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SAFETY OF WINDER DISC BRAKES - A STRUCTURAL APPROACH

Summary. The paper deals with safety assessment of ASEA disc 
brakes assembled in the Polish - made winders. Having defined a 
safety of winder brake the author has presented reliability dia
grams referring to brake tasks essential from point of wiev of 
winding installation safety. When deriving expressions determining 
brake system safety, probsbilities of brake element failures have 
been taken into account. Two versions of brakes (furnished with 
one and two discs) have bean discussed with emphasis on working 
assembly. An example of brake safety assessment (under static con
ditions) has been also given.

1. INTRODUCTION

The reliability problems of technical object in the view of safety 
requirements were considered among other papers in [l, 2, 3], while arti
cles [4 , 5, 6, 7] delt with the question at issue, namely with some
aspects of safe exploitation of winder brakes.

The term "safety" is understood here as an abbreviation of "reliability 

of safety".
As [5] has it, a winder brake safety is brake fastness to the so-called 

dangerous failures resulting either in:

- complete destruction of the brake itself (this event being remote) or,
- producing a catastrophic effect in winding installation, e.g. multiple 

injuries and falatities in the case of man winding or substantial fi
nancial loss due to a halt in mineral winding.
This can be an overt ravel resulting in striking the crash beams.
If the most important criterion of hoist safety is to stop its motion 
harmlsssly. than the safety of brake operation depends on correct 

fulfilment of :
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- emergency braking,
- brake holding.

These two tasks of the brake have been discussed in the paper. However 
safety assessment has been confined to the brake holding only, due to the 
relatively simple adoption of statutory requirements under static condi
tions of braking.

2. RELIABILITY DIAGRAMS OF DISC BRAKE SYSTEM

Fig. 1 depicts a certain version of ASEA hydraulic disc brake [9], 
while indications of components are described in the text. This functio
nal diagram has been a basis to form reliability structures at three 
(I- III) levels of brake system decomposition. As it has been proved in 
C4,5], reliability diagrams (structures) illustrating the accomplishment 
of brake tasks (influencing safety) can be reduced, unlike those of "ope
rational" reliability. Let us analyse brake reliability diagram at decom
position level I, fig. 2 This is a series system comprising two compo
nents: A^ (Ag) - pump part and B - the so-called common part of brake.
At level II (fig. 2), reliability diagram consists of the following 
components :

Z1 - Working assembly (brake units, frames, discs),

Z2 - Feeding assembly (electric motor, hydraulic pump, valves),

Z2'- Feeding assembly of component B (valves, pipes, hoses),

Z3 - Control assembly (electrohydraulic valces, pressure accumulator, 

ate. ),
(Z4 - Switch gear)

The above - mentioned assemblies compose either series
(single disc brake - version "a") or series / parallel system (two di3c
brake - version "b").

Allowance must only be made for swith gear (Zl) in a certain version
of the brake. Hence, this component has not been taken furter into con
sideration. Connections of inner reliability structures of working and 
feeding (part B) assemblies vary, so to simplify them a series link has 
been assumed.

Level III of the brake decomposition corresponds with partition of 
assemblies into elements.

A reliability diagram of working assembly (fig. 3) is formed with: 
frames (stands, S), brake disc (T) and brake units (SH) in seriss/parallel 
system, while safety of a set of brake units can be modelled after a 
pattern of system of n identical components. Fig. 4.1 presents relia
bility diagram of feeding assembly (22.), comprising pipes (R) and valves
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(VI) connected in series, then fig. 4.2 - diagram of feeding assembly of 
component B (Z2') with pipes, hoses (G) and valves (V) also in series. 
When analysing fig. 4.2 one can notice that hydraulic pump (P) has not 
been included in the emergency braking reliability diagram.
For it is this brake task when pump is being switched off, thus becoming 
control assembly component (fig. 5).

The control assembly (under emergency braking) is characterized by a 
complicated reliability structure first of all consisting of electrohy- 
draulic multiway valves (e.g. V2), pressure valves (V3. V4), pressure 
accumulator (H), etc. The most important elements participating in 
emergency braking have been marked on fig. 1. Fig. 5 shows a simplified 
reliability diagram of this assembly. Allowance has been only made for 
the valves which dangerous failures consisted in oil flow blocking (valve 
stoppage). As on fig. 5, three unequally loaded branches form series/ 
^parallel ^reliability diagram of the control assembly. Needless to say, 
the diagram should be supplementd, for instance, with pressure accumu
lator and cooperating valves.

3. THEORETIC ASSESSMENT OF BRAKE SAFETY

Having constructed reliability diagrams some indices characterizing 
brake safety can be considered.

