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DWELL-RISE-FALL-DWELL AND DWELL-FALL-RISE-DWELL CAM LAWS.
SECTIONS 14 TO 23: EXAMPLES

Data Itemsin the series on Dwell-Rise-Fall-Dwell cam laws are:
Item 06002[19) - Sections 1to8:  segments having equal rise and fall periods,
Item 06003!19] - Sections9to 13: segments having asymmetric rise and fall periods,
Item 06004[17] - Sections 14 to 23: examples,
Item 06005[18] - Computer program.

CONTENTS

Page
14. NOTATION AND UNITS 1
15. INTRODUCTION 4
16. EXAMPLE 1-CONTROL OF SEPARATE DRFD AND DFRD MOTIONS 6
17. EXAMPLE 2—-PRINCIPAL DIMENSIONSOF FALL MOTION SEGMENT FOR 15

DFVRD MOTION TO SUIT SPECIFIED MAXIMA

18. EXAMPLE 3—-EFFECT OF BLENDING RATIO UPON PEAK FOLLOWER 20

ACCELERATION OF DRFD RISE MOTION SEGMENTS

19. EXAMPLE 4-PARAMETRIC SOLUTION OF BLENDED RISE PROFILE EQUATION 26
FOLLOWER VELOCITY AND JERK AT BLENDING POINT

20. EXAMPLE 5-INFLUENCE OF ACCELERATION RATIO OF DRFD RISE MOTION 31
ON PEAK FOLLOWER VELOCITY AND ACCELERATION

21. EXAMPLE 6 —-SIGNIFICANCE OF INTERPOSING CONSTANT VELOCITY 36
COMPONENTSOF VARYING DURATION UPON KINEMATIC
PERFORMANCE OF BLENDED DRFD MOTION

ESDU Copyright material. For current status contact ESDU.

22. EXAMPLE 7—-CONTROL OF A COMPLETE ASYMMETRIC DRFD MOTION 39
221  Introduction 39

222  Cam Speed and Duration of Dwell 40

22.3 Primary Motion Segment (Rise with I ntermediate Constant-Velocity Component) 41

22.3.1 Initial calculationsfor rise 41

22.3.2 Integer valuesfor rise cam angles 44

224  Secondary Motion Segment (Fall) 47

22.4.1 Sarting values 47

22.4.2 Singlecam law application for fall 47

22.4.3 Blended motion with continuousjerk at transition point 48

22.4.4 Blended motion — sensitivity analysisto minimise fall segment angle 50

23. REFERENCES 56

Documents

o Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 06004 2006


http://www.avadocuments.com/doc/esdu-06004-2006
http://www.avadocuments.com/doc/esdu-06004-2006

ESDU

06004

DWELL-RISE-FALL-DWELL AND DWELL-FALL-RISE-DWELL CAM LAWS.
SECTIONS 14 TO 23: EXAMPLES

14. NOTATION AND UNITS

The units used in this Item are predominantly Sl but any coherent system of units may be used. All angles
are measured positively in an anticlockwise sense and the cam is considered to rotate in an anticlockwise

direction.

Equations, sketches, tables, appendices, etc. identified by section numbers not found in this Item are to be
found in: Sections 1 to 8 and Appendices A to D in Item 06002!2°! and Sections 9 to 13 in Item 06003[16.
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coefficient of SCCA cam law ( = 641°/(72+ 71%))

follower offset

acceleration due to gravity

total lift of tranglating follower corresponding to one motion segment

coefficient for Modified Sinusoidal Acceleration motion equations
(J=n/(n+4))

acceleration ratio (see Equations (4.1) and (11.25))
blending ratio (see Equation (4.1), (4.5) and (4.31))

component blending with dwell
component between peak velocity and reversal of follower velocity

parametric component blending with dwell

Units

parametric component controlling peak velocity and reversal of follower —

velocity

normalised cam angle (see Equation (3.2a))

normalised follower displacement (see Equations (3.3a) or (3.3b))
non-dimensional follower velocity

