ME317 Design for Manufacturing
Lecture 04:  Metrology

Topics:

Metrology

   --Introduction

   --Film clip on measurement

   --A tour of metrology methods
   --Specific measurement skills:

      1) reading a vernier

      2) reading a micrometer

      3) use of a sine bar

Mini-Project 2 Description and Assignment:

  (assess code to locked box…)
Lecture 04 Homework:
Prob 1.  Explain the difference between tolerance and allowance.
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Prob 2.  Calculate the included angle of the part being measured in the figure below if the height of the gage block is 4.2400 in and the distance between the centers of the round bars under the sine bar is 5.0 in.

Prob 3.  Measure the key dimensions and then create a detail drawing of a CD using a CAD program.  Indicate which dimensions (if any) should have a tolerance associated with them and suggest an appropriate tolerance.  
ME317 Design for Manufacturing

Lecture 04:  Metrology

Engineering Metrology -  the measurement of dimensions:  

measurements of interest include:

       -- length

       -- thickness

       -- diameter

       -- taper

       -- angle

       -- flatness

       -- profile     …  and others

Measurements are made during. . .

  Post-process inspection:  made after a part has been produced:   

  In-process inspection:  made while a part is being made:   
Errors in measurement…  No measurement is ever exact. 
  There is always some error in any measurement.

  Systematic errors: push the average of the measurements off in 
      one direction. 

           - temperature variation

           - tool or part wear or deterioration 

           - contamination

  Random errors: tend to cancel each other out when a number of 
        readings are taken.

           - human error

           - inaccurate scale reading

           - inadequate/excess force applied to instrument

           - improper use of instrument

Therefore whenever measurements are taken with an instrument, the limitations of the measure need to be understood.

Terms which can be used to describe characteristics and limitations of measurement include:

Accuracy:  The degree of agreement of the measured dimension with its true magnitude. 

Precision:  Degree to which an instrument gives repeated measurement of the same standard. 

Sensitivity (or resolution):  Smallest difference in dimension that an instrument can distinguish or detect.

Stability (or drift):  An instrument’s capability to maintain its calibration over a period of time.

Calibration:  Adjusting or setting an instrument to give readings that are accurate within a reference standard.

Dispersion:  The spread of values that occur when measuring the same standard due to errors in measurement.

Rule of 10:  An instrument or gage should be 10 times more accurate than the dimensional tolerances of the part being measured.

Speed of Response:  how fast instrument can be adjusted and a transient signal stabilized.

Feasibility of Automation:  how usable the form of the measurement is to an automated or computerized system

COMMON MEASUREMENT INSTRUMENTS:

Linear Measurement Instruments

              a) Rules

              b) Vernier Calipers

              c) Micrometers

              d) Diffraction Gratings

              e) Calipers or Dividers

              f)  Telescoping Gage

              g) Toolmaker's Microscopes

Comparative Length Instruments

              a)  Dial Indicator

              b)  Electronic Gages

              c)  Gage Blocks

              d)  GO-NOT GO gages

                     Plug Gage

                     Ring Gage

                     Snap Gage

Angular Measurement Instruments
             a)  Bevel Protractor

             b)  Sine Bar

             c)  Surface Plates

             d)  Angle Gage Blocks

Straightness Measurement Instruments

             a) Straight Edge

             b) Dial Indicator

             c) Autocollimator

             d) Laser Beam

Flatness Measurement Instruments:

             a) Surface Plate and Dial Indicator

             b) Interferometry  (Optical Flat)

             c) Laser Interferometry 

Roundness Measurement Instruments:

              a) Dial Gage 

              b) Circular Tracing

Profile Measurement Instruments:

              a) Radius or Fillet Gage

              b) Dial Indicator

              c) Optical Comparator

              d) Coordinate Measuring Machine.

              e) Light Section Microscope

Surface Roughness Measurement Instruments:

              a) Microscope

              b) Surface Finish (Replica) Blocks

              c) Surface Profilometers

1) Machinist steel rule or scale:
            -- A bar or tape (usually steel) with fractional or decimal 
                  graduations.

            -- Direct reading instrument

            -- Often graduated into 1/16", 1/32", 1/64" and 

                 1/100" graduated divisions. 

            -- Generally accurate to no more than 1/64".
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2) Rule Depth Gage 

        -- consists of small scale and slider.
       --  used to measure depth of hole or 
           shoulders.

