Permitted exposures are not to exceed the tube kw ratings chart.




(b) Permitted tolerance is 10% below the Tube kW Rating Chart.


b.
Maximum Tube kW is calculated as follows:




(a)  Max.  mA x Maximum kVp at 0.1 Sec = kW

Note:  NEMA Standard states Maximum kW is calculated at 0.1 sec.


c.
When the manufacturer has supplied  both kVp and kW Tube Rating Charts, the kVp chart has precedence.


d.
Derating of the X-ray tube is not permitted except where the generator Kw rating is less than that of the X-ray tube.

2.
Collimator Assessment.  The TRCO verifies that the collimator does not allow significant radiation beyond the edges of the image receptor.


a.
X-Ray field to light field and measurement of true vertical position (perpendicularly) of the X-ray beam.



(1)
Equipment Required

   
 

(a)
One (1) 24 x 30 cm cassette

    
 

(b)
Perpendicularly test tool

   
 

(c)
Collimator Test Tool



 
(d)
One inch (1") thickness of acrylic plastic, sized large enough to cover the surface of  the cassette.


b.
Generator Settings



(1)
Maximum kVp allowed



(2)
AEC


c.
Image receptor top to be level, tube to be perpendicular to the image receptor top.  Source to image receptor distance to be as close to 60 cm as possible.


d.
Procedure - X-Ray Field to Light Field Alignment:

    

(1)
Remove the compression paddle.  Disengage the automatic diaphragm or remove any manual diaphragm.  Insert the cassette into the image receptor holder.  Place both test tools on the 111 acrylic sheet in the center of the light field.  Adjust the collimator shutters so that the edges of the light field coincide with the rectangular outline on the collimator test tool.  Orient the collimator tool so that the dot in the lower left corner is at the lower left of the chest wall edge.  This allows the direction of collimator error to be determined at a later time.  Make an exposure and develop the film.


e.
Interpretation of Results - X-Ray Field to Light Field Alignment and Beam Perpendicularly:




(1)
Collimator - If the edges of the X-Ray field fall on the first spot (1 cm) on either side of the line, within the rectangular frame it shows that the those edges of the X-Ray field and the light field are misaligned by 2% of the distance between the X-Ray source and the image receptor holder top.  Similarly, any edge falling on the second spot (2 cm) indicates an error of 4%.  Note:  Utilize table on page 43


(2)
Tolerance is 1% of SID in any one plane for single focal spot X-Ray tubes.  This exceeds the requirements of the Federal Performance Standard (21 CFR) of 2% but should be met.  For an X-Ray tube containing bi-angular focal spots, the limit of 1% may not be possible for both focal spots and the Federal Standard of 2% will be used.

Note:  Where a fixed aperture collimator ONLY, is available, the above test is not possible. 


f.
Beam Alignment:

   

(1)
The X-Ray beam should be perpendicular to the plane of the image receptor.  If the image receptor holder is parallel to the x-ray tube, the perpendicularly of the X-Ray beam can be checked using the Beam Alignment Test Tool and Collimator Test Tool.  The following criteria is applied: if the images of the two steel balls overlap, the central ray is perpendicular to within 0.5 degrees.  Note:  For systems where the

X-ray tube is tilted, this measurement becomes invalid and the specification will not be applicable.



(2) Tolerance is 0.5 degrees. (the steel ball images must overlap.)

3.
Compression Paddle Alignment.  To assure that the chest wall edge of the compression paddle is aligned just beyond the chest wall edge of the image receptor within 1% of the SID.


a.
Equipment needed:



(1)
Any piece of 2 mm thick angled aluminum such as a collimator diaphragm measuring approximately 12 cm wide by 12 cm long with a 3 cm wide faceplate.


b.
Procedure:



(1)
Place a loaded film cassette on top of the image receptor holder and lower the compression plate until it just contacts the cassette. 



(2)
Place the test tool against the edge of the compression plate lengthwise and move the cassette so that it just touching the test tool and is perfectly aligned with the compression plate, Hold the cassette solidly in place while raising the compression plate and tape the cassette in place to the top of the image receptor holder. 



(3)
Now reverse the test tool and tape the face of it to the chest wall edge of the cassette.



(4)
Make an exposure at 30 kVp using AEC, at a SID of 60 cm.  Measure the distance between the edge of the X-Ray field and the edge of the test tool as shown on the film. 



(5)
Tolerance is 1% SID. (Except as noted on Page 28, Section E, Paragraph. 2.

4.
Focal Spot Size Measurement.  To measure focal spot dimensions both parallel and perpendicular to the anode-cathode axis and to determine if focal spot size is within acceptable limits and in compliance with manufacturer provided and NEMA specifications.


a.
Required Test Equipment:



(1)
Slit camera (10 micrometer width) with appropriate test stand. (the slit camera technique is NEMA preferred).



(2)
Direct exposure ready-pack film (such as Kodak XTL-2) OR loaded mammographic screen-film cassette.



(3)
Lead marker (arrow) to designate the anode-cathode axis direction.



(4)
Tape measure or long ruler.



(5)
An optical comparator, having a built-in graticule of 0.1 mm divisions and 1x to 10x magnification. 


b.
Procedure:



(1)
Remove the compression paddle and cone from the mammographic unit.



(2)
Place the focal spot test stand on top of the cassette holder with the aperture at the top of the camera near the chest wall side of the cassette holder.



(3)
Extend the legs of the test stand to place the top of the stand as close as possible to the focal spot, resulting in maximum magnification.



(4)
Place the test stand alignment device in the test stand and use the collimator light to align the five lead beads.  This will probably result in part of the focal spot test stand extending beyond the cassette holder.



(5)
Place a piece of intensifying screen on the base of the focal spot test stand.



(6)
With the room lights turned off, make a one second exposure at 28 kVp and low mA, while observing the image of the alignment device.  Adjust the position of the focal spot test stand so that the five lead beads are aligned.



(7)
Place the slit camera on top of the focal spot test stand in place of the test stand alignment device.



(8)
Place the mammographic screen-film cassette or the ready-pack film in the tunnel of the focal spot test stand.



(9)
Select a nominal focal spot and 30 kVp at the maximum allowable tube current. (NEMA standard).


    (10) Acquire two images.  One with the slit parallel to the anode cathode-axis and the other with the slit perpendicular to the anode-cathode axis. 


    (11)
Prior to removal of the test devices, measure and record the distance from the focal spot to the plane of the slit along the line perpendicular to the image receptor and the distance from the slit to the film along the same line.  This measurement will be used to determine the slit enlargement factor.


    (12)
Process the exposed film.


    (13)
Steps (d) through (m) should be repeated for all focal spot sizes.

Utilize Table On Page 44


c.
Data Interpretation and Analysis


    
(1)
Calculate the slit enlargement factor from the measured gEometry of the slit setup:








Dslit-to-film







   E =   -------------------








Dfocal spot-to-slit

(2)
Use an optical comparator with a built-in graticule of 0.1 mm divisions and 5x to 10x  magnification to measure the size of the slit image in the direction perpendicular to the slit, first in the case where the film was acquired with the slit parallel to the anode-cathode axis (recording the width of the slit image as Dparallel) and then with the slit perpendicular to the anode-cathode axis (recording the width of the slit image as Dperp).



(3)
Compute the measured focal spot sized in the directions parallel and perpendicular to the anode-cathode axis using the following formulas, respectively. 








     Dparallel - s(E + 1)







Fperp =   ----------------









  E








     Dperp - s(E +1)






      Fparallel =   -----------------------









      E

Where the value “s" is the slit width, typically about 0.01 mm.

Note:   In the case of angled X-Ray tubes and focal spots, the manufacturers reference angle correction factors must be taken into account in the computations above.  (i.e.,) G. E. reference angle correction factor for the small spot would yield the following formula:






0.45 x focal spot measured






------------------------------------




   

magnification factor


d.
Performance criteria.  All X-Ray tube filaments and focal spots are subject to physical variables.  Focal spots of nominal sizes less than 0.6 mm, which includes mammography units, may have a physical size somewhat greater than the nominal (as advertised) focal spot sizes.  When measured with a slit camera, the focal spot size can be larger (as much as the following dimensions) and still meet the NEMA, and DoD requirements.

FOCAL SPOT TOLERANCE LIMITS

Nominal Focal Spot Size (mm)
Maximum Measured Dimensions*


Width (mm)
Length (mm)

0.10
0.15
0.15

0.15
0.23
0.23

0.20
0.30
0.30

0.30
0.45
0.65

0.40
0.60
0.85

0.60
0.90
1.30

* Width is the dimension perpendicular to the anode-cathode axis, length is parallel.

DoD Limits:  Zero , or no tolerance is allowed for measurements found to be smaller than the stated nominal sizes of focal spots.

5.
kVp Accuracy And Reproducibility


Purpose:  The TRCO verifies that the actual kVp is accurate (within +/- 5% of the indicated kVp) and that the kVp is reproducible, having a coefficient of variation equal to or less than 0.02.


a.
Required Test Equipment 
(Utilize Table On Pages 45 And 46)



(1)
Test device capable of measuring kVp to an accuracy of  +/- 1 kVp within the mammographic kVp range and with a precision of 0.5 kVp.


b.
Test Procedure



(1)
In manual timing model select the kVp at which the system is normally used clinically and record on a data form.  The line voltage should be checked and adjusted so that it is within tolerance Also, record the nominal focal spot size, exposure time, and mA (or mAs) setting.



(2)
Set up the test device following the manufacturer’s instructions.



(3)
Make four exposures in the same manual mode settings and record the measured kVp values.



(4)
Repeat the procedure at other clinically important kVp settings, as appropriate.


c.
Data Interpretation and Analysis



(1)
To determine kVp accuracy, average the total kVp readings for each kVp setting tested, and compare this average value to the value of the preset nominal kVp.  If the average measured kVp differs by more than  +/- 5% from the nominal kVp setting, the unit must be re-calibrated by the vendor field service engineer and re-tested.



(2)
To determine kVp reproducibility, compute the standard deviation of the kVp values for each kVp setting and then calculate the coefficient of variation (standard deviation divided by the average value).  The coefficient of variation must not exceed 0.02 for any kVp setting. 

6.
Beam Quality Assessment (Half Value Layer Measurement)

Purpose:  The TRCO verifies that the half value layer of the X-Ray beam is adequate to minimize patient breast dose, and NOT so excessive, that contrast is lost in the resultant image. 


a.
Required Test Equipment



(1)
Dosimeter and Ionization Chamber calibrated at mammographic X-Ray beam energies (calibration factor constant to within +/- 1% over the HVL range from 0.2 to 0.5 mm Al).



(2)
Five  0.1 mm thick sheets of 99.9% pure aluminum or type 1100 aluminum alloy (99% pure aluminum) of length and width sufficient to fully cover the ionization chamber.

Note:  The use of type 1100 aluminum alloy for HVL measurement gives HVL values up to 7.5% lower than those measured with pure aluminum. 


b.
Test Procedure - Utilize Table On Page 47



(1)
Place the breast compression paddle as close as possible to the X-Ray tube.



(2)
Place the ionization chamber approximately 5 cm above the image receptor holder assembly, centered left to right and 4 cm in from the chest wall edge of the image receptor.  The ionization chamber should be fully within the X-Ray field. 



(3)
Select the kVp at which the system is normally used clinically, and record on the data form.  Adjust the line voltage to within tolerance and assure that the filtration normally used for that kVp setting is in place.



(4)
Set the unit to manual timing, with a time setting sufficiently long to provide an exposure of approximately 500 mR.



(5)
Use a diaphragm to collimate the X-Ray beam so that the ionization chamber is just fully exposed (to minimize backscatter production).



(6)
Make an exposure without any aluminum sheets between the X-Ray tube and the ionization chamber. Make sure that the ionization chamber is fully exposed.  Record the ionization chamber reading. 



(7)
Add 0.2 mm of aluminum between the X-Ray tube and the ionization chamber, placing it on top of the compression paddle.  Use the light field (if available) to verify that the X-Ray path to the ionization chamber is fully blocked by the aluminum sheet.  Make an exposure and record the ionization chamber reading in mR.



(8)
Repeat step 7, with an additional 0.1 mm sheet of aluminum between the  X-Ray tube and ionization chamber  Make an exposure, record the mR value.  Continue to add 0.1 mm sheets of aluminum until the mR is less than one-half the original exposure reading (the 1st exposure, taken without any added aluminum sheets between the X-Ray tube and chamber).



(9)
Remove all aluminum sheets from the top of the compression paddle, make a final exposure and record the chamber reading.  If the result of this final exposure differs by more than 2% from the exposure in step 6, repeat the measurement sequence. 


    (10)
Repeat steps 4-9 for other kVp settings, ranging from the lowest to the highest kVp used clinically. 


c.
Data Interpretation and Analysis



(1)
To calculate the HVL by logarithmic interpolation, use the following notation and procedure.  Denote the direct exposure reading, without any added aluminum, as Eo.  Divide this value in half and find two exposure readings with added aluminum thickness that bracket the  Eo/2 exposure. Let Ea be the exposure reading that is just greater than one-half of Eo and ta be the corresponding aluminum thickness.  Ea will be greater than Eb. while ta will be less than tb.  With this notation the HVL may be computed using the formula: 




tb ln[2Ea/Eo] - ta ln[2Eb/Eo)


HVL =   -------------------------------------------





ln[Ea/Eb]

where the HVL will be given in the same units as ta and tb, usually millimeters of aluminum.  Graphical methods of interpolation may also be used to determine the HVL to a reasonable degree of accuracy if high precision is used.


d.
Performance criteria



(1)
At a given  kVp setting in the mammographic range (below 50 kVp) , the measured HVL must be equal to or greater than the value: 


 
  
             kVp



   
HVL > ---------   (in units of mm of aluminum)




             100



(2)
If the HVL for screen-film units is excessive, this might indicate an inordinately attenuating compression (loss of contrast) or a thick additional filter (gain of contrast).  It is recommended that the HVL be near (within 0.1 MM Of Al) for the Mo-anode /Mo-filter combination.  Recommended maximum HVL for Rh-anode/Rh-filter at 30 kVp is 0.46 mm Al. 

 



        kVp




HVL < ---------
+ 0.1   (mm of aluminum)   Mo/Mo




   
        100
+ 0.11  (mm of aluminum)   W/Mo





 

+ 0.15  (mm of aluminum)   MO/Rh





  

+ 0.24  (mm of aluminum)   W/Rh





  

+ 0.46  (mm of aluminum)   Rh/Rh

7.
Automatic Exposure Control (AEC) System Performance Assessment.  The TRCO will verify the performance of the mammography unit’s AEC system with regard to short-term reproducibility, performance capability, (kVp and thickness compensation), and density control selector function. 


a.
 Required Test Equipment



(1)
A phantom made of either acrylic or BR-12 and consisting of at least three 2 cm thick slabs to provide thickness of 2 cm, 4 cm, and 6 cm of linear dimensions large enough to cover the cassettes being used.



(2)
Image receptor (e.g., cassette with screens and film) of the type and size routinely used with the mammographic imaging system being evaluated. 



(3)
Lead numbers



(4)
Densitometer


b.
Test Procedure



(1)
Reproducibility - (linearity) - Utilize Table On Page 48




(a)
Prepare the system for operation in the AEC mode.  Select the "Normal" density control setting.  Select the AEC sensor closest to the patient’s chest wall, 




(b)
Record the imaging model and image receptor size being used for this test on the data sheet. 




(c)
Record the kVp, focal spot, and mA being used for this test on the data sheet.




(d)
Select one particular cassette for the entire test procedure.




(e)
Place the loaded cassette in the holder assembly.  Place a lead number marker in the upper right quadrant on top of the holder assembly for identification of the specific image.




(f)
Position a 4 cm thickness of the phantom on the cassette holder assembly normally occupied by the patient’s breast.  Bring the compression device (appropriate to the selected imaging mode) into contact with the phantom.  Make sure that the phantom completely covers the active area of the AEC system sensor. 




(g)
Make an AEC exposure and record the actual mAs on the data form.




(h)
Repeat the procedure four (4) times producing a series of four (4) images.  Complete the test in as short a time as possible.




(i)
For each processed film measure the image optical density at the center of the phantom image and record on the data sheet. 




(j)
Using the recorded data for measured mAs and image optical density, calculate the mean values and standard deviations for each.  Determine the coefficients of variation (standard deviation divided by the mean) for both mAs and optical density.  The maximum acceptable coefficient of variation for both mAs and optical density is 0.05.



