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ABSTRACT

The inerxtia, flexibility, and damping of the driving shaft,
are important factors in-the dynamic behavior of a cam mechanism.
These factors will be studied by utilizing a two degrees of free-
dom dynamic model. The formulation of the model in which each of
the follower and cam posses one degree of freedom is presented and
the investigation is carried out by the use of the nondimensional
parameters. )

An algorithm for computating the positional and accelerational
erroxrs during the cam rise and dwell periods, is presented here,
along with the ‘listing of the associated éomputer program. The num-
erical results are shown in the figures and also in the tables in
Appendix.

1. INTRODUCTION

In this paper the mutual effects of the inertia, flexibility
and daniping between the followex and cam sets on the dynamic res-
ponse of cam mechanism: will be investigated.. The cam mechanism is
represented by the two degrees of freedom model one for the foll-
ower (q ) and one of the cam shaft (qz) as. shown in Fig. {(1). 1In
reference [1] , Koster gave the effect of the flexibility of the
driving shaft on the dynamic behavior of a cam mechanism, by driv~
ing a single degree of freedom model, but still many questions
¢oncexrned w;th the efféct of inertia, and damping of the cam shaft
remain Bloom and Radcliffe [Z_lhave cons;dered the wind up of the

cam shaft, aasum;ng that the follower is infinitly stiff. In
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taference[é]slss derived a two degrees of freedom dynamic model,
taking into account the deflection of the cam shaft in the dir~
ection of movement of the follower. In contrast to the mentioned
investigatoxs Chen and Polvanicn [4] studied the damping effect
on a single degree of freedom either linear or onon-linear damped
simulated cam mechanism. Recently Emam [St]inveatigated the eff-
ect of the flexibility of the cam shaft on the dynamic behavior
of a single degree of freedom linear damped model. However many
questions in the dyanmic analysis such as the inextia and damping
characteristics of the cam shaft axre still vague. '

In the present work among the several types of follower mot-~
ion the cycloidal cam curve, was chosen for the present investig-
ation. The inertia; flexibility as well as damping characteristics
of the follower and cam sets are expressed as nondimensional para-
meters throughout the analysis of the simulated cam mechanism. Att-
ention will be given particularly to the positional, and accelerat-
ional errors of the output member in the primary and residual reg-
ions.*

In computing the mentioned erxrors, the computer solution Fig.
(5) by applying Runge~Kutta method is derived. The numerical res-
ults and a complete listing of the computer program written in
FORTANT IV language are shown in the appendix.

2. MODEL OF THE TWO-DEGREES OF FREEDOM SYSTEM

In reference EGt]it is possible to draw up for the mechanism
of Fig. (1) the dynamic model shown in Fig. (2). In this dynamic
model it is assumed thats~

1. The input angular velocity of the cam shaft can be considered
to be constant (w= constant).

2. The damping characteristic is considered as a linear viscous
damping. :

3. The backlash, starting from the drzving elenent up to the end

of follower linkage can be neglected.
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Here m_ ,,m_ represent the mass of the follower and the
mass of thelcam %easured in.the-q1~and q, directions respectively.
The stiffness of the follower set is K_, the stiffness of cam
set is K_. The damping of the followe} is characterized by cq N
The dampiﬁg of cam set is given by Cq « Refering to referencesl
1, 6 the transmission ratio is_givénvby i= dy/dqe_where y
is the cam curve displacement.

3. FUNDAMENTAL EQUATIONS FOR 2 DF MODEL .

Referring to the lagrange‘'s equations, the equations of motion
based on a two degrees of freedom model Fig. (2) can be derived in
terms of the kinetic enexgy (T), potentlal energy (V) and dissip-
ation function (D), Hexe as

1 - 2 1 < .2 s2 ,
T = zmql ql + 2 qu b4 v qz ‘ : o-o--oo.oo-(l)
1 2 1 2
V = 2Kq1 ‘ql - y) "‘%leqz(qz r = Wt r) .--oc-.noco(Z)
= X : Y I K 2
o chl (ql "Y) + chz‘qz b 9 -wt) .ooah‘ooococ(3)

Applying lagrange's equations:-

g ( ks 3€P + 9D - 2V

EE ﬁqJ) gqj ,aqj P gq = o ‘j =1 2) c.--h.o..s-(‘)

the equations of motion are:
m 4, +C 1 -y +.K
ay q a (ql- Y)

and

ql‘ql - Y) ‘ () .ouo-.o..oo(S)