non-dimensional follower acceleration

non-dimensional follower jerk

linear displacement of translating follower

linear velocity of tranglating follower
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y linear acceleration of trandating follower m/s?
y linear jerk of trandlating follower m/s®
Z, intermediate calculation parameter (see Equations (4.11) and (18.5)) -
Z, intermediate cal culation parameter (see Equations (4.23) and (19.1)) -
Zy intermediate cal culation parameter (see Equation (11.10) and (22.31)) -
Z, intermediate calculation parameter (see Equation (11.32)) -
() total angle of cam rotation corresponding to one motion segment degree
0 intermediate angle of cam rotation corresponding to one motion segment degree
(0 angle of cam rotation at start of motion segment degree
¥ total angle of follower swing associated with one motion segment degree
W angular displacement of swinging follower degree
v angular velocity of swinging follower rad/s
] angular acceleration of swinging follower rad/s®
v angular jerk of swinging follower rad/s®
O, angular velocity of cam rad/s
Subscripts
B refersto value at blending point
cal calculated value
cv refers to constant velocity component
dwell refer to dwell motion of follower
F refersto finish of constant velocity component
fall refersto fall motion of follower
i refersto equal jerk in components at blending point (see Equation (4.29))
max indicates maximum magnitude
N1 refersto notional dimension of component blending with dwell
N2 refersto notional dimension of component controlling reversal of velocity
P1 refers to parametric dimension of component blending with dwell
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P2

rev

rise

V1

V2

CCCA
DFD
DHM
DRD
DFRD
DRFD
DFVRD
DRVFD
dwell
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jerk
SHM
THM

Copyright Engineering Sciences Data Unit
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refers to parametric dimension of component controlling reversal of velocity

refers to parametric dimension

refersto dimensional value at reversal of follower velocity

refers to rise motion of follower

refersto start of constant velocity component

refersto Secondary Motion Segment

refers to normalised location of maximum follower velocity for single law motions
refers to normalised location of maximum follower velocity (Component N1)

refers to normalised location of maximum follower velocity (Component N2)

Definition of termsand acronyms

Constant-Cosine-Constant Acceleration

Dwell-Fall-Dwell

Double Harmonic Motion

Dwell-Rise-Dwell

Dwell-Fall-Rise-Dwell

Dwell-Rise-Fall-Dwell

Dwell-Fall-Rise-Dwell with constant velocity components
Dwell-Rise-Fall-Dwell with constant velocity components
refersto dwell of follower

third derivative of the displacement equation with respect to time
Simple Harmonic Motion

Triple Harmonic Motion
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15. INTRODUCTION

This Data Item' contains examples illustrating the application of Dwell-Rise-Fall-Dwell (DRFD) and
Dwell-Fall-Rise-Dwell (DFRD) cam motions, including blended motions and those having a constant
velocity component interposed between components controlling the acceleration and retardation of the
follower (DRVFD and DFVRD as appropriate). The analysis and the equations of single cam laws which
satisfy the boundary conditions for these types of motion are given in Item 06002!%°!, The equations of
Dwell-Rise-Dwell (DRD) cam laws, some of which are suitable for Component N1 of blended profiles
adjoining the dwell, are given in Item 82006(°.

Besidesthe applications of camlawsto conventional mechanismsused throughout this seriesof Dataltems,
the laws given are equally applicable to the definition of the output motion of *“electronic cams’. (See
Items 82006¢1, 06002[1%!, 06003!1¢] and 060051181 )

The examples are confined to the establishment of the dimensions needed to define the motion, together
with the provision of curvesillustrating the follower displacement, velocity, acceleration and jerk relative
to the cam angle for that motion segment. It is strongly recommended that the ESDU computer program
(seeltem 06005[18]), be used for these calculations, including sensitivity analyses to optimise the motion.
All analyses can be continued by exporting the motion fileto other ESDU computer programs, e.g. OSCAM
(see Item 00014[12]). See also “Guide to the use of ESDU Data Items on cam design”, Item 01002[23],

Examples1to 6 apply to follower motions having equal riseand fall periods, whereas Example 7 illustrates
procedures for analysing an asymmetric follower motion having unequal rise and fall periods.

Example 1 applies the analysis of Section 3 to solve single-law applications of both DRFD and DFRD
motions. The calculations are performed by hand: different polynomial cam laws chosen from Section 7
are used to illustrate the differences between them. To avoid cumulative error, the intermediate stages of
hand calculations were taken to several decimal places further than the accuracy required for the final
results.

