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g A STUDY OR THE DYNAMIC CHARACTERISTICS OF A B-1 QUICK SERVICE VALVE

This thesis presents the investigation of dynamic

behaviour of a B-1 Quick Serviqe.Yglve. both analytically and | )

experimentally. A mathematical model of discharging of the

Q.S.V., when connected to constant volume in which compressed

T

air is exhausting at a known rate of reduction pressure

'

ehnraci:eristics, was developed. With this model, the pres-

sure-time characteristics of constant volume which 1is é:on-
nected with or without the Q.S:V., can be predicted by using

computer simulation programs. It is adeqﬁately represeﬁted

in the thesis that the experimental results are in good

agreement{with the results which dre computed in simulation

programs. ‘ ' '

’,

il

The investigation of this system and computer simu-
lation programs deveioped here are ciuite. use;‘.ul for examining v
[';aramefe;:s which affect th‘.e' perfoma:;ce of the Q.S.V_‘ After
l'mv'ing established tixe relati;:m between‘;:he imrameters, ,tuning
i)mcedures of timing orifices are ‘I.wresente"d; o

1
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p CHAPTER 1

INTRODUCTION ‘ ‘

)
1.1 - FUNDAMENTALS OF AIR BRAKE OPERATION OF A FREIGHT TRAIN

A schematic illustration of the air brake system of a typical ’

'trajin operating in thé continent of North America is shown JAn

1. )

Figure 1. This brake system is a combination of various devices,

which have been designed to meet present~day train handling

.requirements for freight and passenger trains. The ‘equipment

can be employed for either type of service without altering the

Very briefly, and referring to Figure 1.1, the system cons:Lsts

of a 1ocomocive’control unit situated at'the head-end of the t:rain,

and a car control unit located at each and every single car. The

locoqzotive control unit in turn consists of the compressor .which

suppiie,s air at a suitab]:e pressure 2the working medium of tfxe
entire brake Systan, a brake Yalve assembly incorporating the control
ié;rer, and the braké cylin&érs which are responsible for actuating t'ine‘
brake figging and éhoea at. theA locomotive onli. The car control

\ ‘ s
unit, simildrly, consists of the ABD control valve, with its combined

emegget'\cy and auxiliary reservoir, as well as the brake éylinders which. -

'

actuate the brake rigg:l.ng and shoes of that particular car only. The

-
1ocomotive cqntrol unit, amd the car control units are connected

together in a chain-1like manner« by the brake pipe which therefore runs

§

N I

tt;e full' length of the car. : I ‘ o A

- . ~ \

The main controlling’ sigual is initiated at the locomotive, and

'19 transmit:ted to t:he cars by t:he btake pipe. The control valve at '

K

» - N +

.. R ;’ ' ' .
A R . \ .\/. ' B -
: . L P i Q|
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. each car then senses the dignal from the brake pipe and responds

accordingly. T

. The air brake system operates on a pressure reduction basis; .
This means that when the brakes are not appliéd, the system is fully
charged to the selected dperating pressure. Subsequent reductidn

in the brake pipe pressure giv&®s rise to a brake apélicétiona

The amount of pressure reduction and the rate ai‘which it
occurs are determined by the position of the locomotive brake valve -

handle, The brake plpe pressure is reduced at either of two ratea,x

namely: ' Y . o . g,l - '
A 1.- Service raté of reduction, or
2.~ Emergency rate of red¥etion. . &\\\
. . . - . . <

‘ ) P
This thcesis i3 only concerned with the air brake system when

~

it operates at a service rate of reduction of brake pipe pressure.

This is obtained by placing the locomotive brake valve handle in the
< t L

~ ~

. . T ‘
“"@arvice" application zone.

-

For a more detailed description of the train air brake system. ¥

. “tr
see reference (2). N N . . -
\ > - 4 . . ‘

_ For better understanding of air brake gy;tem phenomena, typlcal

brake pipe pressﬁre reductions and brake cylinder preSSuie build-up

“

rates at each car for full service appliéation are shown in Figure .-

“

1}2.‘3) This figure shows the b;gke éyl%::yf pressure and brake pipEJ
bressure at the 1st, 50th -and 100th cars- the tfain, which has 101;;

cars of 50 ft 1enéth each.’ It ig observed that thé brake cylinder

¢




k)
.

SONDIS -

G371 0rt
_l 1

¢

G e DA R R

S[o80T
. T8 ol
16 131 '05-3N"8 1=y 18
~ NG W35 SN

S0 L s

T mmmE:: .\!u .
INVAHO0ZUEd aEY .iw\ﬂT(\\\_\
< i . "
o
t N

¥4
|- i
H H
+

1]

]

.

41 YL T 21

= e Sl LS iS4 M ATV 3 WY LAY P




t TN in relative;_speed of each car and the slacking in the train increase

A\ ]

pressure on the 100th car does hot start to build up until approximately
. i \

»
—

12 seconds after full service application is made at the locomotive;

/ * while the head-end car is already braking at a substantial rate. Also, %
/ the brake on the last car is fully applied at about 105 seconds later,
X ‘ Similar delays can be observed for 50th.car. These delays are due.to

time required for the pressure reduction signal to be transmitted
TN

down 'the brake pipe, which is over 5000 ft in this case. The delays

- ’ .
are even more pronounced comsidering the present tendency to use

more cars (say 100) of greate?" length (100 ft).

-
Ao~

"Figure 1.2 heans that the 100th car, up to approximately

¢ ~ .
- 12 seconds after the brake application, is running close to the .

initial train speed prior to braking. Therefore, the difference
A \._

v

as the braking progresses. This may result im dan_laged equipment.

In any case, the train takes a longer time, and therefore a long

stopping distance ‘than it would if all the cars were able-to resi)ond
| - a . - : . o

simultaneously. ‘ . ‘ ' s Ch e
\ ps ‘ ‘ % ) ? ) v
e The shortening of stopping distapces can be done mainly by
7/ .

shortening the propagation time and the time required to exhaus"t:
[ 4

the compressed air from the brake pipe to achieve the desired pressu}:e

]

" reduction, . Another approach of course is to re'[:iew. the design of
‘the control valve'of each car to achieve quicker response. T;xi'sh
thesis is comcerned with'the first approac‘h, namely, by employing a
relay valve commonly lgnown as the B-i Quick Service Valve (hereafter .
re&re"d to simply as the Q.S5.V.), 'manlufact:ured and supplied by the

L4

Westinghouse Air Brake COm’pany.




