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FUNDAMENTALS OF ENGINEERING

(FE)

REFERENCE HANDBOOK

The relationship between the load (w), shear (V),
and moment (M) equations are:

w = dWizlds; V
V-V, = [wixds
M, - M, = _LI"' Vix)ds

Stresses in Beams
& = -yip, where

g o= the radivs of eorvature of the deflected axis
of the beam and

¥ = the distance from the neutral axis to the
longitudinal fiber in question.

Using the stress-strain relationship ¢ = E,

M (x)ede

Axinl Stress: @, = - Eyjp, where

@, = the normal etreas of the fiber located
y-distance from the neutral axis.
1jp = MAREI), where

~M = the moment at the section and

I = the moment of inertia of the cross-section.
o, = - My/I, where

¥ = the distanee from the neutral axis to the fiber
location above or below the axis. Let y = ¢,
where ¢ = distunce from the neutral axis
to the cutermost fiber of a symmetrical
beam section.

o, = x Mell
Let 5 = [l/c: then
= M/8, where

8 the elastic section modulus of the beam
member

Shear stress: 1, = V[(Ib), where
Ty, = shear stress on the surface,

V= shear foroe at the section,
b width or thickness of the cross-section, and
Q@ A'y, where

A" = urca above the layer (or plane) upon which
the desired shear stress acts and

¥ = distance from neutral axis to area centroid.
Deflection of Beams
Using lie = MAED,

El %’,— = M, differential equation of

deflection curve

EI%Y - aMwias = v

El ::. = dVixldx = - w
Determine the deflection curve equation by donble
integration (apply baundary conditions applicable to
the deflection and/or slope).
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L. I; = the moment of inertin about the new
axis,
Radius of Gyration

The radius of gyration r,, r,, r, i the distance
from a reference weis ab which ull of the area cun
be considered to be concentrated to produce the
moment of inertia.

=LA, r,
Product of Inertin
The product of inertia (I, ete.) is defined as:

I,, = | xydA, with respect to the xy-coordinate

VIR i n = VTR

system,

I, = | xzdA, with respect to the yz.coordinate
system, and

I, = | yzdA, with respect to the yz-conrdinate
system,

The transfer theorem also applies:

I, o= I, vdd A, for the xy-coordinate
aystem, ete, where

d, = x-axis distance between the two axes in

question and

d, = y-axis distance between the two axes in
question.

FRICTION

The largest frictional fores that is possible to de-
velop is ealled the limiting friction. Any further
increase in applied forces would canse motion.

F = u N, where
F = friction force,
= coefficient of static frichion, and
N = normal force between surfaces in contact.

SCREW THREAD
For a screw-jack , square thread,
M = Pritan{a + ¢), where

+ is for screw tightening,
is for screw lonsening,
M = sxtornal momant applind to axis of serow,
P baad on jack applied along and on the line of
the axis,

r = the mean thread radius,
& = the pitch angle of the thread, and
u = tang = the appropriate coefficient of

frietion.
HRAKE-BAND OR RELT FRICTION
Fy = Fo, where

F, = force being applied in the direction of im-
pending motion,
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COROLLARY to Kelvin-Flanck: No heat engine can
have a higher i than a Carnot cych i
between the same reservoirs.

Clausius Statement of Second Law

No refrigeration or heat pump cycle can operate with-
out a net work input.

COROLLARY: No refrigerator or heat pump can
have a higher COP than a Carnot cycle refriperator
or heat pump.

VAPOR-LIQUID MIXTURES
Henry's Law at Constant Temperature At equi-
librium, the partial pressure of a gas is proportional
to its concentration in a liquid. Henry's Law is valid
for low concentrations; x = 0.

B, = Py, = hx, where
Henry's Law constant,
partial pressure of a gas in contact with a

liguid,
x mal fraction of the gas in the liquid,
» = mol fruction of the gus in the vapor, and

P = intal pressure.

Ruoult's Law for Vapor-Liguid Feuilibriom
Valid for concentrations near 1; ie, 5 = 1

P, = 2P, where

h
P,

P, = partial pressure of component i,

x, = mol fraction of component i in the liquid,
[

P} = vapor pressure of pure component @ at the
temperature of the mixture.

