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Test Flow

| Wheatstone =8 | BHEE
Bridge +4& (&, &, &)

A0 ERet == =< . Hooke’s HAE
=g H 2 (Ux , O, Txy) Law ( &, gy’ ,ny)
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[ Why?
s HEE =H 5 S H A
= Where?

» S HEH:BH S

= How?
» SN HSEE HOIKX
(electrical resistance strain gage)
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]

kol

Steigt— M YH
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s CC-33A (A& 2=9)
= Maker: Kyowa
s AP -196~120 °C

s Fle =2

» IR0 EHU =, 8 S0 S0 A E== 2 A
=0l S US M= 2N EXN LD 2 A2 =R

OrirGil &2 A

=0 == i AKXl = Ol of

=St 2elAlZE A

2= UM & E

n S AZEES AIOIAI M) BotA MEF
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1) SHLHI| (Abrading)
. AP (#300~600) 2 RS T21S0] HOIX 5=
M} S H ALE A

- T/ 1

s AN R2XTESU H2L
= C2ESS A
SOZ MH S AIELE

2) JIS A2 MlH (Degreasing)

= 2HZ 0|26 HOIX &8

RO J|E/XE S22 HA

= Ti, Plastics: OLAIE T4l &=

=l
©
M
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3) HIOI Xl 22F | X| & Al (Marking): “+” At
« X0 Blet Mz (Met2)IE Ot B o0 E
HOIXIE Ol=otH 2HU A3 eH X
. 4-6H T (Al), 2H (Steel)
4) HIOIZO HOIXI 9 E{0/2 DA (Setting)
= HOIXZ2tTME 20| OtHZ &otH ==

» pSIHOF Rt 7ol

EE=HE (238) N1
— e de [/ [
= HOIXI && HIO0IZE (PCT-2M) < ‘- 7 Xﬁ .
« HOIZE= 02t (<45922 3—""‘/ \
S0l 22 A - \
— /\ h
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5) HOIKI AlZE Al 2 Xl AlF|2] (Positioning)
« JHOIXI/EIOIZE & 222 X0l ?IXIAI2]]
= 3 HAlAIE
» EZIEEUS U HOAN HE S 2X 8ls
= PCT-2M tape
. 02 (<4592 2 [0 2t




6) =0{=clJ| (Lifting)

= HOZESE

M2 (<4592 S0 =€

7) &=l (Adhesive)
= CC-33A A
« &2 EH 0K R BH0

&N 12 2= =8

8) = = (Installation)

- O"X| _ﬁj}aLOEOI %F%Ot
- FDDEHBHNCE E
: ZRF M= HZ S0
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9) =21 JAJ| (Holding)

=
n g | E=Iete 2 MH =8
« 1~3 kgf/em? = 100~300 kPa

2N (T> 20 oC)
= 2~3%2(T<20°C)
= #@AHU =S

= 2 IHE W XD Ol=
» SIS =S UEL E
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10) BHI Ol = & ALY | (Peeling-Off Tape)
» AES ASHOZ

= Ol2tH0 E= 0

11) &Y (Soldering)
12) 2 8 (Coating)
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Test Flow

24 | Wheatstone | S8 | HEE

Bridge & 1(e, &, &)

© HE|Hs

& H 0 et =35 =4 ~ Hooke’s HA =
sS4 8 | o )| (581
01,0,,03, @
OyM> Tmax
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The Wheatstone Bridge

n J|= &
= Null-balance system
» ZJ)| B (E=0)

RR, =R,R,
M= L v
LA i eni—
AE = r2 ARl—ARZ+AR3—AR V ife< 5%,r—R—
1++P R R, R R, R,
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« Ul JEAI 2 S QI B

Bridge Quarter, 1/4 Half, 2 Half, 2 Full, 1/1
Item (1A+1D) (1A+1D)

24

2L 24 No Yes Yes Yes
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Vishay P3 Strain Indicator

s 4Ch. &<

= AAM GIOIH H&
m 0~25Vdc Ot 21 =<

m Vi, Y5, full B2l Al DS

w B2AE N HE

m 120-, 350- & 1000-€2 dummy gages
n ME EE LE 2 2 EH (calibration)
= USB HZ

« PCEZ HMOA IS
= HiE 2|, USBor &

B M (Ol YE)
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Channel Record ;
— 1 PRegulated
1 32 I v, supply
oy R CCRE] -U +
3 4 Gage factor
— ‘ control
) Brldge Balance 1 Reference input
E - " fff..l ADC Display
e nalog
* @ * i L
p— — L
K OF 1 Bk NG A :} d ifier
— - . . Anal
' Calibration 1 [Foe cutput
u power | —f SkH
@ POWER Lt -g- supply filterz 6 )
S’ —_— Analog =
. IMI— amplifier

Power Light 9.V battery XI to X1

Gage Factor/Scaling
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S8 =K

@ HOIX £, & L P30 A&
2 ™ & On & Warming Up

@ s e &=

@ oY B3I &&=

® GF 2 © _AR/R
(6 Zero Balancing £

(@ Shunt Calibration

=4d 2 U0oH M&E
(Analog & Digital)
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Strain-Gage 2l £ 2 & (Calibration)

» HEE S ALAE

= Strain gage, power supply (either constant voltage or
constant current), circuit-completion resistors,
amplifier, recording instrument

P S ALY NN PR

» JE MR EE HE
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* R +R’ R, R, R, +R
AE = R R, R, RR, (S )V
(Rl—i_RZ)2 R2+Rc (R1+R2)2 £
RZ
LE, =
g(R2+Rc)
« S8 MR st === e HEE

