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Abstract

In this design, I have used conventional centralized main drive designed to
achieve the 8 speed. Spindle speed is variable frequency electric transmission
belt by the triangle to the axis I, through a pair of gear driven 29/43 axis II, Axis
IT of the gear and spindle gear diad slip through the handle of the operation so
that they mesh each other. Spindle of transmission gear box have been hardened
gear grinding processing, transmission ratio stability, low noise operation.
Spindle support structure for the second, the former supporting the use of C-class
high-precision bearings, lubricating oil lubrication, improves turning precision,
so that the spindle machine has a good precision and rigidity.

Two-axis machine tool feed system uses a stepper motor driver typical ball
screw drive in the saddle and skateboards with bed and bed-bed saddle between
the sliding surface affixed TSF rail board, sliding friction coefficient is very
small, help to improve the machine's rapid response performance and production
efficiency. Feed, the use of open-loop CNC system, that is stepper motor CNC
feed way. Stepper motor using open-loop NC system has been basically able to
meet the requirements of precision feed. As a result of the main drive
transmission concentrated incidence can better isolate the vibration motor and
gearbox to resolve the thermal deformation of the impact of the spindle and
improve machining precision machine tools. In the overall performance of the
economy can achieve a series of precision CNC machine tools to achieve better
cost-effective.

Key words CNC lathe CJK6032 focus stepper motor drive
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Mis®k 1

Stress and Strain

1. Introduction to Mechanics of Materials

Mechanics of materials is a branch of applied mechanics that deals with the
behavior of solid bodies subjected to various types of loading. It is a field of study
that is known by a variety of names, including “strength of materials” and
“mechanics of deformable bodies”. The solid bodies considered in this book include
axially-loaded bars, shafts, beams, and columns, as well as structures that are
assemblies of these components. Usually the objective of our analysis will be the
determination of the stresses, strains, and deformations produced by the loads; if
these quantities can be found for all values of load up to the failure load, then we will
have obtained a complete picture of the mechanics behavior of the body.

Theoretical analyses and experimental results have equally important roles in
the study of mechanics of materials . On many occasion we will make logical
derivations to obtain formulas and equations for predicting mechanics behavior, but
at the same time we must recognize that these formulas cannot be used in a realistic
way unless certain properties of the been made in the laboratory. Also , many
problems of importance in engineering cannot be handled efficiently by theoretical
means, and experimental measurements become a practical necessity. The historical
development of mechanics of materials is a fascinating blend of both theory and
experiment, with experiments pointing the way to useful results in some instances
and with theory doing so in others@). Such famous men as Leonardo da Vinci(1452-
1519) and Galileo Galilei (1564-1642) made experiments to adequate to determine
the strength of wires , bars , and beams , although they did not develop any adequate
theories (by today’s standards ) to explain their test results . By contrast , the famous

mathematician Leonhard Euler(1707-1783) developed the mathematical theory any
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of columns and calculated the critical load of a column in 1744 , long before any
experimental evidence existed to show the significance of his results @. Thus ,
Euler’s theoretical results remained unused for many years, although today they form
the basis of column theory.

The importance of combining theoretical derivations with experimentally
determined properties of materials will be evident theoretical derivations with
experimentally determined properties of materials will be evident as we proceed with
our study of the subject®. In this section we will begin by discussing some
fundamental concepts , such as stress and strain , and then we will investigate bathe

behaving of simple structural elements subjected to tension , compression , and shear.
2. Stress

The concepts of stress and strain can be illustrated in elementary way by
considering the extension of a prismatic bar [see Fig.1.4(a)]. A prismatic bar is one
that has cross section throughout its length and a straight axis. In this illustration the
bar is assumed to be loaded at its ends by axis forces P that produce a uniform
stretching , or tension , of the bar . By making an artificial cut (section mm)
through the bar at right angles to its axis , we can isolate part of the bar as a free
body[Fig.1.4(b)]. At the right-hand end the force P is applied , and at the other end
there are forces representing the action of the removed portion of the bar upon the
part that remain . These forces will be continuously distributed over the cross section ,
analogous to the continuous distribution of hydrostatic pressure over a submerged
surface . The intensity of force , that is , the per unit area, is called the stress and is
commonly denoted by the Greek letter 6. Assuming that the stress has a uniform
distribution over the cross section[see Fig.1.4(b)], we can readily see that its resultant
is equal to the intensity 6 times the cross-sectional area A of the bar. Furthermore ,

from the equilibrium of the body show in Fig.1.4(b),
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1 Ane ILERSITY & times the cross-sectional area A ot the bar. Furthermore, from the

e SR

A Fo—r

IR — "

(a)

—~3

{h)

Fig.1.4 Prismatic bar in tension
we can also see that this resultant must be equal in magnitude and opposite in
direction to the force P. Hence, we obtain

6=P/A (L3)

as the equation for the uniform stress in a prismatic bar . This equation shows
that stress has units of force divided by area -------- for example , Newtons per square
millimeter(N/mm?)  or pounds of per square inch (psi). When the bar is being
stretched by the forces P ,as shown in the figure , the resulting stress is a tensile
stress; if the force are reversed in direction, causing the bat to be compressed , they
are called compressive stress.

