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s? = a? + a? — 2a,a,cos6,

(5P +ai - ab
@ = cos
2sa,

2 2 o2
2a3a,

ai +s? — a3
2a,s

f = cos™? <

0,=180— u—f —«a
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a, =10mm
a; = 35mm
a, = 20mm
6, = 45°

Find 6, 6, for
8, = 60°
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6,=180— B —a
For 8, = 60; s> = 30%2 + 102 — 2.30.10.cos 60 — s = 26,46 mm

1 (26,4-62 + 302 — 102
a = cos

2x26,46x30 ) ~a=191

1 (352 + 20% — 26,462
U = cos

2x35x20 > o H=4865

202 + 26,46% — 352
2x20x26,46

f = cos™? (

6; = 180 — 48,65 — 96,78 — 19,1 = 15,7°

> > B =96,78°

0, = 64,12°

Cartesian Solution

|0,A] + [AB| = [0,0,] + 10,B]

a, cos 0,7+ a,sinB,] + az cos O3+ azsinf3] = ayl + a, cosO,l + a,sinf,]

1> a,cosf, +ascosf; =a; +a,cosb,

J— a,sinf, + azsinf; = a,siné,

as;cosf; =a; +ascosf, — a,cosf,.........1

as;sinf; = a,sinf, — a,sinf, ... o e oo L 2

When we Square equation 1, 2 and add them together;

a3 = a? + ajcos? 0, + a2 cos? 0, + 2[a,a, cos B, — a,;a, cos B, — a,a, cos B, cos 6,]
+ a?sin?6, + a3sin? 6, — 2a,a, sin @, sin 6,

aj = a3(sin?6, + cos?8,)

a5 = a3(sin?6, + cos?8,)

a? + a3 — a3+ a3+ 2a,a4cos 6, — 2a,a, cos 6,
= 2a,a, (cos B, cos B, + sinb,sinb, )

Dividing both side by 2a,a,;

2 2 2 2
aj +a; —as+ a 2a;a 2a,a
! 2 > 2+ 2 cos = ! 2c0562= cos 6, cos B, + sin6,sinb,
2a,a, 2a,a, a,a,
X a?+as— a3+ a3
1= 2a,a,
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KZ = —
a,
a;
K3 =
Ay

K, + K, cos 8, — K5 cos8, = cosf,cosf, + sinf,sinb,

2u
1+u?

94 1—u2 .
If tan==u - cosf, =— sinf, =
2 1+u?

2

—u 1—u? _ 2u
Ki+K; | 7——= | —Kzcosb, = cosO,| ——— | +sinb, (——
1+u 1+u 1+u

If we multiply both sides with (1 + u?)

Ki(1+u?)+K,(1 —u?) — K3cos 0, (1 +u?)— cosf, (1 —u?)— sinh, (2u) =0
u?[K; — K, — K3 cos 0, + cos8,] + u[—2sin6,] + [K; + K, — K3 cos 0, — cosB,] =0
A=[K, — K, —K5cos0, + cosb,]

B = [-2sin0,]

C = [Ky + K, — K5 cosB, — cos6,]

_ —B+VB?—4AC
tez = 24
0

?4 = tan"(uy,)

a, = 30mm
a, =10 mm
as; = 35mm

a, =20mm

0, = 60°
K=a§+a§—a§+a3;=302+102—352+202=04375
1 2a,a, 2x10x20 ’
__30_,
27 a, 10
_a1_30_15
T a, 20 7

A =[K, — K, — K3cos6, + cosB,] =0,4375 — 3 — 1,5x cos 60° + cos 60° = —2,8175
B = [-2sin6,] = —2xsin60° = —1,7321
C = [Ky+ K, —K;cos8, — cosB,] =0,4375 + 3 — 1,5xcos 60° — cos 60° = 2,1875
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—B+VB?—-4AC 17321+ \/(—1,7321)2 —4x(-2,8175)x(2,1875)

= = Vv, 2 2
“ 24 2x(—2,8175) 0,626
~B —VBZ —4AC _ 1,7321 — |/(-17321) — 4x("2B175)x(21875) _ _
u2 = = = -1,

24 2x(—2,8175)

0, = 2tan"(u;) = 64,1101°
6, = 2tan"'(u,) = —102,3233°
To find 85 we can use equation 2;

as;sinf; = a,sinf, — a, sin6,

9. = sin-1 <a4sin94— azsin02>
3 = SIn as
205sin(64,1101) — 10sin(60
0; = sin_1< ( 3; ( )> = 15,47°

