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NALYTICAL STUDY OF TORSIONAL VIBRATION
EFFECT ON TURNING SHAFTS IN SUDDEN STOP CASE
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ABSTRACT :-

The sudden stop of rotating shafts for any external & arbitrary reason due to
develop of circumference distortions because of dynamic angular displacement & by
dividing on static angular displacement produce ratio called (SSRSR) to undesired
elevations . The response according to " Bernoli — Euler " theory in undamped torsional
vibration , one — dimension bars & homogenous , continuous material of bars, hence
,derived response for time & pointed position (furrier functions), the result depend on
shaft engineering directory & modulus rigidity of shaft material & which is get convergence
for theory & practical results.
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1-INTRODUCTION :

All the problems of torsional vibration which occur in helicopter propeller or in
secondary end of connecting rod in engines ,and can be that loadings of moment of inertia
for the propellers are connecting with gear box ,all there are effect with normal frequency
For torsional vibration of connecting rod and after that due to failure , and the results
clearing that the shaft density is big there for it has low twisting , there for to avoid this
statln design by increasing shaft material density .[(Schlaifer,1950),(Satori,2012)]

It can be using lesser measurement base for torsional vibration and facility of readings
byUsing techniques of modern devices .[Gatzwiller,2005]

In case of to decrease the sudden acceleration and deceleration using modern methods to
design ideal case for vibration translate as well as controlling on moment reference to
produce the vibration ,it can be used system of mechanical simulation , hence can be create
stat of translate path for vibration of three dimensions , and by simulation method can be
testing of vibration damped .[Takeuch . T .2003]

There are untraditional methods to continuous test and warning about small variables in
cracks propagation of it in feedback shaft for air conditioning compressor ,and this method
Index for the variable properties in natural frequencies for torsional stresses which related
with crack propagation in shaft .[Mitchell .S.L.2004]

2 - FREE UNDAMPED TORSIONAL VIBRATION OF RODS :

This type of vibrations are logical simulate for rotating shafts case in cutting stateBy
turning processes for free shafts supported from one end as cantilever and this can be
considered as assuming case study , perhaps can be determine angular displacement and
stresses values due to twisting in all point along of the rod with its main case in figure (1),
Hence show cross section part of rod equal (dx) .The molecules which cross section rod
contain will moving on rod cross section circumference , the expansions and distortions
which transverse and angular , this is very important for research , while longitudinal
displacements are ignore because of small value .[Aggurwal,2008]

From figure (1) show that the rod, cutting from it section far of distance (x) from fixed end
The twisting angle in any point through section (dx) from rod produce due to torque
(T):[Timoshenko,1974]

d8 =125 e, (1)

Where :

I, =Polar moment of Inertia

G= Shear modulus of elasticity

The torque on two section of rod [ T + (0 T/0 x)dx ] as shown in figure (1):

The torque is consulate from equation (1) :
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I = : T
dxd B dx? (2)

And by equaling the turning torque with mass moment of inertia [(p/g).Ip.dx] for the element
in angular acceleration (8°0/0x?) ,where :

.p =Rod density (N/unite volume) ,there for the partial equation for turning motion was :

a* 8 a’a

e at? B gx? (3)

o™

And by delete the similar formulas from equation two sides ,there for the result was :

. (4)

From previous equation consulate that the angular displacement (©) is the time function
,and for position (x) along the length of rotating rod while the formula ((%gj that is

constants for rod material properties .[(Timoshenko,1974),(Betta machinery,2010)]
Can be putting result dividing of rigidity modulus (G) to rotating rod material density ,its
called "speared velocity of stress wave " or angular velocity for shaft and represented

function of physical and mechanical properties for shaft material .[Betta machinery,2010]

6
B = [ e e e e e e s e e e (3
NG

3 - THEORY REVIEW OF FREE SUDDEN STOP FOR ROTATING SHAFT :