(2)
AEC Performance Capability




Purpose: The TRCO will assess the ability of a given mammographic system to achieve stated performance goals, as well as to determine and identify the range of conditions over which the system will not perform adequately.




Definition:  Performance capability refers to the ability of an AEC system to maintain a constant image optical density over a broad range of imaging techniques and patient variables.




(a)
Follow the steps in the AEC reproducibility procedure with two exceptions:





1) Select the lowest kVp used clinically rather than the routinely used kVp.





2) Use a 2 cm-thickness phantom instead of a 4 cm phantom.




(b)
Repeat the procedures in the reproducibility test procedure using phantom thickness 
of 4 cm and 6 cm.




(c)
Repeat steps a and b for all other kVp settings which are normally used clinically for that specific breast thickness.




(d)
Repeat steps a, b, and c for the magnification mode.



(3)
Density control Function




(a)
Follow the steps in the AEC reproducibility procedure.




(b)
Repeat step a for each of the other available settings of the AEC systems density control selector.




(c)
On the processed films of the phantom, measure the optical density at the center of 
the phantom image and record on the data sheet. 




(d)
Using the recorded data for measured mAs and image optical density, calculate the 
relative mAs (ratio of mAs to that of the "Normal" setting) and relative image optical density (difference between the optical density and the optical density at the "Normal" 
setting). 


c.   Data Analysis and Interpretation



(1)
For the reproducibility test data, calculate and record the mean values and associated standard deviations of the mAs and image optical density obtained.  A properly functioning AEC system may be expected to provide a coefficient of variation (standard deviation divided by the mean) of less than 0.05 for both mAs and optical density.



(2)
The performance capability data should be reviewed with respect to mAs and image optical density.  In evaluating the performance capability of the system, several general trends should be noted, First, at a given kVp level, the mAs should increase with increasing phantom thickness.  Second, at a given phantom thickness, the mAs-should decrease with increasing kVp.  Third, and most important, the image optical density should ideally remain constant within +/- 0.20 OD as kVp and phantom thickness are varied. 

Verify that each density control step results in the a change in density according to specific product specifications as supplied by the manufacturer. 

In a system that has been properly set up and calibrated, the optical density of a standard test film such as those taken during the reproducibility section of the test should be in the range of 1.10 to 1.50 optical density if clinically acceptable mammographic images are to be obtained.

8.
Breast Entrance Exposure and Average Glandular Dose  

Purpose:  The TRCO will measure the typical entrance exposure for an average patient (approximately 4.5 cm compressed breast thickness minus 50% adipose, 50% glandular composition) and calculate the associated average glandular dose. 


a.
Required Test Equipment



(1)
Ionization chamber and dosimeter calibrated at mammographic x-ray beam energies (calibration factor constant to within +/- 1% over the HVL range from 0.2 to 0.5 mm Al).



(2)
Mammographic phantom (equivalent to approximately  4.5 cm compressed breast tissue -50/50 composition- at screen-film energies; for example, RMI Model 156 Mammographic Phantom or equivalent). 



(3)
Mammographic cassette loaded with mammography film (The film will not be processed or reviewed).


b.
Test Procedure - Utilize Table On Page 50



(1)
The TRCO will have previously verified that the AEC is functioning properly.  Set up the imaging system for operation in the imaging mode and with the image receptor size most frequently used for clinical imaging.  This step includes appropriate field limitation for the imaging mode and image receptor size to be used.  Record all conditions on the data sheet.



(2)
For mammographic imaging systems with a variable source-to-image receptor distance, (SID), adjust the system to the SID generally used for mammographic imaging, and record the SID on the data sheet. 



(3)
Position a loaded cassette in the image receptor holder assembly.



(4)
Select the density control setting on the AEC that is normally used clinically for an average patient.  Position the mammographic phantom on the cassette holder assembly at the position which would normally be occupied by the patient’s breast (laterally centered in the X-ray field with one edge coincident with the chest wall edge of the cassette holder assembly).  Verify that the proper AEC sensor is selected, and that the mammographic phantom completely covers the active area of the AEC sensor. 



(5)
Position the ionization chamber in the X-ray field beside the mammographic phantom centered 4 cm in from the chest wall edge of the image receptor and the center of the chamber level with the top surface of the phantom.  Assure that the entire chamber is exposed and that its radiographic shadow does not overlap the active area of the AEC sensor. 



(6)
Secure the chamber in position and do not change the position of the chamber during the following measurements.

Note:  mammographic imaging systems have a significant x-ray intensity gradient in the x-ray field in line with the anode-cathode direction. Maintaining a constant chamber position during  measurements is critical.  When measurements are to be compared to others made previously, it is critical that the original measurement position be re-established as closely as possible.



(7)
Position the compression device in the x-ray beam just in contact with the phantom and chamber.



(8)
Select the kVp at which the system is normally used clinically, and record the kVp setting on the data sheets.  Prepare the unit for operation in the AEC mode.  Select the mAs that is usually used clinically, and record that on the data sheet.



(9)
Make an exposure and record the measured exposure.



(10)
Repeat step 9 until a total of four exposures have been recorded.  There is no need to change the cassette or film between exposures.



(11)
Repeat the procedure at other clinically utilized kVp’s (assure that HVL values have been measured at these additional kVp’s).



(12)
Repeat the procedure at other breast (phantom) thickness and appropriate kVp and density settings, if desired.



(13)
Make sure the exposed film in the cassette is replaced before the cassette is returned to clinical use.


c.
Data Interpretation and Analysis



(1)
Compute the average of the exposures at each set of exposure conditions and record the value(s).  Using each average exposure value, calculate the average glandular dose as follows:  Utilize Table1 page 56 for guidance.




(a)
Determine whether the target is molybdenum (with molybdenum filtration) or tungsten (with aluminum filtration) and find the appropriate column in the accompanying table for the target and filtration combination used clinically. 




(b)
Find the HVL of the system in the left-hand column of the table.  In the right-hand column of the table appropriate for the target filter and kVp setting, find the exposure to average glandular dose conversion factor for a 4.5 cm compressed breast thickness.  Multiply this factor by the average entrance exposure value computed above.  The product obtained represents the mean dose received by the glandular tissue for that specific energy, breast composition, and compressed thickness, and is an approximation of the actual patient dose. 

Note: The conversion factor and the average glandular dose change substantially for other breast thickness.  The factors given here apply ONLY to a 4.5 cm thick compressed breast.


d.
Performance criteria



1a.  The average glandular dose to a 4.5 cm compressed breast should not exceed 3
mGy (0.3 rads) per view for screen-film image receptors.



1b.  The average glandular dose should be less than 1 mGy per view, for non-grid screen-film image receptors.



1c.  The average glandular dose should be less than 3 mGy per view for grid screen-film imaging modes.

9.
Image Quality Evaluation


a.
Required Test Equipment



(1)
Mammographic phantom (approximately 4.5 cm thick 50/50 tissue equivalent breast phantom) containing appropriate details ranging from visible to invisible on the mammographic image, e.g., the RMI-156  Mammographic Phantom used for the ACR Mammography Accreditation Program or a similar phantom.



(2)
Acrylic disc, approximately 4 mm thick and 1 cm in diameter, attached to the top of the phantom in the image area, but not superimposed over details within the phantom.



(3)
Cassette and film of the types used clinically for mammography.



(4)
Film mask device to block extraneous light from reaching the viewer’s eye from beyond the borders of the exposed phantom image.  Images should be viewed in the same view box(es) used clinically.  If a 14” by 17” viewbox is used, a film mask can be made by exposing a 14” by 17” film to light, processing it, and cutting a hole to the size and shape of the phantom being used,



(5)
Magnifying lens 2x to 5x power.



(6)
Densitometer


b.
Test Procedure - Utilize Table On Page 51



(1)
Load the film in the cassette.



(2)
Place the cassette in the cassette holder assembly of the x-ray unit.



(3)
Place the phantom on the cassette holder, positioning the phantom so that the chest wall edge of the phantom is aligned with the chest wall side of the image receptor.



(4)
Lower the compression paddle so that it is just in contact with the top of the phantom, Do not exert excessive compression force on the phantom as this may damage the compression paddle. 



(5)
Verify that the phototimer detector is located beneath the center of the phantom and in the same location used for previously acquired phantom images, Match the phototimer techniques used for previously acquired phantom images. 



(6)
Make an exposure, recording all technique factors on the image quality evaluation form.



(7)
Process the film.



(8)
Measure the central background optical density on the film (usually measured in the center of the phantom insert, away from any test objects), recording this density as the background optical density on the data sheet.  Be sure to measure this density at the same location each time.



(9)
Measure the optical density of the film in the area of the disc and just outside the disc to the left or right perpendicular to the anode-cathode axis, recording the difference as the density difference on the image quality evaluation form.



(10)
Use the mask to improve viewing conditions on the processed film.  Determine the number of test objects of each type that is visible in the phantom image.  Use a magnifying glass to look for the structures. 


c.
Scoring Procedure for Test Objects.  Each test object is given a score of “one.”  If only a portion of an object or fraction of the simulated micro-calcification is seen, half scores may be used. 


d.
Performance Criteria



(1)
The optical density of the film in the center of the phantom image should be about 1.25 (between 1.10 and 1.50), while the density difference should be about 0.40 +/- 0.05 for a 4 mm thick disc and film exposed at 28 kVp.  Constancy from phantom image to phantom image is the crucial factor.  If the exposure is made identically to previous phantom images, the optical density in the center of the phantom should not change by more than +/- 0.20 and density difference should not change by more than 0.05. The exposure time or mAs noted on the generator read-out should not change by more than +/- 5% from one phantom image exposure to another. 



(2)
A minimum score of 4 for fibrils, 3 for simulated micro-calcifications, and 3 for masses must be achieved.  The number of objects detected in each group (fibers, specks and masses) should not change by more than 0.5 from one image to another.

Collimator Assessment - Source to image receptor distance (SID):  __________

Deviation Between X-Ray Field and Light Field

Left Edge
Deviation

Anterior Edge
Deviation


Right Edge
Deviation

Chest Edge
Deviation


Sum of magnitude of left and right edge deviations

Sum of magnitude of anterior and chest edge deviations


Sum as % of SID

Sum as % of SID


X-Ray field within image receptor left, right, anterior?
Yes

No


Limit:  The sum of left plus right edge deviations OR anterior plus chest edge deviations SHALL not exceed 2% of SID.

Difference Between X-Ray Field and Image Receptor at the Chest Wall

Difference Between X-Ray Field and Image Receptor at the Chest Wall:


Difference as % of SID


Limit:  The X-Ray field SHALL not exceed the chest wall edge of the image receptor by more than 1% of SID.

Alignment of Chest Wall Edges of Compression Paddle and Image Receptor

Difference Between Compression Paddle and Image Receptor at the Chest Wall:


Difference as % of SID


Limit:   The chest wall edge of compression paddle must not be within chest wall edge of the image receptor, and must not project beyond chest wall edge of image receptor by more than 1% of the SID.

FOCAL SPOT DETERMINATION

(Use the Slit Camera)

Focal Spot Size Measurement

Nominal focal spot size, F nom



Nominal kVp setting



Nominal mA setting



Measured Distances (in same units)  E= 
Dslit-to-film 

Dfocal spot-to-slit



Enlargement factor E=        
Dslit-to-film 

Dfocal spot-to-slit




Dparallel



Measured slit image widths (in mm)
Dperpendicular



Slit widths (in mm)



Calculated Focal Spot Sizes (in mm)
                 Dparallel - s(E+1)

   Fperp = ------------------

                          E



Calculated Focal Spot Sizes (in mm)
                    Dperp - s(E+1)

Fparallel =  -----------------

                          E





Limit: F parallel and F perp SHALL not exceed 1.5 x F nom for F nom <0 through 0.3 mm.

KEITHLEY MODEL 35080-1 MAMMOGRAPHIC kVp WORKSHEET
Set kVp
“K” Edge Voltage
True kVp
Linear Voltage
Linear kVp
Correction Value
Corrected kVp

22







23







24







25







26







27







28







29







30







31







32







33







34







35







36







37







38







39







40







Note: The corrected kVp SHALL NOT deviate from the required kVp by more  than  +/- 5%.

kVp REPRODUCIBILITY

kVp Meter used:  Keithley Instruments, Model 35080-1,  or: 

KVp Reproducibility

Nominal kVp setting1
26 kVp S.F.
26 kVp L.F.
Actual kV minus <kVp>2 equals

Nominal focal spot size
0.1 mm
0.3 mm
Standard Deviation

Exposure time




MA / mAs setting




Measured kVp Values




1. Exposure 




2. Exposure




3. Exposure




4. Exposure




5. Exposure




6. Exposure




7. Exposure




8. Exposure




9. Exposure




10. Exposure




Mean <kVp>




Standard Deviation

               I kVp




Coefficient of variation

               I kVp

              <kVp>




Notes:

1.  The <kVp> MUST NOT deviate from the nominal kVp by more than +/- 5%.

2.  The kVp coefficient of variation MUST NOT exceed 0.02.

BEAM QUALITY (HVL) MEASUREMENT
Dosimeter system used: 

BEAM QUALITY (HVL)

Nominal kVp Setting
24 kVp
28 kVp

mA setting



Time or mAs setting



Exposures:



No Aluminum filtration, Eo



0.2 mm added Al, E2



0.3 mm added Al, E3



0.4 mm added Al, E4



0.5 mm added Al, E5



2nd No Aluminum filtration, Eo



Record thickness (ta < tb)        ta



and exposures                          tb



that bracket Eo / 2: (Ea> Eb)   Ea



                                                 Eb



Calculated HVL:




Calculated HVL =       tb ln[2Ea/Eo] - ta ln[2Eb/Eo]






ln(Ea/Eb]





kVp



       HVL <    ------   (in mm of Al)





100

Note:  For screen film units, it is recommended that the HVL be near the minimum acceptable HVL , i.e. (within 0.1 mm of Al)





kVp



       HVL >    ------   +  0.1  (mm of Al)





100

(e.g., HVL < 0.38 mm of aluminum at 28 kVp).

AUTOMATIC EXPOSURE CONTROL (AEC) SYSTEM PERFORMANCE

REPRODUCIBILITY

Exposure-Reproducibility

Imaging mode:

Film Box ID:


Image receptor size:

Cassette ID:


Nominal kVp setting

mAs setting:


Nominal Focal Spot Size:










Image #
MAs
Measured O.D.

Exposure # 1




Exposure # 2




Exposure # 3




Exposure # 4




Mean Values

<mAs>

<O.D.>


Standard Deviations

I mAs

I O.D.


Standard Deviations

<mAs>

<O.D.>


Coefficients of variation

I mAs

I O.D.


Coefficients of variation

<mAs>

<O.D.>


Note: The coefficient of variation for either mAs or O.D. MUST NOT exceed 0.05.
AEC CONTROL OVER OPTICAL DENSITY

Performance Capability

Imaging mode:




Nominal kVp setting




Nominal Focal Spot Size:




mA / mAs setting 

(if available)




Phantom Thickness
mAs
O.D.
mAs
O.D.
mAs
O.D.

2 cm   







4 cm   







6 cm   







Other   







Other  







Other  







Mean O. D. over entire range of kVp and phantom thickness

<O. D.>


High O. D.


Low O. D.,


Note:  The 0. D., range MUST NOT exceed +/- 0.3 of mean O.D.
MAMMOGRAPHIC PHOTOTIMER CONSISTENCY TEST

Density at NORMAL Mammographic Phototimer Consistency Test

kVp
MAs
O.D. w/        cm Attenuation
O.D. w/        cm Attenuation
Acceptable
Not Acceptable






















Density at +1 Mammographic Phototimer Consistency Test

kVp
MAs
O.D. w/        cm Attenuation
O.D. w/        cm Attenuation
Acceptable
Not Acceptable






















Density at +2 Mammographic Phototimer Consistency Test

kVp
MAs
O.D. w/        cm Attenuation
O.D. w/        cm Attenuation
Acceptable
Not Acceptable






















Density at -1 Mammographic Phototimer Consistency Test

kVp
MAs
O.D. w/        cm Attenuation
O.D. w/        cm Attenuation
Acceptable
Not Acceptable






















Density at -2 Mammographic Phototimer Consistency Test

kVp
mAs
O.D. w/        cm Attenuation
O.D. w/        cm Attenuation
Acceptable
Not Acceptable






















BREAST ENTRANCE EXPOSURE AND AVERAGE GLANDULAR DOSE

Dosimeter system used:


Field Restriction


Phantom Thickness


Image Receptor


Imaging mode


SID


Average Glandular Dose
Nominal kVp setting






Density control setting






Measured HVL: 

(for this kVp from previous test)






mA (or mAs) setting






Exposure time 

(or AEC)






Measured entrance exposures (in R):






                               E1






                               E2






                               E3






                               E4






Mean exposure






Conversion factor (mRAD/R)

(from table)






Computed average glandular dose (mRAD)






Note:  Average glandular dose MUST NOT exceed 3 mGy (300 mRADS) for 4,5 cm effective breast thickness.

