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Tension and Compression Test

•
1. 111fim1'VHh)j:H'lm1'Y1~'{;H)lJ Tension Test ~eJl~~tJ111\1f1fi~tJ-:j

'U

I

Ii

V / I .........<,necking noted

I reduction in
area 26%

I

1
I

I

80

20

o 0.02 0.04 0.06 0.08 C.1O

engineering strain

>I

fi. Engineering strain ih'itllm~'U Ul

u. lft'~~'YI~ft'tJlJtll11::: L~'U lft'~l'\1\1 fJl. .
fl. lft'~~'YI~ft'tJlJtll11:::L~'Ul'\1~m'i ritJ.

>I

-:j. Engineering stress ih'itllm~'U fil(li:tllP1'U';tJ~li1-:jUl

93Jd dll 111]
2. 111fim1 j:oH'lfiU'YI~ft'tJlJ 1'U'tItJ'YI 1 elastic modulus 1.1fl11J 1::: inWLYI 1 11

n. 3,000 ksi

'tI. 5,000 ksi

fl. 8,000 ksi

-:j. 12,000 ksi

11. 10,000 ksi

3. 111mH'lm1'Y1~ft'tJlJi'U"j'tJ~ 1 rll Ultimate Strength iifillI1::::lJ1WL'l'll11

fi. 75 ksi

u. 82 ksi

fl. 60 ksi

-:j. 40 ksi

11. 55 ksi
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~ ~ ,
'iJe. ?l eo 5JQ.I Q.,Id eo-=. 3J 95J .::!l '111 ~Gl5Je.

4. m'b''U'11'U'VI~HH)1JllJ'U'b''U'11'U'H'I..nI'1~ml1Jm1J 3 mHH1JI'1'j I'1B'1 b'b'm'1~'1I'VIl bll'WB bmn~

ml1J~'U 1uu'U1un'U{l' '1 {l'~'" .
n. 900 lbf

'\.I. 301 lbf

fl. 4,000 lbf

'1. 3,100 lbf

1l. 401 lbf

5. 1l1n,rB~ 1 ~11~~B"url~lli{l'lml(l'Hl1~1l1nml'Wl~v\~H

n. % of reduction area

'\.I. yield strength

fl. proportional limit

'1. ultimate strength

1l. hardness

Torsion Test

1. f-ll.'lfJtI.l'\.lB'1shearmodulus (G) flU polar moment of inertia (J) iivn-Jl

n. Torsional rigidity

'\.I. Flexural rigidity

fl. Young's modulus

'1. Polar shearicity

1l. Shear product

2. 1l1nml'V1~{l'fJUn11'iJ~'\.IfJ'1fJl.'liJI'WV1J UI.'l:;::'VIel'll'H~B'11{l'1~1~ij shear modulus of rupture {l''1n-Jl
'" . '"

'" d
fl. fJl.'l1JI'UtnJ

'"
'"'\.I. 'VIfJ'1l'Hl.'lfJ'1

fl. ufJnllil~

'1. l't'ilfl'U

1l. lliij,rBl~(ln
'"

I!
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n. Young's Modulus

'tI. Shear Modulus

fl. Poisson's ratio

'l. Polar shearicity

'iI. Toughness

4. 'illnm'j'Vl~fftllJm'jiJ~'tItI'ltl~iJdjmJ llJ:'1~'Vltl'lIl1~t1'l1ff~!1~~ proportional limit ~'ln11

'" d
n. t1J:'1:IJl'UtI:IJ

"

<!!

fl. 'Vltl'lll1J:'1t1'l

'l. n/llti''U
ltJ 'd V 'I

'iI. l:IJ:IJ'tItll~f:ln

" " ,3J ".e::t, 3J' d' .e::t, d..:::! f Q"I q 'iJ
5. m\P1t1'lm'j1J~ll'lm'tl'Ul~lff'W~l'U~'Utlnm'l 2 'Ul 'Vl:IJ shear modulus (G) imnu 2 x 107 psi !l1

'" d I "" v 'I v 0'.1 ' ltJ
m~f111:IJlfl'jtl~(strain)I'VllnlJ 10-3 'iI~\P1t1'lI'lf'VltJ'jflu'j~:IJ1UII'Vlll'i? (polar moment of inertia 'tItI'l

n. 1500 in.-lbs.