       --  most vernier calipers also do 

           depth measurement.
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3)  Vernier Caliper

     -- end-to-end measuring instrument  

     -- able to read exterior or interior dimensions

     -- usually accurate to 1/1000"

     -- often come with dial gage or digital readout

     -- has relatively large range of measurement (0" to 6")
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Reading a Vernier Scale: 
1.  Identify the smallest increment on the true scale.
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2.  Note the number of inches and sub-divisions at the zero mark 

     of the true scale.
3.  Determine the vernier reading (the fractional
     part of the smallest true scale increment, by
     locating the aligned vernier mark), and add
     this to the measurement noted in Step 2.

You try it:  
1: Smallest Incr. ___________
2: Zero reading.  ___________
3. Vernier reading. __________
Total reading. ______________
For additional practice with a virtual 
vernier caliper on-line go to

     http://members.shaw.ca/ron.blond/Vern.APPLET/

4)  Micrometer Caliper

      -- one of most widely used measuring devices

      -- tighten by turning thimble on the end of the caliper 

             until thimble starts to slip.

      -- most micrometers have a 1" range, but not necessarily the 

             same 1" range.  Common ranges from 0 to 6 inches
      -- each revolution of spindle  =  0.025" length

      -- can be read to 0.0001   ( 1/10000th)  inch
      -- also available in metric units

[image: image29.jpg]To read any micrometer setting; first read scribe marks
along hub — this one reads 425 thousandths (.425) inch.
Second, read scribe marks around thimble — this one
reads 13 thousandths (.013) inch. Add reading of
thimble to reoding of hub—.013 + 425 = .438.
This micrometer is set at 438 thousandths (.438) inch.



                   [image: image5.png]Object

Spindle

Sleeve

Ratchet

_/

Thimble




To read a micrometer:

1.  Identify the smallest increment

on the true scale (along sleeve).

2.  Note the reading and increment

where sleeve and thimble intersect.

3.  Read scribe mark on 

circumference of the thimble and 

add to the reading of step 2.

If you need practice reading a micrometer go try the virtual metric micrometer on-line at 

         http://members.shaw.ca/ron.blond/Micrometer.APPLET/
5) Diffraction Grating

     -- two flat optical glasses of different lengths with closed 

          spaced parallel lines scribed on their surfaces.

     -- interference fringes develop when viewed over the 

          longer glass.

     -- commonly use 40 lines/mm.

     -- sensitive to 0.0001" when using electronic counters and 

          photoelectric sensors
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6)  Calipers or Dividers

       -- indirect reading instruments without any graduations

       -- used to copy a length by adjusting legs to contact part

       -- length is read by lining up legs to a scale

       -- accuracy is relatively limited
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6)  Telescoping Gage

     -- used for difficult to reach interior lengths

     -- spring loaded plungers that extend can be locked

               in place by turning the end of the handle

     -- locked gage may be removed and measured

     -- usually comes in a set to handle a variety of inside sizes   
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7)  Toolmaker's Microscope

      -- used for making accurate measurements of small parts

      --consists of mounted microscope on fixed base.  

      -- table is movable in two horizontal directions using 

         micrometer screw motion readable to 0.0001"

      -- reading is taken at optical cross hairs;  part is moved 

         and a second reading is taken.

      -- can also be used for profile measurements.
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8)  Dial Indicator with Stand

       -- Used for comparative length measures

       -- converts linear displacements to a rotary pointer

       -- easily calibrated to chosen reference height

       -- can be as accurate as 0.00004" 

       -- used for length, flatness, profile, roundness measures
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9)  Electronic Gages

    -- uses changes in 
  electrical inductance, 
  capacitance, or resistance 
  to track the movement of 
  a contact pointer.

     -- electronic signals are 
         converted to digital 
         display.

     -- easy to use, low error,
         and easily adapted into 

         automated systems

     -- accurate to 0.000004"

10) Gage Blocks

       -- individual blocks of precisely shaped, heat-treated, 

            stress-relieved, alloy steel

       -- Surfaces are very smooth, flat, and parallel.