The sudden stop for rotating shaft is occur often in engines due to high friction in sleeve
bearing or any cause such as electrical default or sudden stop for shaft in turning processes
That is lead to vibration case with all probable and without any force effecting .In case of
stopping for rotating shaft movement ,there for the time equal zero (t=0) , and angular
displacement was position function (x) , and maximum angular displacement for rotating
shaft tip (B = yol ),while angular velocity was derivative of angular displacement (&)

And was constant along axial of rotating shaft , where the symbols as follows :[Sabah ,2005]
M, =Rotating rod mass (Kg)

N, = Rod rotating velocity (r.p.m)

Yo = Free rod shear strain

The general solution for the angular displacement and strain to any point from the rotating
shaft points ,for correct solution might be separate of motion variables
[(Selim,2009),(PISKUNOV,1974)], with another meaning the function (O)take of arbitrary
vibration mode ,there for the general solution become all the probable solutions for free
vibration mode and with another meaning was :
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8(x, 1) = Z 8,(x). T,(£) e (6)
i=1,2,3
Where: i= Integer number for function .

Oi(x) = angular displacement function relative to only position .

Ti(t) = angular displacement function relative to only time.

The function [T;(t)]was triangle functions relative to time and it is cyclic
.[(Sabah,2005),(SZENASI,1974)]

T,(t) = A;cosw, + B, Sinw;t . oo v cee e v ee o (7))

Where : A;,B; ; represented function capacity constants ..
,W; : angular frequency
And when substitution produce the following equation :

B(x,t) = Z B,(x)[A; coswt + B,sinw;t] ..o e e v v en e (8)
i=12,3
And by substitution in moving equation produce :

Z 8; (x)[A;cosw;t + B;sinw;t] = Z B.(x)(

i=01.2 i=0,12
And by corporation the similar limits following produce :

w2
agi [A;cosw;t + B sinw,t] ... ....(9)

a2

8. (x) = :*' 0.6 e (10)

2

The general solution for differential equation get the following form :[5]

8,(x) = C, cos (%)x + D, sin (%) y TP o )

and by substitution in equations produce :

W
B(x,t) = Z [A;cosw;t + B;sinw;t][C; cos (El) X
i=0,1.2

+ D, sin (%) X e (12)

And can be putting conditions related with angular displacement and time for every end
from rod ends , after that application these conditions in previous equation to get the
equation constants with new expressions ...

At clamed — end and in case any time (t) , the applied condition was as following :

At x=0 y O)=0. (13)
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While at free end for shaft and in case at any time (t) ,the applied condition was :............

At x=L 08 _
=

Then was :
8(0,t) = Z (A;cosw;t + B;sinw;£)(C;) =0 e et cev v v e o (1D)

i=0,1,2
" Ci == D
The angular displacement (©)in equation (12) become as following :

W

B(x,t) = Z (A7 cosw; t + B sinw;t).sin (j)x ceveeen e e (16)

i=0,1,2
Where :
AT =A;. D,
B = B,.D,
aﬂ(x t]

Py Z (—)[A cosw;t + B sinw;t]. cns(—i’) v e wenmnmeewee (17)
1=0,1,2
COS(—E)=00 oo (18)
I a ]
wW; = E E , L= 1,3,5,... [:19)
At substitution in equation (16) produce :
0(x.t) = N Imx (A ma,t
x, t) = (sin— 57 cos 57
1=0,1,2
4+ B-sinZ 2 t) 20
1.smz 7 S — 11 )

In case of shaft rotating stopping ,where (t = 0) and the conditions of angular displacement

and rotating speed as following :

B(x,0) = flx) e e e e e (211)
87 (x,0) = Constant ... .. coe vee ceevvn eeenn . (22)

Was angular displacement for time.)&@" (Where

From fig . (2-3) produce following :[5]
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g = g =Y, = Origonal shear strain of rod material

B(2,0) = ¥3. X cee e e e e e e e e, (23)

B = Wy wer cecre e ee e e e e en eve aen een s (24)

And by substitution eq.(23) in eq.(20) produce the following :

8(x,0) = Z A7 sin (%x) = Vg X ceeee wvn evn ere wve eeeee (2D)
i=1.3,5.