Hand calculations are also used in Example 2 to illustrate the analysis of a blended motion incorporating
an intermediate constant velocity component (see Section 5). In this case the maximum follower velocity
and acceleration and the maximum permitted lift are specified. The analysisis used to find the segment
angle and lift, together with the notional values of these dimensions for the components of the profile.
Example 2 also illustrates the combination of a DRD cam law for Component N1 adjoining the dwell
(Cycloidal motion, seeltem 82006[6]), aconstant vel ocity component and aDRFD cam law for Component
N2 controlling the reversal of velocity (Double Harmonic Motion, see Section 7). These cam laws were
selected to demonstrate the application of cam laws having different values of u,, and w,, at the blending
point (see Appendix D).

ESDU Copyright material. For current status contact ESDU.

The direct application of a single-law motion for a given segment angle and lift immediately determines
the magnitude and location of the peak follower velocity and acceleration. Example 3 illustrates the
procedure for introducing some flexibility into the output motion by applying the principles of blended
profiles whilst using the same cam law for both components. The Acceleration Ratio, k, , is varied to
illustrate ameans of mitigating the large difference between the peak values of acceleration and retardation
of the Double Harmonic Motion cam law.

The equations defining the motion of acam follower driven by a cam with a blended profile are functions
of the notional segment angle and notional lift of the appropriate component. As these dimensions differ
from the actual segment angle and lift of the complete blended segment, the follower motion cannot be

T Equations, sketches, tables, appendices, etc. identified by section numbers not found in this Item are to be found in: Sections 1 to 8 and
Appendices A to D in Item 06002!'% and Sections 9 to 13 in Item 0600316,
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expressed interms of the non-dimensional parameters, w, w’, etc. applied to single-law segments. I nstead,
thedirectly comparable (but dimensionalised) parameters, yp, Y , €tc. arederived in Example 3 by putting
the cam speed, 0., segment angle, @, and lift, H, or follower swing, ¥, all equal to unity to obtain the
corresponding values.

Profileblending also providesameansof increasing thevariety of cam motionsavailablefor DRFD motions
specified solely by segment angleand lift. In Example 4 the DRD Cycloidal motionisused for Component
N1fromtheblendwiththedwell to thetransition point at maximumfollower vel ocity. Although asingle-law
DRD application of SHM imposesinfinitejerk at the start and finish of the motion, thismotioniseminently
suitable for Component N2 from the transition point of a blended DRFD action to the reversal of follower
velocity asthe peak retardation occurs at maximum displacement. 1n the case of motions having equal rise
and fall periods, the displacement curve for thefall isamirror-image of that of therise. Hence, thereisno
discontinuity of jerk through the blending point. (See Item 8200618 for both of these cam laws.) In
Example 4, the notional dimensions of each component, in the absence of other constraints, are determined
by equating both the velocity and jerk of the follower of each motion where they blend at the transition
point. To assist comparison with other motionsand application of theresults, the specification of thisprofile
is derived in a parametric form directly analogous with the normalised form of cam angle and lift and the
non-dimensional parametersfor follower vel ocity, accel eration and jerk associated with single-law motions.

Therelationship between kinematic performance and the proportions of the componentsforming ablended
motion are investigated in Examples 5 and 6. A general solution showing the variation of the peak values
of follower velocity and acceleration for acceleration ratios over the range, 0.4< kAS 2.5, isgivenin
Example 5 for a combination of Modified Sinusoidal Acceleration motion (see Item 82006 6]) and
Constant-Cosine-Constant Acceleration motion (see Section 7). The significance of the acceleration ratio
upon the cam angle corresponding to follower displacements of 80% and 90% of the lift is investigated.
This study has been extended beyond the practical range to show the trend clearly. For comparison, the
corresponding values for k, = 1 of the single-law Triple Harmonic Motion are superimposed upon
Sketch 20.4.

The significance upon the output motion of interposing constant velocity components of varying duration
into a blended rise action is examined in Example 6. The combination of Cycloidal motion and SHM is
used in the same manner as for Example 4.

