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Force Transducer Overview

 Laws of statics
* Phenomenon of elastic reaction

* Phenomenon of piezoelectricity
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Measuring the Strength of a Force

(a) (b) (d)

Figure 5.2 The vector nature of a force is tested with a spring scale. (a) A downward
force Fy elongates the spring 1.00 cm. (b) A downward force Fs elongates the spring
2.00 cm. (c) When F; and Fs are applied simultaneously, the spring elongates by
3.00 cm. (d) When F; is downward and Fs is horizontal, the combination of the two

W

forces elongates the spring V(LO0 em)? + (2.00 cm)® = 2.24 cm.




Example 5.4 A Traffic Light
at Rest

A traffic light weighing 122 N hangs
from a cable tied to two

other cables fastened to a support, as
in Figure 5.10a. The

upper cables make angles of 37.0° and
53.0° with the horizontal.

These upper cables are not as strong
as the vertical

cable, and will break if the tension in
them exceeds 100 N.

Will the traffic light remain hanging in
this situation, or will

one of the cables break?




Ts

(b)

Figure 5.10 (Example 5.4) (a) A waffic light suspended by cables. (b) Free-body diagram
for the traffic light. (¢) Free-body diagram for the knot where the three cables are joined.




Force «x Cﬂmpﬂnent y CﬂmPDIIEIlt

— 17 cos 37.0° 1ysin 37.0°
15 cos 53.0° T5sin 53.0°

0 —122 N

Knowing that the knot is in equilibrium (a = 0) allows us to
write

(1) S F. = =T, cos 37.0° + T, cos 53.0° = 0

(2) 2F, = Ty sin 37.0° + Ty sin 53.0° + (=122 N) = 0

(3)

P ( cos 37.0°
2 cos 53.0°

) = 1.33T7
This value for 75 is substituted into (2) to vield
Ty sin 37.0° + (1.3377) (sin 53.0%) — 122N = 0
734 N

1.337, = 974 N




What If? Suppose the two angles in Figure 5.10a are equal.
What would be the relationship between T, and T,?

Answer We can argue from the symmetry of the problem
that the two tensions 77 and 7o would be equal to each
other. Mathematically, if the equal angles are called 6, Equa-
tion (3) becomes

[ cos @ )

. cos 0,
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The effects of forces on materials

1.1 Introduction
A force exerted on a body can cause a change in

either the shape or the motion of the bodly.
The unit of force is the newton, N.

The three main types of mechanical force that
can act on a body are:

(i) tensile,

(ii)) compressive, and

(iii) shear



1.2 Tensile force

Tension is a force that tends to stretch a
material, as shown in Figure 1.1. For example

* (i) the rope or cable of a crane carrying a load is in tension
e (ii) rubber bands, when stretched, are in tension

 (iii) when a nut is tightened, a bolt is under tension

* Atensile force, i.e. one producing tension, increases

* the length of the material on which it acts.



1.3 Compressive force

Compression is a force that tends to squeeze
or crush a material.

* (i) a pillar supporting a bridge is in compression
* (ii) the sole of a shoe is in compression
* (iii) the jib of a crane is in compression

A compressive force, i.e. one producing
compression, will decrease the length of the
material on which it acts.



1.4 Shear force

Shear is a force that tends to slide one face of the material
over an adjacent face.

* (i) arivet holding two plates together is in shear if a tensile
force is applied between the plates.

* (ii) a guillotine cutting sheet metal, or garden shears, each
provide a shear force.

e (iii) a horizontal beam is subject to shear force.
e (iv) transmission joints on cars are subject to shear forces.

A shear force can cause a material to bend, slide or twist.



1.5 Stress

Forces acting on a material cause a change in dimensions and the
material is said to be in a state of stress. Stress is the ratio of the
applied force F to cross-sectional area A of the material. The symbol
used for tensile and compressive stress is o (Greek letter sigma). The
unit of stress is the Pascal, Pa, where 1 Pa =1 N/m2.