'lf‘he Q.8«V. functions. to respond and _propagate braky/p\im )
\pressure reduc tion through a trdin to provide Wpégadon time
for service applicatiqn by a #uicker local veating of brake plpe
pressure. Briefly, this valve behaves like an os:\illator when it
senses a pressure redt“xc.tio‘n in the breke pipe. It reduces the brake

J . . / : 3 ’
p\ipe pressure by a further 1 psi to 1% psi for each cycle of )

oscillation. Thus, the Q:S.V. also acts as a booster rtelaj to ensure

that;he downstream-of the brake pipe receives a stronger pressure

- . ;

b

reduction signai.

.k,
1.2 REVIEW OF PREVIOUS INVESTIGATION

The author has not loic:a};ed any sc/ientific work done tolnves--
tigate the behaviour of Q.S.V. analytically or for that matter,
: j

anything related to a fluid oscillator of a similar type. Most of

: bthe publications'available on this subject felated to fest data

released by the manufact:urer or, e/jperience revealed by ‘the users.

In 1971, JNRU’) (Japanese National Railways), presented

. probably one of the most extensive and oFganized experiment@,l studies
olf a Quick Action Valve, which performs similar functions as the
Q.S.V., covering detailed investigations of eech structural components.
Most of the experimental treatments were carried out on cases where .
the brake plpe takes possibly a s\i}ilar form' to t;hg} iI’l. the actual

cars. The structure of .this Quick Action Valve schematically is -

shown in Figure 1.3. . s

rd

A typical diacussion on the Q.5.V., a paper by C. Wrightw)

will be examined closely. An examp/le i8 shown. in Figure 1.4 ta

. illustrate the advantage of employing the Q. S Ve at each car of a

R bl T L AN Ly SRR £
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freight train., These curvea are hrake cylincfer pressure U\ar‘aét_er-.

1gtics of train rack tests comparing the operation with and without. the

' N Q.5.V. From this figure, the brake cylinder préssure build-up time is =

<

quicker with the‘Q.S.V. than without (76 sec.- as against 145 sec. to

. ) . .
build up to 50 psig brake cylinder pressure). This means that a N

‘ ! 'b “ . e o
reduction in time is obtaimable with the Q.S.V. ‘ ©
Figure 1.5 from the same reference shows typical brake tylinder

)
VA .

pressure difference between the head and rear-end cars at any inst;'ant of . ;
\ ' - . !
time for full service application. The solid line represents the brake - .

‘ .
- = cylinder pressure difference characteristies with the Q.S.V., and the . e

3

" dotted line reptésents the similar characteristic without it. The peak

A

of the pressure difference between the he'ad ‘and rear-end cars on thg

»

L R R ¢ ,,.2
°
i

train is approximately 25 psig at 45 sec. with the Q.S.V,, whereas a* .

TR

. . -, . .
gimilar peak difference value occurs slightly lagergbut lingers on for a !
’ “ .

much longer period in the, case when the Q.S.V. is not being employ:ed.

& an i Mt i

. 8 gure shows that there is a s cant ré uction in
c This fi h h h i ignifi duction i
P . ¢ . »

pad i od-aad

transmission ti(g“ re‘ciuired for full service,to be ef@tég at#the
last car, i.e. when the differe';.nc_e returns to zero value, The
N "~ trangmission tfme is therefore approximately 75 sec. with theJQ.S.V. .
as compared to 140 sec. without it. The result is ’t:herefore a N

. decrease in the tendency for slack action which may oth&rwise promote

i
[

sho ck.

-

In order to understand the dynamic behavioui of the entire Q.8.V.

and its interaction with the brake pipe, it is essential-to have an
[ 4 ) * \

( _-_ analytical undersdipmding of the functioninﬁ @f each structural com-
. Id - .

G)

ponent, and especially the effect of some of the geometrical par :

-

P
\
-\
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'Ihua, this thesis begins by looking at the mhanical and pneunatlc

e

parts of the Q.S.V. amlyﬁcally, which will be discusaed “in detail

in Chaptet 2, (:onsequently, the whole analysis will be cartied out

LA T R P

as a fluid control systen. from which the _dyngmic equations describing

- e

_ the behaviout of Q.S.V. aye obtained. The soluc:lon of the dynamic

-

equations aré . ?mg:ained by the digital computer using numerical
t;chniques\. The so on lgives'the pressure fluctuatioﬁs in the
‘brake pipe and the oberating chamber vollune of Q.S.V,, some ;)thét :
pressure - tijie characteristics and the frequency of oscillation,
The various parameters, 'nimely, the timing orifices, brake pii;e'
volume, and rate of geduction.‘of brake pi:pe stsure, which

M x
affect the performance\of Q.S.V. are considered }and studied. Lastly,

-r

* a design’ procedure is proposed; which attenp&/; to lay down some criteria

»

of “Luniug” a Q.5.V. in order to Méet performance and safegy ',
. A

_ requirements.

oy

g ]
FR T EEA A R

5
e

v
-
.




P -7 |
: W - _ . ’. .
B -
; - "
:~ "
o~ )
' ©_ 'CHAPTER 2 L ,
‘ THEORETICAL ANALYSIS' // .
2.1 INTRODUCTION o : do

k]

The objective of this aul':.!:er is to investigate the performance of

’ . a typical Q.S.V. on a theoretical basis. It is therefore necessary to

" establish a dynamic model which will be exploited to simulate the sys-— i

tem response to various rates of re'duc':tlon of brake pipe pressure.
The model will also be utilized to investigate how different parameters

- affect the pgtformance. A detailed de;cdption of the Q.§.V. and its

o

operating principle are disgmé‘ed in Sectiom 2.2. In‘Section 2.3, an
? . invegtigation ;f\s_wicching condition of diaphragm ts presentad, The

| r system equations describing the behaviour of the Q.S.V. are developed in
'Sect:ion 2.4, In Section 2.5, a detailed procedure qf evaluatibn‘o’f’ ] S N

size of resistance to aik flow and the combined orifice area are dis-

- cussed. - ' ' ‘ ‘\
2.2  OPERATING PRINCIPLES OF THE Q.S.V. . , \

The photograi)hs of the Q.§.v. vith its components are shown in

(6-) shows a schematic diag.ra- of this

I

Figures 2.1 and 2.2. Figure 2.3
\ .valv*e. It consists of an operating chamber of fixed volume 72, a

digi)hnsn and piston asheﬁ:ly Dp which opens and closes two' check

valves cz.,‘and 047, and several orifices A’, B, C, D and E, vhose

33

. ) ‘ g a
. principal function is to control the timing of the operation of this:

Yy L ‘ N
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valve. The Q.5.V. is designed for use on cars of different length by

varying the &ize of these orifices. “.l'he diff#yent schedules’ are

,(6)

reproduced in Table 2.1 with some editorial changes. Figure 2.4 shows

T . the manner in which the principal components of the Q.S.V. are con~

‘nected to one another as well ag the relation of the valve to the
brake pipe. In Figure 2.4, check valves C27\and C,; are represented

simply as cam-actuated spring-return 2-way valves, with the d\iap'hragm

, N . -
’ v and piston assembly D", furnishing ‘the actuation under suitable pressure
~ N (’

; conditions in the -diaphragm chambers A d. and B:i’ respectively. Flow °

]

paths in this diaéram connecting the various E:._omponents are assumed to
s have negligible resistance to ait flow. Cons'equently, the lower

¥ lchanber B g 18 in direct communication with operating chamber Vz, with -
’ v . L ¥
i a common pressure level at all times. 'I‘hi. presvu.re is denoted by the

s}pbol P, Similarly, in the absence ofi the orifice C in t'he flow path

. ‘ib, .the preSsure Pl in the upper diaphragm chamber Ad will be assumed to
S " be the same as tbe brake pipe pressure at all times 7
e vé < : " :

E ) L Under normal train rTunning éondition's dut‘!;i’é _whicﬁ the Q.S.V. is .

inactive, th operating\cﬁ‘amber volume 2 pressure is at the same pree-
1 . -

sure as the/brake pipe. Under the combined,- effect of pressure

- ‘ ‘ difference in the two chanbers, spring forces in che® valves C and

27
47, a8 well aS\static friction on t:he piston stem, the diaphragm takes

‘. up thé lower position, thus closing check valves 027 and c“* TN [

?
N

If the brake pipe pressure should at any time start reducing its

\

. _' ‘ level at above a certain rate, either because of a controlled brake

. -

- application, or becausé of excessive leakese’s in the bx:ake system,. the

I
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Q.S8.V. will discharge as shov(n in Figure 2.5. Here the brake pipe is

represented simply as a fixed vol'ume V,, and the control orifice

’ through which the brake pipe air is vented is repj.gged by an orifice

\ AZ-G as shown in this figure 'me pressure Pl in upper diaphragm T

chamber Ad’ decreases ,at the same ;:ate‘as the brake pipe, while./pres-

sure P, (in qperating chambér volume v, and 'lower‘ diaphragm chamber B d)

will diecharge to the brakepipe via orifice D at a slower rate. It

~ becomes apparent that there may come a poinc in time ati which t:he

‘ : preSsure difference across the diaphragm is sufficient to 1lift *

| - ' X

' ™t~ diaphragm upwar:ds. Until this happens, the Q.S.V. is. said to operat;e

’.‘ ) . " 1n a first mode, deeignated Mode 1, during, which tt}e diaphragm remains

Y

£ ™\ in its. lowermost position. - , ‘

!

Mde 2 of the operation in which the diaphragm assumes an AN
; "l : uppermost posi;ion, the Q.S.V. discharges itself as shown in Figure 2, 6.

N . : .. The brage pilpe q{r, as well as the alr contained id the upper diaphragm .

I -

Ad, now venta to the atmosphere through two main routes:

¢
-

1. Through the control orifice in the brake pipe which brought

along the reduction of the brake pipe pressure in the first
- . : place, and _ o ' 3

»

® . s .o . -

§ . 2. Through the fluid-path 1 and 1 along which ome finds-three
fluid resistances in serles, namely, ori‘fice E, check valve

~ c ] C,; and orifice A. For purpose of analysis, it is possible

- 47
to replace this group of resistances by a single, equivalent

. - " resistance (to be designated as A"}E;).
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P

- There is a third path, i.e., via orifice D, through which a

relatively small amount of aix flows from ‘the combined volume VZ and

Bd into the brake pipe. This quantity of air flow is relatively small.

Consequently, the combined volume of V2 and B(1 is considered'to
discharge into the atmosphere through the fluid resistanmce group con- )

sisting of check valve C in series wit/orifice B (This group may .

27
be replaced by a single, equivalent resistance, to be designated AZ7B) s

v

I't,followsn from the description of Mode 2 pperation of this”

and into the brake pipe. .

1 (i.S.V., that it‘is/ the magnitudks of the. fluid resistances A .., and
A27B that determine the time required to buiid up a pressure dié—
ferential sufficient to ceuse .the diaphragm to \take up ite lowermost

P
position'again. Hence, the Q.S.V. oscillates between the two positions
when the brake pipe pressure ’is reduced at a suitable rate, Notice

that orifice C is, omitted in this thesis in conformity with the

majority of the schedules used in Table 2.1.

As a SI/m‘nnary, Figure 2.7 illustrates diagramatically how the brake
‘pipe ﬁ;essure .Pl and pressure 2’2 in the operating chamber volume V2

_ varies with respect to fime as the Q.S%V. ,discha;rges' itself. Until the
- time ;1?}, the process corresponds to Moc;le 1 operatior'l. i.e., In this

stage, the presasure difference required to move the diaphragm'assembly

DP upwardly is being developed due to the differeqt rat:ee of reduction

. of pressure between the operating chamber volume v2 and brake bipe

‘volume V

1 Subsequehtly, at time T;,a sufficient pressure differenci

”

Y
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across the diaphragnm causes the diaphragm assembly to take up its

. uppéxrmost position, opening the check valyes C ﬁan.d C“.. After thi‘g; ,

27

the process corresponds to Mode 2 operation. The pressure in operating

3

L chafnber volume V2 is gradually reduced to below that in the brake pipe ’

o

volumeqrate. At time Ty a sufficient pressure differential causes the

4 L)

diaphragm assembly to take down its lowermost position again. Hence,

o the pressure differential between P, and P, clianges from negative to
. " :

positive alternately, ' . . ’ . Lo

.