J p + . - ) + K - (A + “ -""z"" esmssvense
g2 ¥ Oqy (G mW) ¥ Kg (G mwE) ¥ By &y g7 = O )

Introducing the parametar u as the deviation between the
output and input motions

a = ql - Yy -oc'.-_a'aoago;(.])
The equation (5) becomes .
u o+ 2 Wy ewd u o=y
q 94 qy

o-c.ou---.o(a)
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Where W = /K /m_ = the natural frequency of follower set
in the &co‘ legl qif.ion and
P pos z;l is the damping factor of foll-
ower set.
The permit of arriving at an expression in dimensionless

parameters, let us introduce a number of definitions: period of
natural vibration of follower aet:

4
period of natural vibration of cam set:

I X N NN NN NN
T = 27}/’/ mq27xq2 | ; (10)

q2
The time ratio of the follower set:

= -m Tf ssesdsse
?:q T,/T a4 T,/2 //"'x""q17m'q: .o ’ (11)

The time ratio of the cam agt:~

Z e - V ’ [y . -
q2 'rl/qu 11/2 // qulinqz seenscece (12)

Where '1‘1 is the cam rise time.

/
T = 27// mql/qu -oc...o-.-c(g)

Mean slope of pressureé angle during cam rise Fig. (3)
tan Ocm - b/ch -00.0003.3(13)

Where h : stroke at cam, x, constant pitch radius and
B : cam angle of rotation for maximum follower rise [7] .
Inertia ratio
F = S \ 2 o - J
) mql/qu - (mql/qu) tan® oc o mql/ a4
me

Stiffness ratio

(B/B)® sereennaca(le)

2
- > > 2 =K /K (W/B)° eeecsseaee(l’)
F quﬂ(qz = (qu/x qz) tan” °C . Qg ;

Therefore I . :
Z(;l = 22 / Fk/Fm ‘ ...‘...._...(15)

Damping ratios

2, 2
xme = qulcqz(h/B) cesess(17)

N\ \
F a = qu / qume- (qu/ qu } tan
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Therefore
Z / ) oo'-bo;-ooua(la)
9 fqz/
Where ‘ - ' .
¢ =2 /) [u K. =2 .f /m. K. cesececacaa(l)
q3 a4/ q Cll CI2 %Ry qz q2

Introducing the following dimenéionless paranetera

Y = y/n; q, = qllh ' q = >q"2‘/B ,U=wh ,Ts= /T, Y =T, y/h
¥ =mm ., g =1 g/m, U= Wn
Equation (8) can be recast as
U o+ (4781 X U+ (zTZ 2 umey ceeerenanss(20)

In the case of cycloidal cam curve [7] as shown in Fig. (4)
we have _ ' ’

N

Y = 27sin 27T oS <1 (rise period)
tbo.‘.(zl)

»

¥ = 0 111 + T,/7 (dwell period)
Where T, is the time of dwell period.

Therefore the equation (20) can be recast as

o+ (477‘2' Fy i /F) +(27fZ /"}‘7}‘"'""

/ U &8 @ Y\\..‘-....(ZZ)

4 - METHOD OF SQOLUTION

a. Solution Within The Rise Period

In the rise period the nonhemogenuous Eq. (22) is solved num-
erically by using the Runge-Kutta method (taking AT = 0.0l1), since
this method may be most rel;able one for dealing with various types
of cams [&]

The numerical results for various values of the nondlmensxonal
parameters F ¢ Fk and Fd axre shown in Figures, (6-23) and also in
Tables (I ....III) (See Appendix).
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b. Solution Within Dwell Period

In this period the hemogenuous Eq. (22) can be solved exactly,
and the solution is given by:

Uz = e'AT]: U1 cos (BT) + C/B sin (BT)] cesssssnsce(l3)
U, = &7 [-(U:LB +AC/B) sin (B'r)-»(c-aul)cos(ar):[ ceeeea(24)
and
U, = e”2T [—(Bc-z u,aB ~ a°c/B) sin (BT) -(2 AC—Azul-t-Ule)cos(BT)J
.......‘..“25)
wWhere,

/4 : F /F
B =277 // A, Q- iqz Fy/ // FF, )k
~
C = Ul + Ula
and
X Gl are final conditions at the end of rise period. The

numerical results for various values of nondimensional parameters

Fm. x and Fy are shown in Figure (6-23) and also in Tables (I..III)
{See Appendix).