Complex Solution

a,e%2 + azel¥ = a;, + a,e®+ (Loop Closure Equation)

a,e%2 + aze”'% = a, + a,e”% (Complex Conjugate of Loop Closure Equation)
ase’?t = a,e'% + qzelf —q,

ase”% = g,e %2 + qze7% —q

Multiply two sides;

a3 = a5 +a3+a?+ az'a3e"(92‘93) — a,a,e"%2 + a,a5e!:702) — g g% — g a,e7i0
- alage_le3
a? = a3+ a2+ a? + aya;(ei02799) 4+ ¢7i(62763)) _ g g, (02 + £7i02)
— ajaz(ets + e~16s)
e +e7 =2cosh
e +e7% =2ising
So, the equation will be;
a? + a3+ a3 — a3 + 2a,a; cos(, — 03) — 2a,a, cos B, — 2a,a; cosf; = 0
2a,a; cos(8, — 03) = a? + a2 + a2 — a2 + 2a,a, cos B, + 2a,a; cos O,
2, 2 2 2
ajt+as;+ a3 — a a a
cos(f, — 63) = — 2 > 2 + —cos 8, +—cos 05
2a,a; as a,
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2a,0a3
a;
KZ =
as
a;
K3 =
a,

As seen, the equation is same with Cartesian Solution.

This equation is called Freudenstein’s Equation.

2

0; _1-u . __2u

If tan—=u - cosf; =_— sinf3= —
1—u? _ 2u 1—u?
COS@Z m + Sll’192 (m):Kl-I_KZ COSHZ+K3 1+u2

cos 0,(1 —u?) + sin6, 2u) = K;(1 + u?) + K, cos 8, (1 + u?) + K5(1 — u?)

u?[K; + K, cos 0, — K5 + cos 0,] + u[—2sin8,] + [K; + K, cos 0, + K3 — cos0,] = 0
A =[K, + K, cos0, — K5+ cos6,]

B = [-2sin6,]

C = [K; + K, cos 6, + K; — cos 0,]

_B +VBZ —4AC
e = 24

0; = 2tan"(uy,) > 03 = 1547°
From Loop Closure Equations;

6, = 64,1101°

VELOCITY ANALYSIS
1 Graphical Method:

From displacement analysis;
When 6, = 60°, 65 = 15,47°, 6, = 64,12°
w, = 2rad/s

— rad mm
VA = (1)2|01A| = ZTx10mm =20 T

— mm
VA = 20 T (l OlA)

V—B>:VA>+VB/A
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2 unknowns

- Magnitude of Vg
- Magnitude of VB/A Solution is possible

1 vector equation
LAB =V,
104 = W,|0,4] =V,

1 BA = VB/A

Line of action of VB/A

Line of action of V_B)

As a result of the measurements, Vl; is found to be 18.6 mm/s and VB/A is 1.44 mm/s. So the
angular velocities:

Vs 186

Vs =wa, » w,=—=—=093rad/s
B 404 4 s 20 /
V Yol _ 144 0.041 rad/s (Clock — wise)
= w303 > wW3=—=——--=0. rad/s (Clock — wise
B/, 3Uds 3 as 35
Hazirlayan: Ars. Gor. Gorkem AGOREN inceleyen: Prof. Dr. Tuncay KARACAY

Ars. Gor. Mustafa Alper SARIIPEK



2 Analytical Method:

a. Cartesian Coordinates:

a,e%z + azet¥ = a, + a,e®+ (Loop Closure Equation)

First derivative of loop closure equation with respect to time;

azézeiez + a3é3ei93 = a4é4ei94 Where 92 = Wy, 93 = w3, 0.4_ = Wy.

Va Ve /a Ve

WyX To,p = WX T, o+ W3XxTag  (@W3,70,8 To,a Tap known, w; and wy unknowns.)
1 vector equation with two unknowns can be solved.

