Introduction to Mechanics for Engineers — Ruina & Pratap

Ch 18 Section 18.4

18.4.1 Slider crank kinemat-
ics (No FBD required!). 2-D . Assume
R,¢,6,6,8 are given. The crank mecha-
nism parts move on the xy plane with the
x direction being along the piston. Vec-
tors should be expressed in terms of i, j,
and k components.

a) What is the angular velocity of the
crank OA?

b) What is the angular acceleration
of the crank OA?

¢) What is the velocity of point A?

d) What is the acceleration of point
A?

e) What is the angular velocity of
the connecting rod AB? [Geome-

try fact: ¥, = V€2 — R2sin’ 01 —

Rsin 6 j]

f) For what values of 0 is the angu-
lar velocity of the connecting rod

AB equal to zero (assume 6 # 0)?
(you need not answer part (e) cor-
rectly to answer this question cor-
rectly.)

crank

rod

Problem 18.1

Answer: )
() @y, = k.
(b) &,, = bk.

()0, = —ROsin6i + RO cos 6j.

(d) a, —(R®?cos € + ROsin6)i +
(RO cos6 — RO*sin0) j.

(e) aAB — —ROcos 6 .
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Problem...

17.4.1

Saturday, May 4, 2019 5:29 PM
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Problem 18.4.4

18.4.4 The two rods AB and DE, con-
nected together through a collar C, ro-
tate in the vertical plane. The collar C is
pinned to the rod AB but is free to slide 0.5m
on the frictionless rod DE. At the instant
shown, rod AB is rotating clockwise with
angular speed w = 3rad/s and angular /]

acceleration ¢ = 2rad/s?. Find the an- A :\w / E
gular velocity of rod DE. U—Q—
Problem 18.4

Answer:
@pp = —gk = —1.5rad/sk
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Problem...

17.4.4

Saturday, May 4, 2019 6:11 PM
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Problem...

#69 Solution wichelle desouza

18.4.4 The two rods AB and DE, con-
nected together through a collar C, rotate

in the vertical plane. The collar C is pinned .
to the rod AB but is free to slide on the Gl\/elﬁ: T(_/A: 0'5 all Fma (ﬂ)oc
frictionless rod DE. At the instant shown, ~ ~
rod AB is rotating clockwise with angular CU ?)k \fwl /S = - W k
speed @ = 3rad/s and angular accelera-
tion @ = 2 rad/s’. Find the angular veloc- -
ity of rod DE. * A Ak wadfs* = (X"‘&k
‘)Lﬁ @ = [39°
|\ B
_ONES b - 90°
Cr
> Thotantaneovs vat veckors®
LhoTanianicvs NI A=
~ 0. 2 -~ . N
8(‘2 5m ] erc-.- 6054’ Tt Slv’ld’j =)
J qj o 5 Coan Az A
~ = - + (s = T\
&% /ﬁ\’ s/ NEN €7 —singT + ot
u’ s " 1, 1,
Problem 18.4.4 Ey - CDSQ] + 5\/\9) =t KJ
+. )
= ‘SMQT’W-%Q =V T3
Hind: Ve o i =)
Note * ‘P ~W, P= ok
fod fom BB Bl From DE

Fom AB: C s pined b AB

30 @ag=

Fr

UUA&‘R 4’\’\ )

Klaw‘ object kinematics: =0 + b,
\/L-\/A-l'\/o/,q ® < © <A ~
Vo= Ve + 0y o0t (o @y 8o
\/L ‘&_f_ 43k x ‘(\C/A Ne 13 E 43
—w%k X ﬁz/A ef
© Ve Wi (1a L4
® \—7& :—\70®
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f%'é@ —a)Agrm(évéJ: (e/e Woe _'r&/A
Con 1n U &nd
Wog = -Whe (e e¢‘89> Corbo= -1+ Eo = Sind
Vo
Woe =-@)ng 7‘;,6’/6;,‘@ SVE ~(Whesinfh= -5 (‘l:ﬂ =H.9 mc{/s
e e T for more // vods
Woeg = CUABEIIA? (eq,'ee) \(er( Jrvmdﬁ’. T for h\‘?)b\u Wre
T b lomge/ Vun

Y longer ferp

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.