Example7illustratesthe application of the proceduresfor determining asymmetric DRFD follower motions
(see Item 06003[16]). In Example 7 the working output motion of the end effector, incorporating an
intermediate constant-velocity component, is driven by the rise action from the dwell to the maximum
displacement. The fall begins immediately. The solution of the rise using the principles given in
Item 06002!1°! provides some starting data for the design of the idle fall motion. Additional design
constraints are imposed on the fall by a restriction upon the peak retardation and the required minimum
duration of the dwell between operating cycles. Comparison of alternative profiles demonstrates the need
for a blended profile. It is concluded by a sensitivity analysis to illustrate an approach to finding a
compromise between conflicting requirements.

ESDU Copyright material. For current status contact ESDU.

Throughout these examplesit is assumed that the cam rotates at anominally ‘ constant’ speed.
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16. EXAMPLE 1-CONTROL OF SEPARATE DRFD AND DFRD MOTIONS

This manually worked exampleT illustrates the application of the equations defining DRFD cam laws to
the active motion segments of a cam rotating at 500 rev/min to drive a swinging rolling follower with
separate DRFD and DFRD actions. Thefollower dwellsat the same intermediate position between the two
actions. Thetiming diagram (see Item 03010[14]) for the follower motion during one complete rotation of
the camis given in Sketch 16.1.

Displacement of swinging follower, v

Cam angle, ¢ (degree)

Sketch 16.1 Timing diagram for cam driving a swinging follower
with separate DRFD and DFRD actions

Sketch 16.1 showsthat the profile consists of six mation segments. The motion starts with a DRFD action
fromadwell, whichisan intermediate follower position abovethe primecircle. It beginswithariseaction
during Segment 1 and isfollowed immediately by afall in Segment 2 to theinitial start position. Theangles
of riseand fall are both 60° and the following swingis 15°. After adwell in Segment 3, thefollower begins
a DFRD action. The fall occurs during Segment 4 and the rise in Segment 5 followed by a dwell in
Segment 6. At the end of Segment 5 the follower isrestored to the starting position. The angles of fall and
rise are both 90° and thefollower swingis 12°. Consequently, the cam profile touchesthe Reference Circle
only at the junction of Segments 4 and 5 where the follower vel ocity reverses, midway through the DFRD
action. Thisinner limit of follower travel is designated as the reference datum from which the follower
displacement is measured.

ESDU Copyright material. For current status contact ESDU.

In the absence of constraints requiring any intermediate precision points or constant velocity components
in either action, the 2-4-5 Polynomial Cam law was chosen for Segments 1 and 2 and the 3-4-5-6 Polynomial
Cam law for Segments 4 and 5. These laws comply with the boundary conditions defined in Tables 3.1
and 3.2. With these cam laws the jerk is finite throughout the motion and the peak values of the
non-dimensional velocity and acceleration parameters, |wy .. | and ‘W?Wk respectively, have similar
magnitude to those of established DRD cam laws (see Tablesin Appendix D).

T Equations, sketches, tables, appendices, etc. identified by section numbers not found in this Item are to be found in: Sections 1 to 8 and
Appendices A to D in Item 06002!*%) and Sections 9 to 13 in Item 06003!¢l.
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Expressed in rad/s, the cam speed of 500 rev/minis

0., = 2mn §69§ 52.3599 rad/s . (16.1)
To avoid cumulative error, values needed for subsequent calculations are given to greater accuracy than
the magnitudes of dimensions, velocities, etc. that are rounded to 2 decimal places.

Segment 1 — Rise of DRFD action (0 < ¢ < 60°)

The cam angle, ¢, ismeasured from the start of this motion segment. The follower motion during the rise
of aDRFD action isdefined by Equations (3.2b) to (3.6b). Thefollower motion during the subsequent fall
motion is defined by the parametric Equations (3.7) to (3.10). The boundary conditions defining the
follower motion during a DRFD action are given in Table 3.1. Reading from the timing diagram,
Sketch 16.1, the angle of cam rotation for this motion segment is

T
®, = 60~ = 10472 rad 16.2
1 180 ' (162)

and the follower swing is

T T
¥, = (21-12) — =15-— = 02618 rad. 16.
L ( ) I8 5 1o 0.2618 rad (16.3)