IMAGE QUALITY EVALUATION

This test uses the RMI Mammographic Accreditation Phantom Model 156

Identify the Technique and provide Exposure factors below.

Phototimer Technique

Manual Technique


Timer Detector Position

mA/mAs Setting


Density Control Setting

Exposure time


Nominal Focal Spot Size

kVp-Setting


Image Receptor size
18 x 24 cm
24 x 30 cm
Other Size

Resultant Film O. D.




The form below is considered part two of the image quality evaluation form

MAMMOGRAPHIC PHANTOM IMAGE SCORE CHART


Test Object
Score

1. 
1.56 mm nylon fiber


2. 
1.12 mm nylon fiber


3. 
0.89 mm nylon fiber


4. 
0.75 mm nylon fiber


5. 
0.54 mm nylon fiber


6. 
0.40 mm nylon fiber


7. 
0.54 mm simulated micro-calcification


8. 
0.40 mm simulated micro-calcification


9. 
0.32 mm simulated micro-calcification


10. 
0.24 mm simulated micro-calcification


11. 
0.16 mm simulated micro-calcification


12. 
2.00 mm tumor-like mass


13. 
1.00 mm tumor-like mass


14. 
0.75 mm tumor-like mass


15. 
0.50 mm tumor-like mass


16. 
0.25 mm tumor-like mass


Note: A minimum score of 4 for fibrils, 3 for simulated micro-calcifications, and 3 for masses MUST be achieved.

USEFUL FORMULAS

Average or Mean:
a = (X1+ X2 + X3 .... + xn) / n

Standard Deviation:   
0 = ([(x1-a)2 +  (x2-a)2 + (x3-a)2 + ... + (xn-a)2]/(n-1)}1/2
Coefficient Of Variation:  
o=/a

Example:  Using the values 27.2,  26.8, 28.1 and 27.5, calculate the mean, standard deviation and the coefficient of variation

Mean:

a = (27.2 + 26.8 + 28.1 + 27.5) / 4


a = 109.6/4


a = 27.4

Standard Deviation:


o = {[(27.2 - 27.4)2 + (26.8 - 27.1)2 +(28.1 - 27.4)2+ (27.5 - 27.4)2 ] / (4 - 1)}1/2

o = {[(-0.2)2 + ~(-0.6)2 + (0.7)2 + (0.1)2] / 3}1/2

o = (0.4 + 0.36 + 0.49 + 0.01) / 3}1/2

o = {0.9 / 3}1/2

o = (0.3)1/2

o = 0.548

Coefficient of Variation:


o/a = 0.548 / 27.4 = 0.02

HVL CALCULATION

      2Ea
          2Eb

tbln ----------  -  taln ---------

     Eo

         Eo

HVL =  --------------------------------

   Ea

ln  ---------------

   Eo

Where:


Eo  = direct exposure reading, NO Al in beam


Ea = reading JUST greater than Eo / 2


ta = Al thickness for Ea

Eb = Value JUST less than Eo  /2


tb = Al thickness for Eb
Example:


kVp = 28


Eo= 0.577


Ea = 0.31


ta = 0.3 mm Al


Ea = 0.263


tb  = 0.4 mm Al

                                    2 (0.31)

    2 (0.263)

                       0.4 * ln -------------  -  0.3 * ln  ----------

                                      0.577

      0.577


HVL = ---------------------------------------------------------

                                             0.31

                                      ln  ------------

                                             0.263

HVL = 0.344 mm Al

REFERENCE ANGLE CORRECTION CALCULATIONS FOR 

 FOCAL SPOT MEASUREMENTS ON THE G.E.M.S. "SENOGRAPHE" DMR







   focal spot measured


DMR
Large spot

0.894 x  --------------------------



Constant


   magnification factor







   focal spot measured


DMR
Small spot

0.45 x  --------------------------



Constant


   magnification factor

AVERAGE GLANDULAR DOSE
kVp = 27

HVL = 0.34

mAs = 80

E1 =.894

E2 = .892

E3 = .891

E4 = .897

mRAD/r = 162 (from table)



0.894 + 0.892 +0.891 + 0.897

E average = -----------------------------------------  0.895





4


mRAD

162     --------    * 0.895 r = 145 mRAD  = 1.45 mGy


    r

kVp ACCURACY & REPRODUCIBILITY

kVp1   = 26.1


kVp2   = 26.2


kVp3   = 26.1


kVp4  = 26.2

Average:


26.l+26.2+26.l+26.2

  

    4

Ave =
26.15

Standard Deviation:

      (26.l-26.15)2+(26.2-26.15)2+(26.1-26.155)2+(26.2-26.15)2
t =   -------------------------------------------------------------------------


         


     4-1

        0.01

t =  -----------


3

t =   0.058

Coefficient of Variation:

 t
0.058

---   =  --------  = 0.002

Ave.
26.15

TABLE 1:

Glandular Dose (In mRAD) For 1 Roentgen Entrance Exposure 4.5 Cm Breast Thickness -50% Adipose / 50% Glandular Breast Tissue

HVL
23
23
25
26
27
28
29
30
31
32
33
W/Al

Target- Filter

0.23
109












0.24
113
116











0.25
117
120
122










0.26
121
124
126
128









0.27
126
128
130
132
134








0.28
130
132
134
136
138
139







0.29
135
137
139
141
142
143
144






0.30
139
141
143
145
146
147
148
149



170

0.31
144
146
147
149
150
151
152
153
154


175

0.32
148
150
151
153
154
155
156
158
159
160
160
180

0.33
153
154
155
157
158
159
160
162
163
164
164
185

0.34
157
159
160
161
162
163
164
166
167
168
168
190

0.35

163
164
166
167
168
169
170
171
172
172
194

0.36


168
170
171
172
173
174
175
176
176
199

0.37



174
175
176
177
178
178
179
180
204

0.38




179
180
181
182
182
183
184
208

0.39





184
185
186
186
187
188
213

0.40






189
190
191
192
192
217

0.41







194
195
196
196
221

0.42









200
200
225

0.43










204
230

0.44











234

0.45











238

To convert from entrance exposure in air in Roentgens to mean glandular breast dose in millirads, multiply the entrance exposure by the factor shown in the table for the appropriate kVp and beam quality (HVL) combination. 

For example, a measured entrance exposure of 0.50 Roentgen from a Mo/Mo  target/filter system at 30 kVp with a measured HVL of 0.36 mm aluminum yields an average glandular dose of (0.50 R) x (174 mRAD/R) = 87 mRAD or 0.7 mGy.

REIMBURSEMENT FOR REINSPECTION POLICY.  Under current policy, the manufacturer, contractor, or vendor (hereafter called Contractor) is required to reimburse an inspecting organization for all costs associated with, and actually incurred during the performance of reinspection.  The Contractor shall be responsible for the actual cost of transportation, salary, per diem, and other costs associated with the inspection.

To recoup these costs, it is necessary for the inspecting organization to provide a fully documented bill to the Contracting Officer at DPSC.  The Contracting Officer in turn submits the bill to the Contractor, thereby obligating a return of funds to the Government.  Generally, the amount owed for the reinspection is subtracted from the Contractor's account or remaining balance still held at the DPSC, that would be due to the Contractor, following completion of installation and acceptance of that item.

There may be some instances that reimbursed funds can be returned to the inspecting organization, but these instances must be validated by the Contracting Officer and by the respective Military Service Field Office that has obligation authority for disbursement of funds.

PROCEDURE.  Following reinspection, the inspecting personnel of each respective branch of service are required to prepare certain  documentation concerning the reinspection.  The documents will be prepared by the appropriate authority from the activity and submitted to DPSC.  Such documents may be forwarded as an enclosure to the DPSC inspection packet or under separate cover at a later date. In all instances, original documents must be submitted.

Required documents are as follows:


a.
Air Force refer to AFMLO Guidance Document 80-8


b.
Army 



(1)
Travel Order(s) (DD Form 1610)



(2)
Travel Claim(s) (DD Form 1351-2)



(3)
Travel Voucher (DD Form 1351)



(4)
Work Order(s) (DD Form 2407 or Automated Work Order)



(5)
Receipts for; Lodging, Vehicle, Fuel, etc. 


c.
Navy



(1)
Applicable Travel Order(s)



(2)
Travel Claim(s) (DD Form 1351-2) 


      
Include documentation for use of Government vehicle



(3)
Work Order(s) NAVMED 6700/4

SUBMITTAL OF DOCUMENTATION

Each respective service must submit completed documentation as follows:

Defense Personnel Support Center

ATTN:  DPSC-MPEA

P.O. Box 8419

2800 S.  20th St.

Philadelphia, PA 19101-8419

Exception:  USAMMA operated Medical Maintenance Operations Divisions (MMOD), Tracy, CA and MMOD Tobyhanna, PA are required to submit documentation to:

U.S. Army Medical Materiel Agency

ATTN:  SGMMA-RDA

Frederick, MD 21702-5001

COVER LETTER FORMAT

SUBJECT:  Request for Reimbursement, DPSC Project No.


   Contract/Delivery Order No.

TO:  DPSC-APNC-46

1.
This organization has completed a reinspection on the above cited project.  Under the terms of the DPSC Contract, the vendor is obligated to reimburse the government.

2.
Reimbursed funds should be sent to:


a.
Air Force - Air Force Base submitting documentation.


b.
Navy - Naval installation submitting documentation.


c.
Army - Applicable Finance and Accounting Office.

3.
Indicate to DPSC who the check should be made out to.  List a point of contact.

                             _____________________

Encl                              


    
       (Signature Block)

Handbook of 

Glandular Tissue Doses

in Mammography

DEVICES AND RADIOLOGICAL HEALTH

(DRH)

INTRODUCTION

This Handbook contains data from which absorbed dose to glandular tissue in the breast (glandular tissue dose) can be estimated for mammographic procedures.  The breast (excluding the skin) is a composite of adipose (i.e., fatty) and glandular (i.e., soft) tissues.  The glandular tissue is the tissue considered at risk for breast cancer.



The intent of the Handbook is to permit the user to compute glandular tissue dose for various techniques in mammography as a function of breast compression, breast size, breast composition, and the quality of the x-ray beam.



Glandular tissue dose for individual patients can also be estimated by selecting data from the tables that have been produced for the same physical characteristics of the breast, and the same technical parameters used in the actual mammographic examination. 



The method used to compute most of the basic data was a radiation transport calculation using a specialized version of a computer code developed at the Oak Ridge National Laboratory (Warner, 1973).  The results of the calculations were ten converted into the Handbook entries, using the specific characteristics of current mammographic techniques (Anderson and Rosenstein, 1984).  Additional data are reproduced from previous work of others (Stanton, etal., 1984 and Stanton, 1985).



The data are primarily for the craniocaudual view, with one exception for the mediolateral view:



Craniocaudal (CC) view - the radiation is incident on the upper surface of the 


compressed breast and directed downward. 



Mediolateral (ML) view - the radiation is incident on the lateral surface of the 


compressed breast and directed from the middle of the body toward one side. 



The breast configuration for which data are tabulated given below.  Glandular tissue content is given in percent, by weight.  The remainder of the tissue content is adipose tissue. 

Firm Compression (uniform thickness)

CC view, uniform breast thicknesses between 3 and 8 cm, 50% glandular tissue 
content. (Table 1, page 7)


CC view, 6-cm uniform thickness, glandular tissue content between 5 and 100%.   
(Table 2, page 9)

Moderate Compression (non-uniform thickness)

CC view, small breast, glandular tissue content between 5 and 100%. 


(Table 3, page 9)


CC view, medium breast, glandular tissue content between 5 and 100%.


(Table 4, page 10)


CC view, large breast, glandular tissue content between 5 and 100%.


(Table 5, page 10)


ML view, medium breast, glandular tissue content between 5 and 100%.


(Table 6, page 11)



Sketches of the various reference breast configuration for firm and moderate compression are given in the Appendix.  In all cases the x-ray size is larger than the dimensions of the breast. 



The doses tabulated are the average dose (mrad) to glandular tissue in the breast, excluding the skin layer.  The values tabulation are normalized to a 1 roentgen entrance exposure, free-in-air.  Therefore, the user must apply the actual entrance exposures at given facility to estimate the dose for a particular procedure.



The average glandular tissue dose can be converted to integral glandular tissue dose roentgen (g-rad per R) by multiplying the value of mrad per R by the product of the appropriate glandular tissue content (weight fraction) and the assumed or determined total  breast weight for the case of interest. 



The beam qualities (HVL, mm Al) listed cover the range expected from the target materials used in mammographic equipment (i.e., tungsten, tungsten-molybdenum alloys, and molybdenum).  The data in Table 1 are from Stanton, et al., 1984, and Stanton, 1985, and include a value for tungsten targets and a separate value for molybdenum or tungsten-molybdenum targets.  The data in Tables 2 through 6 were computed by the method of Rosenstein, 1984, and give only a single value for each HVL.



A total of 51 experimentally measured mammographic spectra (Fewell and Shuping, 1978) were used to generate the data in Tables 2 through 6 (19 for tungsten, 14 for tungsten-molybdenum alloys, and 18 for molybdenum).  For these spectra, there was some scatter among the results for the same target type and beam quality, but different peak kilovoltages.  The individual values were within 10 percent of the average over the range of peak kilovoltages (Rosenstein, 1984).  For these spectra, there was also some scatter among the results for similar HVLs using different target materials.  The individual values are within a few percent of the average for the three target types (Rosenstein, 1984).  The data in Tables 2 through 6 result from smooth curves fit to the results from the individual x-ray spectra.



The data in Tables 2 through 6 are given for a source-to-image receptor distance (SID) of 30 inches (76.2 cm).  SIDs within 10 inches (25.4 cm) of this reference SID would not result in variations in dose larger than 5 percent. 



More details on the breast models for mammography, the selection of mammographic x-ray spectra, and the methodology used to obtain the data tabulated in the Handbook can be found in following references:

Andersen, L. W. and M. Rosenstein. Computer Program for Breast Doses in Mammography.  Available from the Authors, Center for Devices and Radiological Health, Rockville, MD (1984).

Hammerstein, G. R., D. W. Miller, D. R. White, M. E. Masterson, H. a. Woodward, and J. S. Laughlin.  Absorbed Radiation Dose in Mammography.  Radiology 130:485 (1979).

Rosenstein, M. Handbook of Glandular Tissue Doses in Mammography.  Presentation at the Twenty-ninth Meeting of the Health Physics Society, New Orleans, Louisiana. Available from the Author, Center for Devices and Radiological Health, Rockville, MD (1984).

Stanton, L., J. L. Day, S. D. Brattelli, D. A. Lightfoot, M. A. Vince, and R. E. Stanton.  Comparison of Ion Chamber and TLD Dosimetry in Mammography.  Med. Phys 8:792 (1981).  

Stanton, L., T. Villafana, J. L. Day and D. A. Lightfoot.  Dosage Evaluation in Mammography.  Radiology 150:577 (1984).

Stanton, L. Personal Communication (February 11, 1985).

Warner, G. G. BRHGAM: A Medical X-Ray Dose Estimation Program.  Oak Ridge National Laboratory Technical Memo 4393 (1973).



The data in Table 1 are from experimental phantom measurements and have an associated uncertainty (1 standard deviation) of a few percent or less (Stanton, et al., 1981 and 1984).  The data in Tables 2 through 6 are derived from radiation transport calculations.  The radiation transport calculations have an associated coefficient of variation of between 1 and 5 percent, depending on breast size and composition.  The coefficient of variation is a measure of the reproducibility (1 standard deviation) of the radiation transport calculations. 

INSTRUCTIONS FOR USE OF HANDBOOK
1.
Select the degree of compression (i.e. firm or moderate).  Specific view, breast size 
and breast composition.  For example: firm compression, CC view, 6-cm thickness, 
25% glandular tissue content.  

2.
Determine the actual beam quality(HVL, mm Al) and entrance exposure ( R ), free-
in-air, for the equipment used, or for the specific mammogram. 