 Hence where Fis the force in Newton’s and A is the cross-sectional
area in square metres. For tensile and compressive forces, the
cross-sectional area is that which is at right angles to the direction
of the force. For a shear force the shear stress is equal to F/A,
where the cross-sectional area A is that which is parallel to the
direction of the force.

 The symbol used for shear stress is the Greek letter tau, t.



Problem 2. A rectangular bar having a
cross-sectional area of 75 mm? has a tensile force of 15

kN applied to it. Determine the stress in the bar.

Cross-sectional area A = 75 I']'ll"["_l_z — 75 x 107% m?
and force F = 15 kN =15 x 10° N

F 15 x 10° N

Stress in bar,0 = — = —————
A 75x 107" m”

0.2 x 10° Pa = 200 MPa




Problem 3. A circular wire has a tensile force of 60.0 N
applied to it and this force produces a stress of 3.06
MPa in the wire. Determine the diameter of the wire.
Force F = 60.0 N and __
stress o = 3.06 MPa = 3.06 x 10° Pa

F
S1ince

A
F 60.0 N hence 19.6] = T from which,
a

then area, A =

3.06 x 10° Pa

1061 w 10-° m2 — 10 & : 4 x19.61 :
19.61 x 107" m” = 19.6]1 mm _ from which, d = |

74 %19.61
d- ( )
T \I

i

e rd?
Cross-sectional area A = —; ) . . -
e q i.e. diameter of wire = 5.0 mm
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Problem 1.6-2 Truss members supporting a roof are con-

nected to a 26-mm-thick gusset plate by a 22 mm diameter

pin as shown in the figure and photo. The two end plates on
the truss members are each 14 mm thick.

(a) If the load P = 80 kN, what is the largest bearing
stress acting on the pin?

(b) If the ultimate shear stress for the pin is 190 MPa, what
force Py, is required to cause the pin to fail in shear?

(Disregard friction between the plates.)

Roof structure

Truss
member —

=— = 14 mm

26 mm

Solution 1.6-2

NUMERICAL DATA
tep = 14 mm
typ = 26 mm
P =80kN
dp, =22 mm

Ta = 190 MPa
(a) BEARING STRESS ON PIN

o, = gusset plate is thinner than

dptep
(2 tep) s0 gusset plate controls

op = 1399 MPa
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(b) ULTIMATE FORCE IN SHEAR

Cross sectional area of pin

A, = 380.133 mm’

ljull = --TuItA-p Puu = 1444 kN




Problem 1.6-5 The force in the brake
cable of the V-brake

system shown in the figure is T 45 I|b.

The pivot pin at A has

diameter dp 0.25in. and length Lp
5/8 in.

Use dimensions show in the figure.
Neglect the weight of the

brake system.

(a) Find the average shear stress aver
in the pivot pin where it

is anchored to the bicycle frame at B.

(b) Find the average bearing stress
b,aver in the pivot pin over

segment AB.
3.25
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«— Lower end of front brake cable

(@ - Pivot pins

anchored to
frame (dp)




1.6 Strain

The fractional change in a dimension of a
material produced by a force is called the strain.
For a tensile or compressive force, strain is the
ratio of the change of length to the original
length. The symbol used for strain is € (Greek
epsilon). For a material of length L metres which
changes in length by an amount x metres when
subjected to stress,



Strain is dimension-less and is often expressed
as a percentage, i.e.

* ‘l‘ i
percentage strain = 7 X 100




Applied ____ 5
force |

For a shear force, strain is denoted by the symbol y
(Greek letter gamma).




Problem 4. A bar 1.60 m long contracts axially by 0.1
mm when a compressive load is applied to it.
Determine the strain and the percentage strain.