U

5. DISCUSSION

In studying the sample curves of the positional and accelerat-
ional errors in primary and residual regions, for the two degrees
of freedam simulated model of cam mechanisms, several characterist-
ics have been observed.

1. Effect of Inextia Ratio Fm:

With regard to the primary postional exror (Ul)’ the effect of
Cﬁ on U, . for different values of Fm is represented in Fig.(6,7).
Th% increasing of T caused a considerable decrease in the value
U;. This is expectea. for a low speed (“) a low mass of cam set,

and a high torsional rigidity of the cam set. For the sanme Fy. the

¥ate of decrease of U, is relatively high for values of 16&% L s,
2
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It dan be noted also that the increase of the mass ratio causes
an increase of the positional exror y;. This is expected for

a light weight of cam set and heavy weight of follower get. For
small values of the mass ratio (Ehsgl): the values of U, are sen~-

sitive to the variations of Zq and Fo.
2

With regard to the p¥imary accelerational error (5;), the
effect of C on ﬁi for various values of Fm is represented in
Fig. (8). F%r small values of (F£<,l) the increase of‘za is
followed by a decreasing .of G;. It can be seen also thatzthe
increase of the mass ratio causes an increase of G:. For large
values of Fm, it is noticed that the increase of Zé causes highex

accelerational error, whatever the values of dampin% ratios.

With the regard to the residual posti?nal error U,, it shown
in Fig. (9) that the increase of the mass ratio Fm is followed by
an increasing of the rxeaidual positional error (Uz). Also it can
be seen that the increasing of . causes a decrease of v, for
(F < 1) and an increase high valfes of mass ratio increasing
( T. ) causes increase U,*

] 2

With the regard to the residual accelerational errcr GZ. as
shown in Fig. (10) generally increasing F, is followed by increas=-
ing of the ﬁ;. It can beé seen also the imirease of . is followed
by decreasing of the 6; for (Fm<: 1). Por larger vallies of the
mass ratio, it seen that the 6; is propotional with . This ex-
pected for heavy weight of follower set and light weigh% of cam get.

II. Effect of Flexibility Ratio (f )3

With the regard to the primary positional error (U;), the cur-
ves of Ul against 2& for various values of stiffness ratio Fy
are plotted in Fig. %11). Noting that the increase of Fy is foll~
owed by a decreasing of positional error U;. :

. ] . ‘ \
With the regaxd to the primary accelerational error (Gl). it

can be noticed from Fig. (12) thft the increase of F, may be caused

a decrxeasing in the values of Gl.
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With the regard to the residual positional error (U2), the
effect of Fk on U, is represented in Figure (13). It can be
seen that the residual positional error (Uz) is influenced by the

variation of the gtiffness ratio Fk‘

—

With the regard to the residual accelerational errxorxr (G;).the
effect of the stiffness ratio F, on the ﬁ; is presented in Fig.
(14). It can be noticed that the increasing of the Fk decreases
the values of 6; for relative large value of’C&z.

III. Effect of Damping Ratio (F,):

With the regard to the primary positional error U,, the eif-
ect of Fd on Uy is represented in figures (15, 16). 1t can be
seen, that the influences of Fy on U, are considerably small par-
ticularly at 7, equal unity, whilst the influence F4 on the
value U, is sighificant for‘Z; > l. It can be noted that the
inertia effect on the Uy is ver% significant in particularly for

large Fm' whatever the values of damping ratio Fd Fig. (17).

With the regard to the primary accelerational error G;. it can
be noticed from Fig. (18) that the increase of Fd may be decreased
the value of 6; particularly for the higher values of ?a « For
the heavy follower set it is noticed that the effect of 2damping
ratio Fd is considerably - small Fig. (19).