3.
Look up the glandular tissue dose (mrad) for 1 R entrance exposure in Tables 1 to 6 
for the degree of breast compression, specific view, breast size, breast composition, 
and beam quality (HVL, mm Al).

For firm compression and uniform breast thickness other than 6 cm, a procedure for computing glandular tissue dose when the glandular tissue content is other than 50% is described in Table 1, pages 7 and 8.  For other conditions data are tabulated in Tables 2 through 6. 

For Table 1, linear interpolation between adjacent uniform breast thicknesses is recommended. 

For Tables 2 through 6, selection of the value for glandular tissue content nearest to the case of interest is recommended.  The value of mrad per R does not usually change by more than a few percent between adjacent glandular tissue contents, and the actual glandular tissue content cannot usually be determined precisely.

4.
Multiply the glandular tissue dose (mrad per 1 R) obtained in instruction 3 by the 
actual entrance exposure ( R ), free-in-air obtain the glandular tissue dose (mrad) for 
the view. 

5.
To obtain the glandular tissue dose for multiple views or examinations, repeat 
instructions 1 through 4 for each set of conditions and sum the resultant doses.

Table 1.

Firm Compression - Uniform Breast Thickness

Craniocaudual view, uniform breast thickness between 3 and 8 cm, 50 percent 

(by weight) glandular tissue content

Glandular tissue dose (mrad) for 1 R 

entrance exposure (free-in-air)

Compressed breast thickness

HVL

(mm Al)
3 cm
4 cm
5 cm
6 cm
7 cm
8 cm

0.3
220

(220)*
185

(175)*
150

(140)*
125

(115)*
100

(95)*
--

0.4
--
235

(220)*
190

(175)*
160

(145)*
--
--



0.6
--
325
275
235
205
180

0.8
470
395
335
295
260
230

1.0
535
455
395
350
310
325

1.2
595
515
450
400
360
325

1.4
645
570
510
460
415
375

1.6
710
630
565
515
470
425

* Values in parentheses are for molybdenum and molybdenumtungsten alloy targets;

  all other values are for tungsten targets.

--No specific values given in references.

Table 1 Notes:
1.
The data given in Table 1 are from Working Curve #2 in Stanton, et al., 1984, supplemented by additional data from Stanton, 1985.  A comparison of these data for the 6-cm breast thickness with corresponding data in Table 2 computed by the method of Rosenstein, 1984 is given in the Appendix, page 12.

2.
An estimate of the mrad per 1 R firm compression for glandular tissue content other than 50 percent can be obtained as follows: 


a.
For 6-cm thickness, use data in Table 2. 

    Example:
25 percent glandular tissue,




6-cm thickness, 1.4 mm Al HVL




From Table 2:  493 mrad per 1 R


b.
For other uniform thicknesses, multiply the entry in Table 1 for firm compression by the ratio of the value for the desired content to the value for 50 percent content found in Tables 3 to 5 for moderate compression, as follows: 


For uniform





thickness of 



Use ratio from

3 or 4 cm



Table 3 (small breast)


5 cm




Table 4 (medium breast)


7 or 8 cm



Table 5 (large breast)

Example: 
75 percent glandular tissue, 



4-cm uniform thickness,

0.6  mm Al HVL



From Table 1 (4-cm uniform thickness):



50 percent(325 mrad per 1 R



From Table 3 (small breast, moderate compression):



75 percent-316 mrad per 1 R



50 percent-327 mrad per 1 R;



Ratio = 0.966



Therefore the estimate for 4-cm thickness (firm compression) is: 



325 x 0.966 - 314 mrad per 1 R

Table 2.

Firm Compression - Uniform Breast Thickness

Craniocaudal view, 6-cm thickness, glandular tissue content between

5 and 100 percent (by weight)

Glandular tissue dose (mrad) for 1 R entrance exposure (free-in-air)
Glandular tissue content

HVL

(mm Al)
5%
25%
50%
75%
100%

0.2
68
61
53
47
42

0.3
133
120
106
96
87

0.4
184
166
149
135
125

0.5
232
212
191
176
163

0.6
279
256
233
216
202

0.8
361
336
310
291
276

1.0
427
401
374
354
338

1.2
478
451
425
404
388

1.4
520
493
466
445
430

1.6
555
528
501
481
465

1.8
587
559
533
512
497

2.0
615
587
561
540
526

2.2
640
612
587
566
551

2.4
662
633
609
587
574

Table 3.

Moderate Compression - Non-Uniform Breast Thickness

Craniocaudal view, small breast*, glandular tissue content between

5 and 100 percent (by weight)

Glandular tissue dose (mrad) for 1 R entrance exposure (free-in-air)

Glandular tissue content

HVL

(mm Al)
5%
25%
50%
75%
100%

0.2
101
93
86
79
75

0.3
186
175
164
155
149

0.4
248
236
223
213
205

0.5
304
291
277
266
258

0.6
355
341
327
316
307

0.8
440
426
410
399
390

1.0
504
488
472
461
452

1.2
551
535
519
507
498

1.4
590
573
556
544
535

1.6
623
605
588
575
566

1.8
652
633
616
602
593

2.0
677
658
640
625
616

2.2
698
677
659
644
635

2.4
714
691
673
657
648

* Small breast simulated by ¼  ellipsoid (see Appendix):  Thickness at chest wall is

   4 cm; thickness at ½ the distance between chest wall and nipple is 3.5 cm. 

Table 4.

Moderate Compression - Non-Uniform Breast Thickness

Craniocaudal view, medium breast *, glandular tissue content between

5 and 100 percent (by weight)

Glandular tissue dose (mrad) for 1 R entrance exposure (free-in-air)

Glandular tissue content

HVL

(mm Al)
5%
25%
50%
75%
100%

0.2
76
67
59
52
47

0.3
150
136
122
111
103

0.4
206
189
171
158
147

0.5
259
239
219
204
191

0.6
308
287
266
249
236

0.8
393
371
349
332
319

1.0
458
437
415
399
386

1.2
506
486
466
451
439

1.4
545
526
507
493
482

1.6
578
560
543
529
520

1.8
608
590
574
561
553

2.0
633
617
601
589
582

2.2
655
639
625
614
607

2.4
673
657
644
633
626

* Medium breast simulated by ¼  ellipsoid (see Appendix):  Thickness at chest wall is

   6 cm; thickness at ½ the distance between chest wall and nipple is 5.2 cm. 

Table 5.

Moderate Compression - Non-Uniform Breast Thickness

Craniocaudal view, large breast *, glandular tissue content between

5 and 100 percent (by weight)

Glandular tissue dose (mrad) for 1 R entrance exposure (free-in-air)

Glandular tissue content

HVL

(mm Al)
5%
25%
50%
75%
100%

0.2
54
47
41
37
33

0.3
111
100
89
80
73

0.4
157
412
127
115
106

0.5
201
183
165
151
141

0.6
244
224
204
289
276

0.8
321
299
276
258
244

1.0
383
359
335
316
302

1.2
431
406
381
362
348

1.4
470
444
420
400
386

1.6
503
477
452
433
418

1.8
532
507
482
462
447

2.0
559
533
508
489
474

2.2
582
556
532
512
498

2.4
603
574
552
531
519

* Large breast simulated by ¼  ellipsoid (see Appendix):  Thickness at chest wall is

   8 cm; thickness at ½ the distance between chest wall and nipple is 6.9 cm. 

Table 6.

Moderate Compression - Non-Uniform Breast Thickness

Mediolateral view, medium breast *, glandular tissue content between

5 and 100 percent (by weight)

Glandular tissue dose (mrad) for 1 R entrance exposure (free-in-air)
Glandular tissue content

HVL

(mm Al)
5%
25%
50%
75%
100%

0.2
95
83
73
65
60

0.3
176
160
143
129
119

0.4
238
217
195
179
166

0.5
294
270
246
227
213

0.6
346
321
294
275
259

0.8
435
408
380
359
343

1.0
503
476
448
428
412

1.2
554
528
501
481
466

1.4
596
570
545
525
510

1.6
632
606
582
563
548

1.8
663
639
614
596
582

2.0
691
667
643
625
612

2.2
715
691
668
650
638

2.4
734
708
689
671
661

* Medium breast simulated by ½  ellipsoid (see Appendix):  Thickness at chest wall is

   6 cm; thickness at ½ the distance between chest wall and nipple is 5.2 cm. 

Appendix

 Breast Configurations Representing

Compression in Mammography

Firm Compression - Uniform 6-cm Breast Thickness

Craniocaudal View

[image: image1.png]X-ray Direction

+ 12 Elliptical* Cylinder

Breast Region
(uniform mixture:
of adipose and
glandular tissue)

*Stanton, et al., 1984: 0.5-cm thick, adipose tissue
Rosenstein,; 1984: 0.4:cm thick; glandulartissue




Comparative data for 6-cm thickness, 50 percent (by weight) glandular tissue content, mrad per 1 R

HVL (mm A1) ( 
0.3

0.4
   0.6
    0.8
    1.0       1.2
       1.4      1.6    

Table 1

[Stanton]
      125(115)
     160(145)    235      295     350      400      460     515

Table 2

[Rosenstein]
            106

149
  233
   310
    374
     425      466     501

Table 2/Table 1


ratio
     0.84(0.92)
    0.93(1.03)
  0.99
   1.05
    1.07     1.06     1.01    0.97

Appendix (Continued)

Moderate Compression - Non-Uniform Breast Thickness

Craniocaudal View

[image: image2.png]X-ray Direction

Skin Layer
(0.4-cm thick,
glandular. tissue).

Breast Region
(uniform mixture
of adipose and
glandular tissue)




Breast configuration dimensions, cm
Nominal

Chest wall


Thickness*

Width (D)

    size


to nipple ( C )


(A)      (B)

Small



4


4
3.5


12

Medium


8


6
5.2


18

Large



10


8
6.9


20

*(A) Thickness at chest wall

  (B)  Thickness at ½  the distance between chest wall and nipple

Appendix (Continued)

Moderate Compression - Non-Uniform Breast Thickness

Mediolateral View

[image: image3.png]1/2 Ellipsoid

Skin Layer
(0:4-cm thick,
glandular tissue)

Breast Tissue
(uniform mixture
of adipose and

glandular tissue)

X-ray Direction

d

Breast configuration dimensions, cm




A
Thickness at chest wall - 6cm

B
Thickness at ½ the distance between chest wall and nipple - 5.2 cm

C
Chest wall to nipple - 9 cm 

D
Height - 18 cm

DoD
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INSTRUCTIONS FOR X-RAY EQUIPMENT INSPECTION
I.  PURPOSE:  This instruction provides general guidance to be used during x-ray acceptance inspections.  The instruction is not intended to provide step-by-step guidance for every test, but addresses sections that require standardized procedures.

The acceptance inspection procedures have changed considerably.  It is essential that you familiarize yourself with this document prior to the inspection.  Some tests have been eliminated; however, exposures for specific tests have increased.  You can save considerable time and avoid error by a thorough review of this package.  Inspectors should be familiar with setup and use of the necessary test equipment.

II.  CONTENT OF INSPECTION PROCEDURES.  The acceptance package is divided into two parts.


A.  Part I describes the procedures, defines inspector's and contractor's 



responsibilities, and outlines safety precautions.


B.  Part II contains the cover letter and acceptance protocol which is completed by 


the inspector.  The completed inspection report, with cover letter, must be 



forwarded no later than 10 working days after completion of the inspection.

Distribution will be as follows:  original to Contracting Officer (DPSC-MQX); copies to using activity (Medical Maintenance), inspection activity (MERC, MMOD, local), and Service field office (AFMLO\FOM, USAMMA, NAVMEDLOGCOM\CODE 31).

A.
Inspector's Responsibilities

The following paragraphs discuss requirements, as well as provides suggestions and clarifications to make the acceptance inspection procedures easier to understand and perform.


(1) Procedure For Inspection or Reinspection


The DPSC Contracting Officer and DPSC-MQX act as an agent for the government during the procurement process of x-ray equipment.  The Contractor has a written contract to supply a product to an organization , and may have specific instructions to perform installation.  The contractor is obliged to contact DPSC following delivery of the product, and where installation is involved, to advise DPSC that installation is complete and the system is ready for inspection.


After receiving proper notification that a system is ready for inspection or reinspection, the Government has thirty (30) days in which to perform the inspection. If not completed within this time frame, and a variance to this time frame has not been requested or approved, the Government is obliged to accept installation, and establish a warranty start date.


It is the responsibility of the inspector to notify the Chief, Medical Materiel Services (CMMS), at the health facility, of the proposed inspection schedule, to include inspection duration and desired start date.  Normally, one to four days should be scheduled for inspection.  The Chief, MMS is responsible for coordination with the inspector, contractor, and radiologist to establish the actual inspection date within the established time frame.  Prior to the inspection, the CMMS should inform the local representative of the contractor about specific contract requirements and in particular, the inspection procedures contained in this document. 

Note:  The local representative may not be aware of all the elements of the inspection or of the contract.


The CMMS or his local military representative should initiate contact and describe the requirements of this document.  This may be a good time to advise the representative that the contracting officer makes the final determination of acceptance or rejection.  In the event of rejection by the contracting officer, the contractor has 14 days after notification of rejection to correct deficiencies without penalty.


Unresolved local problems regarding these areas should be directed to DPSC-MQX for resolution by the Contracting Officer.


Variance to the scheduled inspection period cannot be negotiated at the local level but must be requested and approved by the DPSC. A request for variance must be directed as early as possible to DPSC-MQX, prior to the end of established thirty (30) day inspection time frame. The request must provide a reason for not being able to perform inspection within the scheduled time frame, and provide a proposed new date for inspection or other action you are requesting; e.g. 10, 15, 30 day extension, postponement, cancellation, etc.


(2) Interviewing Users


Inspectors should arrive at the inspection site prior to the appointment with the manufacturer's representative. Enough time should be made to allow the user to describe any operational problems with  in-use 

equipment. The inspector can visually inspect the system for general installation quality and become familiar with the system's operation.  This preparation can considerably shorten the inspection and make it more effective.


The Technical Representative of the Contracting Officer (TRCO) is allowed to perform mechanical inspection of the system and components without the presence of the contractor's representative.


The inspector shall not perform any electronic tests of the x-ray system without the presence of the manufacturer 's representative. Discrepancies identified during visual inspection should be brought to the attention of the manufacturer's representative to allow appropriate correction during the course of the inspection.


(3) Contract Compliance Elements



The DPSC contract specifications are derived from a combination of:


Service unique essential characteristics for equipment performance


Customer's generic description of the requirement


Manufacturer's published specifications


DoD X-Ray Acceptance Inspection Procedures


Title 21, Code of Federal Regulations


In some instances, manufacturer's specifications may differ from DoD requirements contained in "DoD X-ray Acceptance Inspection Procedures".  Disagreements between the inspector and the manufacturer's representative relative to particular points of system performance or specification are to be resolved by the Contracting Officer (DPSC), who has the final authority to make determination.  Discussions about issues and disagreements should be included in the report for the Contracting Officer.


(4)
Documentation of Deficiencies



All deficiencies will be completely documented and forwarded to the Contracting Officer. Documentation includes a written description of the deficiency, printouts, or photographs.  Photos that clearly describe the problem or deficiency must be included with the document for the Contracting Officers review and inclusion in the DPSC rejection letter.  Dynalyzer or other mechanical printouts should be of good quality.  If photocopy capabilities are available, copy those pages of the inspection report that may be useful to the manufacturer's representative for corrective actions.  An advance copy of the deficiency pages explaining discrepancies identified during the inspection will be provided to the manufacturer's representative at the end of the inspection.



Any copy of this report that is left with the local organization is provided as a courtesy, and is considered an unofficial document, so may not reflect the final decision of the Contracting Officer as it appears on the official report.


(5)
Correction of Deficiencies During Inspection


Deficiencies may be encountered during acceptance inspection. If deficiencies consist of minor adjustments or repairs which could be accomplished during the inspection, the inspector should allow the manufacturer's representative to make corrections.


The inspector shall repeat a test when the results of that test could have been affected by the correction of a deficiency.  All corrections should be noted in the inspection report.


The decision to permit correction of a deficiency or to terminate inspection is a matter of judgment by the inspector.  This decision should be based on the condition of the equipment, the degree of effort  of the manufacturer's representative to correct the deficiency, and the time remaining for the inspection.


As a general guideline, if correction of deficiencies will cause the inspection to last more than a day longer than normally expected, the inspection may be terminated, or if continued, the deficiency should be listed as an uncorrected defect.


