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L0

2/6  ResvuLTants

The progertios of furce, aoent, and cougle were devvloped (n the
previves four setickes. Now we are rosdy 1o doscribe the resultont oction of
& Proup o syt of foeoes. Most probibems (n mechomios doal with o systens
of fovoes, omd 1t s usonlly necossary to reduce the sistom to its shmpdest
form 1o deseribe s athon The resofltons of & svstemn of fieces & the slin
phest force combénation which can reploce the srgmad foroos without olter.
g the external effect oo the rigod body 1o which the foroos are igglied

Epuilidriym of 0 bady Is the condithen i witkéd the resukant of ol
forces outing om the body s 2ero. This condtiom s studied i statics When
the resultont of ol Sarces om o body s ot 2ero, the oocederation of the body
Is attalond by oqoating the foroe resultant to the prodoet of the moss and
oxcdleration of the hoedy. This condition |s stolied In dynosies. Thus, e
deterroinaton of rosuMants s bosbe to bath staticos and dynamieos

The st common type of force system oocurs when the foeces ol
ot In o single plane, say, the s plane, oo Bustrated by the system of
throe foeces Py Py and Fyin Fig 213 We olcain the sagnitude and
direction «f the resultant foece R by farming the Sorce paodsgon shown in
port b of the Agure, whete the forces are added boad totall I any s
quence. Thus, Sor any systemn of coplamar forces we may write

Groaghisally, the coerect Bne of action of R may be cbtamed by poe
perving the correct lnes of action of the faroes and odding them by the
perallcdogram law. We soe this (n port o of the fAgure for the e of
three foeces where the sum R, of Fyand ¥y e odded te ¥ te chitain R

The peinagle of tramsrisst bty has heen used 10 Uhis process.

Alpebraic Method

We an use dpedea to obeain the resultant faree and its hne of o
tha as Slbyes

1 Chowse o comvenient reflerence point amd move all faress to that
point. This prooess s degited foe o thecofree systom n Figs
2340 and &, where M, My and M, are the couples resulting from
the transfer of foeces ¥y, ¥y and Py from thelr respective elpgnal
Baves of action ta hees of scton through point O

2. Add all farces ot O o farrn Uhe resultont faroe R and odd all couphes
to form the resultant ssuple M, We now have the sngle farce
couple system, as shown in Fig 276

3 1o Mg 2747, fud the dme of octien of R by requirmg R te have »
monent of M, absut point O, Note that the force systems of Figs
2760 and 2144 are equivalent, and that TP in Mg 2140 s equad
to Rd in Pig 2064
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Pagure 2714
Principle of Momenty
This provess s sumamarized s equation forn by
L
Ny = IN =~ P @)
R~ M,

The fest two of Egu 210 redooe o grven system of forces 1o o force-
couple systemn ot an sbatranily chosen hut comventent pomt O The bt
equation spacfies the distance ¢ from point © 1o the hne of action o R,
and states that the monent of the resultant Soroe about any pomt O
oquals the mum of the moments of the ceignal forees of the system shout
the same potnt. This cxtends Vargmn's theorem te the cowe of soasoon-
cwrrent foree systems, weo all this extenson the pvincyve of momends

Yor o concurrent system of farces whete the hnos of acton of ol
forees pass threugh » cotamon point O, the mement sum LM, absot
that yoost is sere. Thus, the line of ortion of the resultant R =~ IF, de
terininad by the frst of Eqs 219, possns through point O Fee » paral-
el force syutem, sodoet o cacedinate acis in the directon of the forees
I the resultant faree R for o given force systemn (s 2evo, the resultant
of the system need it be pepo boomse the resultant way be o ssupde
The three forces i Fig 215 for Instance, have o 2eto resaltant force
but have » resultant deckwise congle N~ F o
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Sample Problem 2/9

Dhtrvnine the rowaltane of e Suir forces annd one conple wlich st on the
el shyran

Solvtion  Frert s smbhocted o 2 cornmined nfererov porst (or Che lerve-cmphe
rtare whach o 0 reprosert Uie gvee mvien

IR, = IF,) Ko on - ®omii « MaN
IR, = IF,) Roo)sMundrs on s « 134N
Re RICEN  Re,me oo« 1@asN Avs
[o--"tl a-u“%-nr A
Ny = P My = 180 = 5051 + 00 con A3 M) = 80 i A3 Y)

- =3TN'm

The ferce coaple svion cmusting of R sosd Ny, s shaan in Fig »
Wa e deterraine the Arad hew of sctine of R mach that R ados represats