ENTROPY

d8 = (UT) 8@
8 -8 = 112 (L/T) 3@y,
Inequality of Clausius
§ TR = 0
e s 8,-5
Isothermal, reversible process
AS = §,-8, = )T
Isentropic process
AS =0; d3 =0
A reversible adiabatic process is isentropic,
Adinbatie Process AS = 0
Inerease of Entropy Prineiple
AS = ASpum * ASurmeanding = 0
Al ™ Erit 8. - IWys,
- Z (@trrnat Tratoret) = 0
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k= the thermal conductivity of the wall,
A = the wall surface area,
L = the wall thickness, and
Ty, Ty = the temperature on the near side and far
side of the wall respectively.
Thermal resistance of the wall is given by
R = LiRA)

Resislunces in serics are added.




SIEMENS

The Expressions Dialog:
“Where are the equations, anyway?”

W [Insert Function R

Enter Kewwords to Search For & Function

% [Expressions

Listed Expressions [ ]
[Named L;.! v Choose a Category | Most Recently Used Eva
- Function Name FindResults n |
Mame & Formula Value Units
di 10 10 ug_cell_read all Functions
iam mm )
S rre et ang!e_conversu:uns ar
hole UG TRUE . |attribute Construck call For: ug_centerloadMarment
degminsec_to_decifpoqms er
[ hole_count 4 4 : o 2
[ lenagth 12 12 mm =i Z:ar =r Calculates the moment_un;ler a cenker load.
Cos d ar The return dimensionality is Mament,
my_point Point{diam /2, diam/2,0) Paoint{5,5,0) geomekry
tan : er
my_wvectar Vectorl0,0,1} Vectorl0,0,1} materials z
math
I‘ﬂ,EChEII'IIES Required
rrisc
o_tings Location of Caloulation [ ] pr
Type | Mumber S
" e |
ength of Bzam o
Marne [ Information about the Esprfaadsheet
[ spring Load on Bearn [ ] I
Formula string
units b
- [d8) X
0K ] [ Back ] [ Cancel ]

Cancel
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This is actually not a new NX 6 thing...

This became possible at the same time as the new Expressions dialog
(and more importantly, the introduction of Knowledge Fusion in the
background behind model expressions) in NX 3.

-‘!P NX 6.0.0.23 - Modeling - [add_tapers_NX4.prt (Mo

m File Edit View Insert Format Tools Assemhblies
o > Pt:}sxm- = Jﬁ'D'ﬁ
' Start - ] ¥ - W Lt =
ik | e = Y @ F

W st - [N N |
1 W .o o @
" Enter keywords and press the Find button Enter keywords and press the Find button or selecta c

M NX 5.0.4.1 - Modeling - [add_tapers
F‘: ;5 File Edit wiew Inser Format Toc

1) .
*a-" f,s File Edit ‘iew Insert Formak Tools
L’ﬁv File Edit View Format Insert Tool.

| O M. e R

Enter keywords and press the Find butt: < }]
) I3  Insert Function "X B} 1
8 Enter kewwords to Search For a Function
Listed Expressions i —
.|| Enter kKeywords to Search For a Function | F=| “

Enter Keywords to Search for a Function Al v
ol [

Cr Choose a Category langle_conversions L;l

Qr Choose a Category | anagle_conwversior
Function Name Return

Enter Keywords to Search for a Function - ‘—I
* | Function Name O M degminzec_to_decimal Number

Or Choose 5 Category | angle_conversions %1

s — . aNd We haven't changed the syntax at all, so

Or Choose a Category | Elyls]Ees W=y

Function Mame
deqgminsec_to_decimal

new functions move forward very reliably.
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Demonstration




Contents of: SIEMENS

angle_conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
#+
Designloglc=yes

Description:

#.

Take= three inputs for the Degrees, Minutes, and Ssconds of an angle, and
converts them to a decimal degrees wvalue.

The return dimensionality iz angle.

