3. STATIK DENGE

3.1 Giris
Bir cisme etki eden dis kuvvet ve momentlerin
toplami1 “0” ise cisim statik dengededir denir.

Humerus
Biceps

Kuvvet ve moment toplamlarinin “0” olmasi Sl

sirasiyla; 6telenme ve donme denge sartlaridir.

R=3F=0 o
*M=3rxF=0

Bu vektorlerin skaler a¢ilima:

XF,=0 (2) IM,=0
TF.=0 (3 IM.=0

2-Boyutlu bir problemde, 6rnegin x-y diizleminde, sadece (1), (2) ve (6) nolu denklemler
kullanilir. Moment denklemleri kullanilirken; cismin iizerindeki veya disindaki herhangi bir
noktaya (veya noktadan gecen eksene) gére moment alinabilir.

3.2 Serbest Cisim Diyagrami (SCD)

Serbest Cisim Diyagrami ¢izimi tiim denge ve kinetik problemlerinin ¢éziimiinde temel bir
noktadir.

SCD olusturmak igin dzetle;

e Diyagrami gizilecek olan eleman (cisim) veya elemanlar izole edilir ve ana hatlar ile
cizilir.

e Tiim dis kuvvetler ve momentler bu ¢izim {izerinde gosterilir. Burada; cismi izole ederken
kaldirilan mesnetlere karsilik yerlestirilen tepki kuvvet ve momentleri de dis kuvvetler
olarak adlandirilir.

e Denge denklemlerini uygularken kullanilacak noktalar ve boyutlar ¢izimde gosterilir.

e Bir koordinat eksen takimi tanimlanir.



3.3 iki ve U¢ Boyutlu Problemlerde Mesnet (Baglant1) Tepkileri

3.3.1 iki-Boyutlu Problemler

MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS

Type of Contact and Force Origin

Action on Body to Be Isolated

1. Flexible cable, belt,

chain, or rope
Weight of cable }_,/r/-
e

i

i

Weight of cable
not negligible

0

Force exerted by
a flexible cable is
T always a tension away

‘/Z from the body in the

direction of the cable.
T

negligible
2. Smooth surfaces

Contact force is
compressive and is
N normal to the surface.

3. Rough surfaces

£

Rough surfaces are
capable of supporting
a tangential
compo-nent F
(frictional force) as
well as a normal
component

N of the resultant

4. Roller support

Qﬁﬁ

Roller, rocker, or ball
N support transmits a
compressive force
normal to the
supporting surface.

5. Freely sliding guide

Hd={ G0

Collar or slider free to
move along smooth
guides; can support
force normal to guide
only.
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MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS (cont.)

Type of Contact and Force Origin

Action on Body to Be Isolated

6. Pin connection

i)
=2

Pin free to turn A freely hinged pin
connection is capable
of supporting a force
in any direction in the
plane normal to the
pin axis. We may
either show two
components R, and
R, or a magnitude R
and direction 6. A pin
R, not free to turn also
supports a couple M.

7. Built-in or fixed support

A A
or

~-Weld

A A built-in or fixed

I support is capable of
supporting an axial
force F, a transverse
force V (shear force),
and a couple M
v (bending moment) to

prevent rotation.

8. Gravitational attraction

@
i

The resultant of
gravitational
attraction on all

G elements of a body of
mass m is the weight
W = mg and acts
toward the center of

W=mg the earth through the
center mass G.
9. Spring action ) ] Spring force is tensile
Linear Nonlinear if spring is stretched
Ne",lt,r al F F and compressive if
position | p_p, |Hardening — compressed. For a
x | FEX I _:,f_ linearly elastic spring
= Fl | /*" L the stiffness & is the
}f\f\;\f\r\r\-«a—)— I | Softening force required to
—x —— deform the spring a

unit distance.