To,p = Q4.(c0s64.127 + sin 64.127 = 8.7307 + 17.994]

To,a = 0.(c0s607 +sin60j = 57 + 8.66]

725 = Q3.(cos15.477 + sin15.47 ] = 33.7327 + 9.33]

wsk x (8.7307 + 17.9947) = 2k x (5 + 8.66]) + wsk x (33.7327 + 9.33))
8.730w,] — 17.994w,i = 10] — 17.327 + 33.72ws] — 9.33wsi
From71equation —» —-17.994w, = —17.32 — 9.33w;

FromJ equation—» 8.730w, = 10 — 33.72w;

Rearrange terms;

9.33w; — 17.994w, = —17.32

33.72w3 + 8.730w, = — ~1~9
unknowns knowns

So we can write this equation;

9.33 —17.994] [(U3] _ [—17.32
33.72 —8.730 11w, —-10

Using Cramer’s Rule:

|—17.32 ~17.994
= =10 87301 _ 40547 rad/s

“3=77933 —17.994
33.72 —8.730
9.33 —17.32
W, = 3_33;22 _1_7}394 = 0.9342 rad/s
33.72 —8.730
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b. Complex Solution:

a,e%2 + aze'% = a; + ase'®* (Loop Closure Equation)

First derivative of the loop closure equation with respect to time;

iazezeiez + ia393ei63 = ia494€i94
Va VB/A Vg

Rearrange terms;

ia393ei63 - ia494ei64 = _iazezeiez

_ia393e_i63 + ia494e_i64 = iazgze_iez
iaze¥s  —ig,eifs [a)3] _ [~iazet®: P
. —i . —i e —i 2

—iaze 0 jg,e 0 |lwy ia,e~i02

Using Cramer’s Rule;

(Complex conjugate)

a,sin(6, —6,) .

= T sin(8; —0,)

—ia,e'?2  —jg,ei%
ia,e” 92 jg,e s aya,ei®2=0s) — o=1(02-04)]
W3 T iagei®s  —iage®| 2 —aya,lel®—0s) — g-i(63-0)] 2
—iaze~:  jg,e"it%
10 sin(60 — 64.12)
©3 = 3 n(1547 —6a1z) - OoA7rad/s
iaze'®s  —ia,e'f2
—iaze™%  jq,e"t02 a, sin(6; —6,) . 10 sin(15.47 — 60)
O T Tiage®  —ia,eis| > a; sin(6; —6,) > 20 sin(15.47 — 64.12)
—iaze~0s jg,e~i0s
= 0.934rad/s

ACCELERATION ANALYSIS
1 Graphical Method:

VB)=VA)+VB/A

@za_A’+aB/A

@404 whla, %202  wyla, 303 w3?.a;3
— —~ — —~ — ——
ag’ + ag™ = a,' + a," +ap, " +ap "
—— —— —~ —— A A
L0,B  103B  10.A 10,4 = B
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a5t = w2 a, = (0.934)%.20 = 17.45mm/s? (I 0,B)
at = ay.a, = (—1).10 = —10 mm/s? (L 0,4)

a," = wyt.a, = (2)2.10 = 40 mm/s? (Il 0,4)

ag; " = w3%.a; = (—0.0546)%.35 = 0.104 mm/s? (|l AB)

Line of action of aB/At

. . _‘-;-""-.,
Line of action of agt

Since aB/A” is very small compared to other accelerations, it is not seen on the polygon. As a

result of the measurements, agt is found to be 13.42 mm/s? and ag;,* is 31 mm/s?. So the
angular accelerations:

— agt 13.42 0.671 rad/s’
agt = ag.a, » ap=— =—=0. rad/s
B 4: Q4 4 s 20
t
— as/, 31 2
ag; ' = Q3.a3 > a3 = . 3 0.886rad/s
3
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2 Analytical Method:

a. Cartesian Coordinates:

A4Qs  wyaa, Q2.2  wrla, @303 w32.a;3
—_ —~ — —~ — —_——
agt + ag™ = a,t + a," +ag, t+aB/ n
—— —— - —— A A

10,B lo,B 10.A lo1A m W

_— P —_— —_— P — —
Uy XTo,p + Wax(WyX To,p) = A XTo,a + WX (WX To,4) + A3 XTup + w3X(W3X Typ)

To,p = Q4.(c0os64.127 + sin 64.127 = (8.7307 + 17.994))

To,a = 0.(cos607 +sin60j = (57 + 8.66))

T4 = as3.(cos15.477+ sin15.47 j = (33.7327 + 9.33))

w, = 2krad/s ws;= —0.0547krad/s w, = 0.9342krad/s a, = —1k rad/s?
az; and a, are unknowns.