#
§-
number Sdeg; # constant - #.Angle Degrees Componsent. #
number Smin: # constant - #.Angle Minutes Component.#
number Ssec # constant - #.Angle Seconds Component. #
1
CH]
Svalue << Sdeg + (Smin*(1/600) + (S=zec* (1/3600));
ug units setMeasure (Svalues, "Angle” )
P number;
#+
Returns:

angle — #.Returns the decimal angle.#

Page 6 Siemens PLM Software



Contents of: SIEMENS

angle conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
#+
Designloglc=yes

First, this filename R

. Description:
determines the ry
g Takes three inputz for the Degrees, Minutesz, and Seconds of an angle, and
category name in P . grees, , alle,
converts them to a decimal degrees walue.

the Insert Function
dialog.

The retur L]

Enter Kewwards ko Search For a Function

| |

(If you put multiple n d PCROLE .
. . number Swm ponent. #
number S5 | Function Name Return onent . #
P
5 . 1 degminsec_to_decimal
file, they will a1
Svalue 1
appear under the ng unit
same Category.) } number;
#+
Returns: Information about the Selected Function:
angle — #. g
See Also: Takes three inputs For the Degrees, Minutes, and Seconds of an angle, and #*
: converks them to a decimal degrees value,
#- The return dimensionality is angle, W
< >

[ oK ][ Cancel ]
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Contents of: SIEMENS

angle_conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
#+
Designloglc=yes

KN OWI e 0 g e U ST 0N

version statement .
(Thls needs to Take= three inputs for the Degrees, Minutes, and Ssconds of an angle, and

converts them to a decimal degrees wvalue.

appear only once,
and must be in the

The return dimensionality iz angle.

#
first line of the file.) =

number Sdeg; # constant - #.Angle Degrees Componsent. #
number Smin: # constant - #.Angle Minutes Component.#
number Ssec # constant - #.Angle Seconds Component. #
1
CH]

Svalue << Sdeg + (Smin*(1/600) + (S=zec* (1/3600));

ug units setMeasure (Svalues, "Angle” )
P number;
#+
Returns:

angle — #.Returns the decimal angle.#

Page 8 Siemens PLM Software



Contents of: SIEMENS

angle conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
#+
Designloglc=yes

Description:
Name of your Py
I1eVVfLHWCtk)n Take= three inputs for the Degrees, Minutes, and Ssconds of an angle, and

converts them to a decimal degrees wvalue.

(This is OUTSIDE - : .
BB X linsert Function — X

th e CO m m e ntS ) # Enter Kewwards ko Search For a Function
ponent. #
Function Name Return ponent. #
degminsec_to_decimal
3
Svalue 1
ug_ unit
P number;
#+
Returns: Information about the Selected Function:
angle — #. 12 )
See Also: Takes three inputs For the Degrees, Minutes, and Seconds of an angle, and #*
: converks them to a decimal degrees value,
#- The return dimensionality is angle, W
< >
[ oK ] [ Cancel ]
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Contents of: SIEMENS

angle_conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
#+
Designloglc=yes

Description:
#.
5 Take=z three inputs for the Degrees, Minutes, and ZSeconds of an angle, and
StateS that th'S converts them to a decimal degrees wvalue.
funCt|0n SHOULD The return dimensionality iz angle.
be visible to -
DesignLogic #-
number Sdeg; # constant - #.Angle Degrees Componsent. #
(ShOU|d ShOW Up number Smin: # constant - #.Angle Minutes Component.#
in eXpI’eSSIonS) number Ssec # constant - #.Angle Seconds Component. #
’ )
CH
If th|s equals “no” Svalue << Sdeg + (Smin*(1/600) + (S=zec* (1/3600));
ug units setMeasure (Svalues, "Angle” )
then the function | mumbery
will only be visible e ———
to Knowledge Returns:
FUSIOn angle — #.Returns the decimal angle.#
Bee Also
§-

Page 10 Siemens PLM Software



Contents of: SIEMENS

angle conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
#+
Designloglc=yes

Description:

#.

Take= three inputs for the Degrees, Minutes, and Ssconds of an angle, and
converts them to a decimal degrees wvalue.

rhe retur I

The #. .# syntax

. . # Enter Kewwards ko Search For a Function
identifies the - [ l
Description here. number 59 o chaose a Category pemSHE. i
number Swm ponent. #
number S5 | Function Name Return ponent. #
- . . ) degminsec_to_decimal
This description G
. . . . 1 .
will be visible in Pralue Vi
. ug_unit
the Insert Function } number:
dialog... #+
Returns: Information about the Selected Function:
angle — #. 12 )
P Takes three inputs For the Dearees, Minutes, and Seconds of an angle, and|™
- correerks themn to a dedmal degrees valus,
#- The return dimensionality is angle, W
< >

[ oK ][ Cancel ]

- .
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Contents of: SIEMENS

angle_conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
#+
Designloglc=yes

Description:

#.