From Equation (7.9), the follower displacement from the reference point for the 2-4-5 Polynomia cam law

ESDU Copyright material. For current status contact ESDU.

isgiven by
2 5
10(1-u,) s 8(1-u))
= + - 4 — -
Vi = Wgwar + g1 3 5(1 Ul) 3
2 5
10(1 - uy) s 8(1-uy
= 12 + 15/ 1 - + (1 — ) — .
5 3 5 Uy 3 , (16.4)
in which the normalised cam angle parameter, u , is
-0
u, = = (16.5)
Dy
From Equation (3.4b), the follower velocity is given by
. Wll (DclPl
W = —
Dy
wj x 52.3599 x 0.2618 -
= 10472 rad/s, (16.6)
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where w’1 is found from Equation (7.10) asfollows

3 4
.2 40
wp = Z(1-u) - 20(1-u) + F(1-vy

From Equation (3.5b) the follower acceleration is given by

. Wy ‘”i ¥y
v, =
@)
, 2
wy X 52.3599 x 0.2618
= > rad/s?, (16.7)
1.0472
where w isfound from Equation (7.11) as
2 3
., 20 160
Wi = -+ 60(1-u,) - = (1-uy)

The magnitude of the normalised and non-dimensional parameters defining the boundary conditions of this
cam law, given in Table D1.3, were found by numerical analysis. By substituting |wj,,| = 1.7332 in
Equation (16.6), the maximum follower velocity is 22.69 rad/s which occurs at a cam angle of

o = 60°x 0578465 = 34.71°. (16.83)

Similarly, by substituting |V\/r'nax = 4.583 in Equation (16.7), the maximum intermediate follower
acceleration is positive and has a magnitude of \jy = 2999.78 rad/s. It occurs at acam angle of

6 = 60°x025 = 15°. (16.8b)

The peak follower retardation occurs at the extreme displacement, i.e. when ¢ = 60°, given by substituting
W' = —20/3 in Equation (16.7) to obtain \j = 4363.32 rad/s%.

Segment 2 — Fall of the DRFD action (60° < ¢ < 120°)

The cam angle and follower swing are the same as those for Segment 1, so the absolute magnitudes of the
follower velocity and acceleration are the same, except that the velocity istowardsthe reference datum and
so is negative. To ensure there is no discontinuity in the jerk, the acceleration at the start of Segment 2
must equal that at the end of Segment 1. In addition, the accel eration must be zero at the end of Segment 2
to blend smoothly with the subsequent dwell in Segment 3. The normalised follower displacement in
Segment 2 is defined by Equation (3.7), i.e.

ESDU Copyright material. For current status contact ESDU.

Wiy = F{1=Uey }s (16.9)

_ _ 0 -60
where Uggp = Up = Tz

Hencethe (1—u) term of Equation (7.9) for the 2-4.5 Polynomial cam law becomes
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Substituting, the follower displacement during the fall is given by

ESDU Copyright material. For current status contact ESDU.

00w  , 8u
Vo = Vo ¥ W 1- 5= +5 U, -
04  , 8u
12 +18/1- +5U; - —3~ (16.11)
The follower velocity for the fall is derived from Equations (3.4b) and (3.8) to give
: W,2 ¢ \PZ
Vo = —— =
)
w, x 52.3599 x 0.2618
= - 16.12
10472 rads, (16.12)
where w,, isfound from Equations (7.10) and (3.9) as
;o 20 3 40 4
W, = -3 u, +20 u, — Euz. (16.13)
The follower acceleration for the fall is derived from Equations (3.5b) and (3.9) to give
) W 0 ¥,
w2 = 2
@,
Wi x 52.3599° x 0.2618
= > rad/s?, (16.14)
1.0472
where w,, isfound from Equations (7.11) and (3.9) as
” 20 2 160 3

The magnitudes of the peak follower velocity and accel eration equal those for Segment 1, except that the
velocity isnegative. From Table D1.3 the maximum follower velocity, v =—22.69 rad/s, occurs at acam
angle of

q) =

60° + (120° —60°)(1 — 0.578465) =

85.29°.