A . . .
i - Q
B . 1

5

- . For the purpose of analyzing the behaviour of\ Q.5.V., let us re-

consider the two modes of operation of Q S. V., as described previously.
For convenience, Figure 2.5 which depict3 Mode 1 operation, is sin?lified

e | to Figure 2.8, showing two volumes V2 and V1 connect:ed by the orifice D
with Vl discharging into the atmosphere through the coutrol orifice A26'N
. * In thie diagram and for computational purposes, V2 also includes .the

¢ .
= volume of the lower diaphragm chamber B a» and Vl also includes the upper

P

diaphragm chamber Ay. The following symbols are used: O . .
’ L ’ . 4 - :
N R t T .
R 3 , AD effectjve orifice area of orifice D;. em? . j .
' N 2

& ‘ ‘ ) A26 effective orifice area of control orifice A26; cm .

m air flow rate through orifice D; Kg sec/cm

F m.  air flow rate through orifice A26; Kg fec/cm . \ S

2

. , Similarly, Figure 2 6 which depicts the Mode 2 operation, "Is sim- b

! plified to Figure 2 9. For Mode 2 oyeration, the following symbols are

2y ~

also used: ' P - v
\\ e . ¢ - .

»
Py 4
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) and orifices E and A, all in stries; cm

;13_

| Az7§’ combined effective area of check valve C27 and orifice B

(" in geries; cm? .

R . -

A47EI-A47EJA tombined effective area of check valve C;; and orifice E

~in serles; 4r combined effective area of check valve Cl'7

2

alr flow rate through the resistance Azm; kg-sec/cm

e
— . -
n, ait'flow rate through the resistance Aam(“am‘

kg sec/cm. /\ '

2.3, EVALUATION OF THE CONDITION OF SWITCHING OF DIAPHRAGM

. ) .
2,3.1 Introductign

As discussed in Section 2.2, the Q.5.V. operates principally in
one of two principal modes depending on the position of the diapitragﬁ.
In order to establish the -conditions inder which the diaphragm switches
from the lowermost to uppermost position and vice versa, it 1s neces-

sary to -examine the forces actls g on the diaphragm analytically. These.

Y

forces are contributed by the spring forces o.f the check valves, the

diaphragm stiffness and the static friction acting along éhe side of
. . .

s -

the p:l.sltpn. Thegse forces must he overcome before any switching motion

‘can OCCUT. The i»re“aaure forc?s acting on both sides of “the c’iéi:hr‘

eventually ovrfcone these forces and cause the switching motion tj

\ ro .
When th_n"‘Q.s.V. is fully charged; the?’diai:hrm uledl; n:nli‘ly
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takes up the lowermost position. .It reqniéa an upward force balance:
of a sufficient magnitude to switch the diaphragm assembly to its
uppermost positfien.. Similérly,/ - gubsequent switching back requires a

' AN
ward force balance.

Based on assumption (f) in, Appendix 1 (i.e., the diaphragm’
assembly is to switch instantaneously from one position to the other

once the appr pria& switching condition is satisfied) only the static

force balan on the diaphfagm are considered. in its limiting pasitions.

. .The diaphragm/and 'piston assembly employed in, thg Q.5.V, is

shown in Figure 2,10 with major geometrical dimensioms. This fighre

is gimilar to'&mt of the schematic shiown in Figure 2.3, with the s
operating chamber volfime omitted. | Sfe_%-(sae performance of -
the d:lap‘hragﬁ is obt;ined by a force balance. Figure z;ll(ai and
. Flgure 2.11I(b) sl'mw the pressure distribution acting on the diapintagm
«a8sembly when the ‘diaphragm is in g.ts’ lowermost and uppermost )
"positions. Similarly, the tojtal fo;'ces acting on the diaphram assembly -
(namely, pressure fo}ces, 8pring forces, :atc.) are shown in the free-
body diaphragm of Figure '2.12(a) Aand Figure 2.12(b). In theée"figurea,

~ the following symbols are used: - y

2

: ;, . '1'.2: !‘“ spring fofcfes of check valm 927 and c". respect~
ively; g . ' ) T
Ay, A, . tatal effective d:l.nphraan area on which 1’1' P, are . 3

- ‘ . acting, mpectively, ’ y ’

¢ . ‘ t
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. A .sectional area of upper end of piston; mm? - - ‘
‘a\ dl ’ N
‘ ’ + . .
| Adz sectional area of lower end of piston cylinder; mm* '
\ 7
| . A (A,,'- A, ); m’ ’
d3 d2 d4 ) . p
d ) ., . . : .
) Adé sectional area of passage provided in the lower end ‘
\ of piston; mm®
‘
D ' diaphragm stiffness; g/mm ' . '
\ /Pl’ Pz pressure "acting on diaphragm; g/mmza (absolute)
< _ -~ ) ’ . . ‘ . ‘
Fﬂ static friction acting along the piston; g
Pa ambient .press:ure; 10.33 g/ m? . ~:
; 2 . . H
Wd ) Jumped weight of diaphragm assembly; g. i
, - .?‘:r .
" The cross-sectional areas Adl’ a2° Ada and Ad4’ spring forces f o
,1’82 and F a4 diaphragm stiffness D ax@ ‘static friction Ff were ‘ . i
L ¥ ‘ . determined experimentally. Their values are tabulated in Appendix 2, ¢
1 v . The effective area Ae of a diaphragm used in typical industrial ’ :
. control may be evaluated by using the following expression—(7) » with
s . . .
E . B .
v " % symbols as defined in Figure 2.13: ' - ' -
, 'y 21X 2 o - K
o . . Ay 3 4(02+Dd+d) - @.3.0) )
- ' L : o
where D = diamet:er of the outer diaphragm rim; mm 2 - ) 5
. . d = diameter of the rigid center;. mm? N g
'r ) ) : & : 5
o v smceintheupperchamber])—%lim,andd"?ls ‘ . : §
; Equat:ion (2.3.1) yields ) 3
Pl . ' &1
1] ® J‘P*__ ;

A R



o e e e L & o TR o o b

- 15a -

g NIRRT

» o t a
X NN ! . . .
<
PN »
» L - ? / i A
- . .
® T ., .
s R 1y * N
! . »
b ; .
. wheayde}p jo ywdube|p dLjewsPS €172 34nb L4
" 8a3uad pibly
\ : \ . ﬁ /
MMM R AL ALRARAA A AR AR R R m A
\_ﬂ.\ . a A AN
wbedyde 1q i .
< -~ , . N ﬁ N
. m ’
L . ]
; 3 .
- B T




o mu = ; s i I L e e e S g o e i e e —

25 "‘« St oS Bl S A "»F R . - ': C N
R T S QT Sy BB TIORISr e o AR R g T G
1 3 - .