'tI. 3000 in.-lbs.

fl. 15,000 in.-lbs.

'l. 150,000 in.-lbs.

'iI. 30,000 in.-lbs.

Bending of Elastic Compo

1. ,rtJ1~1~'U Moment Diagram 'tItJ'lfl1'U~11'lHfl'l'ju
"

c

A

! I

B
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n.

M

EI

WX(l_ X)
EI L

1'---.1.----------=:::....-~ x

'\J.

M

ET

x

WX(l+ X)
EI L

L

1'-__.1.-- ---=:::...._~ x

fl.

M

RT

x

W(e _y2)
nETT,

x

L

L

x

II
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~.

M
RT

w(L2 _X2
)

nETT,

/-------'-----------'--------.x

x L

.I~ 'JJ.d 'JJ I 1 .-.d
2. mnsu ~'U'tItI'VHlm'iJ~'I11m lJllJ'UIPl'Vl'iJfI C

~ .

'iJ. WX(l+~ (X+ y))

II
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.d 31 31' '" .d wX(L2
- X2

) d

3. \llmUVIl mhTfl1mllJ'lfU'YI\l~A, BA = - 1l1n'YIq1:J fl Moment Area Method
~ • 6E~ ~

BJM I '" .d
BBI A = £1 dx 'I11fl1f111lJ'If'U'YI~~ C (Be)

A

wXZ2

n.
2EIL

wxz(x+ v)
'lJ.--~_"":""

2EIL

wX(L - XX2L - X) wXZ2

fI.
6EIL 2EIL

"l. wx(e - X2
) _ wXZ

2

6EIL 2EIL

wX(e + X2
) _ wXZ2

1l.
6EIL 2EIL

x = 2 m, Y = 4 m, L = 8 m um~ w = 16 kN

~
w(kN) (k(rnd)I

2 0.0017

4 0.0034

6 0.0055

8 0.0070

10 0.0090

I'11'JNUJ;Y~"lr-H'f11 J'YI~(le:J"lt 'UJU~ 1
~

"j
IlJe:J X = 4 m, Y = 2 m um~.:... = 8 m

n. 0.0047

'lJ. 0.0071

fl. 0.0094

"l. 0.0141

\I. 0.0280

II
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, ,

1 I d ""

1~t1~ fl'I'Yl'il~ B llJtl X = 4 m UJ:'l~ L = 8 m.

L

fl. 0.4152 m

'\I. 0.8304 m

fl. 0.2076 m

'l. 0.0752 m

'il, 0.1504 m

Heat Transfer (conduction)
"'.1 " • ... d 11] 311. l\P1qlJl~'ff'lfl'\ltl'ln11'Yll Lab lltl'l Heat Transfer (conduction) lJtl~ 11U1'l

fl. l~tJfff1El1rilf111Ulf111lJftJ'U'\ItJ'l1f111~'b'Ull~1'l '1
, I , )) I I

dI ~ ~ .o:!l q jI QI 0 3J 1 1 dd. 4 d 'j) QI d

'\I. 11'H)'V'l'ff\l'U Fourier's Law llJtJ l'b'fl1Jf11"i'Ulf111lJltJll 'U f1l1~'YllJ'V'l'Ul'1l1'U1~llfl'll'1
'U

fl. l~m~'ff\lU Fourier's Law ldtJgn1Jfl1"iUlf111lJ~tJlI1'U1f1l1~~~vf'U~l1l!will ilifl'l~
'U

"'l. '\ItJ fl. Ufl~ '\I. Qfl

31
\I. '\ItJ fl. '\I. UfI~ fl. Qfl

"2. .,rtl '~~tll tJii U'ff~'l'fflJn11 '\Itl'l Fourier l¢l'tl fll'1'tl'l
'U

fl. Q = leA (dT/dx)

'\I. Q = - leA (dT/dx)

fl. Q = leA (dx/dT)

'l. Q = - leA (dx/dT)

\I. Q = A (dT/dx)