(wap, e defined 05 O e, We wy” Use, d7 defined CLW +,

om VE: Cis free h slde, © Qo X consh



Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem...

11

Chapter 18. 4. Kinematics. ..

15.32, 15.38, 1.1, 16.12,16.2|

Kim Dunphy
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TA=ROW3 Long

) 15.32 SOLUT 10N
_Two rods BB % DE connected at collar C (pinned to AB, can
slide on DE frichionlessly); AB roating CCW W 3radls,

5 21adl/s?, find anquiarvelocity of DE

, L=0.5sm
Wp,Xp 6:4_50

W*%me\ )/c}n‘%w* (A)DX\Q'}E""VCJKQ '
(- (DBK)X(,I{}) wpKX(J)uJ} )+ Vei (cosoL~ Sme@)
-We Al = -Wof(L+] )+ e (COSO L - 5in6 )
— (3)0:5)E:= -~ wp (0.3Lr0, S@)WVM (003483 6m48°4)
- 1.51=-wn (o, Swosyf cld (5158
13:0=>-15= -05ws + ZVejuo |

(7 A 503 2 \/c
13" é~7 O““OS(A):; z\/clo(Q

Wy = - Z Vc,“(Q

chﬂ"'ﬁWD :

P W = 3 +VZ (FWe)
Wwp =3-0p
2Wp = 3

Wo = 1S rad]S n -E direchon
| @e = ~1.5 rad)s B

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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Problem 18.4.5

18.4.5 Reconsider problem 18.4.4. The
two rods AB and DE, connected together
through a collar C, rotate in the vertical
plane. The collar C is pinned to the rod
AB but is free to slide on the frictionless
rod DE. At the instant shown, rod AB
is rotating clockwise with angular speed
w = 3rad/s and angular acceleration
a = 2rad/s?. Find the angular acceler-
ation of rod DE.

/TN

l

Au
Problem 18.5

Answer:
&pp = 3.5rad/s’k

d(=

7& = "/5”‘/5

Ot ranobile

—~

1 8-30 30 J’m 3
from He Kinematics f rod AB

prob 82 s ishn
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Wis. Aw‘ﬁ oo C/,( ",.'@43 .N‘/I;,/l(
4 + ] mfa 2
GOV\Sld(rlnd frm 6 (&tfa_d:a; 10 rod DE)

s o
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A
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f";/A wé

2w > Velg
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QC/

2nd

do"rhr\O‘ F. ‘f'\l, &60\,(_ ;
10D ) mpae 125 Y5 -0 gk.q r g

: V.
j[) P -H 5N -] 252 - 6 gmé(
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.’3'5”’/51‘: "/Mo(g
£ %Al o Ble
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:?/é :~+(/5rao/[y;<,((-/5r,.//‘s X(JS‘M‘*OYMJ)/

*Q/gk i A 7‘05‘“‘/) /- a, /"Z)

215745 )R x 0-35™1s({-])
Whire T hawe used:
Z:Jg e ’M/J K (fko»—. prob g- 22)

Yrer = ng = 0-35~4 (( o ) /frw/orobgzz)
ac/ (_“'L)é‘ Collar must accekrite

Jlor\d roo/ DE

= u_SmCO éc (colc. frus.. rod A@) a(, (_ﬁbn—. roolgé)
doi v\d Some.  cposs- predacks eJds

/USJ tle ) /sz=//25/5(i J) 0-5.of (”J)

/“J) -225 HJ)

. V3!
addmg these sitiva s f‘ocdeﬂw- yldj‘s,m

- 24 "‘/ 2

- d¢
g ’2'257521
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Disclaimer: We have lost track of the many people who w

rote these solutions.
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18.4.7 A bar of length ¢ = 5ft, body D, A, ﬁA/y, and
connects sliders A and B on an L-shaped .
frame, body £, which itself is rotating at b) Ehe Aa]]; Sghéte §n§ular velocity of
constant speed about an axle perpendic- ar ADB, body &, @/