- 16 _
e ~ 2 2y -
2 A, = 5170 m’ (8.01 1n%) '
- : Similarly in ‘the lower chamber D = 90,0 mm®, and d = 71.5 mm’, R
. . 4 . LI ,

!?.ciuétion (2.3. 1) gives

3 ’ - a2 (9 2y
: A g = 5143 m? (7.97 4a?) 5
3 According to Ref. (7), the effective d%ei;hragm grea is_assumed » ’

constant if the following condition is satisfied, :L.é., N

J

w

N L/a > u/2 (2.3.2)
. - , ’ N
where 2 = length of corrugation's generator; mm , i .
a=(D - d)/2; mm. /
- A
-7 ’ ) Sinc;e in the present case, £ = 19.8 mm and a = 9.5 mm, the con~ l
h dition, (2.3.2) is satisfied.- Therefore the diaphragm areas Aeu and: ..
- 1 ’ : i ”
: A4 are assumed comstant. ~ .
g ‘ S The following symbols are also employed in rfhe evaluation of the
1 sv‘titcfxing conditions of the diaphragml as‘sembly. o
: AP = P, =By g/mm’ | (2.3.3) )
1 A - A R - no
AA Ay - 4,5 mm” ‘ : (2.3.4)¢,
i AP = theﬁ.miting pressure différential required by the diaphragm »
“and p§ston to switch upwards; g/mm®, and, ' - A ‘
» . , .
: . . AP d';= the cosgesponding pressure differential for switching )
A - . . t
; ' downwards; g/mu?.
o The' force balance equations are obtaingd as follows.
.
¥ 7 -
'y .
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2.3.2 Force.Balance Required to Moye the Diapﬁragm ;
, ‘ Assembly Upwards from the Lowemmost Position. \/
‘ Referring to Figure 2.11(a), ‘the effective diaphragn area ‘
employed in i:he Q.8.V. on which the pressure/l’l acts, 1s:

» , -

- - 2
A (Agu - Adl) = 5104 mm

Thus the pressure force acting on the upperside of the diaphragm

assembly ia:

P
Pressure Force = PlAl + P Adl )

“

Similarly the effective diaphragm area for the lowerside on which the

pressure P, acts, 13. !

= - ; .= 2 .
Az (Aed Adz) +Ad3 +Ad4 5143 mm * ﬁ ‘
. ‘ _ . 3 . |
Thus, the pressure force acttng on the lowerside of the diaphragm
agsembly 1s: C S
A A
. . P.ressure Force = PzAz .

Referring to Figure 2,12(a), the switching condition is:

e

+WN,

4 (2.3.5)

PA +D +F >P1A1+PA1+Ff

y 272 (S

Substituting Equations (/2‘.3./33,_and‘ (2.3.4) into Equation (2.3.5)

and after arranging @»eq{mﬂou, ylelds

/
- D 4Rl i B, ~W.-PA : '
‘ ap 3.8 g2~ Frn W~ PAy Jha, (2.3.6
. u ) Az AZ 1 .

- o )
wberer the symhols are as deﬁhed in Section 2.3.1., :
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-

"The magnitude of the R.H.S. of Equation (2.3.6) is always ohserved to

be negative. Hence, its absolute value becomes:
a2 | > Dy - F, + Fﬂ +Wd +P&Ad
- Al u

A2 .

(2.3.7)

1 A
+A2 Py

2,3.3 Torce Balance Required to Move the Diaphragm
Assembly Downward from the Uppermost Position. .

Referring to f‘igure 2.11(b), in this.case, the pressure apl is

* .

.exhausted to'atmoéial}éie through the oxrifice E and check valve C47, and
then orifice A, Consequently,v the pressure in chamber H is no longer
at atmosphegic pressure. qu;ver, the bressure in chamber. IH may be
assumed t‘o be very close to e.xtmoapheric pressure due to the presence

of orifice E and especially when tHe orifice A is not’ present,

.

‘Similarly, the pressure 'In the passage provided in the lower end of the
piston may be assumed to be P2 because of the presence of orifice B

(see curve Z of. .Figure 4.3 in Section 4.3.1).

Thus, the effective area of the diaphragm assembly on which the

pressure P, acts, is . e

, _ A s 2 -
) ,Al—Ae.u"Adl_ 5104 mm.
. i . ’ . . - s
. The presstire force acting; $n the upper side of the diaphragm dssembly

-t !

is

- , Pressure Force = PlAl + PaA 41 e

-

P

- Similarly, the' effective diaiahragm area on which preasure P2 :agts, is

‘ v
= - L = o2
by = (Roq = Agp) +-Ag3 +Ay, =.5143 m

' .

-

© : R
. . . ~n
. N . . N t




Thus, the pressure force due to I.’2 }.’a;

&

, ' 2 ‘ Pressurg« Force = Po{CA - Ag) TA ;5 HA, T ‘

3 Referring to Figure 2.12(b), the required switching “condition is:

v

. ) ) - - -M - , . ‘. )
‘ PJA) FF , +W +P A, 2 RA+ DSI F (2.3.8) s

£1

where the symbols are as defined in Section 2.3.1. Substituting,

, qutions (2.3.3) and-(2.3.4) into Equation (2.3.8) and after re-

arr&ging Equation (2.3.8), ylelds

_ o 2D T Fe1 “Fes ~Wa Pahm i oma S
_"~ . d A Az 1 ! (2.3.9) ' .
. y) ! Lo

\ -

H -
v

. Lt 13g seen that the switching conditions cha“racteri.stic equations,
Etiuations (2.3.7) and (2.3.9) are linear functions of.the instantaneous
. 4 '

e . value of the brake pipe pressure Pl" 8‘. ! ’
-, 3 Y . ”

E
»

2.4 SYSTEM EQUATIONS S ’

P - As outlined in Section 2.2, the entire Qadel consists of two ma:Ln

B , - I
' portions, one of which is the xggdelling of the pneumati® discharge of
- the system dt;ri_ng Mode 1 operation, the othér, the modelling.of the- R

pneumatic discharge during Mode 2 operation. The sfystem‘ ‘equations des-

cribing the pressure-time «characteristics épe derived in this Section.