       -- blocks stick together by wringing, which is a twisting 

            and sliding motion, due to the oil and moisture on the 

            blocks surfaces

       -- sets of blocks come in 4 different grades, depending 

            upon accuracy

       -- sets of blocks may be used for length or angular 

            measurement

       -- flat blocks may also be used with sine bar for 

            precision measurement of angles
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11) Go-No-Go or Go/No Go Gages
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       Plug Gages

           -- commonly used for holes

           -- consists of two plugs of slightly different sizes
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    Ring Gages

        -- used for shafts and similar round parts

        -- consists of two collars of slightly different size
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 Snap Gages

       --  used to size external dimensions

       --  made with adjustable gaging surfaces which may be 

           set for slightly different sizes
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         (specifications and photo from the http://www.thegagestore.com/gage)
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12)  Universal Bevel

          -- iIndirect measurement of angles
13)  Bevel Protractor

       -- used for precise angle measurement
       -- often uses a vernier scale
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Read the angular 

measurement 

shown the scale

with vernier to the right.

 _____________ 
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14)  Sine Bar

    -- used to make very accurate angular 

        measurements or to locate work at

        a given angle.

   --  accuracy to 5 minutes or less.

   -- common center-to-center 

          distances:  5 or 10 inches

   -- should always be used on accurate 

         surface plate or flat.

   -- sine bar equation:  H = L sin(Angle)
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15)  Thread Gages

       -- Ring style gages

       -- Plug style gages

       -- Thread pitch gages
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16) Optical Comparator (Projector)

     --used to check profiles of parts.  

     -- measures length and angular measures

     -- image of a part is projected on a magnified screen

     -- part is mounted on table which may move in both horizontal  

            directions by adjusting micrometer screws.

     -- measurements may be taken from grid values on screen or from 
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            graduations on micrometer screws.
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17)  Radius Gage

          --used to measure fillets and rounds
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18)  Coordinate Measuring Machine  (CMM)
        -- consists of movable platform, capable of linear and rotary movement, on which a part may be mounted. 

        -- a vertically and laterally movable probe may make contact with the mounted part, supplying an electrical feedback signal.  

        -- high speed with high sensitivity.
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        -- easily incorporated into automated
            process.
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20)  Surface Finish Blocks and Microfinish Comparator
         -- used to make a visual comparison between surfaces

              of calibrated roughness
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21)  Surface Profilometer

      -- diamond tipped stylus instrument

      -- stylus is moved along the surface at a constant rate setting up an electrical signal which is related to the size and frequency of the vibrations in the stylus.  

     -- signal can be compared to signals from materials of known roughness. 
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ME317 Design for Manufacturing

Mini-Project 2

Assigned:  December 10, 2003 (Wed, 2nd week)

Due:  January 7, 2004 (Wed, 4th week)
Assignment:

Complete the first piece part inspection form for part 3170001P003

Make suggestions to improve the drawing

Items provided:

--a drawing for the part (one per student)

--a first piece part inspection form (one per student)

--the first piece of production of 3170001P003 (one per class, kept in the machine shop)

--the tools and instruments required to perform the inspection (one set per class, kept in the machine shop)

Background:

When a new part design is being introduced into production, it’s common to inspect a batch of the initial (first piece) parts to ensure that they meet the requirements of the drawing.  Once the inspection is made, the engineer is often called upon to review any discrepancies from the drawing.  If there are discrepancies, the possible responses include (but are not limited to):

 -- rejection of the parts,  

 -- acceptance of the parts with changes made to the drawing so that  

        the drawing matches the parts as manufactured,  

 - -provisional acceptance of the parts,

 -- reworking the parts.

The difficulty of inspecting the first piece parts can be influenced by how the part is designed and the placement of dimensions.  Often the placement of the dimensions on a CAD generated drawing is determined by the order and manner in which the features were created during the creation of the drawing.  These dimension placements are not always the best for the users of the drawing.  Accordingly, the engineer/draftsperson should review the dimensions suggested by a CAD system and revise them if necessary for the benefit of the user.  Some useful guidelines for placement of dimensions are found on page 1.20 of your textbook listed under “General Design Rules.”

Motivation/Objective:

  -- introduce basic machine shop measurement techniques

  -- illustrate the impact of dimension placement

  -- introduction to creating “marked up drawings” as a form of 
         communication in the engineering community

Deliverables:

The completed first piece part inspection form.

Complete the following fields:
   -- Drawing No.                            -- Part No.

   -- Part Name                              -- Date Inspected

   -- Inspection Table                     -- Item Number 
   -- Drawing Specification             -- Dwg. Zone

   -- Data                                        -- Test Measurement Equipment

   -- a copy of the drawing marked-up to show improved dimension      

       placements (note: you are not required to change the tolerancing 
       to make it consistent with initial drawing, just show the alternative 
       placements)
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