= Example: R, =R, =350 Q, §,=2.05
R.=100Q — ¢, =1700 pe
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AN EE EX
» B8 AKX 58 (close)
« S YUl &4 d) V=
« B8 AKX 6l Al (open)
= 2 M HEE0 2 =28 d) =
dp
g.d.=¢,:d, >¢e,=—¢,

e, =ld,Ad.)e = 2560u
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Test Flow

24 | Wheatstone | =&
Bridge &
HQst| == =4 _ Hooke’s
a:| Al U4 il’ ]
= o = (Jx , O, Txy) Law
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HAEE HOIKIS EH
- AN PEB0 ST J5E,

302 DIKl== — 32 & A4, 6,, 6.)

1

. 2 .2 .
&,|=|€,|cos” 6, He Isin” 6, Hy, Isin 6, cosb,

. 2 ) .
&,|=|€|cos” 6, He |sin” 6, Hy,|sin 6, cos b,

. 2 ) .
& |=|e.|cos” 6, He |sin” 6, +]y, [sin 6, cos b,
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A E @l 2 Ml E (Strain Rosette)

n AEY QI 2 HIEC| S EY [http://www.vishay.com]
= 0°-90°
(Tee)

m 0°9—45°—-9(°
(ReCtangular) “

s 0°—60°—120°
(Delta)

« AEYQRFE A

= 0°—45°—90° (Rectangular) AT f45

_ 2 no .2 Nno . 0 0
g =¢&,c08" 0" +¢&, sin" 0" +y, sin0" cosO
&,5 =&,08" 45° + & sin® 45° + ¥ sin45° cos45°
_ 2 o c 2 0 . 0 0
Egp =&,€08" 90" + & sin” 90" +y, sin 90" cos 90

SE = Eyy £, = Egyy Yy =2845 &) — &y
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= 0°— 60°— 120° (Delta) £,

ot L
%
F o

_ g+ 36‘y + \/gyxy Egn .

X L.,

9 = £, €0s° 120° + £, sin®120° + 7,y $In120° cos120°

_ g, +33y —\/gyxy

_ 2 Nno .2 No . 0 0
g =¢&.¢c08"0"+¢ sm” 0" +y,, sin0" cosO

».-6‘0
Egp = €, €08” 60° + &, sin” 60° + 7, sin 60° cos 60° '

ne =g, & = 2(‘960 +‘9120)_50 Y = 2(860\/_58120)
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Ol Al 1

= Given: ¢, = g, =+1000 pe, g, = &,,,=1+750 pe,
E.= &= -650 ue

c

= Sol.

&, =&, =+1000 pe
ey +E109)—8, 2(-650+750)—1000 800
£, = = = e
3 3 3
 2eg —&1y)  2(-650-750) 2800

Y Y BN T
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Test Flow

24 | Wheatstone | =& | HEE
Bridge & (g

A H 0] 2 st =3 == <H00ke’s HE S
sS4 H9& (o, 0, 7,)| Law (&0 & Vi)
0-19 0-29 0-39 @
O-VMﬂ Z-rnax
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BT S I
|

& =i[0' —VO'x] o = b [g +ve,

vy gty | Yoot
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Ol Al 2

= Given: g, = g,=+1000 pe,
gb — 8120 = +750 lvl((_‘:, Gage ¢
E.= &= -650 pe,

E=200GPa, v=0.3

= Sol.
800 2800
g, =+1000pe, & =———pe,y =— €
X u y 3 p‘ yy \/g p‘
3
5 =2 k-+we |- 20019 MPa 5 ()3x§99} X107
1- 1-0.3 3
=202.2 MPa
MNTL 29
3
o, =L [ vve |=220¥10 lz\dpa[—800+0.3x1000}x106
N 1-0.3 3
=7.3MPa
ey - E 200><103MPa>< 2800, -
v =7 = 2(1+v )%W 2(1+0.3) NE)
= —124.4 MPa
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Test Flow

24 | Wheatstone | S8 | HEE
Bridge & (&, &, &)

® cEsE|EE

AN g2Ret] == =& JHooke’s HE =
S - HE (0,0, 7)) v (86,7,
01,05,03, (4
OyM> Tmax
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Principal Stresses

2
o, to o —0O
— Y X y 2
O pip2 = > i\/{ 2 j +7,

|
e - |
sy 13 X )

32




Mohr & (Pl. 0)

. HEY
£h
0 2o =4 HE
® 22 HA
Oy NHEFE EHE
02 X: :
6 = Ho 2T K .
6 = 2, Al A 2 Ao

(B)
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Ol Al 3

= Given: ¢, = g,=+1000 pe,
&= €130 = 1750 e,
E.= &= -650 pe,
E=200GPa, v=0.3

= Sol.

o,=2022MPa,o, =73MPa, 7  =-124.4MPa

2
5 2022473 \/(202.22 —7.3) +(C124.4) —262.8 MPa

2
o, =0MPa
o, =—-53.3MPa
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 _ Ou = Omin _ 262.8—(-53.3)
2

=158.05 MPa

2 2

+(G3 _0'1)

| 2
O\m :ﬁ\/(al _O-z) +(O'2 _0'3)

= %\/(262.8—0)2 +(0+53.3)" +(-53.3-262.8)°

=293.1 MPa
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Test Flow

24 | Wheatstone | =& | HEE
| Bridge 74 ¢ )

ridge o ga? 8b9 gc
© HEE|HE

4 A0 ERet =5 =5 . Hooke’s HAE

& Hi S A
gaﬁ;‘ H =t (O'x, Uy, Txy) Law (Ex, gy? ny)
(4]
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