With the regard to the residual positional exrxor U,, the eff-
ect of Fd on U2 is represented in Fig. (20). It can be seen that
the increase of Fd causes a decreasing in U2 within the region of
intermediate values of ?; . For high values of F_ the effect of
damping ratio Fq on U, iszconsiderably small as shown in Pig.(21),
while the effect of Fy is considerably small at Taz =1,

With the regard to the residual accelerational error G;:
Figure (22) indicated the relationship G; and'Ca for various
values of Fj. It can be seen that the increasin% of Fd cause
a decreasing of U, . Noting that, the effect of Fy may be ignored

for high values of mass ratio as shown in Fig. (23).
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CONCLUSION

It is evident that the nondimensional parameters, of iner-

tia, of flexibility and of damping have significant effects in

the dynamic behavior of the cam mechanisms. In the analysis of
primary and residual nondimensional erroxs of output motion of

the two degree of £ eedom simulated cam mechanism, one deduces

from the computed results, the following conclusions:

i,

2.

3.

4.

L

6.

The inertia ratio, is kept smaller as possible to minimize

the harmful inertia effect of the follower on the rxesponse.

As the mass moment of inertia of the cam set, decreases and
as the torsional rigidity of the cam set increases, the dev-
iation erroxs decrease.

In order to minimize the errors, the flexibility ratio is kept
sufficiently large by the use of more.rigid componants of the
follower linkage.

The assumption that no damping of the simulated cam mechanism
exists, has a significant effect on the functional requirements
particularly for the small mass rxatio.

The nonbenefical changes in the basic parameters may lead to
unfavourable effects in the functional requirements of the cam
mechanisms such as for example, when the mass ratioc becomes
larger than unity the values of most exrors were found to be

.proportional with the time ratio of the cam set.

The model of the cam mechanism as two degree of freedom syastem
provides sufficiently accurate result for studying the dynamic
behavior (the positional and accelexational errors) of a cam
mechanism rather than the models given in references (1,2,3,4,5)
as indicated in Figures (24).
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Fig (2) Dynamic model of 2 DF System
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(40),T, (ll-()),b‘h(.LU) FM(10), ‘u(lZ),E, (15},
€9at15)" :

READ FD(NN)= NN = 1, 12
FK(J) = J =1, 10
FM(K) = K =1, 10
[T = o0 l
l 405
Do I = 2,40
Nwmw I -1
To(®) =T, (N) + 0.25
S,
600
Do g = 1,10
D0 K = 1,10 R
. !
Do I = 1.40 2

(I) =T (I/FK(J)/FM (k)

[0 w = 112

l_s00

!

[Do L = 2,15

I 700

¥

[ L. Ll
é(L) = (LL) + 0.1

4

%(L)—%(L) oFD(NN)//E‘K(J) FM (1)
] 2 ‘

VL =
CALL KUI.‘A(V ¢ v,.U, U)

), Y, = g (L)

rVWRITE

qum
¥

[

CONTINUL

[VRITL qu (I )
]

[FRiTa

(i)

]vm::m

1
FK(J)

1

C

CONPINUE

mgn[TT

STOP )

C“ 1

FIG. (D -2 ) FLOW CHART
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Table ¢ (I - 1)

P, = 0.3 , Fg = 0.1 » g " 0.2
. Residual Positional error U, x HOIN Resgidual accelerational errox mw
ejw\\mw, 0.05 | 0.1 0.5 1 100} 1000 § 0.05 | 0.1 | 0.5 1 100 { 1000
1 |0.633 |0.116 | 46.811 15.690| 3.201| 0.245 §2.535 | 4.99 |13.601] 8.713 | 0.116 | 0.0117
2 ]0.045 | 0.065 ,Aopumm 2.555 Hp.wmm w.wwq wropq 1.782 | 10.161]16.253 | 0.464 | 0.0471
“ w | 0.0024 |0.007 OMNM$ M.mmu Hmymmw 2,850 0.687 Huouw, 3.832| 8.844 | 1.035 | 0.1060
| w, 4 0.007 | 0.009 | 0.076410.188 22.191| 5.013 [0.502 | 0.767| 3.832| 3.198 | 1.816 | 0.1882
5 _ owoou, ,o.ooq,. ,o.OmH¢ ormmu,wq.mmq . 7.810 op¢ow 0,613 1.491 1.491 2,788 £.2935
6 |0.002 |0.005 | 0.0617)0.081|23.209| 11.232 J0.311 | 0.5081 1.356] 1.356 | 3.929 | 0.4208

7 10.0018|0.004 | 0.0182/0.146{ 6.709] 14.299 §0.272 | 0.439| 1.213] 1.516 | 5.213 | 0.5727
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Table ¢ (I -~ 2)

@W = 0.3 H mﬁ = 0,1 3 a4y = 0.2 |

. Primary positional error U; x 107 " Primary moomwm&m..ﬁ..osmu. error Qw..