a,k x (8.7307 + 17.994)) + 0.9342k x [0.9342k x (8.7307 + 17.994))]
= 1k x (57 + 8.66]) + 2k x [2k x (51 + 8.66))]
+ ask x (33.7327 + 9.33))
+ —0.0547k x [—0.0547k x (33.7327 + 9.33))]

8.730a,] — 17.994a,i — 7.6197 — 15.704]
= —5] +8.661 — 207 — 34.64] + 33.72as] — 9.33asl — 0.17 — 0.28]

From 1 equation — 17.994a, — 7.619 = 8.66 — 20 — 9.33a; — 0.1
17.994a, = —9.33a; — 3.821

Fromj equation — 8.730a, — 15.704 = —5 — 34.64 + 33.72a; — 0.028
8.730a, = 33.72a; — 23.964

From equation (1) and (2);

as = 0.884rad/s?

a, = 0.670 rad/s?
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b. Complex Solution:

Loop Closure Equation:

10,41 + [4B| = 10,0,] + 10,B]

a,e%2 + aze'% = a; + ase'®* (Loop Closure Equation)
Derivation of the loop closure equation with respect to time:
ia,0,e% + ia;0,e'% = iq,0,e%

— —

Va VB /4 Ve

Second derivative of the loop closure equation with respect to time:

e .2 . . .2 . o .2 .
lazezelez - a292 elez + la393e“93 - a363 8103 = la404ele4 - a404 8194
af m aB/At aB/An ;BE @)

Rearrange terms:
unknowns knowns

.2, .2 . .2 .
la494e“94 - la3638193 = lazezelez - a292 8192 - a303 8193 + a404 31'94'

N

Complex conjugate:

unknowns knowns

— . — . ; L. . .2 .2 . .2
_la494e_1'94 + la393e_193 = _lazgze_lgz - a292 6_192 - a303 8_193 + a404 8_194
p

Using Cramer’s rule:
i0,

—i0,

S iase

653 _ p —lage

|—ia3ei93 ia,eifs

iaze™%: —jq,e~i0s

S ia,elfs s ; i ] J )
) 4 —i94, = a2a4926l(92_64) + ia2a4922€l(62_64) + ia3a493zel(93_94) + ia4_94_2
p —lage
. , .2 . . 2 : . 2
- [a2a492e“(92‘94) +iaya,0, e ¥ 02704) 4 ig a,0, e 0:704) + jq,0, ]
S ia,eifs P : . . )
s ol = a2a492[el(92—94) _ 9—1(92—94)] n ia2a4922[el(92—94) n e—z(62—64)]
p —lage
+iazas8; e300 + e~ 105=09)] — 2iq,26,”
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NOTE:
e — 710 = cosO + isind — cosO + isinf = 2isinh

e + 70 = cosO + isinf + cosO — isinh = 2cosH

. 9
s la,e™™ 4.7 ci , ) . . 2
p ia4e‘i94 = a,a,0,2isin(0, — 0,) + 2ia,a,40, cos(8, — 04) + iaza,0; cos(6; — 6,)
g
. . 2
- 2la4204_
—7 i63 . i0, ' '
lase lase - 31(93_94) ¢ g 8_1(93_94)
1 —-if; _; -6, 304 30y
laze iaze
—7 193 . 194 ' .
la3e. lase . S [81(94—93) + e—l(94_93)]
] -3  _; —10, 344
laze iaze
1 i0 ; i6
—lasze 3 iase'®s o
-0 T _ip.| = azas2isin(6, — 63)
laze 73 —lase” "4

ar, . a, . 2 .2 as - 2
a_§92 sin(6, — 0,) + a_iez cos(6; — 0,) + 03 cos(63 — 0,) — a_:94

sin(0, — 63)

9'3=

a,= 10mm a;=35mm a,=20mm 6, =60° 6;=1547° 6, = 64.12° 6,
=2rad/s 6;=-0.0547rad/s 6, =0.934rad/s 6,
= —1rad/s?

 2Y(~1)sin(60 — 64.12) + 50 (2)? cos(60 — 64.12) + (~0.0547)7 cos(15.47 — 64.12) — 59 (0.934)?
05 = sin(64.12 — 15.47)

0, = 0.884 rad/s?