(6)
Termination of Inspection



The inspector may not terminate the inspection if the contractor's representative is not present.  The inspector will notify the CMMS who made arrangements for the inspection. The CMMS is required to notify DPSC-MQX by message or telephone, that the contractor has not arrived on site. Telephone numbers for the DPSC is DSN 444-2896, or commercial number of 1-215-737-2896, The FAX number is DSN 444-5752, or commercial telephone number of 1-215-737-5752.


DPSC-MQX will provide guidance regarding contractor's attendance.  Depending upon the new arrival date of the manufacturer, the inspector may perform those tests which do not require the contractor to connect the inspector's test equipment to the system.  If the manufacturer will not arrive on site within a reasonable time, as determined by DPSC-MQX, those tests which cannot be performed will be listed on Pages 22 and 23, and will become cause for rejection of the system. Inspectors should complete as many tests as possible, even if noted deficiencies will obviously result in rejection. Uncompleted portions of the tests should be clearly indicated in the report by page number, with the statement that they must be accomplished during reinspection.


Deficiencies that are not cited or identified in the report could result in a loss of the right of inspection and allow reinspection of only those previously reported deficiencies.



Occasionally, a manufacturer's representative may decline to continue testing when it is obvious by the number or type of deficiencies that the system will be rejected. In this instance, the reason for declination should be noted in the report.


(7)
Performance of Reinspection

    
The inspector should perform only those tests which failed the initial inspection, or tests whose previous results could have been altered by correction of a deficiency. The report must identify deficiencies cited in Contracting Officer's rejection letter to the contractor and indicate which deficiencies have been corrected.  Appropriate supporting documentation must be provided.

     
Recommendations for rejection cannot be based on discrepancies identified during the reinspection for unaltered tests which were accepted during initial inspection. These defects are to be corrected according to the provisions of the warranty.  If the discrepancies are minor in nature, reinspection of the system may be performed by the local medical maintenance activity.


Instructions:


Acceptance Test instructions follow the sequence of the table of contents.  Paragraph numbers correspond to the number of the test given in the table of contents. The appropriate page number is also given. Some inspectors will find it more convenient to perform sections or portions of sections in a different order.

IV.
ADDRESS - Service specific mailing addresses are provided below


Navy:  NAVMEDLOGCOM


Naval Medical Logistics Command


Attn: Code 31


521 Fraim St.


Ft. Detrick, MD 21702-5015


Air Force:  AFMLO\FOM


Air Force Medical Logistics Office


1423 Sultan Drive


Ft. Detrick, MD 21703


Army:  USAMMA


U. S. Army Medical Materiel Agency


ATTN: MCMR-MMM-P


Ft. Detrick, MD 21702-5001

V.
CHANGES TO THIS DOCUMENT


Recommendations to improve these test procedures are encouraged, and may be submitted at any time.  Recommendations should be forwarded to the respective Military Service Field Office and to:


DPSC-MQX


P.O. Box 8419


2800 S. 20th St.


Philadelphia, PA 19101-8419

ACCEPTANCE INSPECTION

I.  SCOPE

This procedure contains tests related to the design, performance, installation and radiation safety characteristics of medical x-ray systems.  Certain tests are performed to confirm compliance with Federal Law as it pertains to 21 CFR.  Other tests are performed to determine manufacturer compliance with the contract requirements, which by Service agreement and concern may be more stringent than 21 CFR.  Additional tests determine if the assemblers have properly installed the x-ray system.

II.  DEFINITIONS

· CONTRACTOR.  A person who represents a company that manufacturers or supplies the product or system identified in the equipment description of a contract.

· CMMS.  Chief, Medical Material Services.  An Officer, Warrant Officer, Non-Commissioned Officer, or Civilian in Charge of the Medical Material Section of the Health Care Facility, who acts as the primary point of contact between the contractor, representative, TRCO, and the Department of Radiology.  

· EXTENDED INSTALLATION.   An additional contract line item (CLIN) to the contract whereby the contractor is responsible to perform additional work to the facility, to ensure the timely installation of the X-ray equipment and completion of the contract prior to an established .  This may include work functions such as re-wiring from the main circuit breaker to the control, or relocation or additional trough materials.  In all instances,  the preparation work does not allow for the renovation of the room, painting or replacement of major components (ceiling or flooring) of the room.  

· INSPECTION.  Means examination, measurement, and the testing of the system and components by physical and technical means to determine compliance with the contract requirements and the equipment specifications.

· REPRESENTATIVE.  A person or group of persons employed by a contractor, that performs installations, calibrations or other services on the installed system.  These individuals are also known as the manufacturer's representative or representative of the manufacturer.

· TRCO.  A military or civilian representative of the Government who acts as the Technical Representative of the Contracting Officer. The TRCO compiles information taken during acceptance testing and provides it to the Contracting Officer for decision.

· VARIANCE.  A request to delay or to defer a scheduled inspection.  This request originates from the manufacturer or from the receiving organization, and is addressed to the DPSC Contracting Officer.

III.  TRCO RESPONSIBILITIES:


A.
General Responsibility



The TRCO must review the entire acceptance inspection package as soon as possible and address any technical questions to DPSC-MQX, DSN 444-2896.  During the inspection, the TRCO must evaluate each defect and identify it in the report.  Written comments on the possible cause of defect should be provided as part of the report.


B.
Contractor Installed Equipment


The TRCO performs the inspection, and is responsible for operating the test equipment and recording data.  The Contractor Representative is responsible for connecting the TRCO's test equipment to the x-ray system and components and for operating the x-ray equipment during the inspection.


C.
Government Installed Contractor Supervised



The TRCO performs functions described above. The Government installer or the contractor's representative performs functions described above.

IV.
INSPECTION REPORT


Upon completion of required tests, forward appropriate pages or electronic copy (3 1/2" disc) of the report, with documentation.

INSTRUCTIONS

INSPECTION COVER LETTER


a.  The TRCO is responsible to prepare and submit the completed acceptance document to the Contracting Officer.  In particular, provide telephone numbers for an on-site representative who is familiar with the project.  Ensure the generic description and trade name is filled out, as those entries may be used as the descriptive entries into the property accounting system.  Ensure the representative has provided a filled out FDA 2579, as they may be liable for a significant penalty if the form is not provided.  Absolutely ensure block 2 is checked, either for acceptance or rejection.  Don't leave the report as a guessing game for the contracting officer.  Lastly, be sure the report is signed.


b.  Provide all requested information.  If the information requested is not applicable for the system being inspected, indicate "N/A" in the appropriate blanks.  If the inspection was not completed for any reason, indicate this on the discrepancy summary sheet. Indicate in the report which tests which that were not completed.


c.  Note that the TRCO only recommends acceptance or rejection.  Prior to the inspection, inform the manufacturer's representative that the Contracting Officer makes the final determination of acceptance or rejection.  Recommendation for rejection should normally be made if there are any uncorrected deficiencies.  The contractor has 14 days after notification of rejection by the Contracting Officer to correct the deficiencies without penalty.


d.  If the deficiencies do not require a complete reinspection or use of specialized test equipment, the TRCO can recommend reinspection by the local medical maintenance activity. In such instances, the designated local manufacturer's representative and local medical maintenance personnel should be advised of reinspection requirements. A local hospital representative should be present during the reinspection.


e.
If the report is being filed as the result of reinspection, a statement of travel, per diem, and salary expense for the reinspection period should be incorporated with the report. Provide a valid name and address of the organization to receive the reimbursed funds or other credit.

TO:      Defense Personnel Support Center



Date:  _________________



ATTN:  DPSC-MQX


      2800 S. 20th St.


      Philadelphia, PA 19145-5099

FROM:  

SUBJ:  Inspection/Reinspection of Computed Tomography (CT) Scanner System

1.
The system identified below was     inspected     reinspected and performance tested.


a.
DOD-MQX Project Number: _____________________________________________  

b.
Activity Requisition Number:  ____________________________________________  


c.
DLA Contract/Delivery Order Number:  ____________________________________ 

 
d.
Manufacturer:                                          Installed By:  ________________________ 


e.
Location:  Base/Post:                                    Building #                     Room #_______ 
    

Telephone:  Radiology ________________________



Telephone:  Medical Maintenance _______________


f.
Trade Name/Model: __________________________________________________


g.
DOD Notification Date:                                  Deadline Date:  ___________________

    
h.
 Inspection Period:  _________________________________________________ 


i.
Inspector's Name (TRCO):  __________________________________________ 


j.
Inspector's Address:  _______________________________________________



Telephone Number (Commercial and DSN):  ______________________ 



Telefax Number (Commercial and DSN):  ______________________

   
k.
FDA Form 2579 Completed:  ___Yes     ____No     Form Serial # ____________ 
2.
Based on the attached report, I recommend that the CT scanner X-ray system be:


____  Accepted    ____  Rejected

3.
If this is a reinspection, data for reimbursement can be found listed at Encl. or will be forwarded under separate cover.

Encl.





                                                                               








(Inspector's Signature and date)

SAFETY NOTES

· Under no circumstances should you expose any portion of yourself or of any other person to useful or primary X-radiation.

· ( Symbol designates initiating an exposure.

· When measuring x-ray for verification of calibration, it is mandatory that adequate shielding be used by operating personnel, such as the wearing of lead aprons and lead gloves for additional protection against radiation.

· When making exposures, strictly observe all radiation safety precautions and wear your personal monitoring device.

· In checking collimator calibration, avoid unnecessary radiation exposure. Require that personnel not directly involved in the inspection leave the area.

· Use a partner or the "Buddy System" to minimize the hazard while making connections to or working in high voltage circuits.

· Take extra care when operating remote exposure or servicing switches to ensure proper safety precautions.

· Never make electrical connections to the x-ray generator or other components with the power on.

· Do not wear loose clothing, ties, or jewelry near the table motor, gears, or any mechanical system that could snag such items. Remove rings and other metallic items when operating near electronic components.

· Inspect "wire-rope" cables with gauze pads for severely flattened areas, burrs, rough spots and verification of proper lubrication.

· Consult operating and service manuals for other special safety precautions.

· Lock-out or Tag-out any electrical circuit breakers or fuses prior to working on line powered circuits.

· During inspection of an x-ray tube for filament or rotor operation, verify that no radiation is being produced. If examination of rotor surface or x-ray filament "change over" or "boost" circuits need verification do not look directly into the tube port.  Use a mirror to view into the port.

GENERAL

A.
READ the procedures carefully.

B.
Record the test equipment used.

C.
Allow sufficient warm-up time for X-ray and test equipment.

D.
Observe X-ray tube warm-up procedures as specified by the manufacturer.

E.
Periodically verify the calibration of test equipment during extensive testing; i.e., 
baseline drift, etc.

F.
Label all test results, i.e., photos and dynalyzer tapes to avoid any confusion.

G.
References to 21 CFR 1020 are noted when applicable.  Further guidance can be 
obtained in the "Regulations for the Administration and Enforcement of the Radiation 
Control for Health and Safety Act of 1968."

H.
Additional notes have been provided which contain information which will prevent 
possible damage to the equipment and personnel.

I.
Direct print paper will require higher techniques to properly expose the paper.

J.
When using the dynalyzer on three phase units, each time the kVp is lowered, an 
additional exposure must be made to re-establish the manufacturer kVp threshold 
point before accurate measurements can be accomplished.

K.
Indicate the DPSC project number on each submitted page.

L.
When recording X-ray tube information, identify horn angle, focal spot size, and 
target angle.

M.
Test equipment used in the performance of this  inspection is the property of (If a 
situation arises where other than the inspector's test equipment must be used, 
indicate the equipment and the reasons.):

TEST EQUIPMENT LIST

All test equipment used is listed below:

Nomenclature
Mfg. & Model No.
Serial #
Due Calibration

High Voltage  Bleeder




Digital Display




Digital Printer




Oscilloscope




Tachometer




Light Meter




Digital VOM




mAs Meter




Note:    Verify that test equipment which requires calibration has a valid certification label.  If the equipment is overdue calibration, it should not be used unless accuracy can be proven by comparing it with an instrument of known accuracy and with the written consent of the manufacturer's representative.

REQUIREMENTS FOR SERVICE DATA MANUALS FOR X-RAY EQUIPMENT
a.  The contractor shall furnish TWO (2) COPIES of all manuals, handbooks and/or brochures containing complete operation, installation and service/maintenance instructions (including pictures or illustrations, as necessary) with complete schematics and wiring diagrams.

b.  All manuals, handbooks, and/or brochures are to be written in the English language and all schematics and wiring diagrams will use American electrical and electronic symbols.  The manuals will include electrical data and connection diagrams for all applicable utilities.  

c.  The instructions shall include a complete list of replaceable parts showing part number, number and quantity required.

d.  All service notes, service memos, etc., pertaining to the equipment and issued subsequent to the printing of the original instructions shall also be included.  These instructions shall be, as a minimum, that furnished to service engineers (or servicemen) that normally install and service the equipment for the company or distributor.

e.  When the system being procured includes or will operate with other ancillary equipment, the service data shall include complete instructions and drawings which show interfacing of all system components.  Two copies of the above information will be furnished to the Chief of Medical Materiel Services at the hospital receiving the equipment.

f.  The Government reserves the right to award based upon those contractors which meet the above service data requirements for both contractor and subcontractor items.

INVENTORY LIST - (21 CFR 1020.30(e))

a.
On the inventory list, the inspector should verify that the manufacturer has provided components and accessories required by the contract.  List shortages or discrepancies on page 9.  A copy of the inventory list should be retained and left with the system to be used as a reference to update the hospital's historical maintenance records (HMR).  Verify all manuals provided comply with Section J, Contract Data Requirements List, of the Contract specification.

b.
During the inventory the inspector should also check general workmanship (internal/external wiring, screws, bolts, cleanliness, physical damage, etc.). of the installation.  Deficiencies identified should be documented with photographs.

COMMENTS: 

INVENTORY


Item Description
Cat / Model #
Serial Number

1. 
Power Distribution Unit



2. 
CT Scanner System



3. 
Operators Console



4. 
CT Patient Couch



5. 
Gantry



6. 
Tube Insert



7. 
Tube Housing



8. 
Generator



9. 
Detector



10. 
Magnetic / Optical Disk Drive



11. 
External Magnetic Disk Drive



12. 
CT Workstation Chair



13. 
ACR/NEMA  (DICOM) interface



14. 
Laser or other Imager



15. 
Networking Components



16. 
QA Phantom



17. 
Performance Verification Phantom



18. 

Other Components of the System


19. 




20. 




21. 




22. 




23. 




24. 




LIST OF DOCUMENTATION, SOFTWARE, AND MANUALS

Name / Description
Part Number
Quantity
Discrepancy






























































































































MANUFACTURER'S SPECIFICATIONS - (21 CFR 1020.30(h))

a.
 Generator Rating:  kVp     mA     kW      Time     



(units without independent mA/time selections) mAs

b.
 X-ray Tube Rating:  
kVp      kW      

c.
Leakage Technique Factor:                                                                         

d.
Tolerances:


(1)
Line Regulation:      
% @     
kVp      
mA or      % @     kVA


(2)
Kilo Voltage Peak:       % or +       kVp @      
kVp


(3)
Milliamperage (mA):           % or +      mA  @      mA


(4)
Timer:
      (%)   @      





(%)      
@      





(%)      
@      



(5)
Space Charge:                                                                               


(6)
Milliampere Seconds (mAs) (Generators with mAs Selection only):      %

DEFICIENCIES

The list of deficiencies should include all deficiencies found during the inspection.  Whenever possible, Identify the area by page number and paragraph.

Deficiencies or discrepancies found during this inspection are as follows:  (Insert additional pages, photographs and support documentation as required.)  List deficiencies in detail and annotate whether "CORRECTED" OR "UNCORRECTED."

Page Number / Paragraph
Deficiencies













































































































PERSONNEL CONTACTED, ASSISTING, OR PARTICIPATING IN THIS INSPECTION ARE AS FOLLOWS:

Government and Manufacturer Representatives
Title


Telephone Number

































Note: Business cards may be attached to simplify recording information.




 



___________________________________________


Inspector (Signature)

If the equipment uses exposure counters, provide exposure Information:


CT Tube

Number of Exposures


Begin


End


Total


SCOPE ALIGNMENT AND PROBE CALIBRATION

Purpose:  The purpose of the scope photographs is to indicate proper adjustment of oscilloscope focus, astigmatism, scope calibration, vertical amplifier balance and trace rotation.