“ -2 0.0s| o1 | 05 | 1 100 | 1000 § 0.05 | 0.1 | 05 | 1 100 | 1000
1 0.5801 [ 0.416 | 45,124 413.100!98.200| 99.820 10,334 ! 0.857 {11.566| 2.205 {0.1162F 1.186
2 0.0469 O.HNW O.ﬂwmw 36.650] 93.170] 99.290 OoWHH opPom - 0.418 Hw.mﬂu 0.440 | 4.707
3 0.0134 .0.0WOH 0.8920} 2,070 85.130 wm-%#O 0.008 Ohowwm 1.502 | 2.863 | 0.903 ]10.495
4 0.0056 | 0,0112 O.Hmwo 1.205 ﬂ%.#qo 97.26 | 0,002 0.0omu Oo#mM 2.087 }1.402 118.430
5 C.C029 Ohoomm Oomumm 0.395 mprmmo wm-wm O.oow 0.0051} 0.355| 1.376 H.mww 28.349
) 0.0017 {0.,0033{ 0.0079{ 0.270 #ﬂbuﬂc 93.95 |1 0.0006) 0.0016| 0,235 | 0.986 {1.994 140,046
T €.0010 Oroowu 00,0220 OrOmO 32,150 mwomw 0.0004¢ 0,00081 0,111 O.mmwmnw.mwo 53.272




Table : (II)

1 Fm = 0.5_, Fd = 0.1 ’ ql = 0.1

Y S 2 N
/n_nl x 1072 iy U, x 10 U,
Ga,_"1 0.3 1 0.3 | 1 |l 0.3 1 | 0.3 1

k

1 ) 47.843 | 6.206 49.703 | 0.938 || 14.634 [15.657

11.815 | 4.464

2 0.582 [ 0.534 ff 1.179 | 1.735 1.824 | 0.617 I 11.780 | 2.344

3 1,084 | 0.157 || 2.090 | 1.0767] 0.179 | 0.039 || 4.536] 1.798

\ . | . ,
a 4 h 0,225 { C.042 §| 0.799 { 0.573 0.042 0.081 || 1.311} 1.596
' . . - ) B
5 0.103 | 0,001 |l 0.666 | 0,200 |} 0.145! 0.003]| 1.251] 0.487
6 0.050 | 0,002 |f 0.524 {0.046 || - 0,105 0.c1;l 1.828 1.073

0;0198 0.00%m)f 1.5811 0.467

7 Jl 0.028 | 0.004 h 0.243 | 0.167
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Table (III - 1) Fy = 0.3
u; x 1072 | q/w‘
w@» 0.1 0.2
P 1 100 1 100
wa‘ 4 0.1 | 1 0 0.1 1 o | 0.1 1 0 0.1 1
| | |