Uhe coignad myviem
1Rd = M) AN - 137 deluom A

Merca the resabiot R reay be applind ot sny potre oo the bew which sakes o
RE" g withy Ohe woanis annd b Lannpont o1 print A B0 & drdle o ) 50000 ralias
wih conter . sn shonm tx part & of Use fipure. We spply the ogusten 84 « My in
s sbwaditevedum mres (\greeng seey wgn of Ny and Lot e phawen of the et
Ctr o dogectad 10 Pig o ductate Ohe Ol plosctreet of R Had M, bowen sonaster-
chxchwime, Ure correct e of sction of R wou M hurne bouns the tariponst ot peent B

The ressdtont I reay a%s be located by determirong 1s irderoepet dutarcs &
o ot C o the woanis, g « Wik B, sl R, sstinng thewagh poant C. ooy X,
wxerts a reeenard abeest O 2o that

b0

Rb = Nol  aad 1524

Nierastivaly, the yarterogt ool dave beer cdtaned be ntng thet the oo
et abvnit O wosld be G to B, culy.

A wrare Seeal sggreads i Setermnning Ohe Aoad Bow of action of R i 1o wse
Lhe Yeetar oprems e

“~19%mn

rxR-M,

where £ = 30 ¢ ) 2 pestion vector russing froee pedat O o sery pount an the
lre of petinm of R Sbattuting the wator eapesssnons for v R and N, anvd cor-
rymg ol Uhe croms peodact resul in

TR BE RS TR A PR =0
N - hik~ -2
Thas the dasired bose of action, Pig < is proe by
IR - Wy~ -7

By sttng v = 0, we sbtaen t = =L T2 e, whiach sgrews with our earbier calouls.
Lo of the dtarcs b

KetsaaN
- 1emmfgr
W St
D ;‘.

Helpal Hints

() We mate thuat the cheton of potet © as

& it conled elivdtndion any wer
menls Soe o the 1w feroes whinh
pam theough © Had the chxchwis
spn octrntens bewn alopted, N,
weedd hawe boan 237 N, sith
the phis sgn mlicbing » sam
Ahied e wER e s (eravn
o Efher smgr ovevveton. of
cocmres, leads to the coechancns of &
dedknrw wosvwent N,

Note that e wcler approsch
yoldde slgn Indiovealion wilievadts
oully, wheraw the scalar spproech
= meors phoymicely cermied You
sdowed @ veanton bagd maethinds
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PROBLEMS 179 Dutorvaine Do expirndet lerco~cecghn svien o the

wepn O b oach of Uoe three cmes of farom barg
Mtrodwctory Prolems sophed %o the odge of » carcelar ek If the resubtant
can e ss capesnnsd rrplae DU farcevaugde o en

/7Y Cleadste Uhe wgitade of the totwian T and the wih o viard sloen beoe
serghe # far winch the ope bolt woll be urdr 2 remul A ) R= 2Mabagx~ »
Lt dewvrnand foece of 13 kN MR -Fabagy~ W
A TGN s - B W R ~Padmgy = ~»
> y "
| !
r r y "
- - -
(4
r S ¥
wl > o
Probiess 2/

2/90 Ditervarne the baaght A shore the buse & . which
e remitont of the thares forces sata

Problese 2/10 I WN
@O wee
2770 Detorvnine the remulant R of the four forces scting @O X

o Dhe pasest plte Alss find the magnitols o R

sod the angle ¥, whech the reveltarst modos wrth the an o

PRLT YUY _}_ TON
0 e

- a
Prodies 2/

2707 Whare does the remukiant of the two forces sa”
A 10T0mtothe W of A

@ON
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3/02 Undde secsinifonn sosd dlgpery vood omlitians the
Lo forces sheoarn srv wrted an Uhe Ivo rear derme
wheek of the peckap trck shuch b » Lintadadp
ot difeesatial Detorraine e v isletrgl of e 1o
welioent of thes force spstarn

R T

R AR T

e Lot L B §

Probless 202

2703 M the remudiant of the two Swom and cvuple N
o Darough pant O, dtormnae N
Ave N = LHON m OOW

P
o

Ko N

Probbew 293

/04 Dotnnnine e sagritinde of the faree ¥ aggliad o
Ure bumvdle whech wil mabe Use rowalioet of the
three forow puss throagh O

Mroblere 204
108 Ditrnnine ans) huate the ressdtonnt R of the 1w
forows anvd com oouaphe sctmg oo U Bhsaen.
A R 4xN bty ~ S

10kN
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/90 The paw sl sttadend Vaek gulley are tarving

oranrlerchxhwine snvd wre sedyectod 1o the Lot hed
of 1000 XN sod the BN aned 49N terssocs 1 the
Vil Begosseet e aitivn of thae thews lieces by
» reslum) foece R ot © wnnd o omaple of magnitode
N Lo the et adremg dorwn or spending wp’

y

2790 The o speailnatines foe Use sttadorwnt ot A for

Uree buore degund an the muapertods sod bocoabien of
e applind baade Napressnt e nowaltace of the
Uaroe Seoos ool congle by 2 singhs farce R st A verd o
cveple N Spwoty the suaguionds ol R
A R = LN - L Gogg AN, ¥ = 232kN
MsUMAN (Y