(16.16a)

The maximum follower retardation occurs at the extreme displacement, i.e. at ¢ = 60° and u, = 0. So,
—4363.32 rad/s?, at thisposition. Asin Segment 1 the peak follower

fromthe analysisof Segment 1, \
2999.78 rad/s?, which occurs at acam angle of

acceleration, y =

¢
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Segment 3—Dwaell (120° < ¢ < 150°)
As shown in the timing diagram, Sketch 16.1, the follower is held at the intermediate dwell position
throughout Segment 3 so the follower displacement isgiven by v = yy,q = 12°.

Segment 4 — Fall of DFRD action (150° < ¢ < 240°)

Thecamangle, ¢, ismeasured from the start of Segment 1. Thefollower motion during thefall of aDFRD
action is shown in Sketch 3.2 and defined by the parametric Equations (3.11) to (3.14) and that for the
subsequent rise is defined by the parametric Equations (3.15) to (3.19). During this segment the follower
moves towards the reference datum, so it has negative velocity. Reading from the timing diagram,
Sketch 16.1, the angle of cam rotation for this motion segment is

— o _ o L —
o, = (240 150°) 180° 1.5708 rad (16.17)
and the follower swing is
— o n —
v, = I 800 = 0.2094 rad. (16.18)

From Equations (3.11) and (7.13), the follower displacement from the reference point for the 3-4-5-6
Polynomial cam law is given by

_ 3 4 5 6
Vg = Vel ~ ‘P4(8 Uy —12 u4+6u4—u4)

12 -12(8 u} - 12 uj + 6 uj - ug), (16.19)

where the normalised cam angle parameter, u,, is

u, = =10 (16.20)
(1)4

The follower velocity for the fall is derived from Equations (3.4b) and (3.12) to give

ESDU Copyright material. For current status contact ESDU.

, W), x 52.3599 x 0.2094
Va =~ 1.5708

rad/s, (16.22)

where w), isfound from Equations (7.14) and (16.20) as
, 2 3 4 5
w, = 24u;-48u,;+30u,—-6u,. (16.22)
The follower acceleration for the fall is derived from Equations (3.5b) and (3.13) to give

) W), x 52.3509° x 0.2094
V, = - > rad/s® | (16.23)

1.5708
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where WZl isfound from Equations (7.11) and (16.20) as
” _ 2 3 4
w, = 48u,-144u,+120u,;-30u, . (16.24)

The magnitude of the normalised and non-dimensional parameters defining the boundary conditions of this
cam law, given in Table D1.3 were found by numerical analysis. By substituting W, | = 1.7173 in
Equation (16.21), the maximum follower velocity is—11.99 rad/s which occurs at a cam angle of

¢ = 150° + (240° —150°) x 05528 = 199.75° . (16.253)

Similarly, by substituting ‘V\/r'nax| = 4.8 in Equation (16.23), the peak intermediate follower accelerationis
jr = —1117.01 rad/s?> which occurs at a cam angle of

¢ = 150° + (240° — 150°) x 0.2254 = 170.29° . (16.25h)

The maximum follower retardation, at u, = 1, is found by substituting |V\/r’nax| = 6 in Equation (16.23) to
give +1396.26 rad/s”.

Segment 5 — Rise of the DFRD action (240° < ¢ < 330°)

The cam angle and the follower swing are the same as those for Segment 4, so the absolute magnitudes of
the peak follower velocity and accelerations are also the same. During this segment the follower moves
away from the reference datum, so it has positive velocity. To comply with the boundary conditions in
Table 3.2 and so ensure no discontinuity in the jerk, the acceleration at the start of Segment 5 must equal
that at the end of Segment 4. In addition, the acceleration must be zero at the end of Segment 5 to blend
smoothly with the subsequent dwell. The normalised follower displacement is defined by Equation (3.16),
i.e.as

ws = 1-1(1- ). (16.26)

Substituting 1 —ujg for u inEquation (7.13), thefollower displacement from theintermediate dwell position
isgiven by

Ve = W _qjs[s(l_uj 11w+ e{1oug)

ESDU Copyright material. For current status contact ESDU.