1.
Normal Square Wave

Provide oscilloscope photographs of the following waveforms, and annotate time setting and volts per division on each photo.  With scope in "chopped" mode, display a calibrated waveform (1 kHz, 0.6Vp-p) simultaneously on channel A and B (at least three cycles should be present).  Channel A sweep should be located at the top major division on the graticule screen and Channel B should be located at the bottom major division on the graticule.  Retain (store) the two "chopped" mode waveforms on the scope screen.  Reduce brightness.  Select "add" mode, then slowly increase brightness until a waveform is visible.  Store this calibrated waveform (1 kHz, 1.2v peak to peak square wave) on the scope.  This waveform should be located on or near the centerline and between the previous "chopped" mode waveforms displayed.  Record with one black and white scope photograph and attach to the next page.

2.
Invert Square Wave


This test verifies that the vertical gain of Channel A and Channel B are the same at a given input signal.


a.
Apply the calibration signal to Channel A (1 kHz @ 0.6V p-p) so the waveform is one major division high. Place this waveform at the top of the graticule.


b.
Select "invert" position for Channel B and place this waveform at the bottom division of the graticule.


c.
"Store" these two waveforms, reduce brightness and select the "add" mode.  Bring up the brightness level until the waveform is visible at or near the centerline of the screen.  If both amplifiers are calibrated, the addition of two waveforms that are 180 degrees out of phase with each other, will produce a straight line.  It may be necessary to adjust the front panel gain for Channel A or B until the waveform is straight.


d.  Record the waveform and annotate on the photograph the sweep rate, volts per division and if an adjustment was required to either input to make the gain equal.  Attach photo to next page.

Note:  Ensure that scope probes are frequency calibrated by observing that the square wave is in fact square with no spikes (overshoot) or rounded corners at the transition points on the wave.  Adjust as necessary per probe compensation instructions.

SCOPE ALIGNMENT AND PROBE CALIBRATION

PHOTO 1


Settings:     
V/Div.

 
Time

PHOTO 2


Settings:   
V/Div.

  
Time

LINE DROP TEST (21 CFR 1020.30(b)(23)) AND 21 CFR 1020.30(h)(3)

Purpose:  The TRCO will  observe the drop in supply voltage at the maximum kVA demand of the x-ray unit and determine if the electrical supply line and wiring is adequate to power the x-ray system.  The line drop, load test and the maximum advertised limits test produce similar results.  Consideration should be given to performing these tests simultaneously.

Do not exceed kW rating of the X-ray generator even though the x-ray tube may be capable of greater kW load.  Likewise, do not exceed kW rating of the X-ray tube even though the X-ray generator may be capable of a greater kW load.

This test can not be accomplished with a digital multimeter unless the sampling rate of the voltmeter is greater than or equal to 1/20 second (50 msec).

The test should be performed at the contract specified maximum mA and kV product obtainable.  Multiply each mA station times the maximum allowable kVp on that station and use the setting which gives the highest value.  For example, if a unit allows 140 kVp at 300mA and 150kVp at 325mA, the test should be performed at 150kVp on the 325mA station since 320 x 150 is greater than 300 x 140.  Exposure Time should be for an overscan procedure.  Observe tube charts and warm-up procedures.

1. 
 Dynalyzer Procedures:  Connect the Dynalyzer and printer per the manufacturer's instruction.

Note:  In order for the Digital display to update the load voltage during the exposure, the HV divider must be connected.  Ensure that print output is legible prior to actual measurements.  Ensure measurements are taken at the techniques above, and label Dynalyzer printouts to show line volts during pre-exposure and exposure.  The technician should also be aware the Dynalyzer rounds down all readings to the nearest whole number (For example: 4.9% = 4.0%)

Unless there are suspected or confirmed measurement problems, scope photographs are not required.

For three phase systems, measurements should be provided for phase to phase voltages.

2.
Oscilloscope Procedures:

Note:  Ensure that the scope is grounded properly.  Do not use an ungrounded (floating) oscilloscope to measure line potentials.


a.
ALL SYSTEMS



(1)
Connect  a 100 X probe from channel  A of the scope to line 1.  Connect  the other 100 X probe from channel B to line 2 of the incoming line.  This connection can be made at the room disconnect or the power entry point at the control unit.



(2)
Adjust scope vertical gain to obtain a sine wave as large as possible, within the limits of the vertical graticule.


(3)
Set oscilloscope on single sweep, time at 0.2 sec/div.  Set CT scan time for “overscan”.


(4)
Prepare for the scan, press `scope sweep' reset and initiate an exposure This exposure provides a single l-second sweep that displays voltage drop during the exposure.  Provide photograph and calculations for this measurement, if necessary.


b.
THREE PHASE SYSTEMS.  Do measurements and calculations for each phase to phase connection similar to the above procedure.


Measure the  voltages between:

L1 and L2               








L2 and L3               








L3 and L1               
Calculate the percentage of line regulation and compare it to the manufacturer's specification.


Line regulation is derived from the following formula:


Regulation in Percent    =
Voltage, no load (VNL)  - Voltage, load (VL)  x  100%










Voltage, load (VL)

If line regulation exceeds specification, the unit must be derated by the manufacturer during installation.

Identify any discrepancies and annotate any corrective action taken.

ATTACH SCOPE PHOTOS AND/OR DYNALYZER PRINTOUTS HERE:

SAFETY NOTES:
Three phase electrical power may be delta or D connected, with 220 or more volts across each winding and all three windings connected in a ring or a D connection.

The wye or "Y" configuration typically has 240 volts or more from the neutral line of the power supply to L, L2, and L3.  The voltage between phase legs, L1, L2, and L3 should be 380 or more volts.

For "Extended Installation" projects where the contractor is responsible to install or replace the existing wiring, the TRCO should identify the actual length and wire gauge of  the power cable.

Distance _________ in feet to power source.  

Wire gauge of power cable to disconnect  _____

LINE DROP, LOAD TEST
(
Record scope settings:   Vertical:  Volts/Div. ______
Horizontal:  Time/Div. ______

Record X-ray Control Settings for MAXIMUM line current:


Manufacturer recommended 
  Tested


mA
________________              ________________


kVp
________________              ________________


Time
________________              ________________


mAs
________________              ________________

Caution:  During Exposures, Do Not Exceed Tube Or Generator Limits

Record manufacturer specified limit for line regulation: _____% @ _____mA _____kV

Record measured and calculated line regulation: _____%

Is the Government supplied electrical power adequate for operation of the system?

___ Yes   ___ No

Calculate line voltage regulation in accordance with 21 CFR 1020.30(b)(23), from the following formula:


Percent Regulation  =  (Vnl - Vl)  x  100 
 



                Vl



Where:     Vnl = No-load voltage




      Vl   = Voltage under Load

Note:  For equipment that operates on three phase electrical power, perform the calculation for each phase. 






L1 to L2 ________%






L2 to L3 ________%






L3 to L1 ________%

Note: If the unit does not meet manufacturer specifications the unit must be derated to comply with manufacturers specifications.  If derating can not be accomplished or if the wiring supplying power to the unit does not meet NEC codes, DPSC must be contacted before proceeding with the acceptance inspection.

DERATING OF X-RAY SYSTEMS
Federal Law requires a manufacturer to refuse to connect his product to an electrical line that is not sized to adequately power the device. The product may also be electrically disabled at higher mA and kVp stations that will allow use of the product at lower levels of performance. The DoD requires the manufacturer to derate any X-Ray product to allow use on the available electrical power supply.

“Derating” X-Ray equipment
Yes
No
N/A

1.  Is the line regulation (as calculated) in accord with the manufacturers specification, thus not requiring the x-ray system to be derated. If “No” comment below.




2.  Have all required changes to the system been accomplished by the manufacturer?




3. If the system was derated, does the  control panel and manufacturer's literature reflect the changes made to the x-ray system?




4.  Annotate the new derated limits of the x-ray system.




5.  Was derating adequate to meet manufacturers specified line load regulation?




COMMENTS:

PHOTOGRAPHS OF ROOMS
Provide photographs of the control room, table, gantry, transformer, electronics cabinet, etc., and attach to pages.

Note:  If possible, one photograph should be taken to show as much of the room as possible, oriented to show table and gantry with accessories mounted.  More than one component may be included on each photo if it helps to show relative position of the components with respect to each other.  Take two photographs of any deficiencies, crowding, or other inappropriate component location and attach.  Provide interior as well as exterior views of the defects.  DoD will forward extra photos to the manufacturer to identify the discrepancies.  Views shall show equipment both front and back side views where practical.

COMMENTS:

TRANSFORMER BALANCE TEST

Purpose:  This test is performed on high voltage transformers that have one or more center-tapped secondary windings, to verify that the output voltages, after rectification, are balanced on both the anode and cathode side of the x-ray tube.  In addition, the test discloses if there are significant differences in the number of turns per winding, that could appear as an unwanted ripple voltage component at the tube, and possibly stress the high tension cables.  If  there is significant  transformer imbalance, the total voltage applied to the X-Ray tube may be correct, however the individual cable voltage may exceed the design rating ( typically, 75 to 85 kVp ) of the high tension cable, and cause voltage breakdown or arcing within the cable.

DoD Limit:  A maximum difference of 4kVp between either the anode and cathode voltage, as referenced to the centertap of the transformer shall not be exceeded.

Procedure:

1.
If possible, connect the High Voltage bleeder or Dynalyzer in parallel with the radiographic tube to reduce loading of the filament circuit.

2.  Connect the anode output of the High Voltage measuring device to scope Channel 1, and the cathode output to scope Channel 2.

3.  Set vertical gain for both channels to 20 kVp / Division.  The input for channel 2 should be in the normal, not invert mode.  Ensure that the oscilloscope is in chopped mode.

(
4.  A series of exposures will be taken to provide an indication of anode voltage in the positive direction and the cathode voltage in a negative direction.

5.   Proceed with the test as follows:


a.
Prepare the scope to store a waveform, single shot mode.


b.
Exposure time should be about 1/20  second (50 msec).


c.
At the lowest mA on large focal spot, make an exposure at a lower kVp selection sufficient to trigger the scope and store the waveform.


d.
You will be required to produce a series of photographs of the kV waveform at progressively higher kVp 
settings as indicated below.


e.
Check at least the 50, 80, 110, and maximum contracted value of kVp selection.  For low kV systems 
such as used in Mammography, use low, medium and high settings.

TRANSFORMER BALANCE TEST (Continued)

Attach results of Transformer Balance tests:

Identify X-ray Tube insert:

1.
Metal envelope and ceramic Tube.
___________________

2.
Glass envelope Tube.
___________________

Provide scope photographs below of kVp waveforms taken at the following selections:

Advertised Maximum kVp,  110 kVp,  80 kVp,  50 kVp

Scope settings:   Vertical:  Volts/Div. _______
  Horizontal:  Time/Div. _______

Set scope in Chopped Mode

X-ray Control Settings:

kVp  _____________

mA   _____________

Exposure 0.05 (l/20) Seconds

ATTACH PHOTOS HERE:

Record Manufacturer's Transformer Balance Specification Limits: kVp @                     %

Identify X-ray Tube insert:

1.
Metal envelopes and ceramic tube:          


2.
Glass envelope tube:             


Scope Settings in Chopped Mode
CT Control Settings
 Actual Measurement

Volts/Div.

Time / Div.

kVp


Probe

Scan Time


GE Bleeder




Dynalyzer




TIMER  TEST                                                                                                           
Purpose:  Verify the accuracy of the exposure timer.

a.
Provide either oscilloscope photographs or Dynalyzer printouts to verify accuracy.  If oscilloscope photographs are provided, more than one timer setting can be indicated per photograph by varying the horizontal position control.  If Dynalyzer printouts are provided, each should be labeled with the timer setting.

b.
Documentation for each available timer setting need not be provided.  Results for the longest available time and a selection of shorter times should be provided.

Notes: 
1.
When using the Dynalyzer on three-phase units, note that each time the kVp is 
lowered, an additional exposure must be made to re-establish the manufacturer kVp 
threshold point before accurate measurements can be accomplished.

2.
If the Dynalyzer is used, the measured values need not be written.  Attach the 
Dynalyzer printout and label each setting.

3.
If the Dynalyzer free runs, it may be due to first triggered noise.  Reset of the trigger 
threshold control may be required.

4.
Timer Test cannot be performed on units which only have mA selections and do not 
have an independent time selector. 

Comments:                                                                                                              

TIMER TEST                                                                                                               

Caution:   Do not exceed tube or generator limits.



YES
NO
N/A

a.
Is there an audible signal change upon termination of exposure?

( 21 CFR 1020.31 (I)




b.
Is there a visual indication when an exposure is in progress?

(21 CFT 1020.31 9 (I)




c.
Does the unit allow uncontrolled or repeated timed exposures?

(21 CFR 1020.31 (A)(2)(I)




d.
Does the X-ray system employ “soft pulse”?




Be sure to include the Time/Division setting on the oscilloscope for each photo taken.

(

X-ray Control Settings:   mA            kVp            Mfg. Threshold Point            %


Indicated
Measured

Time:



Time:



Time:



Time:



Time:



Time:



Time:



MAXIMUM LOAD TEST                                                                                             
Purpose:  Verify that the X-ray system will provide the kW output and produce the kVp and mA as specified by the contract.  It is not a tubehead heat unit endurance test.  Do not exceed tubehead rating charts.  The tube protection circuitry shall be adjusted to 100% of the maximum tube rating in order to perform these tests.

a.
Provide a kVp photograph of the maximum rated kVp at the highest mA station specified by the contract.  For example, if the system is a 1000mA unit rated at 150kVp, but the integrated tube protection circuit prevents an exposure at 150kVp and 1000mA, reduce the mA until an exposure can be made. Follow the manufacturer’s and X-ray tube rating chart for these exposures.

b.
Provide a kVp photograph of the maximum rated mA at the highest kVp station specified by the contract.  For example, if the system is a 1000mA unit rated at 150kVp, but the integrated tube protection circuit prevents an exposure at 1000mA at 150kVp, reduce the kVp until and exposure can be made.

c.
Provide a photograph of the maximum time at the highest possible kVp without exceeding the kW rating of the tube or generator.  This is a test of high voltage insulation and not a tubehead heat unit endurance test. 

Notes: 

1.
Any high voltage breakdowns which occur should be documented in detail.  Provide additional photographs of any arcing or high voltage breakdowns.

2.
Reluctance on the part of the manufacturer’s  representative to perform these tests should  be documented.  If questions arise concerning the maximum load limits, consult the procurement contract and/or the Contracting Officer.


PHOTO 1:  Maximum kVp with the maximum allowable mA and time.


PHOTO 2:  Maximum mA with the maximum allowable kVp and time.


PHOTO 3:  Maximum time with the maximum allowable kVp, low mA.

3.
On many units the maximum technique factors will be the same for the first two test.  If this is the case, the test should only be performed once and only one photograph should be provided. 


Reminder:  Provide photo or Dynalyzer tape for maximum timer test. 

Comments:

MAXIMUM LOAD TEST  
(
Scope Settings in Chopped Mode:


Volts/Div.
                               

Millisec/Div.
                               

Probe (if used)
                               
X-ray Control Settings #1:


kVp
                              

mA
                              

Time
                              
X-ray Control Settings #2


kVp
                              

mA
                              

Time
                              
X-ray Control Settings #3


kVp
                              

mA
                              

Time

X-RAY TUBE PROTECTION TEST                                                                            
Purpose:  Ensure that maximum techniques will not exceed the tube rating.  Be sure that the tube rating chart applies to the tubehead being tested; i.e., focal spot size, low/high speed operation , etc.

a.
Provide several examples of techniques at which the protector circuit just operates (the next lower setting will permit exposure).  Techniques at each mA station should be checked.  Verify that an exposure inhibit or overload  light operates  and exposure is prohibited.  (NOTE:  Some units may require the rotor circuit to be activated in order for the tube protection circuit to operate.)

b.
On the higher mA stations it is necessary to check the tracking of the tube protection circuitry.  This requires the inspector to plot the tube rating chart at two other kVp points and adjust the time to the point where the tube protection circuitry just operates.  Record these additional settings.

c.
These values should be compared to the tube rating chart and should not exceed the tube rating.  The tube protection values should be set at 80-90% of the maximum values of the tube rating chart unless otherwise desired by radiology department. 

d.
Reproduce the tube rating chart and plot the X-ray tube protection settings.  Include a marked copy of the rating chart with the report. 
Comments:

X-RAY TUBE PROTECTION TEST                                                                            
ADD DATA - COPY OF THE TUBE RATING CHART

SPACE CHARGE COMPENSATION, Ma, AND kVp TEST                                       
Purpose:  Verify proper adjustment of the space charge compensation circuit and accuracy of kVp stations, and ensure that mA is accurate and remains relatively constant throughout the kVp range.

a.
If Dynalyzer printouts are provided in lieu of oscilloscope photographs for this test, the oscilloscope should be connected during testing for observing all waveforms.   Photographs of discrepancies or questionable waveforms should  be provided. 

b.
Label all Dynalyzer printouts.

c.
If oscilloscope photographs are provided, the ADD mode should be used a 20kVp per division, and all waveforms for the mA station superimposed in a single photograph.

d.
Record mAs and actual mA for each exposure using  am mAs meter or the Dynalyzer mAs/mA setting.  mA  should be within + 5% of the selected mA.  mA should be within + 5% of the selected mAs over the range of 60 to 120 kVp.

e.
Verify space charge compensation for the two highest and the two lowest mA stations at low, medium (neutral), and high kVp settings.  Verify mA calibrations a each mA station at the neutral kVp.  The manufacturer’s representative should be given the opportunity to correct any discrepancies.