At multiplying equation two sides by formula [sin(jg

With integral relative to position (x=0 to x=¢) and produce :

£
f [T 4
Yo X sinfj o] dx
0
o £
- 3 ¢ ) :
—.13_1- sm[zij.sm Vi X e cre ee e een een e (26)
i=1,3,5 0

Where ,j=integer No. and applied integration with used two conjugations as follows :
Y

fsin(iE).sin(jE)dx=Datjii,orgat;‘=i

2f 2f
0
£ i—1
X 442 Z
xsm[,rﬁj dx =— (—1)
0
442 -1 f
Yo 27 (—1) 2 =4, 5 .27
8y, f -1
A= B ()T e (28)
By substitution eq.(22) in eq. (18) produce :
83(1*,0]_ i [ (i:lm)B__ -
Fra (sin 2{] 27 =W, e e ern vee wee enen s (29)

i=1.3.3

By multiplied two sides of equation by expression(sin %}and integrate two sides:
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v s (5
i (m) ifsm(?;) sin(j;c)dx e (30)

Can be produce the following :

i=

8f
B~ = (31
i WG ‘}szzﬂ, ( j
And by substitution two equation (28)and (31) in equation (19) produce :
- imxy 8¢ -1 ima
0= Y. n(57) St Fon(57):
(x, 1) --13—Sm 27 j1212[}’9( )z cos Y
;w (um) 39
sin 57 t] oo eee . (32)

Can be produce the following form :

6(x, ) = 8y, £ Z sin(5 ) =3 [(-17 cos (55 ¢

i=1,3.5
+ E5111 (um) ] e (33)
Y. 2f
Where the static displacement value (6g)from shear strain concept can be take the following
form :
B, =Vged e e e e et e e e (34)

Where ;0, =Static tip angular displacement for shaft material .
Yo = Static total shear strain for shaft .

and by dividing equation(33)in position (x=£)on the static shear strain produce :

L=al

05§ ofF 0 on ()

: (1;1) e (35)

Where; 0(£,t):Dynamic angular displacement at shaft tip.
8(L.t)
o

= Angular distorsionratio (ADR)

And to determine stress function ,hence ,the application of shear strain by the expression
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(}f(x, t) = ae{x,rj) and applied it in equation (33)produce :
- mx_ 1 Q lra
vy (x1) = 4y, Z c0s(55)- —[(_—1) CDS(Z{J)
i=1.3,5
+ 2o g (im) t] 37
sin
Voa 2f 37
x,t - Imx ina
E( ) =4 Z cos—]—[( 1) cos( )
2f
i=1,3,5
4+ Lo g (m)t (38)
1hasm V) AR
Can be used (shear stress-shear strain)law according to following formula :
T(x,t) = G.y(X,t) e e e e e e e ee e (3 —39)

Where; T(x,t) = stress function of displacement & time .(N/m?)
G = Shaft modulus of rigidity. (GPa)

And by substitution above equation in equation (38) produce the following :

T(x, t) = 4(Gy,) Z cos(i;t—;j.é [(—lj?cos (ﬁ;—j)t

i=1,3,5
+ 2 Sin(S It ... (40)
sin(—)t.........
Vo-Q 2f
The value of static shear stress as the following definition :[1]
Ty = Vo G e oo e e e e e e e e .. (41)

And by definition dynamic stress at shaft fixed area to static shear stress produce [surface

shear stress (SSSR)] or according to the following formula :

t
sssg — £@0
T
H’[(l
% SSSR = 4 Z — (- ES cc-s( )
2L
i=1.3.5
4 WG (lﬁﬂ) 42
Y a sin 57 ce e ee men e wee e e (42)
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In order to formulating the present equation form (35,42) to view more application to be
compatible with engineering knowing’s to case study ,& according to angular frequency

which represent main frequency by the following formula :
T a

Can be extracting time of one cycle :
r 2n 2m 44 (44)
T
2 f

The formula related with material property of rotating shaft can be describe it by symbol