1 12.260]12,720{14.250 | 98.330|98.270] 97.710) 1.452| 2.205| 5.008{ 0.1165 0.1162 |0.1160
2 41.000] 38:730] 24.980 | 93.410|93.290 mm.muowww.pmu 16.973| 6.848 ] 0.4420| ©.4400 {0.4390
3 4.460] 3.180| 2.807| 85.460!85.300| 83.820] 4.755 | 2.863] 1.759 ] 0.9910] ©.9030 |0.8008
4 1.781| 1.445| 0.919| 74.870|74.670| 72.900| 3.375| 2.087| 0.593] 1.4180] 1.40201.3940
5 0.891| 0.610] 0.340{ 62.120{61.900] 59.990] 2.640] 1.376] 0.270{ 1.8390] 1.8110(1.7960
6 0.481| 0.353 0.205] 47.580| 47.580] 45.690] 2.052| 0.986] 0.148] 2.0380 1.99401.9730
7 0.261 0.160| 0.113] 32.540]32.350, 30.630] 1.519| 0.629| 0.089 1.8880 1.8300|1.8010
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Table : (IIT - 2) F, = 0.3
U, x 1072 U%
i ‘;
%, 0.1 0.2
F_ 1 100 1 100
ZQH/FZ 0 0.1 | 1 0 0.1 1 0 0.1 1 o | 0. 1
1 15.400]15.400 | 16,1754 3.238! 3.047| 3.748) 9.721| 8.430] 5.107 | 0.118! 0.116! 0.105
2 1.570( 3.495 | 0.2741 12.409}12.200}13.033 || 20.326 | 16.254 ] 3.268 § 0.476] 0.464| 0.421
3 5.390] 4.670 | 0.167} 20.290{20.070|20.110 | 10.937| 8.840| 2.788 | 1.047! 1.0351 0.938
4 0.280| 0.241 | 0.019] 21.321]|21.108{20.523 | 4.080| 3.198] 1.940 | 1.837| 1.816| 1.646
5 | 1.042{0.765| 0.104{ 18.385|18.185|18.025 || 3.872| 3.978! 1.524 | 2.820} 2.788| 2.528
6 | 0.119] 0.034 | 0.080] 13.566]13.387|11.831 || 3.297 | 2.332| 1.241 | 3.974| 3.929 | 3.562
7 0.296] 0.205 | 0.025) 7.009| 6.857| 5.544§ 1.750| 1.471! 1.051 § 5.273] 5.213] 4.726
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Appendix

Fortran program for Computation

MASTER CALCULATION 0F DYNMIC RESPNOMSE OF CAM MECH
DIMENSING TAUEOC4N) ,FK(105,FMC10),FD¢12),ZATAOCTY),

«TAUEBECA0)Y , 2ATAFCTS)

READCTIO8,40n0) (CEDCNN) )NNET,3)
REANCIUB,400)CFKCS) ,u=1,2)
REANDC105,4600) (FM(K)yK®1,3)
FORMAT(RE10,2)

TAUEN(1Y¥=0,0

NNL0S I=2,10

Na =1 .
TAUED(IYuTAUEN(HNI+1,0

nn o sun Jm1,2

D080 Ke1,3

Do 200 182,10
TAUFF{IyeTAUENCIIwSORT(FK(JY/FM(XK))
ZATAN{1)=D O

un Sg0  NNm1,3

0 P00 L=2,.4

bisled

ZATAN(LY=ZATAN(LL) 0,1
ZATAE(LIB2ATAOCLI#FD(NN) /SQRTCFK(JI*FM(K))
VIsTALEF(I)

V22ZATARCL)

CaLL KuUuTA (Vv1,v2)

WRITECT0B,440) ZATAO(L)

EORMAT(40X,¢F10.4,15X))

COMTINUE

WRITECTIOB,420) TAUENC(I)
ENARMATCIX,F19,4)
HAITECTIOR, 450) pHLK)
FORMAT(1154,F10,4)
WRITE(I0R,460) FKR{Y)
ENHMAT(100X,69Q0,4)
CONTIHURE

STOR

E*D



0193w

SUKRUUTINE KUTACTAUE,ZATA)
REAL K12,K244KR324, K42, KTU, Kgu,xsu,xau

INITTAL PARAMETERS
WRITFCTU8,5V) TAUE, ZATA" :

FURFATCIX, / /44 7720X, " TAUE=" ,F7T-.3/20X, " ZAVA=",Fl.5/717)
CUNSTANT PAKAMETEKS :
H=0.01
BY=¢.x5.141593
D=BY*TAUE
C = D * ZATA
E=D*SURT(] , ~ZATA**2,) .
CALLIJLATION OF KISE PERIOU USING RUIGE KUTTA
WRITE(Tu®,51) B . :
FURLATCIX, 2X, "UMAXDURLING RISE ARE")

