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2. Forces in suspensions of tubs and counterbalance ropes caused by kinematic 
inputs (starting of the loaded tub from the shaft bottom) 
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o
2
v(y,t) -at o2

v(y,t) =0 

a1
2 oy2 

o2v,(y,,t) -ai o2v1(Y1,t) =0 

at2 ayf 
which follows boundary conditions 

v(y =0,t)=q(t) 

M o
2
v(y=IN,t)_A E ov1(y1 =0,t)_A E ov(y=IN,t) 

2 ~2 - W W ~ N N ~ 
ut uy1 uy 

óv1(y1 =lwr,t) =O 

óy, 

where: 
q (t) - the known time function. 

Then we can look for the solution of equation (1) having the form (Kaliski 1987): 

(3a) 

(1) 

(2a) 

(2b) 

(2c) 

(2d) 

(3b) 

The calculation procedure is signifi cantly complicated, owing to the specifi c feature 
of d 'Alembert method and the necessity of resolving the system of equation ( 1) in the 
subsequent time intervals relevant to periods required for the transition of the elastic 
deformation wave between boundaries of the continuum. In the model of the system 
there are li fting and counterbalance ropes and it is necessary to determine functions 
relevant to each rope and in all intervals of their lengths. Practically, it is not possible 
to obtain the general solution in such a way as there is an unlimited number of 
combinations of the counterbalance and lifting ropes lengths, what does affect the 
solution procedure itself. Therefore, the infinite length of the counterbalance rope has 
been assumed initially, and the number of functional forms was limited only to intervals 
resulting from the lengths of li fting ropes (3a). Regarding on (3a) and (3b) in relations 
( 1) the formulae describing the function Jo, go, <po, \Jfo were obtained in different intervals 
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of the plane of variables and namely: (t,y) for the supporting rope and (t,y1) for the 
balance. 

After substitution: 

(4) 

and regarding that: 

(5) 

these functions will obtain the general form (limited to the li fting rope in this report): 

(6) 

g{+ ~ J~ h~ lh{t <~211+ :}f + ya-N2/f<h,,h,)-ll-e-h,[,+:; ') Jl 

[ y-2/J a [ 2(hrhs +h,2)[ y-4/J h,
2 

[ y-4/J2 

·U t +-- +- ----'-------=----------'-- [ +-- +- [ +-- + 
a N h_; h, a N 2 a N 

[ y-4lJ a[3h,
2
+3h}[ y-6lJ h,

3
1[ y-6lJ2 

·U[+-- -- ---- [+-- --- t+-- - 
«» h_; h_; «» h_,. 2 =» 

lh_2(h,.J3
( y-6[)2 -i,,(1+y:,:

1

) j [ y-6/J +- 1. - t+-- e ut+-- 
2 · hs aN aN 
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(7) 

[ 

( y+2/)\ j h,. t--- I h +21 a 
(h,.h,)+ -l+e " ' JI+ h:) u(1-YaN )- h;' [ ui,«, + h,

2
) ( y + 41) t--- + 

s, «» 

2 2 2 2[ -h(1-y+4/)j 2 h,.( y+41) 4h,.h.,+3h,.+hs l s aN (h,. l) +a- t--- +--'----''- -e - -+ 
2 aN h; hs 

2 2 3 2 [ -/, (1-y+G/): 2 
·~(t-y+61) _33h,. +2h,; +h,.hs l-e s aN +3h,.(~+l) 
2 a N hs h.1. 

( 
y +61) -h,C-Y::/J l h2(h,- l)J( y +61)

2 -hs(/-Y::/) j ( y +61) · t--- e +- s -+ t--- e u t--- 
aN 2 hs aN a N 

When there is considered only the case of the tub starting from the shaft bottom the 
infl uence of the counterbalance rope may be neglected, and if (h1 = O) then h, = h + h1 = h 
and= h - hi = h. 

Now, when hs =hand h,. =hare substituted in equations (6) and (7) the foll owing 

formulae describing functions g O ( t + ~ ) and fo ( t - ~ J were obtained: 

(8) 
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The formula (3a) does describe the displacement of any crossection of the coun­ 
terbalance rope in the case of the tub elevated from the bottom loading level when the 
function go and /o were determined. The stress in any crossection of lifting ropes that 
result from the elevation of the tub is: 

Then, after relation (8) and (9) were used and after ordering we have: 

a { h 
2 

( y ) ( y + 21) a(t,y)=EN -
2 

--- t-- ut--- - 
h 4aN o» aN 

(10) 

(11) 

( 
y +6/') [ 2h h

2 ( y -21) 2h -h(t+ y~: 1

]1 ( y -2!) 
·U[--- + -+-- t+-- --e U t+-- + 

a N a N 4a N a N a N a N 
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-h(i+ Y:
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) 4h3 
[ -6/)2 -h(I+ Y:

61)j [ -6/) -e N --- t+_Y __ e N u t+_Y __ 
aN «» aN 

What's more, the dynamic surplus of the tub suspension load elevated with an 
acceleration a is: 

t..S(t,y = l) =ANcr(t,y = !) 

