30 Chapter 3 Force Systems

2/5 Courwe

The momest prodeced by two squal, cppoante, and ncoclineer
foeces 13 adlled u couple. Cosplas have certain urque properiios urd
have imgeetant aggiications i mechomio

Carwader o sction of two expaal aod sppuwtte forcms Fand -~ F a de
Leroe o sguert, s shoom i Fig 2100 These twe froes cernot be combenad
(o & sl foeoe bocense ther s (n evory dlroction s soee. Thelr caly
offect s ta prodince o tendency of retaton. The cuchimed mossert of the

twe forow sbost an s roereed o ther phese snd pasany through sy
podant sy on @ i Chatr plane s the ovapde M This cvaple hos o tragnitode
M-Pasd)=Va
I
N-F
W
| 1 "

s direction » comnter okiwine when viewed Mo abave fir e case
lutrited Nots apecaly that the siagutuds of the couple s indepen-
dent of the distance o whch lecates the faron with repect to the
omend cender O Tt fallows that the moonest of & cougle has the sme
viduae far adl moermat cordters

Vecter Algebra Methed

We may ako exgesss Uhe matsent of & couple by usng votar alge
brn With the aressprodog notatson of Bq 28, the combiined moment
e bt petrnt © of the foroe Sormung e cosple of Fig 2106

M o, xFepxi=Fi xy~rgxF

wheve vy a0l vy ave position vectors whinh run fram poiot @ 1o arki
traey pocnits A s B oo the lines of action of Fand  F, respectindy. Be-
Chtw Iy < Py < F, we cn oapross M s

M- rxF
@ Heew again, the moomat coprasbon contans no referencs ta the -
achame
ey

ot cerrter & and, therdfore, = the seene for all moenent conters Ths
we iy reprosent M by o froe vecter, o show in Fig 210c, where the

c"':‘:"“' drection of M is noersad to the plame of the couple and the senee of M s
‘ wetshlohed by the nght-hand rede

o) Becrmse the ompde witor M s slways perpendicalar 1o the plane of

e forces which sometituts the couple, in two-Bimensnnal analyss we

Hgee 210 can rvpresot e seree of & couple vwetor 20 dockwise or canterchack-

wiw by v of the conventions shoan m Fig 27100 Later, when we deal
with couple veetors o threedimnenstonn] protiens, we sl wake fall
we of vecter notataon 8o reprasat then, and the mathesatio will 2u-
tomatacally scomnt foe Uhar mnse

Fquivalent Couples

Changing the values of F azd 4 dows net chaage a grven couple 22
leang s Uhe product F remsins the sume. Likowise, o omphe & et af.
fected o the forces aet In o different bt pooralled plose Figure 211
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Article 3/%  Couple 31

Fipwe 210

oy four diffecent comfigurations of the same couple M. Tn each of
the four cwwe, the couples are equrralent and are describted by the
sane froe voctor whach raprasnis the shentacal terndences to rotate the
LEE IR

Force-Couple Systems

The effect of 2 farce acting 40 o bady Is the temdonay 1o push oo pull
the bady in the directos of the farce, and to rotate the bedy about aay
fovod soem whinch does st intermact the lisw of the force. We can npre-
sont this donl offect oore easily by replasng the ghven foece Wy an oqoal
poeallel farce and & couple to corspereats for the change i the momeat
of the force.

The reglocetnent of & force by 2 focee and o coupde (s (Dustrated in
Fig 212 whers the groen focos I acting ot patrt A s roplaced by an
oqual farce F ot soeme peant B anvd the cousterdlechkwin couple M « Fd
The tramsfor Is sty (n the wdlde Agure. whore the ogad sond opgonite
foroe P and < F are added at posnt & wrhout intreducing any st cxter-
ren) efoctx o the body. We now s thett the arggnal foece ot A sand the
oqual and opposte e at B coastitute the oople N - Fd, which s
ovanter akwioe far the sample dhoeen e shawn e the nght-hand peet
of the fgure Thus we have replaced the ongnal farce at A by the sarme
farce scting ot o different paint B and & couple, without altering the ex.
ternn] offects of the ceiginnl farce om the Sedy The combinasticn of the
forcw and couple = the nght-band port of Pig 212 w referred o 2o »
force-coagie rntem.

By veversng this peocess, we aan combine a groon couph snd a focee
witich b the plare of the couple (normal te the cosple vwctor) to
peoduce a mogle, oguvabet force. Begplocomnt of o farce by an oguive
bt Corce—emngle oxvtern. and the reserse procedire, have many spplon
tieews in mechanics and siould be mastered

(G

Fgere 2/12

[Type text]



o ——————— . ®+ - — - —— | ——— —— ———— e ——— —

251 B M= Fd= 2(14) = 12 bom, CW
(or 9.33 Ih-ft CW)

A 50 b -
F "
. - - .
» = F
M= so(8) =2F() X .
F= 700 Ib
~
2(67 | N
. o /
F = IXO(' CO$20°|_', -Sin Zo:i\ RO eo,h
i | 7 Jgo N 2T A
= =691 —6l.65 N
> J 3
_— 150
v M,= I%o Coszo°(|50f—lzos.n3o°) Loy |
+|80 sin Ro'’ (IZO cos 3c>°) .
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4] 900 N-wmwm or “4L.9 N'm CCW
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Use ?ﬁv\c{rlq of
famen g |

[\

S0 cos 20° {o.l Cig 25 ° +0.25 s \0‘]
+ 50 swm 20'[ 0.1 sin 25° 4 0.25 5in 10°]

= |17.27 N'wm

Force = Covple S\oﬁtm\ at Q -

{R=S°N \io®

My = 1729 Newm O

2/61] F = 250 (sin 0L + cos l0%)

= 43,40 + 246) N
250 [Cos |0°(o.23£)+ Sin IO"(o.oso)]

60,0 N'm CW
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M=Fd = 520(8.5) = 4420 lb-7n.

F(3)=4420, F = 49/ 1
L= 4-260= 23/ 76
. = 49/+260~ 757 /6
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mm |
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| 250 N . B '
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77-L'- 77YT”
_Equnl Couples :
G 250 (240) = 200 (y cos 399

Y = 346 mwm