ular to the plane of the figure through

the point O and relative to a fixed frame y

F, @z = 0.5rad/sk . At the instant

shown, body £ is aligned with the x — y

axes, slider A is x, = 4ft from point X

O, slider B is y; = 3ft from O. The

speed and acceleration of slider B relative

to the frame £ are Uy, = —2ft/sjand ( Z

ay,, = —2ft/sj, respectively. L

Determine:
a) The absolute velocity of the slider Problem 18.7
S o vy -

8’2) Co -Sdu‘ Fhe
NS Movind frare ai
whicl, s g/v\u:) L) f't fl:pmf rao’
AOR; i+s Caordinede.  aves x i3 i
Colhc ol t with  he J—/XcJ aaa; X, 4, J Jj
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13- :}UM \/v&uf‘% /%Ma S el
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o by AB- oon.sT‘ Hoes >< e ;5 peeny
S ffouktes iy g,50 20
We're Sdiven = Yf, = 34 e =

£ XU go= 3t, Js Vo, = "2 H5|

= s g
M- Yy ai560 0 l/ya,"/'sf*/sz\

4

JONVP.L/%* W, x Y 4\ g

W Q + fo-5% (- ’-/ffL)—/SJ:f/st
t. Q' d
P’W" MO?I:S_) 19)&- ‘ZFA‘J P Sﬁé‘

#_ (5 '2/ Cortinuad /D- 9

6/ Find ,\7309/5- 2  note that

f

V =
(,\A .\\,/8 +~\J/A/5)/dejwc to frame J_

v
(s 20 %
L A /g )njafm & 2

$
v
yA/i':Mﬁ/g\*—%}g)/&k 5/5 — Wy, s
puﬁt’\d’ in#S; ttl:\kgzy

(-1 EJC"/.s)o = (-~ ?_f’&/‘s)ﬂ wg/LK K(gﬁf ‘-/fn
= —lsf—l-/:)(, :-fo/sj rldO/(Sftu b )
Dotfing the sote -4t o

eithe £ or J gieds @ u)a/ a5 e &

NO\A/ ’L()
&) ;
3& ~@/Z"Z‘).?/Q =(-05+0-5) %%

(2o - 2]"

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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Problem 18.4.8

18.4.8 The link AB is supported by a
wheel at D and its end A is constrained
so that it only has horizontal velocity. No
slipping occurs between the wheel and
thelink. The wheel has an angular veloc-
ity w and radius r. The distance OA = ¢.

. .. —1r
Given: w, r,and ¢. (f = sin  -).

Determine the angular velocity of the

T Co:ﬁ

(,Ooku\d I gt s
VD”LOxf wkx/(—”

Link A’B

‘D Thus

<z

£<

©

‘\8' —wr1

?) O N>

@‘é

2 Vaz-wr/lio, | 0,
L

V= ‘@L—f JED o™ ("/L )

L‘ 1

¢ Fnd Wy

u)/ j . Note:

L SinBs cosor= f//_

w,/ ('/\7 \/L’-V1 )
\/»r Vo +V,V > e know that %= vl

’LLJV'(/(/—/U_,;{)+ w‘\ekx Yy
where s m(cosﬁo-SnﬂJ)

Ot ) )
et ‘/‘ el g wAam(CoSﬁJ o nﬁ;
L2 ok ﬁ-— +7,OA5\/L-1_-V—1’ cos 8

L,/L V’~Cﬂ@ L’-—ﬂ—

link AB and velocity of the point A.
B

Problem 18.8

* Sinof= \/41.,1

\/L‘—V“- A)

K- g
Li-p2 s,m@

cibnied

i é‘ianf,mu/

Wist adr:

’

9 il slits

OB A =Dl

3in 9¢° Srn[S
thus, Uy= (04)20,4)= L/ -r
Soi S =tz )

i 00 2L 2 3
V, = ~wr(t Vl} WG sl
LT JiE

b. Tnstordercess anfe~ of rotstion:
Thirer bs: Some i lestt it 0)
/ww M&;{ change with Time) sbont

ADB /afefe This s'a fititgus pont

that not ke on  rool ADB
”U;/Sw Sketeh > "
At thes nstont,
0t D behaves
like it's ;o'\
‘ m eirdes” o
Yedius 00 Jbout
: aph 0, whale P' A
- Va behrawes like it's gond
We wil!,tfaw : in.irddes of ¢ V-s oA’
o’ efforts on shout O,
tripdle ODA.
Frol  the. kinermatics of the disk, Vp= rad.
ety 20, = Mo Hp g Ry wing Lo
L7 Jf Sinds:

Ll V-l
= 0D = Liy2 2y
> = Fhard 1%* Z)\/a_ £
V'LL)(") 2w 2
e = Whg- B Nofing fl\g,l"
o w‘ﬁ "ww
(Sume as chcrg)
Now, rofe athat VA = RA/O Wyg. Find P%=OA:

OA £ AD ¥ OA_fLiLz.,a

oY

on fﬂd

L/Ll—ﬂ.

165 0%
e

e AT
e

Hote that Y 1oy 8. |~

Lol A
VeE-rT

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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Problem 18.4.10

15

18.4.10 The slotted link CB is driven
in an oscillatory motion by the link ED
which rotates about D with constant an-
gular velocity & = wj,. The pin P is at-
tached to ED at fixed radius d and en-
gages the slot on CB as shown. Find the
angular velocity and acceleration ¢ and
é of CB when 6 = 7/2.

15-38

“l ¢ |
Problem 18.10

P S P,‘,md on DE‘ ’XIUJ\ Can
5&0‘& aLonJ’ cB , (9 = Wp

,]—'M,a( ’;D ) ,j) whan g = X

Iy, 3

Build Wp two local coovdirate system
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re

Qo , Ly ’lro{ oL on
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. B
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¢ o tha, oy, " “fl‘“ﬂ(l’\)l a)%&..(,/un\/}, % DE
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PR B x T —7" 0
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<Y P,../ s
o~

VP/G; Nt CD- :Ll X Y‘P/c /)\\

h WDEX Ol\ér
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Problem...

17.4.10

Saturday, May 4, 2019 6:38 PM
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-

an\jwlur velocy *f (b .
b) anjwlar ace [eration “-f (B: }6

Bm‘u "-r +two loml LodJ 15')((’,0( -fmme, Fam{ ()

as Shown  th the f.‘] e,
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CUO =0 tne 6= w@- tonst

a)P/P + (T)%xr,,/b- Wp Ty, +lu-ijVf/P =- Wy My
=) {“P/[&en* ¢|<)\
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Hw 13 P30 (8.4.(0 Tm},a_ )5"5 (yy449)

18.4.10 The slotted link CB is driven in an )
oscillatory motion by the link ED which Given: link ED ropptes of G=cop
rotates _about D with constant angular ve- Pis ofached +o ED with redias o
locity ¢ = wp. The pin P is attached to .

ED at fixed radius ¢ and engages the slot P slides a.Iary Be

on CB as shown. Find the angular veloc-

ity and acceleration ¢ and ¢ of CB when N -
10y= /2. S ¢ Fid : a) @ (e=2) of ¢B

b) #(6=%) of ¢B

Problem 18.4.10
Define one refereace frome for each object:
O F is the fied Cume
® A s the baa!/ fome P link CB (anit vechrs é\n, é\z)
@ Q is the b/)f fome  fr ling DE (uni+ vectors é . &)

C| ¢ D

o) andif\)j 7 (6=F)

—\7;/F= T/):/F * Using ve[acHy of pin P as onshaink
F N —
) 24’ (ﬁ’k) = Z%"F(rﬁ/b + M)
Th‘LS R is .H"e - - — #° - — °
key for pact b Ve + G % e =%+%Fxri’/b+%

ER.é\R"' ZRE = éa(é\pj
To sobe &, need 1o frst fnd R and a'€y=

L BUT the genmlcase for dhese are nof So ?rcl'b, so lets only considec  nhat R oad é\,é‘,
wouldl be for He orentation 4t 6= = -

(ned  page))

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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Flrldi@ R(e=%): Finafinj G -8y of 6=73:
A
P by &r
R R = z+«?,1 7 2 2 _ . 4
A‘ - \_— ér %l = Sind = JadHe~
c £ D Zo
. ~ x € e -— —d
F(’Jﬂjms n Vi JA -+ L = wnp( Jm_

)

262 = e

b) Find;ry B (e=3%)
aP/F = g * usiny aceeleration  of pin P as oorstraint.
Using s - term acceleration Formula :
o . . 2 s —
By +Top + Oag X Tie — Gap T + 20z X W

S N A ' — 2 — —n°
=-”‘4+}Z/a t Tae X Gp — Ggr T *25"%"%

L% since 6 =0p= const.