To do so, a probability of brake to fail when fulfiling its task 
essential from safety wiavpoint must be determined.

In general from, this probability is as follows:

Q » Q |a Ub J (1)

Where:

Q |a | - probability (stationary) of failure of pump part Ax or Ag 
(either operating),

A |b | - probability of failure of common part of brake

Q {a| m Q |z2UZ3| (2)

Q’ |b j « Q |ziU22'UZ4| - one disc version (3)

q "|b | - Q ||(2lUZ2')n (Z1UZ2')]uZ4j - two disc version (4)

Assuming failures be independent and ignoring product probabilities, 
expressions (l)-(4) can be given in form:

Q1 - Q 1221 + Q jz3j + Q jzij + Q jz2'j + Q |z41 (5)
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where

Q" - Q |z2| ♦ Q [z3| ♦ [Q jzij + Q |z2'j] 2 + Q 124J (6)

q (zi) - Q ^ i S j u ) ^ )  s h )n (s2u Q )  SH)] urj (7)

and kj ♦ kg » k, n1 + n2 ■ n

Q jz2 j - Q |rUGUv | (8)

Q j22']“ Q [RUVlJ (9)

Q |z3 j » q |[v 3U(V2 n P)] u[v4 fl (V2UP)] (10)

remark: according to functional analyaie of the control aeeembly vereion.

Q jz4j - 0

remark: for the majority of disc brake vereions.

In the case of brake holding expresaion (l) reduces iteelf (chapter 4)
t o :

w
Generally, brake safety level can be determined from expreeeioni 
R ■ 1 - Q(l - Q'or 1 - Q " ) where is a safety index (reliability of
safety index).

Application of probabilities of failures as a basis for safety index
calculations results from the fact that safety objectives have been
established similiarly [8], As stated in the cited report probability of

—8 —9catastrophic affect shold not exceed 10 (or 10 if considering man 
winding). Hence, the safety index obligatory for (disc) brakes oust be of 
higher order which means lower acceptable probability of brake system 
failure Q.

4. EXAMPLE OF DISC BRAKE SAFETY ASSESSMENT

For the time being, safety level can be exclusively determined in the 
case of brake holding. Working assembly is the one that fulfills the 
brake task under static operation conditions (fig. 3). Examinations of 
exploitation processes have revealed no brake frames failures. Hence,



Safety of winder disc brake9... 99

there has bean assumed that Qg S  0. Working assembly reliability diagram 
has turned thereby its form into that presented on fig. 6.

If "n" hydraulic brake units (SH) stand for a sub-system of working 
assembly, then such sub-system is in down-time state given at most "k" 
brake units operate.

Let us calculate the number of ”k" brake units in relation to factor 
of brake holding safety (abbr. FBHS) understood as a ratio of brake 
holding torque to maximum static torque (due to an overweight of winding 
installation). The values of "k" and corresponding number "n" of brako 
unite used in a given type of winder are presented in table 1 for man 
winding (FBHS » 3 )  and mineral winding (FBHS »2,5).

Table 1

Number of brake unite assembled 
n

Number of brake untie operating 
k

Mineral winding Man winding

0
<0 nmln ’ 6 M 2 2

T> 10 4 3
Oc 12 4 4

X O 14 5 4
■H
5 16 6 5
0)t-
0■0 (J) 20 8 6
c 0•H
2

0)•H 24 9 8
T3 28 11 9
O
5 32 12 10*-<

Probability of failure of brake units sub-system is given by:

V n  " O  QSh(i " QSH>n“k (11)

where:

QgH - probability of brake unit failure causing substantial (or com
plete) drop in its braking force, e.g. piston stoppage.

Probability Qk/n values calculated for Q3H » 4 x 10-4 according 

to [4 ] are presented in table 2.
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Table 2

