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Precision Machine Design

Lecture 1 : Introduction

Jung-Yup Kim, Ph. D

School of Mechanical Design & Automation Engineering,
Seoul National University of Technology
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1. Objects of Precision Size Level

100um

Slider
(100xm)
a

(RS < VCSEL2S

m (10um)

MEMSEZ (200um) Micro optics (804m) Micro 22 (300nm) CNT 4 Xt (10nm)

Circuit component =
(1um)

Nano chip
(10nm)

" SR AT (60nm)

!
.

HIZS (100um)  AIZMIE (20un) B2 (2um) S 4 (500nm) dtol2i~ (200m) DNA (2nm)

cl2& (100nm) Nano Bio Sensor (10nm)




& g R e,
2. Development History of Precision Equipments
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2. Development History of Precision Equipments
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I 2. Development History of Precision Equipments
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I 3. Precision Engineering Tree

[ Precision Engineering ]
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I 4. Configuration of Positioning Mechanism
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*» The key to precision machine design is predicting

will be and then designing the system to
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I 5. Definition of Precision

1)

]

is the ability to tell the truth :

- How well a machine can move to an arbitrary point in space

- compensable value

2) is the ability to tell the same story over and over
again :
- How well a machine can return to the same point.
- Repeatability is often considered to be the most important parameter of a
computer controlled machine(or sensor).
- Minimize static friction and thermal variants to get better repeatability.
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3) Resolution is how detailed your story is:
- The smallest increment with which a machine can be positioned.
- Resolution gives a lower bound on the repeatability.
- Minimize static friction to get better resolution.
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I 6. Current Level of System Precision
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I 7. Basic Precision Machine Design Philosophy

1) Design should be made as mechanically good as is reasonably possible.

2) are then obtained via measurement, mapping,

and servo control.

3) Make the design hospitable to measurement:
- Make room for sensors
- Design in alignment surfaces

- Minimize Abbe errors

4) Use whenever possible:

- Create a “platform concept” that is upgradeable merely by substituting

components

95) Choose bearings, actuators, sensors, and controllers as

6) Design the machine as if you had to use it.
1
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I 8. Abbe Errors (1)

“If errors in parallax are to be avoided, the measuring system must be placed
with the axis along which displacement is to be measured on the
workpiece” Dr. Ernst Abbe
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A good design of Abbe error with zero offset.
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8. Abbe Errors (2)
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I 8. Abbe Errors (3)

» Perhaps the greatest design sin is amplifying an angular error by
. This is also known as an Abbe error.

Abbe error
of coliper tips

1

Bearing in-line Bearing displaced
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8. Abbe Errors (4)

» Examples of ball screw mechanism
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I 9. Design Process

1. Carefully budgets

2. Defines to be accomplished.

3. Defines the resources available (materials, parts that can be used).

4. Creates solutions ranging from a “safe” solution to a neat, wild WOW
solution.

5. Evaluates that can be created
within the context of the allowable time and budget.

6. Updates the schedule and budget.

1. : Makes the design happen in a timely, orderly,
well-documented manner.

8. Implements the design (competes) and then reflects on what went right
and wrong.
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