... "" "'9 31'1 d 11] 31
3. lflHI'llJtl'YlI'lf 1'Un11'Yl\PlJ:'ltl'l Heat Transfer (Conduction) IJtl~ I11Jl'l

fl. Potentiometer

'\I. m~1Jtlfl\PIH

fl. 'U1Wn1~1Jnm

'l. Heater

31
\I. nrmnue

'U •

11
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I 31 I I I

o 9J 9 'i dd.&'!l do 9J Q.J -=:l d. _I<:::l _I ~ ,
4. m1'U lmllJ'Hl 'U 1'U U'VI'1 I"'11~'VIlJ'W'U 'VI'11'U 11'l1'lfN'VI ~~lJ IlJ"tJ'UlllJ"'1~W '11 fJlJ IPItl1~ tJ~'VI1'1 ~~

l~'Umh'1~h

fl. U111~'UlPllm~tJ~'VI1'1

"1. U111~'U 1PI1m~tJ~'VI1'1tJf1f~hE'1fftl'1

fl. U111~fl~'UflU1~tJ~'VI1'1

'1. U111~fl~'UtlU1~tJ~'VI1'1tJflnlE'1fftl'1
>I

~. ~hJml'U tl'U~'Utlul1ilJ1WmllJ~tl'U

5. 1'Umw~mi'11,,'I1~~ii~'U~'I1'u'wlI'111.im~ rnflijm1ril,~l'VImllJ~tl'U ~~iim1ll1~tJ'Uul1,,'1

tlW '11 fdJ~tl1~tJ~'VI1'1~~l~'U mh'1l1, "

>I ,

"1. U111~'U 1PI1lJVl'U 'Vi 'I1'U'llPll'IunnlE'1 ffti'1
>I •

fl. U111~fl~'U tlUW'U 'Vim!llPll'I
>I •

'1. H111~fl~'U tluVl'U'Vim!llPll'ltlflnlE'1ffti'1

11]' I ,lQl.<:::::t.QI

~. IlJU'U'Uti'U'U'UflU'lf'U1'I1ffl'l,

Fluid Measurement

1. mllJ~'UnunfftJ'I11tlfl11lJlPl'U "1'1"1nerm1 mIl'Urie iiWI1lJ1:YlJ'\1'U ntlU'W111lJllPltl!11'1" ..
fl. Friction factor, Pipe diameter, Velocity, Pipe length

"1. Pressure, Flow rate, Viscosity, Reynolds number

fI. Loss coefficient, Pipe diameter, Viscosity, Pipe length

'1. Flow rate, Velocity, Pressure, Pipe diameter

~. Friction loss, Pressure, Velocity, Reynolds number

31 9 31
2. 'Utlll'l~fllPltl'1

fl. ~1ri'lJ111~iY'VInm1~t1!lfftJ ( K) l~'U~ll~tJ1 tlU ~lU-WmlPltl!mllJlfftJl'I'VI1'U(f)

"1. rm1 'I1'''~'U th'Ulnl'l~'U lriti 1 'I1"~ltJmllJl~1ff'1 ~'1ijIPl1l"'Ul1 61'U"~~1
"

fl. ~1ri'lJ111~iY'VInm1~t1!lfftJ (K) 1~tiTI1J1tJm1~qjlfftJ1'U.,j'tl'1tll'ltl11l'1

'1. ~lH-WmlPltl!f111lJlfftJl'I'VITW (t) 1~tiTI1J1tJm11mll'UvitlIPlH

~. l11:wm~nannuu111'l~'Ums1 'I1"~'Uth'U lv1 tl h1lnl'lmllJlPl'U "I'll'Ul'l tl

I
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fl. Manometer Venturi meter

'\I. Barometer Orifice meter

fl. Pitot-static tube Manometer

~. Orifice meter Venturi meter

\I. Manometer Anemometer

"" , fJI I I d' 3J ~~ v <Q 1 "
4. fl11~tyLtrtl 'U'\Itl\9ltl L'lf'U 11m '\Jtl~tl tr11J'V11~ LlJ'U\9I'U LfWI\llfltr1L11~ \91 LLJ:l~Utr\9l~tl~ 'U