IF(L GE.LT1G0)IGUTOL S
K1Z5H*(=BY«LINCBY*T) =2, ﬁC*? (D**é yxy)
K1UsH»Z
KZsH*{~BYRSINC(BY~(T+H/Z, )) d *C*'"«KTZ/z Y=pkx 2 2 (UFKIUZLZ2,))
KeUsH=(2+K12/2.?
K3Z-Hw(=BY*SIN(BY*(T+H/2,))~ d *C*(Z*K¢Z/é Y=UeRZ  w (UTKLU/r2,.))
K3UsH*x(Z2+K24/2.)
KaZEHx (=BY*STIN(LY*(T+4))~- *C*(Z*KS[)-D**Z *(U+KsU))
KhUsH* (Z2+K3L)
CDELTAZLE(T1./u.)*(K1Z+2. *k22+2 *KZL¥KLZ)
DELTAU =(1./6.)*x(K1U+2. *K2U*d.*k5U+KaU)
IF(LELTAU.GELG.U)GOTOTS
ISN=1
GUTL <5
1SN =2
TECISU.NELISNIGUTO 35
UsU+DeElLTAU
GCTU 55
WRITECTUB,1L) U.T
FURNAT(IX,E<L4.5, F8.2)
U=U*DELTAU
T=T+H
=i+
I=2+DELTAZ
I50=1uN
GuTl ud
WRITEC108,20) 0,7 .
FORBATOIX, " FIKALUS T ,ET4,.5,F£8.2)
: " KUTA
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A=y
WRITEC108,5¢<) ; :

52 FURMATCOIX, /<X "UNDUTHAXDURINGRISEARE®)
T=0.

1]

0
0
1

~AD DO O

e N
l"ﬂ' .

T e H O

LLELTU0IG0 TO /S .
Kiz= H*(-BY*qu(bY*T)-d.*C*ZnLU**Z.)*u)
KiUsR=*Z
CKEZEH*(~BY*SINCBY*(T+H/2, ))-d *Cr(2+K12/2. )—u**d *(U*KIU/Z )
KUsH*(Z+K14/2.)
K3Z"H*(~3Y*SINC(LY*(T+H/2,) )~ a *Cr(Z4Kell/e, )-D**d *(U+KeU/s2.2)
K3Us=H *(2 +KZ2472.)
KG2=H*XL=BY*LINC(BY*(T+H)) - 2 *L*(Z+K5£)-n**2 R (U+KSu))
KGUsH* C2+ K3 L)
DELTAZ=C(T . /L. )*{K|Z2+2, *K£Z+d *K3Z2+K42)
DELTAUS(T, /0. )% (KTU+2.*K2U+2.*K3U+Kul)J
IFCDELTAZ.GE.D,UJu0 Tu oY
TSN=1 o , ,
Gu 10 Y5 L '
65 ISN=2 ’
9% IFCISuv.NE.IUMIGU TO 1ud
I=Z+DELTAZ
v GO 10 115
105 WRITEC(IU8,30L)2,T
30 FURMATCIX,ECLG.D,FB.
- 2=7*DELTAZ :
115 T=7P+H
L=L+1 ,
UsU+DELTAU o
IS0=15N : N
Gu TO 125 »
75 WRITECI(8,6U)Z,T o :
60 FURLATCIX, *FINALUDOT=",ET14.5:F8.¢)
Al=4 .
WRITECTU8,53) .
53 FUREATOIX, /<X UDULOT MAX DURING RISE ARE™)
T=0.0 '
L=0

(I ]

o

=

0.

150= 1
VBB ULDGT==BY S INCRYST)m2. wCa2o(DNw2 ) #U

TFCL.GE.TUV0/GOTU 155

K1ZEH™ (=BY*STR(BY*T)=C . *xCwz=(D*x2, ) *y) .
KUTA 0Y/02/60 13.0Ur.51

[}



K1u=s Hx [/

K< Z”H*(“BY*JIN(BY*(T+N/Z
KesH*x (2+K14/2.0)
KJZ‘H*(-HY*OIN(bY*(T+H/C
K3U=H*(L+K2c/<2.)

KwZ*H*(~bY*bIN(JY*(T+H))b“

‘+K3L)
/0.)*(K1Z+c

Kalj=H=* (2
DELTAZ=C(T,
DELYAUS(T.
Z= Z*ULLTAL
us U +ygELTAU
T = 71 + Hh
UDunTls=pyy*§
DUDLOT=UNDOTTI=-ULDOT

IF(LULDOT . GEW V. V)
ISH=1
GO TO 5%
14% I5N=2
155 IFCISU.NE.LISN)GO TO 165
=L+
GO TU 175
165 T2 = T=-H
WRITECIO8,70) UDDOT,TZ,
70 FOKMAT (IX/EZ24.S5,F3.2) "
L =L+
175 ISU=ISN
v G0 TO 185
135 WRITEC106,800UDDOT,T

60 FURMATCIX,"FINAL UDDQT=
AZ2=UDDOT

-glésu

h)-d *C*(Z+K1l/ IR RL,

))-d.*C*(Z+K¢Z/d.)-D**d.