Cba + Bajp x The — Cafp The + 2005 X Vo = — G Ty
(8 %) + (52) x(28) — (k&) + 2(5D) x (§8) = — (™ (4))
{88 + #RE -8 R& + 208 & =- °d 2]
{} a - ﬁR + 2)7}2 = —w»gﬂ((é\r'é\t)
Now o gole fr & . we peed R, R, ﬁ.(aﬂswer +o a)) Cod Br &
Re“‘” at f=& : A
PR
Smﬂ=’{— s
Jetd® sine = | 2.8 - 2 J R
5‘*’)’=—‘J_.% s = 0 rGs = WSS = e % ﬂ . &y

R= Jd | |5 (0-%) = —2d—
We e lett with R, which needs o bit of work o 36+:

L ines: —4_— - _R__ _ _R__
o of Sines Sing Sin(x-8) ~ sin®

R 4
4@’..\_ R= d 352 (gerersl expression For R at wy 6.0)

Defoenticte 4o find R :

(=
s, BB — B0sF Agcose _ (A o) o R o=~ —Bod R
R = A== = e = AP (,u Jesd®) =R oy
ﬁR -+ Zﬂé = -—W;ﬂ((é\r“é\l)
B R+ 2o )(~ waL) = o 4
.. 3
- . S — L AR 2 (2450 ~ Al (A%0%) N R
e e e e I N
7 (0=5)= (o * AL(A*LY
ﬁ(g '§) b (j.‘-fd’)z

Recall that we sinplified many terms in  fhis problem b)/ only onsdecing the cace whew 6=2F  The

Jenera| cose  Solution would be much more  complicated .

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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Tsg & T 2P kx(-w,dewsd HA
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é@n\qbrf(b)\*gwpgbolm?fﬁ = —()U;o‘er}

D “n
ér ;‘L = 603?9
¢ = 2o ldwg 4
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&

Disclaimer: We have lost track of the many people who wrote these solutions.
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18.4.11 The rod of radius r = 50 mm a)\\g/

. A
shown has a constant angular velocity of d

w = 30rad/s counterclockwise. Know-

ing that rod AD is 250 mm long and dis-

tance d = 150 mm, determine the accel- ': :l
C

eration of collar D when 6 = 90°.

B D
Problem 18.11 »
Svaa  (w=30-) Find go when 6290°

(const) Fiest. find ¥ €8
][r fd‘sk ~ o
whyn 6= 900,

; . n
d0ism s SHCE Pragl

J A
5t e
Kk

0 Attack fram-t_.
B to vod AD.

The frm trunslates and  rotates With the
Hod " ok ke caordma}e. sysv‘u,y. (U JA ’) !
be . Comcident . witl, (»,J, &{"/‘Ku instind |

/

* Vi
- |
e 0:0 fued |
: ¢ O”fr‘y-u_ g
V\’)‘v’*waxr’a/,
. We know VA 50, elis take i

W
Then Yo 45

pt. A hm,,’ro RA e
7VD" ‘un fngX( L~(d-r)* (, [al—r)J)'

7Vo°"’wo+w (V- J#(dr) )*J;

it

1Bl ot i
(/ /*v) > 0=, //U-/d—rﬂ) D Up =0

rogl
(oo gt Srieght ind reto i o
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féb = ,S)o’ o ,@fa

r /uf-d/
‘,0/
on@ juv
9&00— i )
$o T o8 X0 + 90 % ry
agen Lt 2 {fé e
p*O "PO""rA Wnknown

&&= e J * W ke x (Vg -/d~r)4)
&DL % gty ) (/“—(dv)?‘/ r‘(dﬂ’)t)*’%k'
Jex) » 2y = _trw?

, Ry

6'(*_*) =2 A Q\jg(d,r): ~rw2/d-,»)

A e Sk
e e { dp = =/9:6 ™/s> tﬂw

Disclaimer: We have lost track of the many people who wrote these solutions.
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