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Test Flow

| Wheatstone | S8 | HEE
Bridge & (&, & E.)

© =Ha=s|8ist

A0 et S5 =< JHooke’s HE =
S H9& (o, 0, 7,)| Law (. 8,7,)
01,0,,03, @
O-VM9 2-rnax
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= How?
» SN HSEE HOIKX
(electrical resistance strain gage)

. A Vs
q%h
Y4 L “

-~ A ’, A,

R;=p Ls 1mun;Q
—rG I} .
A

« SE X2 4, LEHSSHOIA MetE

— & B 5t

kol
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= CC-33A (&g =&
= Maker: Kyowa
s AP (5)196~120 °C

=2 X0
B Jle= T —

» IR0 EHU =, &8 S0 S0 A E== 2 A
=0l S US M= 2XNEXN L2 A2 =R

OrtGil & =

I20 &A= M 94X 2 Ol obkl 210 20

St 2elAlZE A

= EPEEE UM A

s FHAIFRQ A QAT MDD POt H =R

MNTL 5

1) SHLHII (Abrading)
= AFI (#300~600) 2 2= 12|S0] HOIXl 22
HE S SN AFELE
= AN PESUALMOIE,
= C2 EES AHAD
SOZ HHE ALE
2) JI& &= Ml (Degreasing)
= 2HE 0I5 HOIX 22 7
RO JIE/XE A2 MA
. OIMIE: H= o=
= Ti, Plastics: OLMIE CHAl &2
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3) HIOI Xl 22 2| X| & Al (Marking): “+ X}
= S=XI0 2lZet ME (Mt Ot < 6101 E
HOIXIE Ol=otH AU A3 eH X
= 4~6H HE (Al), =8l (Steel)
4) HI0IZ 0 HIOIXI2 EHO0IE 108 (Setting)
» HOIKIZET/MS F2EH0| Ot 2 ot =5

= SIS EORZ JHRE Bl

TE=EHE (238 T
— | e/
- JI0IX HE HIOIZ (PCT-2M) ¢ | ,{ E
« HOIZE= 02 (<4502 3_"‘/ =r
S0l 28 A - \
— /\ h
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5) HOIKXI Al E U 2 Xl Al || (Positioning)
« JOIXI/EIOIZE & 222 X0l ?IXIAI2]]
= 3Z HAlAIE
» 2R EEUS U OHOHM HE S =X &1
= PCT-2M tape
. O (<4590 2 [0 2

0[0




6) =0 =clJ| (Lifting)

= HOIZEES &L

02t (<4522 SO B2 AN
Ty ——

7) & =Ml (Adhesive) X
= CC-33A & =A| :
S HOIAI B0

d&H 1282 =28

8) = & (Installation) >

. AX IO A Y e
. YD DEHHACE D Yer
. ZestmeHEsoE /S N X
i
MNTL 9
9) == UJ| (Holding) o /
. AKX EIt2UOR N £ 2

= 1~3 kgf/em? = 100~300 kPa =S——= ) '

. 12 X (T>20°0)
. 2-3% (T<20°C)
s S AHLI=Z22 ™

. 2R IYB X 0IE
. EIIYOR S R0 AR S0

MNTL
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10) BHI Ol & & A LHJ| (Peeling-Off Tape)
«» AES ASHOZ

= Ol H0 E= 0

1) EE (Sodering)
12) 2 & (Coating)

MNTL A

Test Flow

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

© =Ha=s|8ist

A0 et =5 =4 JHooke’s HE =
S H9& (o, 0, 7,)| Law  |(&.8,7,)
01,005,053, (4
O-VM9 Z-max
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The Wheatstone Bridge

» J|= Hc
= Null-balance system
« )| EBE (E=0)
RR; = R,R,

» 8

[0

cl

v
——lifr——

N (ARI_AR2+AR3_AR4

- Vife<5%, r=i2
(1+P R R, R, R, R

1
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« Ul DA 2B R Q1 ESIA]

Bridge | Quarter, 1/4 Half, % Half, Y5 Full, 1/1

Ttem (1A) (1A + 1D) (1A + 1D) (4A)

I 2RA
n 1 1 1 4
=2 8Aat No Yes Yes Yes

MNTL 14




Vishay P3 Strain Indicator

= 4Ch. &&

= ALK GIOIEH ME
m 0~2.5Vdc OP"FEJ %

m Ui, Y5, full B2l Al s

n E2AE ME WHE

m 120-, 350- & 1000-€2 dummy gages
s MES 8 LE 2 2 EH (calibration)
= USB HZ
-PC%mMMN%
HHE4 2|, USB or & El

S (HEH)
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Channel Record
r—
LI I
3 4 - i -U v Gage factor
e~ ‘ control
) Brldge Balance f_.f"ll Reference input
e ™ V-
ﬁ — b Analeg ABC Display
* * input T
e — L
K OF | BEAND 2 }
k, t? . . Analog
Calibration P ot
F ' e I_4 :;g:wilr — &-kHz
@ POWER [ -g- supply filter 4?
S— —_— Analog =
. I_"M'_ amplifier
Power Light 9V battery XIto XiI

Gage Factor/Scaling
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Sd =AM

@ AOIX 22, ZH XL P30l H&
@ & & On & Warming Up

@ S8 g &=

@ oilE B3 X &=

® GF & x _ AR/R
(® Zero Balancing &

(@ Shunt Calibration

SHd LU0l A&
(Analog & Digital)

MNTL 17

Strain-Gage 2| £ 2 & (Calibration)

» HEE S AMLE

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

P EHAAY XY B

« DX NS R B A2
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Rch ARz _ RZe —