Notes:  

1.
If the Dynalyzer is being used, the cathode cable should be removed.  mAs can be significantly reduced by the test equipment.  The cause of low readings should be annotated in the report.  True readings should be obtained by using the anode only connected and doubling the kVp obtained, providing transformer balance was previously verified.

2.
In order to keep heat units from building up, start at the highest mA station and work down. Start at the lowest kVp station and work up. 

Comments:

SPACE CHARGE COMPENSATION, mA and kVp TEST                                       

Scope Settings:


Volts/Div.
                             

Time/Div.
                              
Indicate kVp settings used: Low             Medium             High            

(
mA station           at            second:


mAs
mA

Low kVp



Neutral kVp



High kVp



mA Station            at             second:


mAs
mA

Low kVp



Neutral kVp



High kVp



mA Station            at             second:


mAs
mA

Low kVp



Neutral kVp



High kVp



mA Station            at             second:


mAs
mA

Low kVp



Neutral kVp



High kVp



Record other mA Stations here:

Selected mA
Actual mA



















CT SCANNER SYSTEM MECHANICAL SUBSYSTEM


CT, Mechanical Checks
Yes
No
N/A

1.
 Scan Apparatus General  (Section 3.1.3)




1a.
Does the scanning apparatus operate quietly and free of vibration?




1b.
Are cables and mechanical systems enclosed and non-obstructing?




1c.
Are gantry and table drives provided with functioning interlocks?




1d.
Are table and gantry controls conveniently located?




2. 
Patient Support (section. 3.1.3.2):




2a.
What is the minimum loading height of the scanning table?
Expected in mm

Measured in mm


2b.
What is the range of vertical travel?
Expected in mm

Measured in mm


2c.
Is the table's motorized advance and return drive system capable of at least two (e.g. fast and slow) traverse speeds?




2d.
What is the couch velocity in mm/Sec?
Slow Speed

Fast Speed


2e.
What is the full range of couch travel?
Expected
Measured



2f.
Are couch positions repeatable with an accuracy of +/- 1.0 mm over the full range of travel, with a 300 lb. patient?




2g.
Does the couch allow for patient positioning as follows:





Head First?





Feet First?





Prone position, head or feet?




2h.
Does the couch have a patient operated “Stop” button?




2I.
Does the Gantry have an operator “Stop” button?




3.
Gantry




3a.
What is the diameter of the scanner gantry aperture?
Expected

Measured


3b.
What is the range of  Gantry Tilt?
Expected

Measured


3c.
What is the X-ray plane translation at ISO-center with gantry tilt?
Expected
Measured

3d.
Is the Gantry Tilt Display clear and visible to the operator?




3e.
What is the accuracy of the tilt indicator?
Expected

Measured




3f.
Is the scan plane alignment system repeatable? (Laser beam or collimator lamp)




Comments, if any should cite the above questions. Other comments are accepted.

4.  X-RAY SOURCE GENERATOR AND CONTROLS  (Sec.   3.1.3.4):

X-Ray High Voltage Generator
Yes
No



4a.
What is the rating (in kW) of the x-ray tube?
Expected

Actual





4b.
What is the rating (in kW) of the generator?
Expected

Actual




4c.
Does the tube have sufficient heat dissipation capacity to allow multiple 72,000 heat unit (KHU) exposures with a maximum tube cool-down period of 25 seconds between exposures, assuming a fully heat-loaded tube?



4d.
Does the system have an x-ray tube heat indicator or *alternate method of automatically protecting  the x-ray tube from overloading?



4e.
Can the operator manually select tube currents and tube voltages?



4e.(1)
What are the kVp selections?
Expected

Actual


4e.(2)
What are the mA / mAs selections?
Expected
Measured



4e.(3)
What are the exposure time selections



4f.
Does the system automatically verify the selected parameters before allowing initiation of a scan ?



4g.
Does the system visually indicate all technique factors prior to exposure?



4h.
Does the system control all exposure parameters during a scan?



4i.(1)
Does the system have visual indication of X-ray "ON"?



4i.(2)
Where is the Indicator located?
Console

Gantry


4j.
Is the system collimated in accordance with 21 CFR 1020.31(d)   (1) and (2) and conform to the requirements of 21 CFR 1020.33 (h)  (1) and (2) ?



4k.(1)
Has a spare x-ray tubehead been furnished with the system?



4k.(2)
If Supplied, Is it identical to the supplied glassware?



* Describe the alternate method for tube protection.

MULTIFORMAT CAMERA
 (Sec.  3.1.5.4)

The following applies to the Matrix MI 10 camera only.  Does the Multiformat Camera (Matrix MI 10) meet the following requirements?

Matrix Multiformat Camera



Yes
No
N/A

1.
Does it perform single or multiple automated x-ray film loading and exposure?




2a.
In the automatic exposure  mode, does  it handle 14" X 17" , 11" X 14" and 8" X 10" film?




2b.
In the automatic exposure  mode, does  it automatically advance film?




2c.
Include film magazines that accommodate at least 100 sheets of film?




2d.
Allow the take-up magazine to be removed after any complete film transfer to allow processing of exposed film without exposing the unused sheets of film?




3.
Does it allow single cassette film operation between films during auto-load operation?




4.
Provide number and description of cassettes provided.
Number

Size

5.
Does it have a control for x-ray film size selection?




6.
Can it produce images on at least three (3) film sizes?




7.
Are the following image sizes available?




7a.
There are four (4) different image sizes for each film size.




7b.
There are six (6) of the smallest images on the smallest film size.




7c.
There are twelve (12) or more of the smallest images on the largest film size.




8.
Is the control module (i.e. exposure and size selection) available at or near, the operator and diagnostic consoles.




9.
Describe problem locations in comments section.




10.
Are images produced available in normal white bone or black bone presentation.




11a.
Is the camera equipped with interlocks and warning lights to prevent double exposure?




11b.
Is the camera equipped with interlocks and warning lights to prevent double exposure?




11c.
Is the camera equipped with interlocks and warning lights to prevent exposure with dark slide in place?




11d.
Is the camera equipped with interlocks and warning lights to prevent Improper Cassette Insertion or Removal?




12a.
Does the camera display the following condition?  Empty Supply Magazine




12b.
Does the camera display the following condition?  Improper Magazine Insertion




12c.
Does the camera display the following condition?  Lost Film.




12d.
Does the camera display the following condition?  Lack of Video Signal.




12e.
Does the camera display the following condition? Video Calibration




13.
Does the camera allow an image to be placed on any unexposed portion of the film?




Comments:

LASER IMAGER (Sec. 3.1.6.1.3)

LASER IMAGER



Yes
No
N/A

1.
Indicate the image formats that are selectable?




1a.
One on One (1:1)




1b.
Two on One (2:1)




1c.
Four on One (4:1)




1d.
Six on One (6:1)




1e.
12 on One (12:1)




1f.
Describe other modalities.




2.
What type of image source connection   (i.e., analog or digital video) is furnished?


3.
Images temporarily stored within the laser imager's memory are?
8 Bit
10 Bit
12 Bit



4.
How many 512 x 512 x 8  Bit matrix size images may be stored?
Images



5.
Does the laser imager provide cassetteless handling of film?




6.
Is the laser capable of both single and multiple automated film loading and exposure operation?




7.
Does the automatic film exposure hardware automatically advance the film?




8.
How many sheets of film can the supply and take-up magazines accommodate?
Sheets

9.
Can the take-up magazine be removed after any complete film transfer to allow processing of exposed films without exposing unused films?




10.
What image sizes are available?




11.
Does the largest image size occupy most of the area on the processed film?




12.
Are images produced by the laser imager available for normal white bone or black bone presentation with the capability to select clear or black borders between frames?




13.
Laser Imager Operation:




13a.
Have control modules been provided at all consoles?






13b.
Is the laser imager capable of able of being used by at least two operators concurrently?




13c.
Does each control module provide the capability to select the film format using a  convenient push button or switch?




13d.
Is the selected film format and image size displayed to the equipment operator?




13e.
Can the operator select the image location or sequence within the prescribed format and expose a film?




13f.
Is there an indication of the areas on the film that will be exposed?




14.
How many copies can the laser imager produce from one formatted image?


15.
What is the laser imager cycle time (i.e., time from print initiation until exposed film is sent to the receive magazine and a new, unexposed film is sent to the receive magazine and a new, unexposed film is loaded and ready for exposure)?
Seconds

LASER IMAGER

16.
What is the image magnification capability?






17.
Is there an image contrast selector/adjustment?




19b.
Does the imager indicate Film empty?




19c.
Does the imager indicate Memory full?




19d.
Does the imager indicate Film feed error?




19e.
Does the imager indicate Printing?




19f.
Does the imager indicate Alarm?




20.
How much film has been furnished with the laser imager?
Sheets
Boxes



Comments:

VIDEO MONITOR (Sec.  3.1.6.5)

VIDEO MONITOR



Yes
No
N/A

1.
Has an additional video monitor been furnished and installed with the CT scanner system?




2.
Describe location of the 2nd monitor.


3.
Is the monitor mounted properly?




Comments:

REIMBURSEMENT FOR REINSPECTION POLICY.  Under current policy, the manufacturer, contractor, or vendor (hereafter called Contractor) is required to reimburse an inspecting organization for all costs associated with, and actually incurred during the performance of reinspection.  The Contractor shall be responsible for the actual cost of transportation, salary, per diem, and other costs associated with the inspection.

To recoup these costs, it is necessary for the inspecting organization to provide a fully documented bill to the Contracting Officer at DPSC.  The Contracting Officer in turn submits the bill to the Contractor, thereby obligating a return of funds to the Government.  Generally, the amount owed for the reinspection is subtracted from the Contractor's account or remaining balance still held at the DPSC, that would be due to the Contractor, following completion of installation and acceptance of that item.

There may be some instances that reimbursed funds can be returned to the inspecting organization, but these instances must be validated by the Contracting Officer and by the respective Military Service Field Office that has obligation authority for disbursement of funds.

Procedure:  Following reinspection, the inspecting personnel of each respective branch of service are required to prepare certain  documentation concerning the reinspection.  The documents will be prepared by the appropriate authority from the activity and submitted to DPSC.  Such documents may be forwarded as an enclosure to the DPSC inspection packet or under separate cover at a later date. In all instances, original documents must be submitted.

Required documents are as follows:


a.  Air Force refer to AFMLO Guidance Document 80-8


b.  Army 



(1) Travel Order(s) (DD Form 1610)



(2) Travel Claim(s) (DD Form 1351-2)



(3) Travel Voucher (DD Form 1351)



(4) Work Order(s) (DD Form 2407 or Automated Work Order)



(5) Receipts for; Lodging, Vehicle, Fuel, etc. 


c.  Navy

(1) Applicable Travel Order(s)



(2) Travel Claim(s) (DD Form 1351-2)


      
Include documentation for use of Government vehicle



(3) Work Order(s) NAVMED 6700/4

SUBMITTAL OF DOCUMENTATION

Each respective service must submit completed documentation as follows:

Defense Personnel Support Center

ATTN:  DPSC-MPEA

P.O. Box 8419

2800 S.  20th St.

Philadelphia, PA 19101-8419

Exception:  USAMMA operated Medical Maintenance Operations Divisions (MMOD), Tracy, CA and MMOD Tobyhanna, PA are required to submit documentation to:

U.S. Army Medical Materiel Agency

ATTN:  SGMMA-RDA

Frederick, MD 21702-5001

COVER LETTER FORMAT

Subj:
Request for Reimbursement, DPSC Project No.


Contract/Delivery Order No.

To:  
DPSC-APNC-46

1.
This organization has completed a reinspection on the above cited project.  Under the terms of the DPSC Contract, the vendor is obligated to reimburse the government.

2.
Reimbursed funds should be sent to:


a.  Air Force - Air Force Base submitting documentation.


b.  Navy - Naval installation submitting documentation.


c.  Army - Applicable Finance and Accounting Office.

3.
Indicate to DPSC who the check should be made out to.  List a point of contact.

                                




_____________________










(Signature Block)

Encl    

CT Scanner Maintenance Contracts


In May of 1996, the Office of the Secretary of Defense, established Health Affairs (HA) policy 96-048, to consolidate CT scanner maintenance on a national level.  With support from the Services, a statement of work was developed that lead to the award of a multiple-source, multiple-option, national contract on June 30, 1997.  This national contract could be the first of many, contracts on consolidated maintenance, that may be contracted by the Defense Personnel Support Center  (DPSC) or Department of Veterans Affairs (VA). 


The Directorate of Medical Material (DPSC) announced the award of multiple CT Scanner maintenance contracts with the following Contractors; COHR/Visions, CT Solutions, Picker, Elscint, Siemens, General Electric, Southern CATS, and InnoServ. These contracts were awarded, to enable the Triservice community an entire fiscal quarter to compare their current contracts with what is now available and prior to obtaining maintenance service. 


These CT Maintenance programs are extremely flexible, allowing you to customize your maintenance needs. The levels of service include Standard Maintenance, 24 Hour - 7 Day Maintenance, First Look (Share I), Unscheduled Support (Share II), Replacement Glass and Biomedical Equipment Technician (BMET) Training, with other options available. 

Other maintenance options available on this contract are CT Work Station (physician’s console), Wet/Dry Imager, Contrast Injector, Power Conditioner, Mobile Trailer Maintenance, 2-Hour On-site Response, 95% or 98% uptime: with differing levels of performance, and BMET Training.

On October 1997, the Triservice Standing Sub-committee on Technical X-ray Standards (SSTXS) will meet to devise a plan on how to implement this contract, making it mandatory, DoD-wide.  Presently, the Navy has three active contracts; Jacksonville FL, Camp Pendleton CA, and Groton CT.  All Navy MTF’s both CONUS and OCONUS are strongly encouraged to utilize this maintenance program, as another source in reducing operating costs. Attached is the Customer Order List (COL) for your use. 

In addition, you should notify NAVMEDLOGCOM by sending a copy of your contract

to HMCS(AW) Tom Abell, commercial (301) 619-3064 or DSN 343-3064, E-mail tabell@nml10.med.navy.mil, FAX (301) 619-2473. Your DSCP Contracting POC is

Mr. Cleo Kornegay at (215) 737-5753 or DSN 444-5753.  The DSCP Technical POC is Ms. Denise Scobee at (215) 737-5755 or DSN 444-5755.

MASTER INVESTMENT EQUIPMENT INVENTORY INPUT INSTRUCTIONS AND DISCUSSION OF PMBS FIELD NAMES

CT Scanner Maintenance

Our biomedical engineers and contracting personnel are here to help you obtain quality, comprehensive CT scanner maintenance.  We have several long term contracts in place to quickly meet the CT maintenance needs of your facility.



[image: image4.png]





We have contracts with:

(
General Electric     
(
Siemens     
(
Picker     
(
Elscint

(
Innoserv
(
CT Solutions
(
Southern CATS
(
COHR/Visions

The service programs are extremely flexible, permitting you to customize your maintenance program.  The varying levels of service include standard maintenance, first look, unscheduled support, replacement glass and BMET training, with other options available.  (See next page for more specifics.)