Probability of sub-system failure

Mineral winding Man winding

0
- 2 0

Q2 / 6  " 6 , 1  x  1 0 « 2 / 6  “ 6 . 1  X 1 0 " 2 0

0)•HT3 « 4 / 1 0  ” 2 *2 X 1 0 " 3 2 « 3 / 1 0  ’ 1 , 2  x 1 0 - 3 2

O
C « 4 / 1 2  “ 8 '3 X 1 0 - 3 9 « 4 / 1 2  “ 8 . 3  x  1 0 - 3 9

« 5 / 1 4  " 5 '3 X  1 0 ' 4 5 « 4 / 1 4  “ 2 . 7  x  1 0 - 4 5

*■*•H
2 « 6 / 1 6  “ 3 '4 X 10-51 « 5 / 1 6  *

-51
1 . 9  X  1 0

2
o■0 0) « 8 / 2 0  “  ł '4 X 1 0 - 6 3 « 6 / 2 0

= 4 , 2  x  1 0 - 6 4

•H
a ©

•H Q9 / 2 4  =  3 . 6  X 1 0 - 7 6 « 8 / 2 4
= 2 , 0  x  iO-76

O
2

—88
Ql l / 2 8  “ 1 , 5  X  1 0 « 9 / 2 9

= 4 , 9  x  1 0 - 8 9

4-» -101
Q l 2 / 3 2  ‘ 4 , °  X  1 ° « 1 0 / 3 2 » 1,1 x 10-101

When analysing table 2 one can find that probabilities of sub-system 
failures are extremely remote even for the least advisable version
equipped with three pairs of brake units (02/5 )*

As reads the paper [8], probability of brake unit failure is of 10-8 
order. -2The maximum acceptable value of this probability could equal QSH =10 ,
since for the six brake unit version:

02/6 - 1.4 x 10-11

while for the remaining ones the values of Q|</n ar8 respectively lover.

There are some problems how to determine safety of brake disc. 
Practically, dangerous failures affecting discs resolve themselves mainly 
to oil contaminations. These could result either from effluents in main 
shaft bearings or leakages in hydraulic elements of the brake. Taking no
account of reasons the probability of brake disc contamination can roughly
be estimated at *s 5 x 10”7 with reference to [4 , 5, 6].

As proved in [llj , oil contaminations make static and kinetic coeffi
cients of friction decrease almost three times. So does braking torgue. 
However, these assumptions seem to be very strict since all brake linings 
are not likely to be contaminated to the same degree.

The triple drop in braking holding torque:

a) does not meet the reqiurement of FBHS > 1 in the case of one disc 
brake (FBHS ■ 0,83 for mineral winding, FBHS « 1 for man winding).
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b) meets the requirement of FBKS > 1  in the case of two disc brake and 
single disc be contamlned (FBHS » 1,66 for mineral winding, FBHS = 2 
for man winding),

c) does not meet the reguirement in the case of two disc brake and both 
discs be contaminad (FBHS as in a).

The foregoing statement justifies the assumed method for brake discs 
interconnection, as seen on the reliability diagram, fig. 6. Probability 
of brake failure (when holding task is being carried out), is,

- for one disc brake:

" V n  + QT (12)

- for two disc brake:

«6 “ Qk/n + $  (13)

provided that as well << 1# Q-p << 1 as simultameous occurence of
brake units stoppage and oil contamination of discs be improbable.

Analysis of expressions (12) and (13) displayes that for all < 1 
the safety level of two disc brake is higher then that of one disc 
version, since:

r s h  ■ 1 - q h  > r ¿h - 1 - q h

When considering a certain winder, say of 4L24004°° t^p9' the Pr°babili- 
ties are as follows:

Qk/n “ Q4/12

Q4/I2 ” X ^°r ®SH “

Hence:

= 4,6 x 10-22 + 5 x 10"7 (15)

q " = 4,6 x 10-22 + (5 x 10- 7 )2 , should this version be (16)H
produced

Having ignored the first constituent in expressions (14) and (15) it 
can be concluded that the probability of two disc brake to fail dangerousl 
is about 2 x 106 less then the probability of failure for the brake 
furnished with single disc (under the static condition).
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In the case of two disc brake the level of safety can be assessed po
sitively. Then, brake discs are the most important elements influencing 
the safety of brakes.

If thermal deformations of brake discs are taken into account the 
probability Qj. will increase, thus decreasing the safety of brekes. 
However, this lower level of brakes safety is suppossed to be accep
table.

5. CONCLUSIONS

The presented procedure enablee safety aeeeeement of disc brake if 
reliability diagrams both with reliability indices of elements ere given. 
So far, the safety level hss been exclusively determined for brake 
holding (static condition) since in the case of emergency braking such 
a method is more complicated, i.e. analysis of reliability diagrams, 
braking requirements under dynamic conditions with regard to winder 
types (drum or friction winders), etc. Of course, the majority of results 
obtained can be adopted to the other condition of braking (dynamic).

A simulation method is intended to be used to safety assessment of 
the brakes. It would be also instrumental to obtain more precise relia
bility indices of brake elements (e.g. valves) through laboratory testing, 
exploatatlon examinations or simply as manufacturer's cataloque data. 
Allowancs should be made for friction between brake lining and brake 
path (disc).
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Rye. 1. Hydrauliczny hamulec tarczowy ASEA

Fig. 2. Diac brake reliabllity diagram 
Rya. 2. Schemat niezawodnościowy hamulca tarczowego
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Fig. 3. Working assembly reliability diagram 
Rys. 3. Schemat niezawodnościowy zespołu wykonawczego

^ < R > — @ 4 * .  