2e

R,+R, R, R, R, +R,
RR R
AEI 1722 2 V= 1522 S V
RARFR R~ Rery o)
e = R2
T S,(R,+R)

- PE N R SLE EE= s BHEE

= Example: R, =R, =350 Q, §,=2.05
R, =100Q —¢,=1700 pe
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« 2 A EF EX
B8 ARIX =8 (close)
« S YUl &4 d) V=
« B8 AKXl ol Ml (open)
= 2 M HEE0 2l =24 d) =
d
g:d,=¢g,:d,=>¢e,=—"¢,

€, = 1700 d. =1 Unit T
1 d, = 1.6 Units
_ | 1 L

€, = ld,/d,) ¢, = 2660u
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Test Flow

24 | Wheatstone | =&
"| Bridge 7 &

(3
st == =4 ~ Hooke’s
= - #® |(o, 0, 7,)| Law

01,0,,03, @
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Guess How?

AL E HOIAS =4
- SN HEEOSHO|DbsE,
x>y

NEHAESE ()2 HEHN =SZotH 22
xy

= Hint: o o cos?0+ g,sin”@+y, sinfcosl

;3002 DI K& — 3049 &= A4, 6, 0)

1

. 2 .2 .
=€ Jcos” 0, He Isin” 6, Hy Isin 6, cos b,

. 2 .2 .
&,|=|€,|cos™ 6, He |sin” 6, H{y,|sin 6, cos b,

. 2 ) .
£ |=[e.|cos” O, +He |sin” 6. +|y, sin O, cos 6,
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A E 2l 2 M E (Strain Rosette)

s AEY QO 2 HES HEH [http'//www vishay.com]
s 0°-90° \
(Tee)

m 0°—45°-90°
(Rectangular) )

s 0°—60°—120°
(Delta)

. AEYQ RHE A
s 0°—45°-90° (Rectangular)

_ 2 no 2 No . 0 0
g =¢€,c08"0"+¢& smm” 0" +y, sin0" cosO
&5 =&, €08° 45° + & sin’ 45° +y, sin45° cos 45°
2 0 c 2 0 . 0 0
Egg =&,€08° 90" + & sin” 90" +y sin 90" cos 90

LE = Eyy £, =Egyy [y =284 76— &y
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= 0°—60°— 120° (Delta)

_ 2 no .2 no . 0 )
g =¢&,c08" 0" +&, sm” 0" +y, sin0" cos(
£q = &, €OS” 60° + g, sin” 60° + 7 SIN60° cos 60°.

_& +3¢, +\/§7/xy

4 y .
Lﬁx

£y = £, €05°120° +&,8in*120° + y, 5in120° cos120°

_ E. +36‘y —\/gyxy
4

2(860 +‘9120)_50 2(‘960 _5120)

3 > Vi = \/g
MNTL 25

LE =&y, £, =

Ol Al 1

= Given: g, = g,=+1000 pe, g = &,,, = +750 pe,

a

E.= &y =-650 pe
= Sol.

&, =&, =+1000 pe

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

Y - SN SN S
MNTL 26




Test Flow

Z4 | Wheatstone | =8 | HEE
Bridge + & (&, & E.)

© s (Hs

= =2
== . Hooke’s HASH =

N EEE
g é‘d He (O-x’ Jy’ 2-xy) Law (gxa gy: ny)
o

9
59
=9
e >

MNTL 27

8x = %[Gx _Vay] E O-x = _EJVZ [gx +V8y:|
Eyzl[()'y—l/()'x] : O, = E2[8 +VeE,
E ! Vol=yt Y
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Ol Al 2

= Given: ¢, = g,=+1000 pe,

gb - 8120 - +750 Mg, Gage ¢ Ic
E.= &= -650 pe, @

c

=200 GPa, v=0.3

= Sol.
800 2800
e =+1000pe, &, =———pe, 7, =— €
X u y 3 l”l“ yy \/g l”l“
3
5 =2 [g b, | 20010 Mpa[looo 03><@} X107
- 1-0.3 3
=202.2 MPa
MNTL 29
3
o =L Jo pve |2 20010 MPa) 800 45,1000 |x10-
U BV 1-0.3 3
=7.3MPa
ey - E 200><103MPa>< 2800 . -
v = T 2(1+v )%W 2(1+0.3) NE)
= —124.4 MPa
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Test Flow

24 | Wheatstone
Bridge +&

I
0
&
g

[

A 4

© s (Hs

S H 0 2 et ) S5 == Hooke’s HASH =
S35 a4 (oo, n)| Y (&8s Y
0'1,0'2,0'3, @
O-VMﬂ Z-max
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|

|

. ’ |

20, + 1 80°X 29,,( +) i
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Mohr & (Pl o)

s NG H

o,
020 =4 BE
@ =2 T A
O xy HEE NT
09 =G ‘
0= B 2T HA .
0= Al M S WA .
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Ol Xl 3

= Given: g,= g,=+1000 pe,
&= €129 = 1750 pe,
&, = &= -650 e,
E=200GPa, v=0.3

Sol.

a

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

202.2+7.3
o, =
2
o, =0MPa
o, =-53.3 MPa

2
+ \/(202'22 73 j +(~124.4) =262.8 MPa

MNTL
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O~ Omin _ 262.8—(—53.3)

=158.05 MPa

| 2 2 2
O\ :ﬁ\/(al _O'z) +(O-2 _0-3) +(G3 _0-1)

1 2 2 2
=—4/(262.8—0) +(0+53.3) +(—53.3-262.8
=293.1 MPa
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Test Flow

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

© =Ha=s|8ist

JEEeE] s [TsE | e [wEE
i =4 HH et (o;c, o, Txy) Law ( & & yxy)
(4]
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