(AVS) as following :

w1
AVS = — .— = Angular Velocity ratio to shear strain.... ... ..... (45)
a Yo

And application tow relationships(44,45)in function(TADR&RSSR) product as following :

oo i—1
-1z =t
TADR =8 Z W[(—lj 2 CGSZHL(?)
i=1,3,5

t
+ AVS sin2mi (F) N 1)

_1 t
SSSR =4 Z —[( 2 msZmﬁ(F)

i=1,3.5

t
+ AVS sin2mi (?) et e e e (A7)

5-PRACTICAL WORK:

1 - Selection perform mean carbon steel Cy5 according to properties (DIN) and it chemical
compounding illustrated in table (1) as following :[12]
2- Associating perform testing shaft in triple decoder vise for normal turning machine multi
velocities as in fig .(9)and bracing accessory of shear stress test equipment torsion result,

And there readings represent twist angle values ,molest install on shaft by andiron contain
Thinly bush with thickness (0.5mm) to reduce the lost in practicality readings for different
velocities ,and by knowing metal properties for shaft and rotating torque for electrical motor
to turning machine can be calculate static twisting angle values by application of the
following equation .[13]

T.¢
B = = e e e (60)

G.]
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Where:
T=Rotation moment (Power=T.w)(0w=2nN)
£=Rotating shaft length(100mm)
G=Rigidity modulus for shaft material(Pa)
3 -By dividing dynamic angular twist values [0(x,t)]on static angular twist values(6,)can be
6 (x.t)
6o |
(35)which represent shear strain ratio in equation (46)and shear stress in equation (47) that
can be calculate it theoretical by using suitable computer program to get maximum
Values curve for angular displacement ratios with different values for mechanical
Properties variable to material shaft(AVS).
4 -Enable putting table for variable values (AVS)according to number of providing machine
Turning revolutions in gear box table according to the following relationships :

Get important practical ratio[ to compare with theoretical ratio from equation

AVS =

w 1
a Vo
2N e

7. = (r. ¢ =— a= |-

o Yo w &0 p
According to shaft metal properties which using as previously mention its metallic construct
T=275MPa ,G=76 GPa , p=7700 Kg/m®
The relationship between number of revolutions and variable mechanical properties was

(AVS=0.0092*N)and the following table illustrate practical and theoretical using values..
6 - RESULTS &DISCUSSION :

1- According to equation(46)represent dynamic angular displacement ratio to static angular
Displacement by using computer program (Visual Fortran program under window)can be
Drawing of curves (3,4,5,6,7,8,9,10)for variable (AVS).[13]

2 - From practical angular displacement ratio which symmetry in its values shear stress and
Maximum values for theoretical shear stress ratio ,can be putting table (3),and by using
Static relationship can be determine standard deviation and correction factor for practical
And theoretical results .[14]

e one e (48) Where RSSR ., = 2

a

N = No. of statements.

a(g—i) _ @—i) th — (i—‘:) EXD. e (49)
R? — Z[(g_i)th'_(g_ﬂ)mmnlz e (50)
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7}
(%) mean - 2

3 - to achieving the probative twisting case that is angular displacement at shaft limb and

the produce shaft at root or attaching area for steel shaft which fixing from one limb by

using simulation program and according to model partition to finite element and by using

(auto disc inventor program)and using practical information's

With turning machine power (1500w) and rotating velocity (120rpm),hence, can be:

Calculate twisting torque value (P=T.(2aN/60)=1193 N.m) that is illustrate in Figures
(11,12,13).[15,16]

The reading produce practically was dynamic angular displacement readings during
rotational moving of shaft produces torsional vibration different rotational velocities and by
dividing on static angular displacement produces equally ratio for shear