(1-u) |

3 4 5 6
- 2o 8(iv) - 21w (1) (1) | . s2n
where the normalised cam angle parameter, Ug , is
— 240
ug = ¢¢5 . (16.28)

The segment angle, @z, is given by Equation (16.17) and the follower swing, ¥, by Equation (16.18).
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The follower velocity for theriseis derived from Equation (3.4b) to give

W x 52.3599 x 0.2094

Vg = 15708 rad/s, (16.29)

where wé isfound from Equations (3.17), (7.14) and (16.28) as

wy = 24(1- us)z - (1 - u5)3 + 30(1- u5)4 -6(1- u5)5 . (1630)

The follower acceleration for the rise is derived from Equation (3.5b) to give

) W x 52.3599° x 0.2094
Vg = - > rad/s” (16.31)
15708

where wg isfound from Equations (3.18), (7.15) and (16.28) as

2 3 4
wy = 48(1—u5) - 144(1—u5) + 120(1—u5) —30(1—u5) . (16.32)

The magnitude of the normalised and non-dimensional parameters defining the boundary conditions of this
cam law, given in Table D1.3 were found by numerical analysis. By substituting ‘wmax‘ = 17173 in
Equation (16.29), the maximum follower velocity is+11.99 rad/s which, from Table D1.3, occurs at acam
angle of

O = 240° + (330°—240°)(1-05528) = 280.25° . (16.333)

Similarly, by substituting t‘/v” ‘ = 4.8 in Equation (16.31), the peak intermediate follower accelerationis

max
Y = 1117.01 rad/s® whic , from Table D1.3, occurs at a cam angle of

0 = 240° + (330°—240°)(1-0.2254) = 309.71° . (16.33b)

ESDU Copyright material. For current status contact ESDU.

The maximum follower retardation, at ¢ = 240°,i.e. (1-ug) = 0, isfound by substituting
Equation (16.31) to give +1396.26 rad/s%.

W;;,‘ax‘ =6in

The curves showing the follower displacement, velocity and accel eration during a compl ete rotation of the
cam are given in Sketch 16.2.

Segment 6 — Dwell (330° < ¢ < 360°)

The follower is held at the intermediate dwell position whilst the cam rotates through 30°. As shown in
Sketch 16.1, the design requirement for Segments 4 and 5 specifiesthe dwell to be 12° above the innermost
position of the follower and so the follower displacement is given by

Vgt = Wg = 120, (16.34)

Itisnoted that at either end of the 2-4-5 Polynomial cam law joining adwell thejerk hasafinite discontinuity
(see Sketch 7.3).
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Commentary

The 2-4-5 and 3-4-5-6 Polynomial cam laws were chosen for the DRFD and DFRD actions, respectively,
because both comply with the boundary conditions specified in Tables 3.1 and 3.2. However, inspection
of Sketches 7.3 and 7.4 shows finite discontinuities in the jerk curves of both motions at the start of the
rise. Therefore the fourth derivatives of their cam law displacement functions are infinite at this position.
Thejerk isfound by re-arranging Equation (3.6b) to give

3

3
i = weod w(12)°

16.35

- (16.35)
Considering Segment 1, from Table D1.3 the magnitude of the jerk of 2-4-5 Polynomial Motionat u = 0
isw” = 40. Substituting the values from the analysis above into Equation (16.35), the magnitude of the
step change of jerk at the start of Segment 1 is

3
‘ll}q) o = 40 x 52.3599 x 0.2618 _ 1308892 rad/<3 |

1.0472°

Similarly, the magnitude of the step change of jerk at the start of the fall in Segment 4 is 372265 rad/s’.

Section 6 contains the warning “transient oscillations will occur as a result of a discontinuity in the cam
law displacement function or any derivative of that function. Thelower the order of the derivativeinwhich
thefirst discontinuity occurs, the more serioustheresulting vibrations’. Replacing the plynomial cam laws
used in Example 1 by one having zero jerk at all limits of follower travel e.g. Triple Harmonic Motion (see
Section 7.2), advances the first discontinuity to the fourth derivative. This benefit isliable to be obtained
at the expense of increased accelerations. These are greatest in Segments 1 and 2, so the critical values of
the two cam laws are compared in Table 16.1.