Take= three inputs for the Degrees, Minutes, and Ssconds of an angle, and
converts them to a decimal degrees wvalue.

The return dimensionality iz angle.

The #. .# syntax

. #
identifies the -
Descnp“on here number Sdeg; # constant - #.Angle Degrees Componsent. #
number Smin: # constant - #.Angle Minutes Component.#
number Ssec # constant - #.Angle Seconds Component. #
g )
..and also in the a

Svalue % | Function Arguments [E

ug_unit Construck call For: deaminsec_to_decimal

Function

Arguments dialog. ) number; D

Takes three inputs for the Degress, Minutes, and Seconds of an anole, and

correerts them to a decimal degrees value,
—————————— The return dimensionality is angle. e e
Returns: b
angle - #. Required

conskant - Angle Degrees Component

Bee Also ge e P [ ]
—————————— conskant - Angle Minutes Component [ ] - —————
# 1

constant - Angle Seconds Component [

[+

[ oK I[ Back. ][ Cancel J

Page 12 Siemens PLM Software



Contents of: SIEMENS

angle_conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
#+
Designloglc=yes

Description:

#.

Take= three inputs for the Degrees, Minutes, and Ssconds of an angle, and
converts them to a decimal degrees wvalue.

The return dimensionality iz angle.

These three lines

. #
are identifying the -
|nputs to th|S number Sdeg; # constant - #.Angle Degrees Componsent. #
. number Smin: # constant - #.Angle Minutes Component.#
funCUOn number Ssec # constant - #.Angle Seconds Component. #

]

CH)

Svalue << Sdeg + (Smin*(1/600) + (S=zec* (1/3600));
ug units setMeasure (Svalues, "Angle” )

Again, the #. #
syntax identifies
text that will be
displayed at the

Information about the Selected Function:

bottom of the | rees -
. Mumber: constant - Angle Degrees Component
I nse rt Fu n Ctl on : Z MNumber: constant - Angle Minutes Component

Mumber: constant - Angle Seconds Component

dialog.

Returns:
Mumber: angle - Returns the decimal angle w

[ oK ][ Cancel J
L —S
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Contents of:
angle_conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal

These three lines

#+

Designloglc=yes

Description:

#.

Take= three inputs for the Degreess, Minutes, and Seconds

converts t©

hem to a decimal degrees value.

The return dimensionality iz angle.

of an angle, and

#
are identifying the -
|nputs to th|S number Sdeg; # constant - #.Angle Degrees Componsent. #
. number Smin: # constant - #.Angle Minutes Component.#
fL”1CtK)n. number Ssec # constant - #.Angle Seconds Component. #
1
o ‘® [Function Arguments E
. 1 .
...and in the Pralue | _
. ] ug_unit Construck cal for: degminsec_to_decimal
detailed Function } number: D
. Takes three inputs for the Degrees, Minutes, and Seconds of an angle, and
Arg u ments d | alog . #4 converks them ko a decimal degrees value,
————————— The return dimensionality is angle, T e e e e e
sturns b
ngle - # Required
.z canstant - Angle Degrees Camponent [ ]
—————————— conskant - Angle Minutes Component [ ] - —————
#- constant - Angle Seconds Component [ l
[ uls I [ Back. ] [ Zancel J

Page 14
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Contents of: SIEMENS

angle_conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
The code inside - .
Designloglc=yes

the ProcCedUral |

. Description:
block @{ } here s #.

Take= three inputs for the Degrees, Minutes, and Ssconds of an angle, and
Where the rUbber converts them to a decimal degrees wvalue.

hits the road.

The return dimensionality iz angle.

. #
The three inputs e
: number Sdeg; # constant - #.Angle Degrees Componsent. #
are Comblned to number Smin: # constant - #.Angle Minutes Component.#
create an output nunber Szec # constant - #.Angle Seconds Component. #
)
value... B

Svalue << Sdeg + (Smin*(1/600) + (S=zec* (1/3600));
ug units setMeasure (Svalues, "Angle” )
P number;

Eeturns:
angle — #.Returns the decimal angle.#

Page 15 Siemens PLM Software



Contents of: SIEMENS

angle_conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
#+
Designloglc=yes

Description:

#.

Take= three inputs for the Degrees, Minutes, and Ssconds of an angle, and
converts them to a decimal degrees wvalue.

The return dimensionality iz angle.

. #
§-
number Sdeg; # constant - #.Angle Degrees Componsent. #
number Smin: # constant - #.Angle Minutes Component.#
We set the return number Ssec # constant - #.Angle Seconds Component. #
units of the value to !
{
be an Angle... Svalue << Sdeg + (Smin*(1/60)) + (Ssec* (1/3600));
ug units setMeasure (Svalues, "Angle” )
P number;
#+
Returns:

angle — #.Returns the decimal angle.#

Page 16 Siemens PLM Software



Contents of: SIEMENS

angle_conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
#+
Designloglc=yes

Description:

#.

Take= three inputs for the Degrees, Minutes, and Ssconds of an angle, and
converts them to a decimal degrees wvalue.

The return dimensionality iz angle.

. #
§-
number Sdeg; # constant - #.Angle Degrees Componsent. #
number Smin: # constant - #.Angle Minutes Component.#
number Ssec # constant - #.Angle Seconds Component. #
...and tell )
. CH
KnOWIedge Fusion Svalue << Sdeg + (Smin* (176001 + (Szec* (1736007 ;
ug units setMeasure (Svalues, "Angle” )
to send back a g
floating point .
NUMbDET. |
Returns:

angle — #.Returns the decimal angle.#

(...as opposed to a _
StriNg OF & VECTOr, |
for instance.)
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Contents of: SIEMENS

angle conversions.dfa

#l NX/EF 3.0

Defun: degminsec to decimal
#+
Designloglc=yes

Description:
#.

Take= three inputs for the Degrees, Minutes, and Ssconds of an angle, and

converts them to a decimal degrees wvalue.
® [ Insert Function E3
The return dimensionality iz angle.
# Enter Keswords ko Search for a Funckion

#_

number Sdeg; # constant - #.Angle Degr
number Smin; # constant - #.Angle Miny | fFunction Name vy
number Ssec # constant - #.Angle Seco | Number

This comment is )
: CH
also automatically Svalus << Sdeg + (Smin* (1/60)) + (Smecr
dlsplayed In the ug_units_setmeagure iSvalus, "Angle" ); Information about the Selected Function: 2
i P number; .
|ﬂS€I’t FUﬂCtIOﬂ 44 R?\Jquur::lf;: constant - Angle Degrees Component -
o g = Number: tank - Angle Minutes C 18
dlalog’ descrlblng ——————————————————————————————————————————— Nﬂmbg:: Eggztggt— ﬂgglg Snlanc;nedss CDQTnppc:jnneennt
the return Value Rt Returns:

angle — #.Returns the decimal angle.# *Number: angle - Returns the decimal angle

£

oK ][ Cancel ]
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Contents of:

angle conversions.dfa

...and functions
listed under the
“See Also:”
heading will
populate the
“Related
Functions” button.

Page 19

#l NX/EF 3.0

Defun: degminsec to decimal

#+

Designloglc=yes

SIEMENS

Description:

#.

Take= three inputs for the Degrees, Minutes, and Ssconds of an angle, and

converts them to 3 decimal deg
% (Insert Function

The return dime

number Sdeg;
number Smin;
numkber Sszec

]

3
Svalue << 5q
ug units set
P number;
#+
REeturns:

angle — #.Retun

Enter Keswords ko Search for & Funckion

[

Qr Choose a Category | angle_conversions e

Function Name Return

degminsec_to_decimal Number

Information about the Selected Funckion:

Requires:
Mumber: constant - Angle Degrees Component
Mumber: constant - Angle Minukes Component
Murber: constant - Angle Seconds Component

Returns:
Murnber: angle - Returns the decimal angle

nt. #
nt . #
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Another

Demonstration
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Thank you!

www.siemens.com/plm
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