*CH(ZHKSL)=Dx*Z, *(U+KSU))

’*KZZ*& *KI3Z+Kad)
LI LKIU+L, *KZU+¢.*K5U*K4U)

IN(BY*T)*d.*C*Z‘(D**Z.)*U

60 rp' 145

'?E§4.5:F6.2)

(

EXALT CALCULATIUN OF DWELL PERIOD

o =AT+A*(
TEIsA*E+(CxbB/E
TEL=B-C*A
TESwHBnE~2  kAX(rE=(Cx*y,
TE4=d . *CxB=(({*x2,
T =H
AEXP=EXP(=C*T)
U=
DELTAU=U~ A
1FCUELTAD . GE. WY W) GO TuY
Isu=1
G0 TO 205
195 Isu =2
205 T =H
245 AEXP= EXP(-C*T)

)*B/E
)xA+A*(Ewnd,)

AtXP*(A*CUS(E*T)*(B/E)*SINLE*T))

fvs_

U= AEAP*(A*LOS(L*T)+(L/E)*SIN"kT))

KUTA Y70/ 80

*(U+rKU/2,)

T5.0r.351

*(U+Ki1urse.io

J



21
225

235

255
265
365

275
235

295

~196-

T3=T +H

BEXP=EXP(-L*T3)

uls= BtXP*(A*CUS(E*TS)*(B/E)*bIN(t*TJ))
DELTAU=UT-U

IF(DELTAU.UE.0.0)GO TO aﬁs

ISh=i

GO TO 25

ISh=

IFCISO.NE.ISH) GO TO 239
ISO=1SN '

T =T+H

GN Tu 245

T1 =T+1.¢

WRITECIO3,%0)U,T) .

FORMAT{TX, /2K, "UMAX DURING DWELL="/Ei4.D/F0.&)
T=H : =
AEXFZEXP(~C*T) ' ’
UDOTZAEXP*(~TE1*SINCE*T)+TEL*COSCEXT))
DUDULT=UDLOT=AT
1F(LUDOT.GE-0.0)GOTO ¢55
150=1
GUTL 265 ‘ i
150=2 ¥
T=H
ACXP2EXP(=C*T)
UDOT=AEXP*(~TE1*SINCE*T)+TE2*COS(E*T))

T3 = T =#if

BEXPSEXP(=C*T3)
u00T1 BEXP* (-~ TE1*SIN(h*T5)+Thd*C05(E*T5))
‘DUDLT=UDOTI~UDOT

1F(DULOT.GE.0V.0)GOTO sz

(Sh =1

GO TO 285

ISk =2 ‘

IECISU.N ELISNIGO TO <9y .

ISC=ISN o

T = T +H4 '

GO Tu %30S '

Ti= T+ 1.0
WRITECIU8,170)ULOT, T

FOKMATCTIX,/2Xe"UDOT MAX DURING OWELL='/,ET14.3.F8.27
T=h o
AEXF=EXPL=-C*T)
UuDUT= ACXP*(-TEJ*SIN(E*T)—Thh*.us(E*T))
PUVDUT=UDDUT~AL

150=1 o

Al

KUTA PY¥r0d/80
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Uil TG _‘IZ‘)
549 T=t
65 ALXF=zeXP(=C*T) -
UuDLT=Ac XV*(-TEJ*bIM(L*T)—TEQ*LUS(t*T))
T3=T+H
BFEXP=EAP(=L*T3)
UJ)&?.-aLAP*(-TL‘*SIN&E*T))~T&&*LU$(h*]j))
PDUHLDLT=ULDUTTI=LUDOOT .
TFCLUUNUT.6e.L.J)UOTO 535
PS5 =
' wd T 345
555 ISh=¢< ' .
449 IFCLSe.dbL.Tol)GUTY )5)%
r.)r)"luw
T=T=H
G 10 409
355 Ti=T+0. o
WATTECT R, 1¢0dUpduT , T
120 FLoRMATL, K, /¢Xs UDDOT MAX DYRING ODWELL=" BTG4 .2/ k0L L)
RETURE : -
E:IL)
KUTA CYrtud/ivy