Stress ratio at shaft fixing area , and by compare practical and theoretical values as in
Table (2) ,molest illustrate data gradient magnitude and correction factor (R?),and can be
illustrate the following :

a - The variable (AVS) ascribe for it direct influence on displacement ratio or strain ratio or
stress ratio and its role depend on shaft physical properties.

b - The stress proportionally with shaft angular velocity and inversely with static shear
strain and spread velocity of stress(a) and the result is effect on shaft fixing ,while in cutting
case by turning machine therefor will be effect on cutting quality .

c - lllustrate that the variable (AVS)effect on moving function form and curve quality .

d - The sudden stop case of shaft will be effect on its working life with continuous
increasing to stress ratio with increasing of variable (AVS).

e - The old turning machine will be produce high vibration ,also that connection case of
angular strains reading equipment on the rotating shaft by a few thick bush will effect
surely on practical readings for angular displacement .

Table(1) : chemical compounding for mean carbon steel Cys

Elem | C% Si% | Mn P% S% Ni% Cr% | Mo% | V% Cu% Zn%

ent %

Actu | 0.163 | 0.201 | 0.50 | 0.016 | 0.023 | 0.113 | 0.089 | 0.01 | 0.002 | 0.031 | 0.002
al 3

ratios
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Table(2) illustrate (AVS)values with revolution number

AVS N(rpm)
0.1 15
0.4 45
1.2 140
1.4 160
Tabe (3)
N AVS (RSSR)exp. (RSSR)th. A(RSSR)
15 0.1 1.29 1.12 0.17
45 0.4 1.58 1.38 0.2
140 1.2 2.65 2.2 0.45
160 1.4 2.8 2.5 0.3
Standard Deviation (S.D.)=0.6
Correction Factor (R?) =66%

:
S 0)
Y

j T+aT/ax)dx

dx

Figure (1)
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Fig.(2): illustrate progressive of angular velocity from fixed area to shaft free tip

15
1 AVS=0.1
0.5
8
E 0
1} 0.2 0.4 0.6 0.8 1 1.2
-0.5
-1
-1.5
Time(T/t)sec

Fig.(3) illustrate one torsional vibration cycle for rotate shaft with
Velocity(15rpm)&(AVS=0.1)to shear strain ratio
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15

1 AVE=D1

0.5

555R
=

-15

Time(T/t)sec

Fig.(4) illustrate one torsional vibration cycle for rotate shaft with
Velocity(15rpm)&(AVS=0.1)to shear stress ratio

15

AY5=0.4

0.5

-15

Time(T/t)sec

Fig.(5): illustrate one torsional vibration cycle for rotate shaft
Velocity(45rpm)&(AVS=0.4)to shear strain ratio
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1.2
-2 Time(T/t)sec
Fig.(6): illustrate one torsional vibration cycle for rotate shaft
Velocity(45rpm)&(AVS=0.4)to shear stress ratio
1.5
-4
Q
z 1.2

-1.5

Time(T/t)sec

Fig.(7): illustrate one torsional vibration cycle for rotate shaft with
Velocity(145rpm)&(AVS=1.2)to shear strain ratio
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SSSR

Time(T/t)sec

1.2

F1g.(8) Tlustrate one torsionarl vibration cycle Tor rotate shaft with
Velocity(145rpm)&(AVS=1.2)to shear stress ratio

Time(T/t)sec

1.2

Fig.(9) : illustrate one torsional vibration cycle for rotate shaft with
Velocity(160rpm)&(AVS=1.4)to shear strain ratio
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1.2

Time(T/t)sec

Fig.(10) : illustrate one torsional vibration cycle for rotate shaft with
Velocity(160rpm)&(AVS=1.4)to shear stress ratio

Fig. (11): illustrated max. displacement value at fixed right shaft tip when subjected
torsional force on simulation model by auto disc inventor
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Fig. (12): illustrate details of using equipments in practical work
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