L'VItl1Jtl~ i 1

""fl. fI111JI1:'W\9I'VI1'U

'\I. fllli"H'lllUfl~1
"i

fl. fI111J'I1'U~

~. f111iml~'Uih'U

Friction factor

Loss coefficient

Reynolds number

Roughness

\I. f111imn'U Pressure drop
I jJ I I

5. Lfl~tl~ijtl~tl iiJii Lfl~tl~{jtl1\91L~'ULfl~tl~1\91m11Ji'U

fl. Venturi meter

'\I. Orifice meter

fl. Pitot-static tube

~. Orifice meter

\I. Manometer

Microcontroller

1. Microcontroller board ~1,*~1'UL~'U'\Jtl~i'Utl~11.
fl. ARM 7 LPC 2378

'\I. ARM 9 LPC 2119

fl. ARM 9 LPC 2378

~. ARM 11 LPC 2137

\I. ARM 11 LPC l6F 877

2. Microcontroller ~tl1\91~ijfl111J't1~L~t1\911'Ufl11UiJ't1~Analog signal to Digital signal ~~~\9I

fl. Microcontroller A 2-bit ADC

'\J. Microcontroller B 4-bit ADC

fl. Microcontroller C 6-bit ADC

~. Microcontroller D 8-bit ADC

\I. Microcontroller A-B-C-D ijm11J't1~l~t1\91Ll'htl'U



11

.d 'j/9J Q,lQ,J .dId ,

3. :IJ Buffer uuu FIFO '\JU1~16 Bytes til 'IJeJlqj~'IJeJ'I\Pl1eJnfjlY1{1''I:IJ'lJU1~8 bits \1'1'11111 Buffer
~ .

~hu \I~{1'l:IJ 1Hlvrfl~eJ:IJ ~l~{1''I{1'~ ii~1~flfjl.. ...
fl. ~1~flfjl

'IJ. 2 ~1~flfjl

fl. 4 ~1~flfjl

'I. 8 ~1~flfjl

\I. 16 ~1~flfjl

4. 11Jmm:IJ~1~I~tJtJ11Jmm:IJ lv7tl Compile l,rI~UlvM U1:IJ{1'f1~ .hex ~eJ 11Jl11m:IJ1~

fl. LPC 2000

'\J. IAR Embedded Workbench

fI. LabVIEW

'I. Visual Basic

\I. Engineering Software

5. ~tl'lfl111~ Microcontroller ltJfl11mUfI:lJm1:IJ1~1:IJeJl\PlD{f1111~m1:IJnUI~tl'l1~. ..

fl. Analog to Digital Converter

'IJ. Digital input

fI. Digital Output

'I. Pulse-width modulation (PWM)

\I. Multi-hop



Logic Gates and Counters

12

" "
1U Ml.l1'1l1l NAND lil'111'nrlYidlU1'1l1l'leJ~ln~'Uil'U'lJ'Ufl~1'1'l

n, 1U~ 1

'\L 1U~ 2

rL 1U~ 3

'1, lU~ 4..
11. 1,J~ 5

2. 1I1n~U Ml.l1'1l1l~l'11'11Ul~l'I1ih)'ULn\P1 AND fieJ

n. ~U~ 1

'U. ~U~ 2

fl. ~U~ 3

'1. lU~ 4..
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, ,

3. 'illn'nJ Ml.ll~'iI'ji'hiTtnhV1l'HijV1.Hnl'lOR fiv
"
n. nl~ 1

"
'\1. nJ~ 2

"
fl. nJ~ 3

"
~. nJ~ 4

"
'iI. 'jU~ 5

"

+Vce
01 Q2

~kOhm
VV""

c~
'JJJ~ 1 'i'JJ~ 2~

~

+Vcc 01 02

~n
elK-

nl M1.2 l~'iI'jl!'U'\1'UWI 2 UI'lIl'U'U Synchronous u,,~ Asynchronous
"

.,
4. 'illn~U M1.2 ~U'I'lI~'U Logic diagram '\1V~1;j'il'jl!'U~'Ull'U'UAsynchronous

n. 'jU~ 1
"