DPSC Technical POC:  
DPSC Contracting POC:

Ms. Denise Scobee
Mr. Cleo Kornegay

Commercial:  (215) 737-5755     
Commercial:  (215) 737-5753

DSN:  444-5755 
DSN:  444-5753

e-mail:  dscobee@dpsc.dla.mil
e-mail:  ckornegay@dpsc.dla.mil

FAX:  (215) 737-5752/8002
FAX:  (215) 737-5752/8002
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Maintenance Programs Available

· Standard Maintenance:  Monday through Friday, 0800-1700, 1 hour telephone response, 4 hour on-site response, all labor, all parts (except glassware), all preventive maintenance (PMs)

· 24 Hour, 7 Days per week Maintenance:  Same as “Standard Maintenance” with hours extended to 24 hours/day, 7 days/week

· First Look (Share I):  Same as “Standard Maintenance” except a fully trained hospital BMET will perform the initial on-site response, and can request vendor on-site assistance if needed

· Unscheduled Support (Share II):  Same as “Share I (First Look)” except that hospital BMET also performs the PMs

· Glass Included:  All glassware replacements included as part of the annual service contract

· Replace Glass:  One-time purchase of a CT tube

· 95% or 98% uptime:  With differing levels of performance penalties 
(costs vary)

Other options that can be included in the annual CT service contract:

· CT Work Station (physician’s console)

· Wet/Dry Imager

· Contrast Injector

· Power Conditioner

· Mobile Trailer Maintenance

· 2-Hour On-site Response

· BMET Training

All CONUS and OCONUS DoD sites included.





Biomedical Systems Office (DPSC-MQX)
Defense Personnel Support Center

2800 S. 20th Street

Philadelphia, PA  19145-5099
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CT Scanner Maintenance

Customer Order List (COL)


Defense Personnel Support Center (DPSC-MQXB)

2800 S. 20th Street

Philadelphia, PA  19145-5099

(215) 737-5755      DSN 444-5755     FAX DSN 444-5752 

Activity Name and Location:  _______________________________________________________

POC Name:  _____________________________  POC E-Mail:  ____________________________

Commercial Telephone:  ______________________________  Fax:  _______________________

Ordering Instructions:  Please complete this form, and fax it to DSN 444-5752, or mail to DPSC-MQXB.  DPSC will contact you, identifying the vendors and prices that are available to meet your maintenance service requirements.

CT scanner system Manufacturer and Model:  ______________________________

Factors for selection:  Please identify the most important factors in determining your service provider, in order of importance (1 = most important, 10 = least important). 

____ Price
____ Past Performance of the vendor
____ Remote diagnostic capability
____ Response time capability
____ Specialized diagnostic software availability
____ Vendor’s historical knowledge of the system
____ Other  _________________________________________________________________

Preferred service provider is:  _______________________________________________

Please check service requirements:

____
Standard Maintenance -
 

- 1 hour telephone response

- 4 hour on-site response


- coverage - Mon - Fri, 0800-1700
- all parts (except glassware) included

- PM’s included

____
24/7 Maintenance - 1 hour phone response
- 4 hour on-site response
- coverage - 24 hours/day, 7 days/week

- PM’s included

____
First Look = Share I - - Qualified hospital personnel responds to first call for service, can request vendor on-site support if necessary 
- 1 hour phone response
- 4 hour on-site response when requested
- coverage - Mon - Fri, 0800-1700
- all parts (except glassware) included

- PM’s included

____
Unscheduled Support = Share II - 
- Qualified hospital personnel responds to first call for service, can request vendor on-site support if necessary 
- 1 hour phone response 



- 4 hour on-site response when requested
- coverage - Mon - Fri, 0800-1700


- all parts (except glassware) included
- PM’s performed by qualified hospital personnel
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Identify options required:

____
2-hour on-site response

____
Replacement glassware included in annual contract

____
Include workstation,
 e.g. physicians console, Windows Workstation, Voxel Q
Model: _________________
Quantity: _________________

____
Coverage hours extended to Mon-Fri 0800-2100 and 0800-1700 Saturday

____
Include Dry Imager   -  Make and Model:  ____________________

____
Include Wet Laser Imager   -  Make and Model: ____________________

____
Include Contrast Injector  -:  Make and Model: ____________________

____
Include Mobile Trailer Unit  -  Make and Model: ____________________

____
Include Power Conditioner  -  Make and Model:  ____________________

Other services:

____
Replacement CT tube
tube model:  _________________________________
serial number:  ______________________________
estimated slice count of existing tube:  ________
SHIP TO ADDRESS:
____________________________
____________________________
____________________________

____
BMET Training
Identify CT Vendor and unit to be trained upon _________________________________

Have your supply office help you complete this MILSTRIP requisition.  The quantity, document number, supplementary address, signal and fund codes are very important.  If you have a fund citation, write it below the MILSTRIP.


NOTE:  Do NOT enter MILSTRIP data on-line, DPSC will input all information.
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CT Solutions 
SPO200-97-D-8041

Currently in AZ, CA, FL and TX
· usual 10-20 minute phone response

· 2 hour on-site response

· predominately GE CT scanner systems



Elscint 
SPO200-97-D-8045

Worldwide
· Elscint systems only



GE Medical Systems 
SPO200-97-D-8038

all USA and some overseas
· 30 minute phone response

· 2 hour on-site response for GE systems

· remote diagnostics and repair for many GE systems

· 95% uptime with moderate penalty - GE and non-GE systems

· 95% uptime with strong penalty - GE systems only

· 98% uptime with moderate  or strong penalty - GE systems only

· NO power conditioner



InnoServ 
SPO200-97-D-8042

all USA
· remote diagnostic software

· most sites have 2 hour on-site response

· multiple vendor training programs

· multiple vendor CT scanner systems

· 95% or 98% uptime

· NO power conditioner, dry imager or trailer



Picker International 
SPO200-97-D-8039

Worldwide
· remote diagnostics and repair for many Picker systems

· 98% uptime with stong penalty for all systems

· multiple vendor systems

· special program for deployable CT scanners



Siemens Medical Systems 
SPO200-97-D-8040


Worldwide
· remote diagnostics for Siemens systems

· Siemens systems only

· 95% uptime only



Southern CATS 
SPO200-97-D-8044

Currently AZ, CA, OK and TX
· 98% uptime only

· predominately GE and some Philips CT scanner systems



COHR/Visions
SPO200-97-D-8043

Worldwide
· multiple vendor systems, (everything except Elscint and EBCT)

· 95% or 98% uptime

· NO First Look, Unscheduled Support or BMET Training



X-RAY PROCUREMENT CUSTOMER SURVEY 

There have been several recent x-ray procurement/installation performance issues regarding federal sites which have had a negative impact on potential government orders.  To prevent these issues from continuing and proactively identify problems before a negative impact occurs. The Naval Medical Logistics Command (NMLC) has developed a data base for satisfaction of service provided by x-ray equipment manufacturers and third party companies. Issues covered are equipment removal, delivery, room preparation, installation, acceptance, warranty, and post-warranty service. If issues can not be promptly and satisfactorily resolved locally, please fill out the section that pertains to the unsatisfactory issues.  Additionally, for new x-ray installations your command may use this survey to evaluate the quality of work the Contractor performs. You may e-mail this form to HMC (FMF) Jose A. Grimaldo, E-mail: jgrimaldo@nml10.med.navy.mil,or FAX: (301) 619-2473. In turn, I will then interface with the appropriate person/group to provide the needed information back to resolve the customer’s inquiry.  This form is also available on our homepage at http//www-nmlc.med.navy.mil.

Enclosure (4)










Date _________________

To:
Naval Medical Logistics Command 

Attention:  Code 31-2


521 Fraim St.


Fort Detrick, MD 21702-5015

From:                                     

1.
MXN Project Number:  ______________________________________________                                                                      
2.
Activity Requisition Number:  _________________________________________ 

3.
Contract/Delivery Order Number:  _____________________________________ 

4.
Manufacturer:      _                                   Installed By: _____________________ 

5.
Manufacturer's Point of Contact: ______________________________________


Point of Contact's Telephone: ________________________________________

6.
Location:  Base/Post:                                   Building:                     Room #______

7.
Telephone Number:


Radiology:                                   Medical Maintenance:  ____________________

8.
Generic Description (Mobile, R/F, etc.):  ________________________________ 
9.
Trade Name/Model (MTX, Advantx, etc.):   ______________________________ 
10.
Customer's Point of Contact: _________________________________________


Point of Contact's Telephone: ________________________________________
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I.
EQUIPMENT REMOVAL

1.
If old equipment was removed by the Contractor or a third party vendor, was it 


done in a timely manner?  
___ Yes   ___ No  ___ N/A     

2.
Was the equipment and any hazardous material disposed of properly?



___ Yes   ___ No  ___ N/A


3.
Did the Contractor leave the room ready for installation?



___ Yes   ___ No  ___ N/A 

Comments:  


4.
On a scale to 1 to 5, how do you rate the Contractors service.



    5 Outstanding



    4 Excellent



    3 Average



    2 Below average



    1 Poor



For questions with a rating of 1 or 2 please provide comments:                                                                                                                                                                                                                                                                                                                                                               

II.
CONTRACTOR PRE-VISIT

1.
Did the Contractor conduct a pre-installation site survey to evaluate power/utility 


requirements? ___ Yes   ___ No  ___ N/A


2.
Did the Contractor furnish complete layout plans, room    preparation drawings, 


and instructions? ___ Yes   ___ No  ___ N/A


3.
Did the Contractor visit your site within 10 days and provide drawings within 



30 days after receiving the delivery order? ___ Yes   ___ No  ___ N/A 


Comments:


4.
On a scale to 1 to 5, how do you rate the Contractor's service.



    5 Outstanding



    4 Excellent



    3 Average



    2 Below average



    1 Poor



For questions with a rating of 1 or 2 please provide comments:                                                                                                                                                                                                                                                                                                                                                               
III.
EQUIPMENT DELIVERY


1.
Was the equipment delivered in a timely manner? ___ Yes   ___ No


2.
Was the equipment delivered complete or partial shipment?

  
___ Complete   ___ Partial


3.
If partial shipment, how long did it take to complete the order?


4.
Was the equipment properly packed in appropriate containers? ___ Yes   ___ No 


5.
Was the equipment damaged during packing or shipment? ___ Yes   ___ No


Comments:


6.
On a scale to 1 to 5, how do you rate the Contractor's delivery service.



    5 Outstanding



    4 Excellent



    3 Average



    2 Below average



    1 Poor



For questions with a rating of 1 or 2 please provide comments:                                                                                                                                                                                                                                                                                                                                                               
IV.
ROOM PREPARATION


1.
For “Extended Installation” did the Contractor furnish design plans, labor, 



materials and equipment necessary to provide for installation? ___ Yes   ___ No

Comments: 


2.
On a scale to 1 to 5, how do you rate the Contractors room prep service.



    5 Outstanding



    4 Excellent



    3 Average



    2 Below average



    1 Poor



For questions with a rating of 1 or 2 please provide comments:                                                                                                                                                                                                                                                                                                                                                              
V.
INSTALLATION SERVICE


1.
Was the equipment installation done in a timely manner? ___ Yes   ___ No


2.
Are all utilities properly matched with the equipment’s specifications?



___ Yes   ___ No


3.
Is the operator’s control panel properly installed and easily accessible?



___ Yes   ___ No

4.
Is the generator of adequate size and type, as stated on the Contract, and does it 

function as specified? ___ Yes   ___ No

5.
Is the x-ray tube/s of adequate size and type, as stated on the Contract, and do



they function as specified? ___ Yes   ___ No

6.
Is the table of adequate size and type, as stated on the Contract, and does it 


function as specified? ___ Yes   ___ No

7.
For CT, is the gantry of adequate size and type, as stated on the Contract, and



does it function as specified? ___ Yes   ___ No

8.
For Fluoroscopy and C-Arm, is the Image Intensifier of  adequate size and type, 


as 
stated on the Contract, and does it function as specified? ___ Yes   ___ No

9.
Are the table and wall buckys of adequate size and type, as stated on the



Contract, and do they function as 
specified? ___ Yes   ___ No
    10.
Is the CCD camera and monitor of adequate size and type, as stated on the



Contract, and do they function as 
specified? ___ Yes   ___ No
    11.
If the unit comes with AEC and Spot Film are they of adequate size and type, as



stated on the Contract, and do they function as specified? ___ Yes   ___ No
    12.
If the unit is a portable are the batteries of adequate size and type, as stated on



the Contract, and do they function as specified? ___ Yes   ___ No
    13.
Does the unit come with two (2) operator’s and service manuals?



___ Yes   ___ No
    14.
Does the unit come with Service Representative Diagnostic Software?



___ Yes   ___ No
    15.
Does the unit come with software, as stated on the Contract? ___ Yes   ___ No


Comments:                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
    16.
On a scale to 1 to 5, how do you rate the Contractors installation service.



    5 Outstanding



    4 Excellent



    3 Average



    2 Below average



    1 Poor



For questions with a rating of 1 or 2 please provide comments:                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
VI.
ACCEPTANCE

1.
Did the Contractor connect all test equipment and operate the x-ray equipment 


during the inspection? ___ Yes   ___ No


2.
During the inspection, did the Contractor correct all minor deficiencies within a



timely manner? ___ Yes   ___ No

3.
Did the Contractor correct all deficiencies which were cause for rejection within



30 days? ___ Yes   ___ No

4.
For reinspection, did the Contractor incur all expenses? ___ Yes   ___ No

5.
Was the Contractor’s Representative knowledgeable in his or her field-of-



expertise? ___ Yes   ___ No

6.
Did the Contractor’s Representative display good Customer Service Skills at



all times? ___ Yes   ___ No

7.
Did the Contractor’s Representative arrive on-site in a timely manner?



___ Yes   ___ No

8.
Was the inspection completed in a timely manner? ___ Yes   ___ No

Comments:                                                                                                                                                                                                                                                                                                                                                           

9.
On a scale to 1 to 5, how do you rate the Contractors service.



    5 Outstanding



    4 Excellent



    3 Average



    2 Below average



    1 Poor


For questions with a rating of 1 or 2 please provide comments:                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
VII.
WARRANTY


1.
Did the Contractor warrant the equipment against defects, workmanship and 


performance for a period to commence from the date of delivery through 1 year 


following acceptance of installation? ___ Yes   ___ No


2.
During the warranty period, did the Contractor replace parts and material at no



cost to the government which were found to be defective?  (Excluding X-ray 


Tubes and Image Intensifiers.)  ___ Yes   ___ No


3.
Was replacement of material and parts performed during normal working hours?



___ Yes   ___ No

4.
Did the Contractor respond to on-site service calls within 24 hours after



notification? ___ Yes   ___ No

5.
If no, is it a recurring problem?(Give facts)                                                                                                                                                                                                                            


6.
Was the equipment repaired within the first service call? ___ Yes   ___ No


7.
If no, how many repeat visits did it take to resolve the defect? (Give facts)


8.
On a scale to 1 to 5, how do you rate the Contractors warranty service.



    5 Outstanding



    4 Excellent



    3 Average



    2 Below average



    1 Poor



For questions with a rating of 1 or 2 please provide comments:                                                                                                                                                                                                                                                                                                                                                               
VIII.
POST WARRANTY SERVICE

1.
Do you have a First Look Service contract with the manufacturer or third party 


source? ___ Yes   ___ No

2.
Do your BMETs get quality First Look Technical support from the manufacturer 


or third party source? ___ Yes   ___ No

3.
If no, give details of incidents:


4.
If repair parts were ordered, do they generally arrive within 12, 24, or 48 hours 


of shipment from the manufacturer? Enter one           .

5.
After replacing the defective parts, did it resolve your problems?



___ Yes   ___ No


6.
If no, was it a defective part you received? ___ Yes   ___ No


7.
Was there any hesitation from the manufacturer in accepting the defective part?



___ Yes   ___ No

8.
Was a replacement part shipped? ___ Yes   ___ No

9.
Does the manufacturer offer a trade-in discount for high cost items on defective



parts? ___ Yes   ___ No
      10.
If first look service did not resolve your problem and 
the manufacturer is called,



was the service representative on-site within 24 hours from request?



___ Yes   ___ No
      11.  If no, how long did it take for an on-site response?

      12.  Was the equipment repaired within the first service call? ___ Yes   ___ No
      13.
If no, how many repeat visits did it take until the defect was resolved? 



(Give the facts.) 

      14.
What was the down time of the unit? 

VIII.
POST WARRANTY SERVICE (Continued)


 15.
On a scale to 1 to 5, how do you rate the Contractor's service.


    5 Outstanding


    4 Excellent


    3 Average


    2 Below average


    1 Poor


For questions with a rating of 1 or 2 please provide comments:                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
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