SAMPLE FREE-BODY DIAGRAMS

Mechanical System

Free-Body Diagram of Isolated Body

1. Plane truss

Weight of truss P
assumed negligible P
compared with P ¥
I
I
A, ~€ L — —«
4' A, 1 B,
2. Cantilever beam v
Fy Fy Fy gs F 2‘1( Fy
;—é i
A Mass m M * ‘T
W= |
mg
3. Beam
/’\
Smooth surface M M
contact at A.
Mass m N ¥
I
P P = ,/ ‘I' |
N
B,
4. Rigid system of interconnected bodies
analyzed as a single unit -’I’
L ——x
R W= mg
B




CATEGORIES OF EQUILIBRIUM IN TWO DIMENSIONS

Force System ree-Body Diagram Independent Equations
1. Collinear F3 -
F = LF,=0

"%/&

2. Concurrent XF,=0
at a point
LF,=0
3. Parallel IF,=0 ZIM,=0
4. General IF,=0 IM,=0

EF,,-O

. Ug kuvvet elemanu:
Iki kuvvet elemani:

Fy

(a) Three-force member (b) Closed polygon
satisfies ZF = 0

Two-force members



Problem Coziimiinde Takip Edilecek Basamaklar:

e Ilgili eleman veya elemanlarin serbest cisim diyagramlar1 (SCD) ¢izilir

e Statik denge denklemleri uygulanarak bilinmeyenler bulunur

e n=bilinmeyen sayisi, m=denge denklemi sayis1 olmak {izere;
n <m ise; bilinmeyenler bulunabilir.
n >m ise; ilave denklemler yazilmahdir (F = g- N gibi). Eger bilinmeyen sayisi
kadar denklem yazilamiyorsa statik olarak belitsiz (hiperstatik) sistem denir ve ¢6ziim
yapilamaz. (Mukavemet yontemleri ile ¢6zlim yapilabilir)

Ornek Problem 3.1: Sekildeki gibi 10 kN
luk yiik tastyan, 6 kN agirligindaki uniform
kirise bagli kablodaki ve A pimindeki
kuvvetleri bulunuz.

— ~=—0.12m

10 kM

EF\' =0
A - Tcos25°=0

xF, :
Ay, + T'sin25°- 6 - 10

IM4=0: +{)
(Tc0s25°)0.25 + (I'sin25°)(5 - 0.12) - 10(5 - 1.5 - 0.12)
-6(2.5-0.12)=0

A4,=19.04kN  A4,=7.13kN T=21.0 kN
A=/A2+ A2 =/(19.04)> + (7.13)2 = 20.3 kN




3.3.2 Uc¢-Boyutlu Problemler

MODELING THE ACTION OF FORCES IN THREE-DIMENSIONAL ANALYSIS

Type of Contact and Force Origin

Action on Body to Be Isolated

. Member in contact with smooth
surface, or ball-supported member
F4 Zz

[ |
|
|
o
f"’ “‘-\
- ¥

—— —n

Forece must be normal to the
surface and directed toward
the member.

>~ T
-~
x” Sy ox
with rough
surface \
|
- Ty

- S
~
x” ¥

%

I

-~

. Member in contact =z
|
|

The possibility exists for a
force F tangent to the surface
(friction force) to act on the
member, as well as a normal
force N.

. Roller or wheel support 2
with lateral
constraint

A lateral force P exerted by the
guide on the wheel can exist, in
addition to the normal force N.

A ball-and-socket joint free to
pivot about the center of the
ball can support a foree R with
all three components.

. Fixed connection (embedded or welded) T In addition to three components
T | of force, a fixed connection
| I can support a couple M
R R represented by its three
* +"\-.,” components.
_ . -~ s - - / f +Rz *@\
s
il ’ " m
. Thrust-bearing support R
z | Thrust bearing is capable of
~. | | supporting axial force R, as
™ | well as radial forces R, and R,.

Couples M, and M, must, in
some cases, be assumed zero
in order to provide statical
determinacy.




CATEGORIES OF EQUILIBRIUM IN THREE DIMENSIONS

Force System Free-Body Diagram Independent Equations
1. Concm:rent
at a point
IF, =0
IF, =0
IF,=0
2. Concurrent
with a line
2F. =0 IM, =0
IF, =0 IM,=0
IF,=0
3. Parallel
IF, =0 IM, =0
IM,=0
4. General
IF,.=0 M, =0
XF, =0 IM, =0
IF,=0 IM,=0




Ornek Problem 3.2:

Sekildeki saft A noktasinda kiiresel bir
mafsalla baglanmigtir. Saftin B ucundaki
kiiresel kisim diisey duvarlara
dayanmaktadir. Saft 200 kg kiitleye sahip
olduguna gore; meydana gelen tiim tepki
kuvvetlerini bulunuz.