'\1. 'jU~ 2
"

fl. ~U~ 3

~. 'jU~ 4
"
II] .'" 31 1'iI. l:lJ:lJ'\1V ~~n

.,
5. 'il1n~U M1.2 ~U1~lil'U Logic diagram '\1V~1;j'il'jl!'U~'Ull'U'USynchronous

n. ~U~ 1

'\1. 'jU~ 2
"

fl. 'jU~ 3
"

~. ~U~ 4

'iI. l:JiJ.,rv1~f;)n
"
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Single-Stage Transistor Amplifier

1Ilfl1Ul~1I1 Single-Stage Transistor Amplifier ll(1~:nl'l1'U~l,rl~
o !V

hFE = 200 1I'l\P1tlUfI1f:l1lJ"ltl 1-5

..

----'...-------{) + 12V

B

~BC547
E C

BOnOM VIEW

CB
Xo '+

8C547

RC
Cc

+---+-4I~--o y

o-------..-~-----'+-----_o OV

1. 1~1I1~1,r1J11~'U fl11~ tll'l1l1"ltJ1tJllUU1~

fl. Ulll\P1tlflWJ'ff

0',
1'1. fltl(1I(1fl!\P1tl111lJ

'l. IU'ff11lJ

11 . IU'ff1 U -eJ'ff

2. lnfl111u-eJ'ff1U1'W~1'Y111'UcHm\P1tl{l~tll ,r1J1~~l'11'l1'U (operating point) ~iii111~1'ff(1tJ1m1

ltitlmh VeE I'vh11

fl. 6 mV

"l.60mV

fI.6V

~. 12 V

11. 12 mV



_.. __~..__•. ..••_. ~_ .__ •••..._.a· •....• '.•• ".' ...¥ •• '" _ • •~, ... ~~ ....,--~_•• -_ •••••

fl. 2 V

'U. 1.5 V

1'I.0.7V

91 <!I
'J. 'Utl fl. 'l11tl 'U.

91 <!I
'iI. 'Utl 'U. 'l11tl 1'1.

• 'I 91 I "" I 11)
4. fil'l1'Ufl 1'l1 Ie = 1mA I'll RC H"~ RE mnJI'I1!'V11 11

fl. 3.6 KG, 1.5KG
'U. 36 KG, 1.5KG
1'1. 4.7 KG, 1.5KG
'J. 47 KG, 1.5KG
'iI. 50 KG, 1.5KG

'j) t::l I I "I
5. 'illfl'Utl 1-4 RB11m~ RB2 m11J1'I11'V11 11

fl. 93 KG ,22 KG
'U. 9.3 KG, 2.2 KG
1'1. 93 KG, 3.3 KG
'J. 39 KG, 33 KG
'iI. 39 KG, 22 KG

Op-amp I : Linear Amplifier Circuits
~~ <!I

1. flOH'I'1J1JIPl'Utl'J Instrumentation amplifier I'Itl

fl. CMRR ff'J
'"

'U. ~\Pl11'UtJlm'Vhtl1J 1

~ t::l ~ 'j) ~

1'1. tl1J'YHlfl'U"lfml'Ul\Pll

91
'iI. \JflVJfl'Utl

15
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QI' .d. I I Q.

2. eJlPl'i1'\JtJ1tJ~n'lI9l1'l'\JeJ'l Instrumentation amplifier lJfI1l'YI1flU

Q,I I Q,I d Q,I Q,I QI

fl. eJlPl'i1ff1'U II'H ~'U '\J1 uerunuu flU~H'l11lJ'\J eJ'lll'i 'l';'l'U inverting uaeuH~'U non

inverting

'\J. eJ\PI'i1ri1'Ul1'i'l~'U'\J1eJeJfllYitJUnuVl,,1'i1'l'\JeJ'lllH~1'U inverting ll"~llH~'U non inverting

fI. eJlPl'i1ri1'UllH~'U'\J1eJeJfllYitJUnUVlmllJ'\JeJ'lllH~'U non inverting ll"~llH~'U

inverting
QI I QJ d 0.1 l.do Q,I QJ

'l. eJ\PIHff1'UllH~'U'\J1eJeJfll'YItJUflUfI1m "tJ'\JeJ'lll'i'l f1'U non inverting ll"~llH~'U