A necessary condition for Eq.(1.3) to be valid is that the stress6 must be uniform
over the cross section of the bat . This condition will be realized if the axial force p
acts through the centroid of the cross section , as can be demonstrated by statics.
When the load P doses not act at thus centroid , bending of the bar will result, and a
more complicated analysis
is necessary . Throughout this book , however , it is assumed that all axial forces are
applied at the centroid of the cross section unless specifically stated to the contrary
@. Also, unless stated otherwise, it is generally assumed that the weight of the

object itself is neglected, as was done when discussing this bar in Fig.1.4.
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3. Strain
The total elongation of a bar carrying force will be denoted by the Greek
letter6[see Fig .1.4(a)], and the elongation per unit length , or strain , is then
determined by the equation
e=0/L (1.4)

Where L is the total length of the bar . Now that the strain € is a nondimensional
quantity . It can be obtained accurately form Eq.(1.4) as long as the strain is uniform
throughout the length of the bar . If the bar is in tension , the strain is a tensile strain ,
representing an elongation or a stretching of the material; if the bar is in
compression , the strain is a compressive strain , which means that adjacent cross
section of the bar move closer to one another.

( Selected from Stephen P.Timoshenko and James M. Gere, Mechanics of
Materials, Van NostrandReinhold Company Ltd.,1978.)

Shear Force and Bending Moment in Beams

Let us now consider, as an example , a cantilever beam acted upon by an
inclined load P at its free end [Fig.1.5(a)]. If we cut through the beam at a cross
section mn and isolate the left-hand part of the beam as free body [Fig.1.5(b)], we see
that the action of the removed part of the beam (that is , the right-hand part)upon the
left-hand part must as to hold the left-hand in equilibrium. The distribution of
stresses over the cross section mn is not known at this stage in our study , but wee do
know that the resultant of these stresses must be such as to equilibrate the load P. It
is convenient to resolve to the resultant into an axial force N  acting normal to the
cross section and passing through the centriod of the cross section , a shear force V
acting parallel to the cross section , and a bending moment M acting in the plane of
the beam.

The axial force , shear force , and bending moment acting at a cross section of
a beam are known as stress resultants. For a statically determinate beam, the stress

resultants can be determined from equations of equilibrium. Thus , for the cantilever

¢ : M
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Fig. 1. §  Stress resultants N, ¥, aad M
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beam pictured in Fig.1.5, we may writer three equations of stactics for the free-body
diagram shown in the second part of the figure. From summations of forces in the
horizontal and vertical directions we find, respectively,
N=Pcosf V=Psinf

and ,from a summation of moments about an axis through the centroid of cross
section mn, we obtain M=Pxsinf}

where x is the distance from the free end to section mn. Thus ,through the use of
a free-body diagram and equations of static equilibrium, we are able to calculate the
stress resultants without difficulty. The stress in the beam due to the axial force N
acting alone have been discussed in the text of Unit.2; Now we will see how to
obtain the stresses associated with bending moment M and the shear force V.

The stress resultants N, V and M will be assumed to be positive when the
they act in the directions shown in Fig.1.5(b). This sign convention is only useful,
however , when we are discussing the equilibrium of the left-hand part of the beam is
considered, we will find that the stress resultants have the same magnitudes but
opposite directions[see Fig.1.5(c)]. Therefore , we must recognize that the algebraic
sign of a stress resultant does not depend upon its direction in space , such as to the
left or to the right, but rather it depends upon its direction with respect to the material
against , which it acts. To illustrate this fact, the sign conventions for N, V and M are
repeated in Fig.1.6, where the stress resultants are shown acting on an element of the
beam.

We see that a positive axial force is directed away from the surface upon
which is acts(tension), a positive shear force acts clockwise about the surface upon

which it acts , and a positive bending moment is one that compresses the upper part

N ) T’—}ﬂ\:
M M
{a) (b)

|z
=z

o
0

-q--—_

Fig. 1.8 Sign conventions for stress resultants
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of the beam.

Example
A simple beam AB carries two loads , a concentrated force P and a couple
Mo, acting as shown in Fig.1.7(a). Find the shear force and bending moment in the
beam at cross sections located as follows: (a) a small distance to the left of the
middle of the beam and (b) a small distance to the right of the middle of the beam .
Solution

The first step in the analysis of this beam is to find the reactions Ra and Rg.
Taking moments about ends A and B gives two equations of equilibrium, from which
we find

Ra=3P/4 —Mo/L Rp=P/4+mo/L

Next, the beam is cut at a cross section just to the left of the middle, and a free-
body diagram is drawn of either half of the beam. In this example we choose the left-
hand half of the bean, and the corresponding diagram is shown in Fig.1.7(b). The
force p and the reaction Ra  appear in this diagram, as also do the unknown shear
force V and bending moment M, both of which are shown in their positive directions.
The couple Mo does not appear in the figure because the beam is cut to the left of the
point where M, is applied. A summation of forces in the vertical direction gives

V=R — P=-P/4-M¢/L

Which shown that the shear force is negative; hence, it acts in the opposite
direction to that assumed in Fig.1.7(b). Taking moments about an axis through the
cross section where the beam is cut [Fig.1.7(b)] gives

M = RaL/2-PL/4=PL/8-M,/2

Depending upon the relative magnitudes of the terms in this equation, we see
that the bending moment M may be either positive or negative .

To obtain the stress resultants at a cross section just to the right of the middle,

we cut the beam at that section and again draw an appropriate free-body diagram

[Fig.1.7(c)]. The only difference between this diagram and the former one is that the

| - I &J—ij
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Fig. 1.7 A simple beam

A
&
R,\fl’ Li4




5 ZRIEE AP OR S A B BOR 27 e Eab it (RSO

couple M, now acts on the part of the beam to the left of the cut section. Again
summing force in the vertical direction, and also taking moments about an axis
through the cut section , we obtain

V=-P/4- M,/L M=PL/8+M,/2

We see from these results that the shear force does not change when the section
is shifted from left to right of the couple M,, but the bending moment increases
algebraically by an amount equal to M, .

( Selected from: Stephen P.Timosheko and James M. Gere,Mechanics of

materials, Van Nostrand reinhold Company Ltd.,1978.)
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