Now, after operations described by the relation (12) we obtain: 

(12) 

{-~[t--l )u[ t--l )-1 ~-~[i-}.!__)-~e-h(i-:Jl 
4a N a N a N la N 4a N a N a N J 

(13) 
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3. The effect of operational parameters on dynamical surplus in the suspension 
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One can easily recognise the small eff ect of the li fting rope length on the maximum 
value of dynamical surplus of the tub suspension load in the starting process. The 
characteristic feature that foll ows decrease of the rope length is "smoothing" of the 
diagram of the tub suspension dynamical surplus. The change of the shape which is 
obviously visible in the diagram (Fig. 8) is the result of the propagation of the elastic 
deformation wave in predetermined ranges of time variable and position variable, what 
comes from the general structure of the solution ( equation 3a). 

When the distance of propagation of the wave eff ect is being decreased, the shorter is 
the time of secondary infl uence of the returned component of the wave on the incident 
wave characteristics, owing to the equation: 

. [ y ) at
2 

[ y ) fo t-- =---go t+- 
=» 2 aN 

(15) 

As the consequence the calculation result of the assumed discrete - continuous 
model becomes similar to that of the discrete model (mass - spring). 

4. Measurement of forces in tub suspensions during starting 

The results of theoretical analysis have been verified in the experiment where forces in 
some elements of the mining hoist were measured during elevation of loaded tub from the 
bottom loading level. Tests were carried out in the real object i.e. one of the mining shafts 
of the Copper Mining-Metallurgical Corporation "Polish Copper" Inc. in Lubin, Poland. 
Fig. 9 shows the scheme of the "tower" hoist installation where the experiment was made. 

4.1. Ge ner al tech n o 1 ogi ca 1 dat a of the "to we r" ho is t 
installation where the experiment was made 

Type of the machine 
Drive DIC motor 
Rated revolutions 
Maximum velocity of the skip hoist 
Mass of the assembled empty tub with the suspension 
Useful mass 
Moments of inertia of rotating elements (GD2) 

a) flywheel effect of the drum GD2 
s 
? 

GD_; 

GD; 

4L-4000/2900 
2900 kW 
77 rpm 
V= 16 [m/s] 
mku = 16 500 [kg] 
mku = 17 OOO [kg] 

1868.8 [kNm2] 

b) flywheel effect the motor rotor 

c) flywheel effect of the guide wheels 

The weight of guiding wheels (DK = 3.5 m) reduced on the rope axis: 

GD} 474 _ 
GKKz =--=--38.68 [kN] 

Di 3.52 

1275.3 [kNm2] 

= 427 [kNm2] 
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Reduced rotating masses in the tower: 

1 1 
Mo =- ·(G KKz + Gwz +G Bz) =-(38.68 + 116.8 + 79.7) =23971 [kg] 

g 9.81 

Lifting ropes: 
• number of ropes 
• length of lifting ropes 
• diameter· of li fting ropes 
• total section area of li fting ropes wires 
• ultimate strength of li fting ropes 
• mass of 1 m of li fting ropes 
Counterbalance ropes: 
• number of ropes n1w = 2 
• length of counterbalance ropes Iw = 1200 [m] 
• diameter of counterbalance ropes ~w = 58 [mm] 
• total section area of counterbalance ropes wires Aw = 1545 [ mm2J 
• ultimate strength of counterbalance ropes Szw = 155 [kN] 
• mass of 1 m of balance ropes qw = 14 [kg/mb) 
The load function of the suspension in the operational cycle has been determined 

with regard to the following parameters of the hoist facili ty: 
• starting acceleration a1 = 0.8 [mis] 
• braking deceleration a2 = 1.0 [mls2J 
• propagation velocity of the elastic deformation wave in lifting ropes 

aN = 3700 [mis] 

nLN = 4 
IN = 1230 [m] 
~ = 40 [mm] 
AN = 710 [mm2] 

sz = 4 x 1154.0 = 4616 [kN] 
qN = 6.8 [kg/mb] 

LAN =4AN =4-710=2840[mm2]=2840· 10-6[m2] 

IN= 1230 [m] 

EN= 1.1 · 105 [N/m2J 

M1 =mu+ mku = 16 500 + 17 OOO= 33 500 [kg] 

/NI= 42.8 [m] 

• weight of the part of the counterbalance rope for two positions of the skip: 
- extreme bottom position for the length of the part of balance rope in the shaft 

sump lwr = 18 [m]: 

Gw:> 2 · lwr · qw · g= 2 · 18 · 14 · 9.81 =4.94 [kN] 

- extreme upper position for the length of the balance rope lwr = 1248 [ m]: 

Gwh = 2lwn · qw · g = 2 · 1248 · 14 · 9.81 = 342.80 [kN]. 
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