1. Purpose
The purpose of this procedure is to describe the methods used to visually inspect finished crystals.
2. Responsibilities
Crystal Department Engineering/Management is responsible for maintaining this procedure.
Crystal Department Technicians are responsible for carrying out this procedure.
3. Associated Documents: ISO 9001, QAM, AS9100
4. General Practice
Finished crystals are visually inspected prior to packaging and transferring to stock.  Visual inspection is performed after all processing and testing has been completed.  The purpose of this visual inspection is to identify and segregate crystals that have certain types of defects that may result in performance issues when assembled into units, even though the crystals have passed electrical testing.

All finished crystals are 100% visually inspected.  Visual inspection is performed using a stereo-microscope, under 10x – 30x power, using sufficient lighting.

Never handle finished crystals with bare hands.  Oils from fingers can contaminate the crystal surfaces.  Always use the appropriate tweezers or finger cots.
5. Equipment
5.1. Stereo-Microscope with fiber optic wand light, U.S.Micro USZ-6B or equivalent
5.2. Tweezers
5.3. Finger cots
5.4. Gloves
6. Visual Inspection Criteria
6.1. Chips are defined as defects on the edge of a crystal that affect 2 or 3 adjacent surfaces, as illustrated in Figures 1-3.  Chips can be caused by machining processes or rough handling.  Chips larger than 1/3rd of the distance between electrodes are cause for rejection.  Chips that are plated by the electrode material must meet the same requirement.
6.2. Cracks are defined as defects on the edge of a crystal that bridge between 2 opposite surfaces as illustrated in Figure 4.  Broken parts have cracks that have gone all the way through and are missing material.  Cracks may propagate during assembly processes, and are therefore cause for rejection.
6.3. Voids are defined as defects on the surface of a crystal where there was never any material to begin with.  Excessive agglomerates of organic binder that burn out during the ceramic firing process generally cause this type of defect.  Voids larger than 25% of the distance between electrodes are cause for rejection.
6.4. Laminations are cracks parallel to the pressing faces of ceramic crystals.  These typically are visible as thin horizontal cracks around the outer or inner diameter of the part, but may also be seen on the flat surfaces.  They will penetrate through the part at a shallow angle.  Laminations are caused by problems in the powder pressing operation, and as such should be seen and rejected during the pressing or firing operations.  However, some are small and difficult to detect, so are not visible until after further processing such as lapping or machining.  If some parts within a lot have laminations, there is a very high probability that all will, so extra inspection is required.  Laminations are cause for rejection if the crack is visible on both the OD and ID, or if it extends around more than ¼ of the diameter, or if there is a void space associated with the defect.  Smaller defects that appear as only a short, closed crack on one of the surfaces are acceptable.  
6.5. Arc marks are lines of black or metallic material across the edges of parts, typically bridging between electrodes.  They are caused by breakdowns during poling.  Arc marks are cause for rejection.  It is acceptable to remove the arc mark by appropriate means so long as other defects are not created in the process.
6.6. Lifting or peeling of electrodes at part edges is typically caused by lapping or machining processes.  Some edge lifting of nickel / gold plated electrodes on ring shear parts is inevitable after lapping.  Excessive amounts of lifting are an indication of the plating being too thick, and are cause for rejection.
6.7. Scratches are cause for rejection only if the scratch extends across the entire electrode surface, separating the electrode into two areas.  
6.8. Missing electrode greater than 25% of the surface area electroded is cause for rejection.
6.9. Excess electrode material, defined as electrode material that is present on surfaces that are not supposed to have plating, is cause for rejection.  It is acceptable to remove the excess electrode material by appropriate means so long as other defects are not created in the process.
6.10. Polarity marks on ring shear crystals should not bridge between the OD and ID of the marked surface.  It is acceptable to remove the mark and re-mark the part per CR1040.
6.11. Foreign material or staining on the surface is cause for rejection.  Items such as those illustrated in Figure 11. should be segregated for cleaning and remarking of the polarity if necessary.
7. Procedure
7.1. Lay out crystals in a plastic petri dish.
7.2. Refer to the drawing for feature callouts – specifically dimensions and polarity markings – and the router for any special inspection instructions.
7.3. View the crystals under a magnification of 10x – 30x, with the appropriate lighting intensity and angle.
7.4. Handle crystals carefully with tweezers, finger cots or gloved hands.
7.5. Inspect all surfaces of each crystal for the criteria listed previously.
7.6. Sort parts into separate dishes using the sorting mat.
7.7. Parts are to be sorted into three categories, acceptable, unacceptable (reject), and suspect.
7.8. The suspect category is reserved for parts that you are unsure about or want clarification on. 
7.9. Notify your Supervisor, Lead Technician or Engineer if any unusual nonconformity is noticed.
7.10. Consult the appendix of this document and worksheet CR036 for the appropriate scrap codes.
7.11. Complete the operation in Shoptrack and enter each scrap code and quantity as needed.
7.12. Record the quantity of accepted parts on the router and sign off the router as required.
7.13. Segregate reject crystals by placing into the appropriate Non-Conforming product bin.
7.14. Reject PZT crystals must be discarded in the appropriate hazardous waste container, not in the trash.
7.15. Reject crystals with precious metal plating should be placed into the container for metal reclaim.
8. Referenced Documents: CR1040, CR036
9. Appendix
[image: Ring chips]Chips on the ID edge are to be scrapped out using the scrap code: 528 – Chipping-ID.

Chips on the OD edge are to be scapped out using the scrap code: 529 - Chipping-OD.

Chips either on the edge or corner of a flat edge are to be scrapped out using the scrap code: 517 – Chip Marks.


