MACHINE DESIGN, U0L.4(2012) NO.1, ISSN 1821 1258  PP.15-20

Preliminary note

DEVELOPING A DYNAMIC LOAD-TRACKING LEARNING-SOFTWARE
FOR WINCH LIFT DESIGN

Emmanuel SIMOLOWO ** - Adeboye GBADEBO ?
1.2 Department of Mechanical Engineering, Universily of Ibadan, Ibadan, Nigeria

Received (27.12.2011); Revised (30.01.2012), Accepted (06.02.2012)

Abstract: Many engineering applications involve the problem cof a dynamic loading property which is often hard to
track and critical in design analysis. The winch-lift design learning software developed in tlhis work incorporates the
graphical display of dynamic loading on the cable or rope of the winch lift within the first seconds of its operation. The
learning software allows the user to generate a profile of this load and its acceleration againsi time in order to obtain
the maximum value of the load to be borne by the whole unit. This feature is underplayed in most engineering software
which usually uses the static total nominal load for simplicity.

The overall program flow is in three sections based on the software architecture. They are the study, practice and the
assessment sessions. At the validation stage, the results generated were compared ¥ith those obtained by numerical
procedures in literature. The results were in the same range with differences invalues af the order 0.1%. In conclusion,

a learning software for exploring motorized winch systems has been developed in this work.
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1. INTRODUCTION

Machine design, unaided with relevant software
application, is generally an interactive process with
associated tedium of numerical synthesis and analysis. Tt
is important that designers learn the process designing in
the most accurate and yet least involving ‘and time
consuming means possible by the use of interactive
software thereby constituting an improvement on
conventional design computations and design teaching
methods. More so, the creativity in engineering design
should be a critical function of education [1, 2].

Software design methodology has undergone tremendous
transformation from the periods when Pascal/C and
SA/SD were mainly used to develop applications to the
present times when factors like modeling, globalization,
coding, testing, and maintenance are taken into
consideration [6].Today, software packages are being
used in virtually all fields and at all levels to improve
learning skills: Recent Works related to this area of study
include; software design for turbo. machine parts [5],
profile design of cams and followers systems [15, 16, 17]
and design of mechatronic systems with varying
dynamics [9]

The learning software developed here in performs basic
design calculations relating to the design of a winch lift.
Winch lifis employ many engineering principles and
modem ones combine the use of wheel and axle, gearing
and leverage to achieve lifting and thus form the basis for
an important design case study for training winch
designers. The picture and a simple model of a motorized
winch is shown in Figure 1. The mathematical
involvements of the major aspects of the winch lift design
process are incorporated in the software to allow the user
to see the effects of all design modifications on the

performance of the lift. It is meant to serve as an example
of what can be achieved by correctly employing software
in machine design and to emphasize the importance of
computer-aided techniques in training and learning,

As a learning aid, this developed software grossly reduces
the time required o carry out design computations and
gives the users a clearer view of the overall design
objectives. Professionally used, it will reduce the effort
required of both user and benefactor in performing their
respective roles in the process of design.

The Winch lift constitutes a good basis for an important
engineering case study and learning aid because it
incorporates critical design concepts. It can be used to
show the general approach to design and also to monitor,
point out and correct faulty design practices. It
incorporates; (i) the general approach to machine
elements design concepts (ii) winch lift design
implications (1i1) design of some tribo-elements.

2. NUMERICAL DESIGN
£

Procedures obtained from earlier works in machine design
[7, 8, 9, 11] as well as other design principles [3, 4, 6]
have been applied in the development of this leamning aid.
The description of the mathematical design of the winch
lift is in two stages: (i) design of lifting mechanism (ii)
gear-link design.

2.1. Design of Lifting Mechanism

The lifting mechanism design stage determines critical
parameters needed for the entire design process. The time
for each lift cycle called the lift rate. (L,) is given by
equation (1), while equation (2) gives the actual lift time
(Au). N, 1, 1s the number of lift actions and Ly is the lift
time
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Fig. 1. Motor Driven Winch Lift Mechanism
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Lift fraction Ly is the action part of the total time (lifting,
lowering and static) utilized only for the lifting of load.
All these values are based on the design requirements.
Equation (3) computes the average velocity (Av;), while
the live load (L) and the total nominal load (Ty) are
obtained by equations (4) and (5) respectively. The dead
load comprises the weight of rope and hook while the lift
height (Ly) is vertical height through which load is
conveyed. The weight of item is W, while N, is the number
of item. In equation (5), L, is the live load and D, dead
load.

_L

% (3)
Ly =(W,XN,) “@)
Ty=Ly+ Dy (5)

The power required for lifting action (P.) is obtained by
equation (6), while D,,, the angular velocity of the drum
shown in figure 1 is computed with equation (7), where
Dyaq is drum radius. Also equation (8) gives the gear ratio
(G;) for the worm set where N is the motor speed.

P = (THL th) ’ (6)
A,
Dy = (Av)Draa (N
D
= 8
O== (8)

To detérmine the maximum dynamic load T, the
dynamic loading on the rope or chain must be considered.
Based on the schematic dynamic system and free body
diagram shown in Figure 1, the presence of the rope
which acts as a spring/damper system sets up vibration in
the system lasting as long as it takes the load to reach
steady state [12]. It is important to estimate the value of
this maximum load to ensure that it does not exceed the
maximum permissible load on the rope and that the
system can provide enough energy to overcome this load.
This maximum force and drum torque are from the on
going analysis. Specifying weight as W, spring force as I,
and damper force as I'y, Newton’s 2™ law for this free
body diagram gives.

F,+F,,o=ij"3 9
g

Where, F; = k(y; — yJ; Fa = () —-Y,) with ¥
represents acceleration and ) as velocity. Subject to initial
conditions: t = 0; yi(0)=0; y(0)=0; 3(0)=v;
¥, (0)=0; equation (9) transforms to equation (10)

k Y
» =[—o». )+ —yz)—g] (10)
m m

E:Suation (10) above can be rearranged as (11) to give a
2™ order ODE with constant coefficients.

k c. c. k .
Nt—=—mt=Y,=—n+—-n+t+g (11)
m m m m

Once it is recognized that for any value of time t, < and
m
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k : c
—are constants and constant coefficients B = — and
m m

C= il‘-; then equation (11) is rewritten as equation (12)
m

By, +Cy, =D(r) (12)

D=3+ Xy +g (3)
m m
The solution o equation (12) is however dependent on
one major assumption: “The rope spring K is constant
over lhe peniod for which the vibration exists’. This is not
the case in reality as the rope is being coiled up during
this period thereby reducing its length. In reality, the rope
would have to be treated as a collection (n number) of
springs in series such that for springs of constant k', the

r

overall spring constant would bck:f-—-. This would
n

allow the designer to account for the coiling up of the
rope by removing successive springs from the series
based on the speed of coiling. The spring constant would
thus change from ol at the start to iat some later time
n m

where m is number of springs in the series at thal time.
The assumption 18 however a reasonable one since the
time period under consideration is small (of the order of a
few seconds) and thus the amount of rope coiled up is
fairly negligible. A complementary solution to the
corresponding homogenous equations
Vo +B-y,+C:p, =0 with constant coefficients is
found. The complementary solution is

= cxp(-;; -1){A - Cos((ARG Y1) + B - Sin((ARGYyy (14)

__(_)’], A and B are arbitrary

constants. A particular solution to equation (12) is then
found based on the form of the right hand side. Since the

right hand side is of the form D(:)ai.j;,+£-yl+g,
n m

we expect a particular solution of the form y, = (d 1) + e.
The particular< solution is found using the initial

conditions 10 be’ y, = (v-f) - % .. The general solution

is obtained as @ sum of complementary and particular
solutions to give.

v, =exp(ﬁ-r)[,4-Cac((ARG)(r))w-Sm((ARG)(r)}]m (15)

Where A=(v-r)—£;‘§

¥, 1s written as

Py exp(-z"—'. DIH - Cos((ARG)(t)) + V] (16)
m

Where ¥ = H1-Sin(ARG)(1))

H= (_L-DH((ARG)(DI});
2m
H1=(----D1)+(ARGxD):
2m
D =(~=—-A)+((ARG)B));
2m

Di=(~5—B) ~((ARGY(d)).

Expressions for the arbitrary constants A~and B are

computed based on the mual ~conditons as
¢ .
—_— 1
A=—=B=—=0_— At this inl  a complete
k ARG 4 J

expression for the acceleration 1, in terms of time t alone
is available. A plot of values of the 7, against t is used to

obtain the maximum ‘value of ¥,. Then the maximum

load (force) and thus maximum drum torque are found by
applying Newton’s 1% law as.

Frax=m ji,

(17)

Tm\x= 'mDﬂ'

(18)

The plot of y, and Ty, are displayed in Figure 5. D, is
the Drum Sheave Radius. These maximum values set the
requirements which the worm gear set must meet in order
to lift the load. The maximum load must not exceed the
maximum permissible load on the rope in order to prevent
rope failure and the maximum drum torque must be met
or exceeded by the wormset output torque value in order
for the winch to operate atall [14]

2.2. Tribo-element Design for Winch

This design stage involves using models of each part of
the winch lift and appropriate functions to calculate the
required parameters [15]. Examples of such parameters
are forces, moments, torques, deflections of particular
sections and adequate safety factors based on material
choices. This forms the main area in which the iterative
procedure is employed. The main design includes the
sizing of the worm — set speed reducer, the shafl carrying
the drum and the bearings within which it rotates.

The complete design of a worm set is herein performed
based on design information or parameters obtained from
the lift mechanism design. Parameters include the
required Torque (M,), input speed (N;) and output speed
(N;). The selection of material for worm/wheel and
diameler factor (q) is based on standard tables [12]. The
gear ratio R, can be obtained using equation (19), while
the center distance (a) between worm and wheel is an
assumed parameter al commencement of design. The
number of treads on worm (Z;) and wheel (Z;) are
obtained by equations (20) and (21) respectively where m
is the axial module. The pitch diameters for worm (d;)
and wheel (d,) are cajculated using equations (22) and
(23). The lead angle ( A ) ensuring self locking capability
is calculated employing equation (24) in terms of the
worm diameter (d,), worm gear diameter (dg), number of
worm teeth (ny), number of worm gear teeth (n).

17
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Z,
R, :z_ll (19)
Z = QL(M 20)
RE
2 =Rgny 21
0875
dy=qxm= 15 (22)
dy=2nPx=(2.a—d;) (23)
A=Tan™(—2e_) (24)
Py,

The max allowable face width b, is calculated by equation
(25) where P, the axial pitch of the worm as appearing in
equations (26) and q the diameter factor obtained trom
standard tables [12]. The tangential velocity V,is
obtained by equation (27) where m; and n, are the
rotational speed of worm and wheel respectively.

b, =2.m(q+ 1)** = number < 0.67. d, (25)
M=t (26)
a
= mdy
=25 27

The tangential load factors based on materials (C,), size
ratio (Cy,) and friction (C,). Subsequently the tangemtial

load (W), friction force (Wy), rated power output (4, ),

power loss (¢, ), rated power input (¢), efficiency of
worm set (77) and rated output torque (T,) are calculated

by equations (28), (29), (30), (31), (32), (33) and (34)
respectively. The coefficient of friction is jt.

W=0.0132C,C, C, b, i (28)
MWy
Cos(a, YCos(A) 2%
¥, d,
4, = __R, (30)
$. =V, (31)
¢= 450 +¢L (32)
')
= Yo 33
Ul 4 (33)
To=’VgX0.5Xdl (34)

The values of rated input power and rated output torque
obtained from tribo-element design must meet the
requirements for the lift mechanism designed earlier
atherwise a redesign is necessary. The design process is
brought to an end by the documentation stage which

involves the complete specification of all the paramelers
which accurately define the machine (winch lift) to
achieve the particular design criteria [1].

2.3. Sample Winch Lift Design

Shown in Table 1 is a complete list of the results obtained
numerically. Equations and processes described in section
2.2 above are applied to a specific case study of winch lift
design. The results were obtained in two iterations and
were later compared with results obtained using
developed software.

3. SOFTWARE DEVELOPMENT

The ideal choice of programming Janguage for the
development of the learning software was Visual
Basic.Net. The relative ease with which Visual Basic
allows a user to create the interface (see Figure 6) made it
the most appealing option and so it was chosen. The flow
chart lor the design stage 15 shown m Fagore 20 The o
stages involved in the software algorithun development
were:

Disptay desian
intarface for Lt
tachanism o Worm
gear sal

|
npul design paramelers for kiling

mechanism or worm set ‘—I

Compite design |

parfiatins i

|

|

|

Yes (Crange

ﬂeﬂjnjl—-

Dispiay design
interface for LAt
Machanism or Worm

gasr sol

Mo (Regn)

Vos

P‘es (Proceed)

Display desigr
ceremeters for fifing
mechigrism or worn
set

Yes (Change
dosigny @ Nao (Rédo)
Jes Proceed
Display next
rage
fyes
Eng

Fig.2. Flow chart of software Practice session
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Table 1. Sample Numerical Design

Specifications for case study design

SN Design Values and Status of
Parameters ipecifications Parameter
1 Items 100
2. Time 2000 seconds
3. Height 73152 m
4 Item Weight 222109Kg Given values
: 49905.21 N/m* based on
5 Spfmg:(:t'm RIRGE (based on design
material) requirements
6. Rope Diameter 0.025 m
7. Power Source Motor
8. Dead Load 222486 N
9. Items per Lift 2
10. S_heuve 0.25m Assumed
Diameter values
11. er Yo 03
raction ~
Lifling Mechanism design
12. LR 40 seconds per
cycle
12 seconds
13. ALT Sradic
14. AVL 0.6069 m/s
15. LL 435.7N Results
16. TNL 658.2 N obtained
17. MDL 32612N
18. PR 0.6019 KW
19. DAV 2438 RAD/SEC
20. GR 1:75
Worm géar set design
Parameters Initial Results Rf."dmgn ok
inal resulls
21. a 0.139m 0.150
22; R 1:75 1:7%
23. d; 0.0511 m 0.0546 m
24. d, 0.2269 m 0.2454d m
25. A 0.0592 rad 0.0598 rad
26. b, 0.0342 0.0366 m
27. F"’;T;‘pg"“' Chilled casiing  Chilled casting
28. C, 1000 1000
29. Cu 0.6256 0.6526
30. £y 0.2723 0.2621
31. Vi 4.6143 m/s 4.9323 m/s
32. Wi 6156.7 N 67448 N
33, a, 20° ‘ 20°
34. m 0.022 0.0211
35. Wi 142,65 N 151.42N
36. [ 16824 W 199322 W
a’. @y, 65822 W 746.88 W
38 [ 2340.64 W 274010 W
39, | 0.711 0.727
40. Ts 698.5 Nm 82755 m

(1) determination of a programme structure (ii)
Creation of a user friendly program interface (iii)
Development of the codes (iv) Performance testing and
tuning. Once the software development was completed, a
full evaluation was conducted and validation of its results
was performed by comparing it with those based on
numerical procedures in literature. Features embedded in

the functionality of the developed software algorithm
include (i) On-design graphical simulation of a dynanuc
property. (ii) Two-way interactive and flexible capability.

4. VALIDATION OF SOFTWARE RESULTS

The sample design presented in Table | was repeated
using the developed learning software. By comparing the
values in Table 1 and those obtained from developed
learning software, the results are correct and accurate.
Shown in Figures 3, 4 and 5 are the results compared for
the lifting and gearing designs

= Soltware Results = Numérical Rosults
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Fig.3. Validation of results for Lift Mechanism
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Fig.4. Validation of results for Waorm gear design
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Fig.5. Validation of results for Power requirement

19



Emmanuel Simolowo, Adeboye Gbadebo: Developing a Dynamic Load-Tracking Learning-Software for Winch Lift Design;
Machine Design, Vol.4(2012) No.1, ISSN 1821-1259; pp. 15-20

[ Tuiatl oumor of Lilis ]

The waunber of llewe 19 Lo lifted js >

The number wa can lif ot o thmas @Y

| eape

¢ ({onacnice || eam | save |

|| roram | ot

[Fimom torgue |

Tha pursher of teeme por L (07 '
The wmight of sach ltees 27 o=

Thiar Liws Foad (o] s thus Ther st omernin Arass whelt

gon FaEE ey eeds  ENRGEES nsta $72° Hoatk Daita
| | The sumbes af Tifts sequited is _
nnata e Rods  EuREEpEew || 7he Lo Load for sack Lt e Ly § ISt ihe s be pat
The nzzumed sead lnad ir? (1t n
2. tffearize 1ide ayole Time |

Ti-t

The 1ial zoantes of WG ta> ’ "

The taesl time awnilesie 2> 1=l
T Bifovtive Iifting cyole tiae -
(weos) iv (hus [7. Bop.- Paramricts |
[T ———"

ntm e bede)  mado SN Dilacaetis fu)
o ok e

The Eftactive Lifting eycle thne be 1o | | Mo Lavsth I}

The Total Posiine] load (10 is

oty G [T

The timne epend "
Thz Awerags prese (Fu) "
requited is rhust

s Téus pmeies b fyse o b

The txisl Inpne Power (o) da
ot Lowl winhk

vk SRS ||
e T I}
]AA. Dw o Ssugales '?..!uuh, i |

The ¢

e wizeirr o f Uiting v "

The actual Liting tienme kection =7

The actusl Gsne spent litting
feeoe) ds thos

The astual Hiting tens in?
The Bt (o be Lfted tlas ugh

The awrrsge wrlnnire of Hifting
() ) i thus

Tl itk w pos Loiecnes

(| | 7T wvorage sngutar wetaniry
(rnbeno) of thn dimm as s

|
|

e

Pedo
n

B3 hE ue as Ie..gr.u. aw 1@ ..

A1 sere o A T Fiovibs
| [F=Tarm denr vrtie |
tor epwed WL

i g vatie W 1 '
Sugcosted Bnaher pl wocm Atarts ;
] i
|
: :m: e il oy Baizle Pords |

Fig.6. Interface for Design of lifting Mechanism showing the graphical display.of dynamic force (—-) and acceleration
of load (—-) during design process.

5. CONCLUSION

In order to keep up with the modem trend in computer-
aided engineering learning practice involving various
aspects of machine designs, a dynamic learning
application for motorized winch lift design has been
developed in this work. The software with the aid of
appropriate  features takes the user into proper
understanding of the dynamic loading and acceleration
phenomenon by performing and displaying an on-design
simulation of such properties as they relate to the design
stages of the winch lift. The software proves reliable
when compared with results obtained from numerical
procedures. Through this work, further tasks are opened
up on the various winch lift systems by extending the
algorithm potentialities of the present leaming software.
This is because the underlying nuinerical design analysis
for dynamic loading of the lifting system is here in
captured for software design analyses and demonstration.
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