AA. A-l.

Fig. 4. Reliability diagram of
4.1. - feeding assembly of component A, 4.2. - feeding asembly of compo

nent B
Rys. 4. Schemat niezawodnościowy

4.1. - zespoły zasilającego części A, 4.2. - zespołu zasilającego części

Fig. 5. Control assembly reliability diagram 
Rys. 5. Schemat niezawodnościowy zespołu sterowania



Safety of winder disc brakes.. 105

L
¿A:

Fig. 6. Hodyfied reliability diagram of working assembly with
5.1. - one brake disc, 5.2. - two brake discs

Rys. 5. Zmodyfikowany schemat niezawodnościowy zespołu wykonawczego
5.1. - z jedną tarczę, 5.2. - z dwoma tarczami

NIEZAWODNOŚĆ BEZPIECZEŃSTWA TARCZOWYCH HAMULCĆW MASZYN WYCIĄGOWYCH 
W UOfCIU STRUKTURALNYM

S t r e s z c z e n i e

Tematem artykułu jest teoretyczna ocena niezawodności bezpieczeństwa 
hamulców tarczowych typu ASEA maszyn wycięgowych eksploatowanych w Polsce.

Autor przedstawił opisowę definicję niezawodności bezpieczeństwa ha
mulca maszyn wycięgowej. Z kolei skonstruował struktury niezawodności, 
odpowiadajęce realizacji zadań hamulca istotnych z punktu widzenia bez
piecznej eksploatacji urządzenia wyciągowego. Przyjęto jako miary zawod
ności bezpieczeństwa prawdopodobieństwa uszkodzenia elementów hamulca, co 
umożliwiło wyprowadzenie wzorów określających bezpieczeństwo systemu ha
mulca. Rozpatrzono hamulce w wersji z jedną oraz dwiema tarczami hamul
cowymi, ze szczególnym uwzględnieniem zespołu wykonawczego. Ponadto podano 
przykład oceny niezawodności bezpieczeństwa dla realizacji wybranego za

dania hamulca tarczowego.

HAAEJKHOCTb B E 30IU C H 0C 1H  AHCK0BHX T 0 P H 0 3 0 B  

nOA'oflíHHX MAEHH ITTH C IIV K TyPH O M  nOAXOflE

P e 3 ¡o u e

leMoa ciaibH HBJi.aeicH TeopeTauecKaa opeHKa Ha^exHociH 6e3onacHocTH hhc- 
KOBHX T 0 p M 0 3  03 THIia ASEA n0^T>eMHÜX MaiBHH, B K C I U l y a T H p y e U H X  B noabme.

Aciop npeACTaBHJi OHHcaiejibHyjo fleijHHHipiio Ha,ąe*HOCTH 6e3onacHOCTH Topuo3a 
noĄbeuHHKa, 3axeu CKOHCipyapoBaJi oiBeyajomae peażH3auHH 3aĄa^ xopuo3a cTpyz- 
Typu Hap,e*KOCTH, cyneciBeHHue c ToqKH 3peHna 6e3onacHoii SKcnzyaxamiii noĄbe*- 
Horo yoxpoHCTBa.
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B  x a < i e c T B e  u e p u  H eH8L A e z u o c T H  C a s o n a o H O C T z  n p a H H T a  B e p o a i H o c z b  n o s p e a j e H -  

h e  o j i e u e H T o B  T o p i i o e a ,  h t o  A a i o  b o s m o i h o o t ł  B U B e ^ e r a K  $ o p n y z ,  o n p e j e j L a j o -  

ą h x  0 e 3 o n a c H O O T t  c H c ie M H  i o p u o a a .  F a c c i i a z p H B a i H C b  z o p u o s a  b  B e p c H H  o  o jh h m  

h  flB y H H  z o p M 0 3 h h m h  A H C K a M H , O- o c o O u m  y z e T o m  H c n o J i B H Z e a b H o r o  y a j i a  ( C a O K a ,  

K o u n j i e K c a ) .  K p o u e  a z o r o  ^ a e i c a  n p H k e p  o h b h k h  H a a e a H o o z H  S e a o n a c H O C Z H  a j m  

p e a z H s a i jH H  n a Ó p a H H o ił  s a b a t u  a h c k o b o t o  z o p i t o a a .