2.4.1 Mode 1 Qperation i ’ . e

Referring to the Mode 1 oi:eration as illustrated in Figuré 2.8, { =

®

the’ pressure difference due to the variation of m’asé ‘flow rate in and.

vy




-
-~

1 -

out between the two yolumes Vl'“ and Vz (as a matter of fact, the pres~

sure differénce between the two volumes is the same as that of across .

v

. . ] }
the diaphragm), and'making}a mass flow rate balance in and out of

LI 5 -

each volume, we have:

.:)‘ . d@ -
e ,‘——1- =q - m i o
: . e~ ™ " ™26 A [£2935 ) B
% N : e
for the volume V;_. Similarly, ' !
v A ‘ )
dm2 : . -
. ' — = - N . B '
” it "y oo _ M(g.l&.Z) )
for the volume 'Vz. - ‘

It is shown ih Equation (Al.9) of Appendix 1 'that the variation of
B . L v

. . ¢

pressur'e in a discharging volume is given by o
. N 4 .
Bl T B
) dP _nrT(0) {2 )" dm ’ Y
o, de” v (B(0)) T dt ‘ e (41.9)

| - - .

Abialying Equatiops (2.4.1) and (2.4.2) into Equation (Al.9), we

have the fol‘low,ing eqdations to describe the Mode looperation: .
. . R LI |

1Y & . - ’
. n-l
LR () (P ) g ’
gt P 1 .. Sy
& oV [P'(O) I (2.4.3)
, 1 1 | .
- for the volume V.. Similarly, N Q " ' /‘ -
- ' /D.-l 8 S .
C Ry ) (LP2) " T i -
' = 55 () (2.%.6) *
& "V, (PZ(O) | ' =
- o ) . ) R * o
for the volume V,. It is shown in Appendix 1 that the inass flaw-rate
equations are given by .° T - ’ - ,
’ \

P ey At s 2wt e P e ae b emimaa e abe
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C AP,
mu

for éubsonic flowr, and /,

m_ d u
dt

21
R

i""
g

1

,.2;»f-'\ for crﬁ:ical flow/ condition,

Dl . .

¢ 2.4.2 Mpde 2 Operation

{ R 2
. £ \

* Referring to Fiéu;ex~2.9, the mass flow rate.balance 1is 6btainecf in

S .. C.AP : l,dThr (Y+1)l

e

* . (AL.10)

}

" . the same manner as in Section 2.4.1: x
Ay TS T "My T By . (2.4.5)
e ' \ . ) [ h - ’
.-+, for the'volume V,, - N
€ ‘, ,
. T F Yl | 2.480 ¢
&~ for the ﬁolune Vz(, , ’
wﬁr& mB = mass flow rate through the resiatance A27B‘ kg aec/cn. and | e N
N Ak n.g maaa flow ‘rate through the tes:lstance A4m~°r resistance
\‘zs ‘
N ‘ o - !
] 473, kg a'ec/m N 'x,} .
St;bstit\uting‘ﬂquations (2.4.5) and (2.4.6) into Equation  (Al.9), we have
. \ v R ¢ a I: ) . .a
s v
- & ‘ L, P. - ’ .
LY wm 1 _ nRT(0) 1 A Ly
R E® TN, {—TPI 0)] (o —mpg —mg) . (2.4.7)
1 o7 ' )
for the vo‘lune vl. ~
! -4 ~ )
'
- !
b - N - . ¢ hd * ' { '
¢ . ‘. N ' e ‘
s 3 _ / . . . -




3

-utilized in Equation (2.5.1

Similarly, , . -

n-1
dp P n
_ 2 _ nRT(0) 2 e e
T v, (P,(0) Gy, "= gl (2.4.8)
for the volume V2. : . ' ‘ .

n

2.5  EVALUATION OF SIZE OF RESISTANCE TO AIR FLOW
. v &

2.54.1 Discharging Method N
»r
For the sake of simplicity, a number of aif resistances are
N M
treated as equivalent orifices. Thé experimental technique utilized

-

in evaluating equivaient orifice sizes consists of discharging a known
. . 3

'
~— ~

volume of air through the air resistance in question and observing
the time interval réquired for the pressure in the volume to drgp
from its initial pressure, Po’ to.a final pre;sure, Pf. Thf afé
temperature inside the reservoir decreases, due to expansion of air, "’

.

while a discharging process takes place. However, afte{ the dis-

—

chaﬁging process, the compresqu air temperature in the reservoir may

return to ambient-temperature due to the transfer of heat through the

reservoir. The steady-state pressure Pff attained at this, state is

)(8): ) ) . .
Lo, _ )

\

. L P+ 1.03 /—1—— 5 ‘
] "A=196V 1o 0 ¥ 103 E;—;riss'(mml) (2.5.1)

£f

where A = Equivalent effective orifice area; m?

V = Known tank volume; in litres o s

P_ = Initial pressure; 5.0 Kg/cng .

.

Eff = Steady-state final pressure; approximately 1.0 Kg/cng

~

Ta\? Room or ambient temperature; in degrees Celsius“?qc)

AN
N
A
~

e

-
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Thislexpression.ay be obtained by eliminating o from. Equation '(A7.3)
anq Equation (A7.4) in Abpend{x 7 and by éubstituting numerical
values for the constants. It should be noted that since expression
(2.5.1) applies only to sonic discharge conditions, the experiment

has to be so arranged that sonic flow takes place throughout the

enpéif pressure rangé riéht down to Po'
- Kt x
‘ Equation (2.5.1) has been examined experimentally with known

geometrical drea square-edge orifice in order to'verify the accuracy ’
r .

of the result calculateﬂ. The result is outlined in Appendix 3.
. »

«

¥
v

2.5.2, Consideration of Air Resistances in Series

For the purpose of simplicity, a system of prieumatic resistances

-
. \]

~e connected in series may be assumed to be equivalent to a single orifice.

The detailed derivation of this is outlined in ApﬂFndix 4.

4"! For example, consider a situation in which two pneumatic resistances ’
- [ -

)

are in series. This is shown schematically in Figureaz.lé. It is shown

in Equation (A4.6) of Appehdix 4 that the combined equivalent orifice . _
e

is given by
A A S
A = deed | (2.5.2)
- t A2 4 A2 .
' 1% THxy)

where xz_is ;:?aeffnéé/;y Equation (A&tll) in Appendix 4.“

e a ' A

Now equation (2.5.2) may be simplified as follows if it is

" assured that xz <<], o . I
/2' * ' - N 3

‘
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This is a much simpler expression to use for calculating the
equivalent orifice area of two resistances in series, if somewhat less

- accurate when compared with Equation (2.5.2). The degree of accuracy is

estimated by studying the ratio~" =~ _— .