inverting

3. 'iJ1fl Vo = 1000(V+ - V-) + 2(V++ V-) 'iJ'l'l11 CMRR

fl. 66.02 dB

'\J.60 dB

fI. 53.98 dB

'l.500 dB

4. CMRR tieJeJ~h

fl. Adiff -Acm

'\J. Adiff +Acm /2

fI. Adiff X Acm

'l. AcrnlAdiff

'iJ. Adiff/Acm

5. 1'l'iJ'i Instrumentation amplifier tieJ eJ~l'i

fl. 1'l 'iJ'ivl1'l1U1~' 'U fll'in1;)~ffruru1W1U rm, f111U~ff'l
u u ~

, ,
<!I ,,"0

'\J. 1'l'iJ'iI"eJflfl111JfI\PI1

fl. 1'l'iJ'i'\JtJ1tJllH~'UmrUl'rh,.

'l. 1'l 'iJ'i'\JtJ1tJ~'~ffl'11i'UI~'Ulfl~eJ'l~eJ \Pl11'iJl~
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Op-amp II: Differential and Instrumentation Amplifiers

Vom

R2R1

Vln- O-V»,./'........-~· ../ ..-l
..Vee

,)

~I

R1
Vln+ 0-"/''., »<; __

n. -2 V

'IJ. -1 V

fl. OV

~. 1 V

11. 2 V. ,
.. I.e! d10 I I 0 Gl3J r"\

2. 1Iln1~1I'j'j'lJ'V11 nm Vin+ lIf11\Pl1nJl Vin- 2 V 1I~mfl1~IEl~ Vout fil'H'U" ~'H Rl = 2 k~l;
'"

R2=lkn

n. -2 V

'IJ. -1 V

fl. OV

~. IV

11. 2V
o 9'" dl dl I

3. fil'H'U" ~'H differential gain lIf11 1000 111:l~ common mode gain lIf11 0.011l~'Hlf11 CMRR

(Common Mode Rejection Ratio)

n. 80 dB

'IJ. 90dB

fl. 100 dB

~. 110 dB

11. 120 dB



BUFFERS +Vee

Vln· 0-----11

(no current flaw) R1

+Vee
r

Vln+ '0.-----I

R3 R4
•...' ..,/ .'/-,/

1~ 47k

.Vee
n

~

Vout

.vee

R3
"

1~ R4

4.fA

18

.
4. 1l1f11'Hln1JYi 2111fl Vin+ ij~1ft'~fll1 Vin- 1 V \I~111~1~Jtl~ Vout nl11'U~'lrr Rl = 200 0

'" '"
R2= 1000

fl. -9.4 V

'tI. -4.7 V

fI. 0 V

~. 4.7V

\I. 9.4 V

5. \llf11~\ln1J~ 2 111fl Vin+ ij~1~lfll1 Vin- 0.5 V \I~111~1'tltl~ Vout nl11'U~ lrr Rl = 200 0
'"

R2=1000

fl. -9.4 V

'tI. -4.7 V

fI. 0 V

~. 4.7V

\I. 9.4 V
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1'111 217-301 Mechatornics Engineering Laboratory I

Tension and Compression Test Fluid Measurement Op-amp I : Linear Amplifier Circuits
I

n 'IJ fI ~ \l n 'lI fI ~ \l n 'IJ fI ~ \l

I I I I

2 2 2

3 3 3

4 4 4

5 5 5

i

Torsion Microcontroller Op-amp II : Differential and

n 'IJ fI ~ \l n 'IJ fI ~ \l Instrumentation Amplifiers

I I n 'IJ fI ~ \l

2 2 I
i

3 3 2

4 4 3

5 5 4

5

Bending of Elastic Compo
I

Logic Gatge and Counter

n 'IJ fI ~ \l n 'lJ fI ~ \l

I I

2 2

3 3 I

4 4

5 5

Heat Transfer (conduction) Single-state Transistor Amplifiers

n 'IJ fI ~ \l n 'lI fI ~ \l

I I

2 2

3 3

4 4 I
5 5