Similarly:

_%92 Sin(92 - 93) + %922 COS(QZ - 93) + 942 COS(63 - 94) - %932
4 4 4

sin(8, — 63)

é4=

6, = 0.670 rad/s?
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SLIDER-CRANK MECHANISM
A a, = 50 mm

a; =95mm
az

0, = 70°

az

P

Z Z

Sa

Step-wise Solution

93{/"7'\
U>A
.

B

as

az

/. B
\3 0> al

0,—Y

7 Z.

sin70° sina 29,65
= - = .
95 50 *

B =180° — 29.65° — 70° = 80.35°
0, = B + 6, + 180° = 330.35°

sinf_ sin70°

Sy as

- s, =99.66 mm

Loop closure equation:
|0,4] + |AB| = s,4
az.ei‘92 + ag.e"‘g'3 = S,
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a,.(cosB,T+sinf,]) + as.(cosO37+sinb;]) =s,
50.(cos 707+ sin70)) +95.(cosO37+sinbB5]) = s,
Fromjequation — 50.sin70 +95.sinf; =0 - 6; = —29.65° = 330.35°

From71equation — 50.cos70 +95.cosf; =s, - s, =99.66 mm

Complex Solution

Loop closure equation:

|0,A| + |AB| = s,

a,.el?2 + q;.elf: =5,

a,.e %2 4 q;.e7% =5,  (Complex Conjugate of the Loop Closure Equation)
Rearrange terms,

az.e'% =s, —a,.et

az.e % =5, —q,. e

multiplying the two sides together to eliminate 65:
as.e'%.a;.e7% = (s, — ay.€'%) (s, — ay.e72)
a2 = s? — s,.a,e'%2 — s,.a,e7%2 + a2

s —s,.a;5.(e%2 +e792) + (a2 —a2) =0
—_—

2cos 6,

SZ—2.a,.c080,.5,+ (a2 —a3) = 0

B C
_B+VBZ—4.A.C
S41,2 2.4

A
B =2.a,.cosf, = —34.202
C

=a3—a3 = —6525

34.202 +/34.2022 + 4.1.6525 34.202 + 165.135
Sa1p = 2 = 2

S4; = 99.66,5,, = —65.467

Since the crank is in positive side, positive root will be used.
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VELOCITY ANALYSIS

Graphical Solution

|014] + |AB| = s,4
First derivative of the loop closure equation with respect to time:

ay.0,.e%2 + a;.05.e'% = Sy
Va VB/A Ve

VA) = az. 9.2 (J_ 01A)

Vs, = as.0; (I AB)
VT; = s, (Il Slider axis)

Line of action of F/A

As a result of the measurements, Vl; is found to be -110 mm/s and VB/A is 39 mm/s. So the angular
velocity of link 3:

VB/
VB, = wsa; — w3 =—2=_—=0.41rad/s (Clock — wise
=030 > 0y == /s ( )
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Analytical Solution

a) Cartesian Solution

Va+Vs, =V

G Toh + 53X g = %

To,a = Qp.(c0sB,0+sinb, = 17.1017 + 46.985]

745 = asz.(cosB31 + sinf; ] = 82.8057 — 46.564]

@, = 2krad/s

2k x (17.1017 + 46.985]) + w3k x (82.8057 — 46.564]) = s,T
34.202] — 93.97% + 82.805ws] + 46.56w51 = S,1

Fromjequation - 34.202 +82.805w; =0 - w3 =-0.413rad/s

FromTequation — —93.97 +46.56w; =5, — s, =-—113.199 mm/s

b) Complex Solution

10,4 + |AB| = s,4
First derivative of the loop closure equation with respect to time:

i.a,.0,.e9%2 +i.a5.65.e 13—5

Va VB N VB

Rearrange terms:

unknowns knowns

i. a3. 9.3. ei93 - 5:4, = _l a,. 92. eiez
Complex conjugate:

—i.a3.0;.e7% — 5, = i.a,.0,.e7%

iaze'? ] —ia,el?2 4
—ias e“93 -1 ia, e‘”’2

Using Cramer’s Rule:

—ia,e'?2 —1‘

g ia,e”%2 -1 4 ia,et%2 + ja,e02 P ia, cos 6, 4 —50 cos70
37 iagei®s —1|7 % —iaszeifs —iaze=i% % —jazcosf; > 90 cos330.65°
—iaze~0:  —1
= —0.413rad/s
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To find s,, we can use Cramer’s rule again:

215171(93—92)

iaze'?s  —iq,elf2 —a,a; |ei(6:=62) — o—i(03-62)
—iaze % jg,e 02| . sin(0; — 6, .
5.4 == 3_ 0 2 .92 ES " 0 —i0 92 = az #62
iazet®s -1 —i.az [e'¥s + e~103] cos(63)
. B —— ——
—ia36_193 -1 cos(63)
. sin(330.35 — 70) ) .
Sy = .2 =-113. mm/s
* cos(330.35) /
ACCELERATION ANALYSIS (a, = —1rad/s?)
Graphical Solution
10,4 + |AB| = s,4
First derivative of the loop closure equation with respect to time:
a2.02 wy“.a;y a3.a3 w3?.a3
— —~ [t— —
a,t + ay +aB/At +ap, "= Sy
J)TA |T5;1 T W IISlid;;" Axis
a,t = ay.a, = —50 mm/s?
ax” = w,% ay = (2rad/s?)2.50mm = 200 mm/s?
as; " = w3%.a; = (—0.413)2.95 = 16.20 mm/s?
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Line of action of aa/At
/

Line of action of s, o s/

S

aBn

aB/A"

As a result of the measurements, s, is found to be 75 mm/s?and aB/Af is 225 mm/s?. So the
angular acceleration:

t
as, 225
aB/At = az.az > a3 = a: =¥=2.37md/s2

Cartesian Coordinates:

— —_— — — — — — — .
U, XTo,a + WX(WXx Ty 4) + A3 XTap + W3X(W3XTup) = S

To,a = Qp.(cosB,0+sinb, = 17.1017 + 46.985]
Tap = A3.(cosB37+ sinf3 ] = 82.8057 — 46.564]
w; =2k rad/s

w3 = —0.413k rad/s

a, = —1rad/s?
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—1k x (17.1017 + 46.985]) + 2k x [2k x (17.1017 + 46.985))]
+ ask x (82.8057 — 46.564))
+ —0.413k x [-0.413k x (82.8057 — 46.564))] = $,1

—17.101] + 46.9857 — 68.4047 — 187.92] + 82.805a5] + 45.56a;7 — 14.1247 + 7.942]
= §,T

From j equation:

—17.101] — 187.92] + 82.805a3] + 7.942] = 0 - a3 = 2.38 rad/s?
From i equation:

46.9857 — 68.4047 + 45.56a37 — 14.1247 = $;T —> s, = 75.270 mm/s?

Complex Coordinates:

|0, 4| + |AB| = s,4

a,.e'?2 + q;.e'f =5,
First derivative of the loop closure equation with respect to time:
i0

i.az.ez.elez + i.a3.93.e 3 = 5'4

Second derivative of the loop closure equation with respect to time:

TR .2 . T .2 .
ia,0,e1%2 — a,0, e'%2 + ja;0;e'% — a;0, %

aAf aAn

:§4

aB/At aB/An

Rearrange terms:

iaz0e'% —§, = a,0, e!%2 —ia,0,e!%2 + a;0; %

N

Complex conjugate:

e . .2 e .2
—ias0;e79 —§, = a,0, e %2 + ia,0,e7%2 + q;0, "0

p

In order to find 65 and §, we can use Cramer’s Rule:

s -1

b. = p —1 _ —Ss+0p

3 | iazeifs —1| —ias[eifs + e~ifs]

—iaze~: —1
.2 . . . 2 . . . . . .

i a0, (e'%2 —e7192) — q30,"(e'% — e793) + ia,0,(e'%2 + e~1%2)

T —iaz (e + e~i6s)
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. 2 .2 ..
. a,0, 2i.sin@, — a30; 2i.sin O3 + 2ia,H, cos O,
3 —_—

—2iasz cos 65

a » 2 . 22 a ;
a_292 Sin 92 + 93 Sin 93 - a_292 cos 02
3 3

6. =
3 cos 03

. 3—222 sin 70 + (—0.413)?sin(330.35) — g—g (—1) cos 70
0; = = 2.386 rad/s?
cos 330.35

Similarly, we can find §,;

. azézz cos(6; — 0;) + a3932 — a,6, sin(6, — 63)

S = — cos B3

. 50(2)2 cos(330.35—-70) + 95(—0.413)2 —50.—1.sin(70 — 330.35) 76,65 )
4= — 0533035 = 76.65mm/s
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