. AZ 2. i
. L+ [—-—] AL+ x,)
L] -
A - / ! 2 -7 2.5.8)
A - . (An?
: 1+ {I-) <
1 . . .
- A? : :
“The relation of this ratio -A-E to the pressure drop (measured in
: t v '
multiples of atmospheric pressure, i.e. '-%—1-,-) is shown in Figure 2.15,
. A a - N
with the component area ratio 1—-2- as a parameter, It is seen that for
. Ay

values of pressure drop of 5 atmospheres, the discrepancy between A::
~and At is less than 20X ‘as long as the area ratio is outside the

following range: ' ‘ >

. ¢ Az | : k i ) .
. 0.9 <-A—<3.‘5 . . ‘
. «1 . s

.
_~ . o
v . t B 3

] .
When Equation (2.5.3) 1is used for two orifices connected in series »
as long as the 1ndiv1dual effecd.ve otiﬁ.ce area ratio is outside '

0.9 < AZIA < 3,5, the combined equivalent orifice Area can be assumed

for the series in’ tems of the individual effectiwe orifice area,

. L]
- , P
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For three and four orifices connected in series, the combined

equivalent effective orifice can be similarly‘deteffmined starting

\

. -! from Equation (2.5.2):
)
: '

. i AL Ay . A .
\ il T

) : /A'2+ & /“1"*2) t(aA% + (AA)°

.

for three orifices connected in series. .
' Similarly - '
' A = Aca Xy : '
< tl} 4 h - )
- 2 -
\\\ , ‘ t3 + Aa - .
. L b Ay (2:5.6
§ = == e
! 2 2 2 2
‘ SO AADT + (A AT + (AAAD ™ “1"2%’
for four orifices comnected in serles. .
. (
1
. - * *
' ’ . . - * w
» , 4
. ’ ’ é
. ) 1 e !
b ) ‘ ‘ )
. ] \ ) . e .
\ RN 'y B - e . . ; . ‘:.: .
N . L S N AR L v w
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- CHAPTER 3 ‘ o .o

EXPERIMENTAL INYESTIGATION

] 4
- . - ,
3.1 GENERAL . ' AN .
a ' " An experimental investigation and verification of the Q.$.V. - |

assembly was carried out to verify the validity of the«theoretical ‘ i

relationships; derived in Chai:t;ar 2.. It was decided to util:i._ze a
réservoir Vl to simulate the volume of air in the brake pi‘i)e corres—i.

' ’ i)onding to the length of three or four typical cars of 50 or 75 feet o
‘long. .Althougtal a reservoir does not behave exactly like a brake pipe
which is generally 13" in internal diamet:er, it is believed that the . |

* regults obtained from thisg 1nvest:igatioﬁ will sery; to provide ‘

- 7 . |

. a&equate modelling of the dynamic characteristics of this valve., *

L]

Tests have been carried out on the Q.S.V. for. a number of dif-

ferent t:iming. orifices, reservoir sizes and at different rates of

!

reduction of pressure in the reservoir. ™ -

. C »
3.2 EXPERIMENTAL SET-UP ) -
. . , \ . \
v - The experimental arrangement 2 shown in Figure 3.1 and a .

schematic arrangement is shown in Figu:é 3.2, Com(;ressed air

adjusted’'to a desired pressure'by a pressure re'gulator and )is'aupplied
, |

to the reservoir, Vl, through the control valve 1. A control vglve 3,

algso manually operated, is used to remotely control the anott;er valve 2,
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P ) Point X
- ) . . .
1
Point Y
,)
Point Z
= \
»
\\,
~ .
*
.8 .

Vl, through a control orﬁce A

R "

’

" the functién o,f which‘ is to yent the compressed air in the reservolr

26 to the atmosphere. Proper choice of

\ t.:’he size of t\:hiS orifice\vﬁill then provide different rates of bressure
. reduction. Th% jtemperature of compressed air is inside the 13eservoir

Vl and is nmeaf;ured by using a Copi)er—Constancin thermocoupl€ with -a

SN digital readout. In order to measure 'a pressure insidé the Q.S.V.,
pressure transduceJrs arc inserted at the following locations, as shown

in Figure 2.3 and Figure 2.5.

.

To provide pressure reading Pl in the upper

diaphragm chamber Ad-.
.

To provide pressure reading P2 in the: lower

-

diaphragm chamt;er Bd'

To provide a pressure reading which is &ither e;lual *
to P, Wheh the check valve C27 is open (indicating

that the diaéhragm and piston are at the uppermost
position), or equal to atmospheric pressure when the
valve 1s cut—off (indicatingutha,t the diaphragm and
piston are at the lowermost positdon). This pressure
reading provides fairly accurate ;\ritghing times of

the valve and therefore, conveniently replaces a

displacement reading of the piston.

To provide a pressure rcading when the check valve
v

t

C47 la’ cut-off, indicating that the dlaphragm

assembly is at its lowermost position.




.and C

A second exp-!imental set:--up 18 also used for the evaluatd.on of
the equivalent orifice area of air resistance, namely check v9lves 027

in fully opened conditions together ﬁ\th the oxzifices A, B or
47 ~

5
E in series A47E or AA?EA and A 278 For this, the set-up‘is t:he same

-

as that shown in Figure 3, 2 but without the Q. S V. and with the-—contrel __ _ °

-

orifice ,replaced by the orifice of resistances in question.
. . T

The following equipment was used: a Validyne pressure trans-—

ducer DP15TL (Multiple Range Differential Pressure Transdueer)

' together with a Validyne transducer indicator CD12 as well as a Gould o

-

Brush 440, A four chanmel strip r‘ecorde.r was used to monitpr the pres-
J ‘ ]
sure at various locations of the Q.S5.V. as ghown in Figure 2.3; A

i - Y
liquid type pressure gauge was used to provide steady-state pressure

measuremenis.  The digital thermometer used in the experiments.was an

Omega Type 2809 Digital Thermometer.

¥ S . ~
3.3 EXPERIMENTAL PROCEDURE

--For testing the dynamic performance of the Q.S.V., -the following

ateps are taken (refer to Figure 3.2)&

‘ » e - ) '
(a) The eontrol valve 3 is manually ghi fted to the OFF position.

v ‘. ’ﬁ: | - .
(b) The pressure reéulat:or is, set to the desired pressure.

i

(c) Control valve 1 is manually shifted to the ON pos:i.t:ion to

)

\

© allow air to charge up the reservoir as well as the Q.S.V.

through the connection XX.

