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Micrometers and Production Measurement

Interchangeable manufacturing, by means of which parts can be made in widely separated localities and then brought together for assembly, where the parts will all fit together properly, is an essential element of mass production.  Without interchangeable manufacturing, modern industry could not exist, and without effective size control by designer and producer, interchangeable manufacturing could not be achieved.  Mass production was made possible through the development of precision instruments, among other changes during the 19th century. During industrial revolutions in England and the US in the 18th century, workers who could machine to high levels of precision were in high demand. Yet by the late 1900s, for many machinists, the skills necessary for precision measurement were automated—machine tools had begun to be designed that had the capability to work to precise dimensions.  In Henry Ford’s case, with his assembly line for mass producing Model T “Ford” cars, factory workers did little more than assemble parts.  For Ford and his managers, a deskilled worker on an assembly line had little power to agitate for economic justice.  For Ford, his worker was getting more than the worker deserved.
Micrometers 

Interchangeability was achieved around 1831 by community of machinists working at the Harpers Ferry Armory.  The armory was used in the production of rifles for the US Army and for private use, and had been a site of forms of automation for a few decades.  John Hall has been given credit for designing and managing the first successful trials of interchangeability.  Precision machining at the armory was controlled by machinists through the use of of gauges, gauge blocks and plugs—”go and no-go plugs.”  This system had remained common practice until the 1870s.  During the late 1860s however, sheet metal manufacturers in New England had become dissatisfied with inconsistencies in the metal they produced.  They had been using sets of fixed sheet metal gauges, but no two gauges were alike and were accurate to only+/- .01 inch.  Around 1867, Brown and Sharpe, precision gauge manufacturers, were asked by a sheet metal producer to design and produce a gauge based on the screw principle.  Brown and Sharpe had visited a Paris exhibition in 1867 and saw an instrument displayed called a screw caliper, or Systeme Palmer, developed by Jean Laurent Palmer.  They returned to New England, designed and manufactured their own version of the screw caliper, and marketed it as a “Pocket Sheet Metal Gage” until 1877, when they renamed it the micrometer caliper.  With the micrometer, machinists could now work to precision within .001 of an inch.    

Tolerances and Fits 

The critical nature of interchangeability is such that the proper functioning and mating of parts or surfaces and the cost of producing and assembling of parts are dependent on precision.  Dimensions are used primarily on detail design drawings for the guidance of workers who are responsible for the manufacture of the component parts of various mechanisms or products.  However, in production, there had been a realization that exact sizes are not needed,  Only varying degrees of accuracy according to functional requirements were necessary.  It is impossible to make anything to exact size.  So what was needed was a means of specifying dimensions with respect to the required degrees of accuracy.  Prior to changes in manufacturing at Harpers Ferry, mating parts were filed to fit together.  With changes in precision machine tools had come a system of tolerances and fits.  Parts could then be produced to fall within a range of precise sizes, and graded as “good” or “no good.”  Varying degrees of accuracy are acceptable for parts that fit together.

New Terms:
1. Tolerance-

2. Fit-

3. Allowance-

4. Basic size-

5. Maximum dimension-

6. Minimum dimension-

7. Fit-

8. Limits-

9. Mean size-

10. Nominal size-

11. Tolerance-

12. Bilateral tolerance-

13. Unilateral tolerance-

14. Maximum material condition (MMC)-

15. Least material condition (LMC)-
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