CcCOzZUM:

Notes: (1) The weight of the shaft is 200(9.81) = 1962 N
(2) ?=JszW, h=3m

I',-

Solution
A, =654 N B, =654 N

Scalar Solution:
>F,=0:
A+ B, =0

2F,=0:
-A,+ B,=0

YF.=0:

A4,=1962N  B,=1962 N
A.= 1962 N

The magnitude of the force at 4 is:

A4:-1962=0

SMu=0:
1962(3) - 3B, =0
SMuy=0:

-1962(1) + 3B =0

4,2+ 42 =2850 N




Ornek Problem 3.3:

BD
Tep=Tspnep =T o BD

= Tsp( 0.707j - 0.707K)

Tge = Tse npe = Tpe (-K)

Sekildeki yilikleme durumu i¢in OAB
dirsegini tasiyan kablo kuvvetlerini ve O
noktasindaki  kiiresel  mafsalin  tepki
kuvvetlerini bulunuz.

= 400(9.81) N

We now write the equilibrium
equations:

LF.=0:
O + Tuc(-0.408) =0

2LF=0:
O, + Tuc(0.408) + T5p(0.707)
-400(9.81)=0
2 F:=0:
O:+ T4c(-0.816) + Tsp(-0.707)
+ Tse(-1)=0



We show two ways of dealing with
the moments. In the first case, we
use a vector approach:
>Mop=0:
Yoa X Tac+rogx Tep +rosx Tae
+YOoF X W =10
With

ros=2k m
ros=1.51+2k m
ror=0.751+ 2k m

(7850 - 0.816T4c - 1.414Tpp)i +
(- 0.816T4c+ 1.061Tsp + 1.5TgE)j

+(-2940 + 1.061Tp)k =0
Equating each coefficient to zero
yields
7850 - 0.816T4c - 1.414T3p =0 (4)
-0.816T4c+ 1.061Tsp
+15T8:=0  (5)

-2940 + 1.061T5p =0 )
We solve Eqs.(1)-(6) for the six
unknowns to obtain

O, =1962 N T4c=4810 N

O}_.- =0 TBD = 2770 N

O-=6540 N Tpr =654 N




Denge ile ilgili problemler:
Ornek Problem 3.4:

250 kg lik motor blogunun taginmasi sirasinda AD ve
AB halatlarinda olusan kuvvetleri bulunuz.

COZUM:

¥ T,.,=2452kN

Serbest Cisim Diyagrami



TH(:
3001
450 /|E *
Tec Y20 N
.\'
38.6 N
Tcep
5
2 A
C
YW,

Ty =38.6 N T, =34.2 N
Ty =54.6 N W, =47.8 N

Ornek Problem 3.5:

-~ Sekildeki sistemde A 20 N agirliginda ise herbir

halattaki kuvvetleri ve B yiikiiniin agirhigini
bulunuz.

COZUM:

Bu problemde 4 bilinmeyen mevcuttur. C ve E
noktalarinda 2 ser denge denklemi
yazilabileceginden bu problemi ¢ozebiliriz. ilk
once E noktasindan baglayalim. Burada

Y F, =0

bilinmeyen sayis1 2.

Tg 8in30° — Ty cos45° =0
T, (0.5000) — T, .(0.7071) = 0
Ty =1.4142 T,

ZFy:O

Ty €0830° — T sin45° —20N =0

Ty (0.8660) — T, (0.7071)— 20N = 0
(1.4142)(T,. )(0.8660) — T, (0.7071)— 20N = 0

0.5176 T, = 20N

Y F, =0
D F,=0
Tee =38.6 N
Tp =54.6 N

Y F, =0

Ty = 1.4142 Ty
0.5176 Ty =20 N

Teg c0s45° — T, (%) =0
38.6 (0.7071)— T, (0.8000) =0

Tep =342 N

D F,=0

TCEsin45°+TCD(%)—WB=0

38.6(0.07071) + 34.2(0.6000) — W, = 0

W, =478 N



Ornek Problem 3.6:

"~

k=150

4
Fp sin 30" - _Fc =0

—F,cos30° +F; =0
3
Y'F, = SFc—90N=0

4
Fp sin30° -~ _Fc =0

—F,c0s30° +F; =0

390N =0
5

F.=150N
F, = 240N
F, = 208N

Yaydaki Uzama:

F, = 208N
Fp=Ksyg
208N = 501 Sag

cm
Spg =4.16 cm

N/cm

Yandaki sistemde
-AD kablosu ve
kuvvetleri

CA kablosundaki

-AB yayiin uzamasini bulunuz.

CcCOzZUM:

Serbes Cisim Diyagrama:




Ornek Problem 3.7:

Yandaki sistem 500 N luk yiikii kaldirdiginda
her bir koldaki kuvvetler ne olur?

CcCOzZUM:

Serbest Cisim Diyagramu  y,






Ornek Problem 3.8:

600 N 200N

459 0% m l
[)

D
2m 3m 2m
100 N
COZUM:
y
600 sin 45°N
200 N
§00 cos 45°N Yy O% m Yo
A ¥ DT _K:I—B
| 2m 3m 2m
Ay l’ By

Mesnet tepkilerini bulunuz.



Ornek Problem 3.9:

Makarada A noktasindaki tepkileri ve halattaki kuvveti
bulunuz.

CcOZUM:

0.5m

dM, =0
100(0.5)-T(0.5)=0
T=100N

Y F =0 Y
100sin30° -~ A =0 00N
A, =50N

2.F,=0
A, —100c0s305° —100 =0
A, =187N



Ornek Problem 3.10:

A baglant1 noktasindaki
tepkileri bulunuz.




Ornek Problem 3.11:

A noktasindaki  tepkileri
~—+300 mm ——— 400 mm —— bulunuz.

| fﬁ f\ —
A /%ﬁ \\y\ﬁﬂo

5

52N 30N
03m —+—— 04m —
? ]
13512 y e\ i@o
52N Lx 30N

D F =0
S 0
A, —52(B]+3Ocos60 =0

A =500 N

D F =0
y
A, —52(%]—30sin60° =0

A, =233N

ZMA = 0 (+ccw)
MA_52(%j(o.3)—30s,in6o°(o.7):o

M, =32.6N-m



Ornek Problem 3.12:

2 ft

0.25 ft

| A noktasindaki baglantiya ve pistona gelen kuvvetleri
bulunuz.

COZUM:




Ornek Problem 3.13:

A noktasindaki ve silindirlerin ¢ubuga
temas noktalarindaki kuvvetlerini bulunuz.

ZFX =( :‘ rj
C, sin 30° + B, sin 30°-A, =0 300N /3
F =0 ,
Z y Cy 30°
—300+C,, cos 30° + B, cos 30°=0
ZMA = 0 (+ccw) By'

B, (2)~-C, (6)+4000+300c0s30° (8) =0

B, =—-1000N =—-1kN

=
C, =1346.4N =135kN
A, =173N =0.173kN



Ornek Problem 3.14:

\off| =
3

~—1.5m-—~

- Yandaki sistem 700 kg Iik yiki

kaldirmaktadir. A noktasindaki mesnet
tepkisini d’ye bagl olarak bulunuz.

COZUM:
Bu problemde BC ¢ift kuvvet
elemanidir.



Ornek Problem 3.15:

_401Ii. A mesnedindeki tepkileri bulunuz.

COZUM:

DB eleman ¢ift kuvvet elemanidir.
0.5 m

0 = tan™' wj ~ 60.3°
0.4

> F.=0

F, cos 60.3° — F cos 45° +400 =0
Z F,=0

F,sin 60.3° —Fsin 45° =0

F, =1.07kN

F=1.32kN




Ornek Problem 3.16:
0.2 m

-A ve D noktalarindaki tepkileri,
-CD halatindaki kuvveti bulunuz.

CcOZUM:







