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DEVELOflNG A DYNAMIC LOAD-TRACKIWG LEARNINGSOFWARE 
FOR WINCH LIR DESIGN 

ABstra& Mmy engheedng a p p l i d b w  i d  he problem cfa h i e  loading pprp which is ojet: I I U ~  to 
lmck and criticrrl in design anrjysiz Tlis winch4@ de- Imming JO- developed in this work incorpamtes the 
gmphical display of djlnmnlc W i n g  OPI the Enek or rope ~J l l t e  winc11 I f l  within h e  first s s m &  of fis opernd011. The 
learning @am oUma tlts umr to gene- a profile of this load arid ia amelemtion agaimt time in order to obIain 
ihe h u m  whbs of the Iaard io be boms by wkde  uniL IP~Lfmt~re is underplayed in nIod engfneerlng S O I W  

which umUy wed h e  &tic mminal I d  f o r s h p l k i ~ .  
Tlte owmlipt.ogmmjfow u k lhme w c t i w  Barad m lJlB m&am ad~ikctum. T I q  am I e  study, practice and ;he 
assemmt mssim. Al the wiadmtm abge, the m I t a  genemtd w m  compared I#% &me &mined by ttumerical 
p d u m n  in &emh#m me nmdts wem h ths m e  mnge wi& d g e ~ n m s  in v a h  $ihe order 0.1%. Ibr conchsiot~, 
a learning sofian? for q h g  nrofo-d winch ysbm hrrs Been developed hi this work. 

Key 4 Whch Lifi D p m f c  Loading Learning Softmrre, iZw111@ Vaiirlntion 

1. INTRODUCTION 

Machine d€ign, m8id€d with *ant  aware 
~pplkalim is generally an intmctive proms with 
associated tedium of numerical synthegig and analysis. It 
is important ihat designers learn the pmm~ deaignQ in 
the most lbccumte and yet last involving md time 
consmning means pssible by the tw of i n t d v e  
* m  theby mstwing  an impro-t on 
conventional &ign wmpuhtions and b i g n  h h n q  
methods. More m, the cmhiLy in en- d&gn 
should be a critical function of education (1,2]. 
S o f h m  design methodology has undergone b m d o u s  
transfmmtion h m  the wZlen P d C  and 
slVSD w m  mainly used to devetop spplicufh~~~ to the 
pmmt time8 when &tors like madeling, g l o ~ o n ,  
coding, mihg, and maintenance are taken into 
considualian [6].Todq, software packaga are bring 
used m virtuslly dl fields and at all h& to improve 
~ ~ . ~ t W o r k s ~ t e d t o t h i s m o f s t u d y  

murmance of the liR It i s  meant to save as an example 
of wbnt can be lrchieved by correctly employing s o h a m  
iq machine design and to emphsk the importance of 
oomputer9ided techiqws in training and I1amiug. 
As a laming aid, this developed saftwme wssh reduces 
the time required lo carry out k i g n  c o m p u h ~ i ~ s  wid 
giva the users a clearer view of the o v d  design 
objectivear. Professionally wed, it will reduce the eKod 
raquired of both u x r  and b f a c t o r  m performing h k  
-five r o h  in the prom of design. 
The Winch lift constiMes a good basis far an important 
eogheriug case study and learning aid because it 
incorpata critical d e g i  concepts. It can k used lo 
show the gasera1 rrppruach to design and dso to maniLor, 
pint out and correct faulty dmig~~ practices. It 
incop- (i) the general approach to machine 
dements design concqb (ii) winch liit k i g n  
implications (iii) d&gn of Borne triboelwents. 

include; software design for mb. machine parts [5J, '\ '. 

prof& of and fob- gym [I $14 171 m- obhined from earlier works in nlachine - 
and desip of ddC gyh with varying [7,8, 9, 111 as well ari other design principles [3.4.61 

dynamics [91 
have been applied in the development.of this l&g aid 
The desxiption of the mathematical ~i of ttae winch T h e l ~ = ~ ~ f e ~ ~ p e a - ~ p e r f o - -  ]ais intwostas- [i)d esiga ofliAing mec,,anism(ii) 

dosip ~~ ralating to the deign of a winch liR fign. Winch lifb ernploy many eng- principla and 
lWdem ones combine the W of wheel and d t 2 ,  g&~lg 21. D-ien of L i h e  Mechaniaan - 0 

and leverage to achieve llting and thus form the h i s  for 
an imp-t cage s ~ y  for miniag winch q e  lifting ~~~~ design stege d e w  

% pic- a sjmple model of a motorized IEdd for fhe d&@ 
is shown in ~igare ~b~ danatid fm each lift cycIe Eand the lift mte. &) is given by 

involvements of the major aspects of lhc winch iift design @YJ (I), while eqution (2) gives tht actual lift time 

~ a r e i n c o r p o r a t e d i n & ~ ~ ~ & w t ~ -  (Ad& N L i s ~ m b e r o f l i f t s c t i o m a n d ~ i s ~ e l i R  
to see the &e& of all design maditicatio~~~ on the time 
* C M m r ~ a d o a o s  a u t h  Univsrsify Dspartmaat of Mdmniaal Engineering, Pawl@ ofT+oIogy, Nigcai* 
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&I = U&B (2) 
~ i f t ~ ~ i ~ t ~ s e a c t i o n p a c t ~ f f h e t ~ $ ~ t i ~ ~ ~ ( l i f t i n &  
lowPringd~)atitizedomPyhtheliftinnofload. 
A U ~ v d ~ a r e b a s d o n t h o d e s i g D ~ k  
eguationC3)-~-*itY(.AdI- 
~ E v e l d & ) d i k t o t d m r m i n a l b d ( T m ) m  
OW by eqwths (4) and (5) rqectively. The dead 
l o a d ~ ~ ~ t h e ~ o f i o p e a n d l l m k ~ t h r r l i f i  
h&ht(LdisdcalheightthroughwfriEhWisl 
m q e d  The weight of item is Wt WMB N, is the nambec 
o f i t e m . I n ~ ( 5 I , ~ i s t f i e I m e k o a d a m 3 1 ) 1 d d  
lad 

To determine the mrudmnm dp&c load F,, the 
~ ~ I o a d i a g m ~ m p e m c h a i n m ~ b e  * 

Based on tb. achmtk dyndc ayntrm a n d r b ~ d y  
diagmm shbwn in Pigm I, the pmseace of ttae ropc 
which acts us aa'sprh@damper system set3 up vibration in 
t k ~ m ~ b t i u g a s l o n g a s i t t a b t h l o a d t o r e a c h  

n&mm pmh'ble lasd on tbe mpe and that ihe 
sya tean~prov ideenwghenergyto~~erc~meth i s l~  
~ ~ f w c e a n d ~ ~ u e a t e f m m t h e o n  
goinganalysia Spacifyiag weightmW. &g fomasF, 
and damper force as Fd, Nm-b's ld law for thia free 
M y  dhgmm g i v a  

W k a ,  F. &&I - yal; Fd = c(yl-pz) with ji 
LL = (W,Xhfi) (4' 

&tion and3 as velocrtyrtY Sobjcctto W 
TN '4  f DL 0 ~ o a s : t = O ;  y,(O)=O; ydO)=O: & ( O ) = r ,  
~ ~ ~ ~ ~ l i f t i a p ~ ~ I P L ) ~ o ~ b ~  ~ ( 0 1 + ~ ~ s ~ ~ f i ~ l l ( g ) ~ o - ~ ~ b ~ ~ 1 0 )  
~ n ( 6 ) , ~ I X * . ~ ~ v e l o e i t y o f I h t d r u m  
ahowninEgme1 i a ~ w i t h ~ ( 7 X ~  
Dd h dmm d i m  A h  eqmlion (8) gives the gear ratio K =[$ -KI$~'~ -h~-g] (10) 
(G,)forthemrmsetwhmN,isthemotorspeed 

<T,uxL*) ' + ~ ( 1 0 ) a b o p e ~ e n b e n m m g e d  ~ ( 1 1 )  to givea 
PL = 16) 2 ~ODEwithooastantcoemcienk 

Am 
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The mlution to equation (12) is however dependent on 
onemajor ar#lrrmpaion:  he rape qrimg  is caastant 
o v e r t h e p e r i ~ f o r w h i c h t h e v i ~ ~ . T h i a i s m t  
thecaseindityas!hroptisbeipg~~aedupdoriPg 
~ ~ t b e r e b y ~ i t s l e n g t b . l a ~ , ~ r o p e  
woukl b e  to be es a collection [a mrmber) of 
springs in mies such fhat for springs of mistant k', the 

k' overall @n# conscant would bek=-. This would 
n 

allow tb designer to m I m t  for th wiling up of the 
rope by moving d v e  springrr &om dw s a k  
~ o n t h c s p d o f ~ T t s e ~ c o ~ t w o u l d  

Y K thuschangeh - atthestartto -stsomclatatime 
n m 

~ m i s n ~ o f s p & p m t h e s u i ~ a t h a t t i w e .  
The P-on i W e r  a m s o d t e  one sbw the 
t i m e p w i o d l m d e r d ~ i s d [ o f t h e & o f a  
fewwsonds~dbsthemountof~opewiledupis 
fairly JlegKgiiLe. A oomplmmtmy lwlntion to the 

-=P* h o m o g ~ ~ ~ w  

f o d  The complementary solution is 

c k  right h d  side is of the foam Wr)---A+-.fi+g, 
m m 

weexpectaparticularsolutionofIfieformyz=(dmf) + e. 
The particular ~lntion is found wing ih initial 

isobtrviaedasasumofcompl~kyandparticlllar 
solutions to give. 

E x m o w  for the arbitmy constants A and l3 nre 
oomputed based on the inilLal codfious as 

tc% - .I 
A=~;B=L. M this pobt a a m p w  

k ARG 
for the acceleration ji, in terms of time t alone 

obtain the &m Q ~ U E  of&. Then Ihe maximurn 

Tho plot of j$ and F, are dkphyed m F i p  5. D, is 
Ihe D m  8btave IMb These maximum values set the 
qahneats which the worm gear set mud meet in order 
toliittbe~Themximtmloltdmustnotexceedtbe 
maximum pmhible load on the rope in orda to prevent 
rope failwe'd the maximum drpm torque must be met 
or eacceeded by the wongset output torque value in order 
for the winch to operate &all 1141 

22. !WluAement J)csign for Wiwch 
'Xbis deign $age in~olves rising r d e h  of each part of 
I h e w i n c h I i F t a n d ~ ~ ~ t o c a k a l a t e ~  
required pammdms [IS]. ISmrmpla of such parameters 
are forca, moments. b-ques, deflections of F#uticular 
d m  ad adequate safety facbs b a d  on mama1 
choices. This hrms the main area in which the iterative 
pindun is employed. Tht main bign inducks the 
Wogoftbeworm-setspdredm%, the W c w y i n g  
the dnun and the barings w i d h  which it rotates. 
The complete &gn of a worm set is herein performed 
b e d  on &sign inftmxation or pametas ob&ined from 
the lift llldmim -. Parameters inciude the 

Torsue Wlh blPUtW WI) andoupntt speed 
(Md. The d o n  of material for wmdwheel and 
diameter factor (q) is based on stmbtd tables [12]. The 
gear ratio R, caa be obtained using equation (19), while 
t k ~ ~ ~ t a r ~ ( a ) b e t w e e n w o r m d w k e l i s r m  
asmmul ptuamek at wmmuuamnt or d e s i  Thc 
mrmber of lmds rm - (21) aod wheeI (&) are 
obtakd by equations (20) and (21) mpctive1y where m 
is the axial module. The p h h  diamekrs for worm (dl) 
apawheel(&)areca @dusingequatiofls(22)aad Y (23). The lead angle ( )miswing sdf 1ackrng capability 
is calculatd employiq equation (24) in terms o f  tbe 
worm diamekr (ti,& wmm g w  &meter (Q, rmmber oh' 
worm teeth (b), m b e r  of rmrm gear teeth (%). 
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involw the ~ompkte s p W o n  of all h e  p a m k s  
(19) ~ c h ~ d e f i n e ~ ' m a c h i n e ( w i n c h W t ) t o  

a c h k e t h e ~ ~ ~ ~ l ] .  

. S m O w n i n T a b l e l i s a c o m p ~ P a t o f t h e ~ o ~  
~ ~ y . E q u 8 t i m a n d ~ d e s c r ~ i n s e c t i o n  

(all 2 . 2 a b o ~ ~ ~ a p p l i s d t D a ~ p d n f i e ~ s m d y 0 f ~ h b f t  
~ T h s r m d t s ~ o b t a i n e d i n ~ ~ n s a n d  
wae latcr c o ~  with d B  &tailled usiPg 
* p e a 8 0 b .  

(23) 3. SUFFWARE Dm- 

'Ihe ideal choice of programmiag language for the 
development of the laaming mftware was V h a l  
I3mic.Net T k  rehtive ease with which V i d  Basic 
allawausato weatetk ~ ( s c e F i g n r e 6 ) m a d e  it 
the mod appealkg option d so it ww cham. The flow 
chart Tor thc desiw~ sbge 1s howl ill I;y~uc I .  'llu: nurrli 

stages involved in the s c r h  algurilhrn developmu11 
were: 

T h e m a x d l o ~ b ~ ~ b h ~ b y e q u a t i o n  
(25) whert P, the axial pi* of lhe wmm as in 
qutltiws (26) a d  q tk dhmekx h t o r  o b W  Tmm 
w tablm 1121. 'Xhc lmgdal  velociry vt is 
& e a i n e d b y a q n a t i o a t n ) w l m z % d ~ a r e t h e  
~ s p d o f ~ m d ~ ~ * .  

Fig.2. FIow chart of soJwae Practice asasion 
1 . '  
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Tabk 1 .hpkNume&~lMgn  

2.438 RAWSEC 

20. QR 1 :75 I 
warm g e s ~  sesddga 

Redesign and 
Parametors Initial W b  granlmmlts 

21. a 0.139 m 0.150 
22. % 1 :7s 1 :75 
23. dl OD511 rn 0.0546 m 
24. da 02269 m 0.2454 rn 
25. A 0.0592 d 0.0598 md 
a6. ba 0 .OM2 m 0.0366 m 
a7- Fabriatirn. 

rn Chilled casting ~~d~ 

28. c, 1000 1000 
29. h 0.6256 0.6526 
39. c. O X =  02621 
31. vt 4.6143 d s  4.9323 m l s  
32. WU 6156.7 N 6744.8 PI 
33. Eh m0 . me 
34. m 0.022 0.0211 
35. wr I4265 N 151.42 N 
36. cPo 1682.4 W 199322 W 
37. Ih. 658.22 W 746.88 W 
38. Q 2340.64 W 2740.10 W 
39. 0.71 1 0327 
40. Tm 698.5 Nm 827.55 m 

(i) detmhfion of a prognlmme &wbm (ii) 
Cmtion of a asa &idly prom interface (5) 
Devcbpmai of the codes (iv) Pecfommce Mhg and 
tuning. Once the w f h m  developat was completed, a 
W 1 ~ t i u n w a s ~ o n d u d c d a n d ~ a l i d a t i o n o f i l s ~ t s  

the func!idity of the developed s o b  algorithm 
include (i) On- &phimi sirnutation of a d y d c  
property. (ii) Two-way inkactive and ff mile capability. 

4. VALIDATION OF SOFTWARE RE§ULTS 

The sample &sign pmmed in Table 1 was repeated 
using the developed 1 g wftware. By wqdng the 
v a l w  in Table 1 d "41P. k obtain& from developed 
1- rnfhwre,, the d t s  are w m t  and murate. 
S h o w n h F i i 3 , 4 t m d 5 a r e t h e ~ c w n ~ f o r  
tkliftingaadgearingde3igm 

Fig.4. Validairon of ~ l i s f o r  W m  gear design 

w a s p r " f d b y ~ i t w i t b t h o s e b a d o n  
I h- F- M~ in Rg.5. VaUduribm of m8&s for Power mqt~irsment 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



5. CONCLUSION 

Inorrlertokp~rpwitbttbemodamtrFmdin~tPr- 
a idd  aghcdng leaariag ~ & I X  iwo1Ping va&m 
aqx& of mmhhe daigns, a dynamic 1- 
a p p W o n f o r m o t o h e d w i m c h E f t ~ h ~ B e e n  
~ ~ m t h i s w W k . l h e s o f t w m w i f h t b a i d o f  
s p p r o p r i a Q e ~ ~ t h e w h t o p m p s  
~ o f 0 I e d y a a m f c ~ a a d a o c e l e r a o i r m  
~ ~ b ~ ~ n b y ~ a n d ~ a n ~ ~  
~ o f ~ ~ a a r t b e y ~ t o t h e d e s i e p l  
stags of the winch litt. TIM mf?iwam proves dable  
W h e n ~ w i t h ~ o ~ f r P m n m n s r i c a l  
~ T h m P r g h t h i s w o r k , ~ t a s b a r e o ~  
u p o n t h e v ~ w i n c h l i f f y ~ b y ~ t h e  
alg& p o t a m  of the pmmt h m h g  saftwsra 
T h i p i s ~ t h t ~ ~ d w i g n a M l y &  
fordyaamiclmdhgoftbIi[ting systemiskmin 
c @ X d f a r m W + ~ B a d E  tion. 
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