Probles 29

2792 0n O squilBarionn position ahomen, the resikant of

Ure three foeoms sctmg oo the bell crank posses
tarough the ety O Determninm the wetcal Sace
P Does the resut dogennd on o°

2/93 Two tagral puilers are sudyected 1o the bek ten-

whons dvenn I e remdtiont N of thess fiross posss
Drrongh Ohe conter O, detenwine T andd the wogns
tade of R and the orartercockwuse argde & 1) suakes
Wi the s-aala

Av TN R«IMIN s« 0¥

Mroblew 293

/% Wik addhog o Sk tomnd the Sumwiy, these stir

ol wourt the farces shoswen 1o the overhesd view
Detervaine the oquimdent fvece-cuple mywien ot
et A Thes Setermnne Dhe speation of e bow of
wctrre of the reveltsen (ceoe
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/z-_-,e.y = /0 = JTSh & + &cos 30°

R,= O =7¢os O -6-85/230°
G in Jo T Sind®= £.07
/] Cos 8 = /o

S AN Divrde ¢j¢f &= ton _20_0_7
/

10 O=38.9°

7 = " =
cos 38.9° L Rt o

2]/78 R=EZF, = 60 cosqo® + 50 s1m 20°-30cos 20°
= 34.57 AN
= Z§= 60 S/n4o° + 40 -50cos 20° + 30 sir? 20°
= L) 5+ AN

R= V37573 + 37742 = 54.5HN

m——— . =

9)(: /kn"_'g’ = Fan ' 4/ :?‘; s 5O.2°
Py IA5E7 ——

-@:34,7_4' + 4.8) kN

'2,80 R=ZF = 650 -250-3o0¢
e N | = oo /b
&30 lf—> |60 --_g eh-‘-’ZAJ&. 2
60 |[<—252 /% /00 b1 =650(80) - 300(%5)
30" 1 -25o(30)
B A —. e -

h = 45 n.
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2/8, Eg0 N R=SF = 680-460 220 A
& z

|

Is _» T

V L_’_\ 20d = 680 (0.8) -£60(0.5)

L ab i 4= /0.70 m b the left of A
d -

2[83] M.=0 | so

LM - 400(0.150 cos 30°) — 320 ((0.300) =0
M= |4%.0 N'm

2/84 IMy= O for R fo pass throush ©
2 JOOF =)20(150) - 240(250) =©
.?”o:’ =260 N'

O 150 Noo

movt | mm
120 240
NN

—

285 Force — Couple sxostq,.\ at, pemt O

E: ZE = @—\0> \'\ = - 4-},: kN |
F M= 63— 10() + S2= - 20 KN'm
20 khm
(E‘\ I _ Me 2.0
3K e Aot Smemen K= - 4
| g ‘
+ &4 kN = 5 m (On l)?aml.)

4 kN
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2/90 Y @ ZF = (800 + 450)60515° -/600 .5//1/30 z20)
| |

= /207 - 278 = 92296 N

& ZE = /600 cos/0°
*(800~450)5/m /5°
=/576 + 90.6 = /666 N
930L #1666, N

/600 N
M=2ZA ¥); M=/600 cos 20°(0./50) + (450-800)0. 280
= 225.5 ~ 98.0 = /127.5 N'm CCw

S0 wrirt 13 Jpcea’/hj wh tn CCWs i

2[4 |, 4 kN 7—20

Rx"' ZFX = 2 Cos 20°= L8797 kN
Rﬂ ‘E;FJ = 3-4~2sn20"= -1.684 kN
R= 1.8710- 1684 kN, R:= V1879 #1684 > 52,52 kN

DM = TM, = 4(1.8) - 3(0.8) + 2sin20"(3.9) +3
= [4.89 kKN'm CW
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2-/?2J z’%:o S/nce _Epo::es Fhroush O.
40(8) +60(4) -E5Pcos2o’ =0, P=/192/

NMorment of 4o-/b & 60-/b Jorces wnaffecled by O
So resalt for P s nol dependent or &

+) M= 01 R00(0.2) - 150(0.2) - 160 (0.1) +(0.)T=0
T = 60N
Rx=ZF, = 200+ 156 -(166 460) Cos 30°= 159,56 N

Ry=X%Fy = (\loo+3c>)sit\ 0° = 116 N
R = wl—fih R = 1937 N

e = tan (RY/ry) = 340"