L contraction 0.1 mm
Stram ¢ = ——— = ——
original length .60 x 10° mm

0.1
[ 600

= 0.0000625

Percentage strain = 0.0000625x 100 = 0.00625%




Problem 5. A wire of length 2.50 m has a percentage
strain of 0.012% when loaded with a tensile force.
Determine the extension of the wire.

Original length of wire = 2.50 m = 2500 mm

+ 0.012
and strain = = ().00012
100

extension x

Strain & = ——
original length L

hence, extension x = ¢L = (0.00012)(2500)

— (.30 mm




ANNLASERA (Strain)

= , =< o o A
AYNNLATEIA (Strain) UNNEDN NTLLALULLAIUBITAGLHAH LIS
o o o Qi Qi = d”
NNEUBNNINTENT NLIAE) N7l agsndasninaauLlunig
dl 1 P~ dJ = Qi dl 1
AU AYEADUUNAANTIUNIL DA TN At u kil slaAdu

e Mduanend € Fanan (epsilon)
aulAsanpe (Tensile strain)
anulrsanan (Compressive strain)

aulAsaal@aw (Shear strain)
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Tensile strain &€

ANLAT AR

a 2 a £ oA o
PIATNLATE A AN LN AUULNR mq

=

1 Y =& o V-2
atlne AR Widngtin

q

aanwiniu O delta Tagilss

ﬂ?‘éﬁ‘ﬁ’]LLuQ LLNﬁﬂ\‘][}"’N’ﬂ’mﬂ
dgl = v % Y o o/ c
NUNUUIBALANR GL“HZQO_Iﬂﬂ‘]:’rm

N

E epsilon

£ anumrsnnd (ldfuag)

0 : AnueaTasuld mm.

L : Fe avwenadnaesdng mm.
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Compressive strain &

AANNLATE AR A

= v A dsj dl [ %
AINHLATEABALNAUULNAIRT)DE]

CT}

nelausedn N idnguasaag

wihiu O (delta) Tnauss
AN LUILINARIFIRINAL

nunutihmalane Mduanenl €
E = Z
€ 1 anuaTanng (lafudae)

0 : ANsnaMasuld mm.

L : Aa Avanenaineesdsg mm.
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Shear strainy

ANMNLATALRDY

= =

ANNNLATEIALRAY (Shear

. = = v
strain) AYNLATHIAIRAL 14
o/ o/ c a d”
AtUaN®ad Y (gamma) inAL
Hadnnagnieliussaeu i
Tidngulaaunasliifluygs
winriu 6

)

V=Z

Y : AnuLATEALReaU (Radian)

S - AuaaTasuuadly (mm.)

L : aue1q (mm.)
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eessumulihdmnzeesiagdnh Smbudu Toviimes (Qm)

ANNETIIITEAF I fmbreidlu s (m)

Y d v e o, o ekl 1w PO &
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Straimn
sensitive pattern
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Tension:
area Narrows.,

resistance increases.

‘'ompression:
rea thickens,
‘esistance decreases.
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SIGNAL CONDITIONER ON PANEL

\— STRAIN-;AUGES
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LOAD CELL
20 Kg. F (19,612 dalN) ts.

oo

HANDLE WIT




A9 8uR 15 lugamaneuilu Tnoaaa fivi1e1n extensometer A UMY LT 992
nszihre Inssadroh Idifianstanada deqalii 2.2

LOADING PLATE
/Fﬂﬂ UNKNOWN LOAD

! J

o [: DEFORMABLE METAL BODY

O

%XW&?/%/ LT o £ 2

RIGID SUPPORT SURFACE

71/ 2.2




0.006% fs/em
0.005% fs/em
0.0002% fsfem

die % f/em iWunlofiruduosmidumnadmivszozmudazruRnnsTEn e 71 2.3

niuTnaauazunuros IvasamaniuIvaa

(] J' ﬂl...ti‘ w il ] [ i - 1
A ssnaneuifdns9suszhms a1 v asaldiugisivesInangeia 15x20 cm