TABLE 16.1 Comparison of critical values of follower motion in Segment 1

CamlLaw | CamAngle | Follower Follower Follower
(degree) Velocity | Acceleration Jerk
(rad/s) (rad/s?) (rad/s%)
2-4-5 0 0 0 1308992
Polynomia | 15 2999.78 0
Motion 34.71 22.69 0 —724970
60 0 —4363.32 0
Triple 0 0 0 0
Harmonic | 20.73 4036 0
Motion 30.09 26 0 -1270197
60 0 —4153 0
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Sketch 16.2 Displacement, velocity and acceleration of follower for Example 1
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17. EXAMPLE 2-PRINCIPAL DIMENSIONSOF FALL MOTION SEGMENT FOR
DFVRD MOTION TO SUIT SPECIFIED MAXIMA

This exampIeJr is concerned with the fall motion segment of a cam having a blended DFVRD profile to
driveatrandating follower. Theriseactionisthemirror-image of thefall. For acam speed of 180 rev/min,
the maximum follower vel ocity must not exceed an absol ute val ue of 450 mmy/s, nor may the peak follower
acceleration exceed an absolute value of 1.6 g. The follower displacement during the constant velocity
components of the fall and rise motions is 15 mm. The lift must not exceed 45 mm. The remaining
dimensions are to be determined. Cycloidal motion (see Item 82006[6]) is specified for the components
blending with the dwell and Double Harmonic motion (see Section 7.1) for the components controlling the
reversal of follower velocity.

These data are superimposed on the partial timing diagram (see Item 03010[14]) given in Sketch 17.1 for
the DRVFD fall action only. The symbolsidentify unknown dimensions which need to be found.

This combination of specified parametersis analysed in Case 1 of Appendix B2.

Follower
displacement, y
(mm) Maximum lift
Dwell 45
= A Component N1|  Constant \ Component N2 \
o | velocity | ‘ Motion conditions
= | - @A:y=0,§=0
| | |
| © | | |V | #16 |
S | | | Motion conditions
T . ! ‘ =014
2 |V, 1169 | | | @By=0[¥, #1649
= C ‘
:lL — x Yoy * 450 mm/s x !B
[ [ b >~
Uyg Py i (0 —0g) i (1=u )Py, l Ca(rgezr;gle‘; ¢
@ |

Sketch 17.1 Partial timing diagram for fall of DFVRD action with translating follower
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Basic Dimensions
The cam speed, ., isgiven by

®. = 180 rev/min 2m 16%) = 6m = 18.849556 rad/s. (17.1)

Thefollower velocity during the constant vel ocity component istaken to be the maximum permitted val ue of

Yoy = 450 mms. (17.2)

T Equations, sketches, tables, appendices, etc. identified by section numbers not found in this Item are to be found in: Sections 1 to 8 and
Appendices A to D in Item 06002 and Sections 9 to 13 in Item 06003!16].
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Similarly, the peak follower acceleration is taken to be the maximum permitted value of

1V lex = 169 = 15700 mm/s®

Component N1 — Cycloidal Motion

Dwell to blend at transition point.

From Table D1.1, the significant parameters are given by the following.
Normalised cam angle start to blending point, u,,; = 0.5.
Normalised follower displacement at blending point, w,,; = 0.5.

Maximum non-dimensional follower velocity,

Wl = 20.

Maximum non-dimensional follower acceleration, ]Wr’nax ] = 2m.

The notional segment angle, @, , from Equation (B2.3) is

T

[ Yev| [WNa rex ©@c (180
N1

| le‘max | W’Nl|max
and so substituting known values into this equation gives

_ 450 x2m x 6m 180  _ 0
ONPEE B70x2 1 - 97.2493° .

The notional lift, Hy; , from Equation (B2.4) is

H
N1 180

| Yov| P [ nJ

‘ W;\Il‘ max O
and so substituting known values into this equation gives

450 x 97.2493 1

H = 20.2603 mm.
N1 2 X 6T 180

Constant Velocity Component

(17.3)

(17.43)
(17.4b)
(17.4¢)

(17.4d)

(17.5)

(17.6)

From Equation (B2.7), the cam angle corresponding to the constant velocity component is given by

Ve —Yd ©¢ 180 15 x 67 180
_ = LIF 75 eV DXOT I _ e 17.7
o = 9 N e 70
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