Figure 1. Chips in a Ring- or Disk-shaped crystal, as modelled on item number 230-0004-03.
All the example chips illustrated are scaled to 1/3rd the distance separating the electrodes and therefore represent the acceptable limit: chips smaller than these are ACCEPTABLE and chips larger than these are REJECTABLE.

[image: Tube chips]Chips on the ID edge are to be scrapped out using the scrap code: 528 – Chipping-ID.

Chips on the OD edge are to be scapped out using the scrap code: 529 - Chipping-OD.

Chips either on the edge or corner of a slot edge are to be scrapped out using the scrap code: 517 – Chip Marks.


Figure 2. Chips in a Shear Tube crystal, as modelled on item number 5342-01.
All the example chips illustrated are scaled to 1/3rd the distance separating the electrodes and therefore represent the acceptable limit: chips smaller than these are ACCEPTABLE and chips larger than these are REJECTABLE.

[image: Plate chips]Chips on the ID edge are to be scrapped out using the scrap code: 528 – Chipping-ID.

Chips either on either the edge or corner of a straight edge are to be scrapped out using the scrap code: 517 – Chip Marks.


Figure 3.  Chips in a Shear Plate crystal, as modelled on a part similar to item number 230-0157-01.
All the example chips illustrated are scaled to 1/3rd the distance separating the electrodes and therefore represent the acceptable limit: chips smaller than these are ACCEPTABLE and chips larger than these are REJECTABLE.

[image: cracked chipped corner]Anything smaller than this is a CHIP.  Anything larger than this is a CRACK.
A defect is a CRACK the moment it is large enough to span 2 opposite surfaces.
This is a cracked crystal.
This is a chipped crystal.

Figure 4.  Illustration of the dividing line between a chipped part and a cracked/broken part.
The smallest defect is defined as a chip because it affects adjacent surfaces (3 of them, in this case) only.
The largest defect is defined as a crack as it bridges between two opposite surfaces.
A part having a defect such as this would scrapped out using the code: 526 – Cracked/Broken Crystal.


[image: Click to go to TCS][image: PCB Piezotronics, Inc.]



User Guide: Crystals Visual Inspection


	
	
	
CR1041

	
	                                    PAGE 14 of 14
	         REVJ

	
	
	


CS001 User’s Guide Template Rev. NR 10/30/08

REJECT	:						ACCEPT:
Defects exceed 1/3rd electrode separation.			Defect is smaller than 1/3rd electrode separation.                      

[image: ][image: chip on the ID of 22446-01]
Figure 5. The defects pictured here are being identified as a possible result of the polarity testing process using the 462A/Arbor Press equipment.  These defects may be present as closed chips or cracks along either the OD or ID edge of any of the members of the ceramic shear tube family.

[image: 230-0003-03 cracked and broken][image: cracked broken 22446-01][image: 230-0022-01 broken][image: 230-0024-01 broken]
Figure 6. Effective 9/2/2015 Scrap Code 526 is being renamed “Cracked/Broken Crystal”.  This will apply to any and all crystals having a physical defect that bridges between 2 opposite surfaces, as opposed to a chip which bridges adjacent surfaces.  This includes partially cracked and entirely broken crystals.  Crystals having this defect are to be scrapped out using code 526.


REJECT	 or REWORK:		ACCEPT:      
[image: ][image: R:\Crystals\CI\230-0003\0003 Scrapped 5-20-15 Side 2-3.jpg]
Figure 7.  It is an acceptable practice for edges to be cleaned up at inspection to remove loose material.

REJECT:
[image: R:\Engineering\Bblake\MDRs\18311 - Crtystal Cut Wrong\Crystal Cut Wrong.jpg]Crystal cut at angle

Figure 8. A common defect found on the 230-0003-03 item is surfaces machined out of acceptable symmetry.  Reject crystals with flat surfaces machined at angles such as this one.
REJECT:
[image: ]
Figure 9. Contamination on the edge of a stack of crystals due to overheating the wax used during Blanchard grinding.  Reject crystals such as these.

REJECT:
[image: ]
Figure 10. Excessive chipping around the OD of 43681-02.  This type of defect is typical of blow-out during machining.  Several of the chips in the OD fail the 33% Thickness criteria.  Reject crystals such as these.

Figure 11. Uncleaned wax and wax residue on 230-0002-01 and 230-0002-07.  Crystals such as these should be rejected, segregated and recleaned.  If this rework washes away the polarity marking, it must also be reapplied.

[image: \\NYDFS08\HomeDrive$\DBowman\Short Experiment Database\Short Experiments\SED0946 - Update to CR1041 Visual Inspection Guideline to Add More Defect Images\photos of 0002\1894103350637.jpg]
Figure 12. Excess Electrode Material on the OD edge of 230-0002-01.  Crystals such as these should be rejected.  This defect would create a short circuit in a sensor.

[image: ]
Figure 13. Insufficient depth of cut on the OD edge of 16102-01.  Crystals such as these should be rejected.  This defect may arise if the depth of cut was set too shallow and the drill did not pass deep enough into the sacrificial substrate, or if the drill is broken.
[image: ][image: ]
Figure 14. Lamination Defects in 5342-01.  This defect may be seen on the OD or ID of a shear tube crystal like this.  Crystals with short, closed cracks on one surface such as these are acceptable.  The Supervisor, Lead Technician, or Engineer should be notified before the inspection operation is completed.  


[image: ]Reject

[image: ]Accept

[bookmark: _GoBack]Figure 15. Missing plating on 17744-01.  The top photo shows missing electrode greater than 25% of the surface area and is cause for rejection.  If defects to this extent are found the Supervisor, Lead Technician, or Engineer should be notified before the inspection operation is completed, as additional tape testing may be required. 
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