[ 4 # 1
ms Imhmianuitaeih Ididoni 18 asldhihmindssuin 05 -20kg  Tunsdiiinams
U ¥on nio ten useniswlinuuinguAuaugs (F = ma) uazdaairniueiseias
Fuusaiuiina 18 wazlunsdifivesndunsuudnsndussildduiuanagandnauniiu

95414
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2.2 Mlfuanmdygia

anlfuanmdganudmiunsuaaunei ausedy Tnanwa extensometer
anwdumuianuiuumsehdgygaeniynit ldnnmsuaduses fewdunn
FnlSuanmdnauszdesiinuuesiige dealinmsdiueerion navdsunasuny
v ldiefivsi danuduiuisenhussduiuus aniz ey 2esdoudouaaeniy
31 2.5

HFIAUNTEAU +Vref (8V) IAnInUsIAuTnngIan Z1 (TLA31) 299557 ICT vzads

Vref (-8V) usadudesz/dvuutasmugamgiidifige (gage 0.015%/°C) quungil

waeuuilas 50 °c nAgungiinaademaltounilas 20°¢ 1 70 °c szl ldsidadunas

i) Wiy lfussdunseduntaou 0.075v nFomnu 7 Tu Wu mansolidilda 14
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WEIGTH TRANSDUCER & SIGNAL CONDITIONER C'

ITRAN CAUSTY
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3.1 msdfuisuiilSuenmdye e

galszaen

o v a o e a ' v = <4 4. W ¢ a roa o
wehmslsuiioudnlfuanmdyarasulfufoude lithiwmin wwmiyni ldvidugud

y W
waziimin 20 kg Ayanoueminnviiiy 8 V

NI BINENABINST

r-T-1 [T -1 o
- ATABRUDRALIRABT
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. woAvnen Iadlweffudma aeniym
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LOAD CeLL
20 Kg. F (19.812 daN) (s

——

———

HANDLE WITH CARE



HANDLE WiITH CARE




3.2 myTansmlusaduemiynnlSouiuuss

qadazeran

J. L L J -ﬂl.-ﬁ ] e =]
wohnmauaasnsmanuduiuisesninusiduymesmsuadures fuus i iy

A A Ay
IFIDIHBNADING

sy o' o l,.-"'ll -
- AspoaliaAlings YUIA 3 /2 Uan

December 26, 2015 47



2 e
IENANDY
MimsdsumeuaalSuanmdyn o

aoRvnna ladnines NI oMLy OUT

¥
Wil midindaedis AuTnaswaeylusis 10 kg) Jaussdueninm

: d 4
idoyai lAsanslumisiai 3.1
wazihi 1Anans i TasTvusodunu X uaz Mussduwemiyneguau Y ns il

VR R L GV e TR e A TE R G T TR T

December 26, 2015 48



December 26, 2015

M13713 3.1

49



or &
WIAMDINHN(V) |

December 26, 2015




ad o
UIIRUWDIMNN(V) |

edunssoaduiiszesinniduasiangaiifuiazazdesaseunquingadeya a1
# v ’
Buasiusuuny y wasmimnuswuiiduildarmuaesa fanuiiudaduszuemiiy

Ed

o ¢ = ar (- & ar =i
os ummeuALAUANTINaAIY

-8 * V2 - v1 o =anuihududu

F.S8.0.




| e A gl 4 . . = '
3.5 msmmmsiannlasunavilegamgiivesivaawanlasunlas
qalszaan

A e o 1 " = dal o o = g i i
MMIINMIAINMIAIANUAANIIAYDINT IUAA AFDI AR INTa Tugung e doy

tilaq

3.6 mammmatanasulasiiegamgiivesmdsuanmdygramlteuuas

gailszaan

A o ] =1 L o -“’ =y a =%
mehmsdnnummmwiananvesdnlivanmdgygraidannialugamgivesd
Wasulag




December 26, 2015

53



December 26, 2015

54