0 MR P . ket <

o ot gL P N

-

¢
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“ ;-
AR (d) On fully charging the aystem, the control valve 11is.

manually shifted’ back to the OFF position.

(e) The control valve 3 is manually shifted to the ON position,
which in turn opens the control valve 2 to allow the ‘system
to di\scharge through the control orifice AZG‘ The various

s o
pressure readings are recorded at locations ag described in

the previous Section. g

To evaluate the size of equivalent orifices, the following steps

are followed: ‘ , Co.

’

\ o
(a) . Control orifice A26’ replaced by the air resistance, is to’

be evaluated.

¢

) Q)) The*Q.ﬁ\,.V. i3 to be removed from:the sei:—'up.

(¢} The conl:rol valve 3 is manually shifted to the OFF position.

N (d) The. regulatqw get to the degired pressure, approxizixately
- )

5.0 kg/cngll, (71.6 psig) * ¢
. : ) .

- (e) The control valve l"i_s~manua11y shifted to the ON position

., / . . o .
to allow air to charge up the reservo‘ir vy

\ (f) On fully charging the systemy the control valve 1 is manually

.

shifted-back to the OFF position. | ~

(8) The cont:rol valve 31is man%ly.shifted ta the ON position,
which in turn, the control valve 2 to aﬁ)‘ t:he system

to discharge through the unknowm air resistance.

-~




® CHAPTER 4

DYNAMIC BEHAVIOUR OF THE Q.S.V.

4.1  INTRODUCTION - o

By maki‘ng use of the: theoretical “and experimental techniques
déveloped in the previous Chapter, this Chapter attempts to, showvtl:i’é

various- aspects aof, the behaviour of the Q.5.V. under differentgcém-'-

o

binations of working conditions and other parameters.

3

Some experimental data based on the present design of the Q.S.V.
S L ~
are first given. Thése data areé then compared with an analytical

. model developed in Chapter. 2. Having established the validity of the

mathematical model, the latter is utilized to help demonstrate how

some working conditions and physical parameters affect the behaviour of

this valve. o : o . N ‘

e L 4 .
\gThis Chépter is 'organized as follows. A summary 'is given in

Section 4.2.1, listing the results of experimental determination of

such charact:eristic_:s as the coefficient of discharge of orifices 'and

o

an evaluation of the polytropic constant which is suitable for sub-

sequent simulation of the system behavibur. -In Section 4.2.2, the

e R

lumped equivalent orifice sizes of resist.?nce:s in series that are o

found inside the Q.S.V. ‘'are ’ discussed. This is followed b); a dis--
. ¢ '

cussion of the sﬁitching cﬁargéteristics of -the Q.5.V. lir'x- Section
o , : v , J

4.2.3. By this ﬁime, there -is sufficient quantitative information

- -
»

to carry out a numerical simulation ofbthe ‘anaiytical model.

*
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Section 4.3 presents the basic behaviour of the Q.S.V., prin-
P2 . . 4
- . cipally the decay of the system pregsure P1 under a combination of
R
. .
coeditions, and the oscillatory behaviour\qf the valve. Experimental
: ¥ ’ o~ \

results will be compared against the results of simulation.

)

‘ The followin\g section, 4.4, is then devoted to investigating the .

' - aff%ct of \gome important parameters on the behaviour of the valve.

& Ny

) These iesults of the investigation are presented according to the two

.
3

‘ E s . ‘princi.pal modes of operation.
? } ,“ ’ . ) .
) A conclusion is given in Section 4.5.
¢ ,
3 v ! \
) . . , .
V4.2 - DETERMINATION OF CONSTANTS - e ’

-

I w21 "Experimental Determination of Discharge Coefficient
" ~

et v

4

The following is sﬁmary of experiments and results, with an -

~ e o

) . T ,1nd'1cation of the analytical technilque involved wherever appropriate.

[, v

” 4l '. ' ~Coe"t’icju.ents of Dis;:lvar:}‘h and Effective Orifice Area. f’ 3
~_‘; ' Usbing expression (2.5.1). apd"the' experinental\procedure described‘ .
; 'in‘ Section 3.3, the following parameters have been detemfned. -
A ¢ o
% . 1. Aréa of Check valve C27 ="4.143 mm® (;iia. = 0.09 in.) . 5 LT _'
)j‘ . 2. ? ‘Ama“of'.(}leck valve C , = 9.009 mm’ (dlia. =0.13.4in.) - .
i : 3. ‘ i)ischa'rge coefficient of orifice D . .
E L - Cd = 0.63 f‘fGIo_ Drill . . (when ‘the pregsure dif‘i’.ere;lcql ¥
i . : ’ - -between the up and down streams °

‘ (d{a. = 0.0156 h.)& ‘approximately 1.5 psi)
. (Table 2.1) :
| | g

A 4




-- respectively. The equivalent effective orifice area of check valves 027

'

- 32 -

Cd = 0.76 476 Drill (when the pressure difference
(dia. = 0.02 in.)

(Table 2.1 )

between the up and down streams

is approximately 1.5 psi)

Polytropic Exponent "n : .
¢ ’ . /

The technique described in Reference (13) and the result thereof
as summarized by expression(Al,12), Appendix 1, is employed to deter-

mine the suitableé polytropié:'exponent that can be used to describe the

. ¥ i
extent of heat transfer during a discharging process of the type as

’

described ai)ove, and notably in the experimental set-uyp of Chapter 3.

- .

This value of "n" has been found to be approximately 1.03, suggesting

a-near—isothermal process when the "brake pipe volume" Vl. dischar'es

slowly to atmosphere. :

s
-

/

Combined Equivalent Effective Orifice’Areg A

5.2.2. - 278" Al‘n

L

o

Table 4.1 shows the combined equivalent effective orifice area, .

/

namely, an wvhich were obtained experiment‘ally and

Ayzp 3 Aygg/AyyEar
theoretically'bymu‘sing expressfon (2.5.1) and the experinenf:al procedure
: ) A

described in Section 3.3, and Equat:’ion (2.5.3) and Equation (2.5.5)
+ '

.

and C

47 as obtained in Section 4.2.1 were substituted into Equation

®

(2.5. 3 ‘and Equation (2.5.5) to evaluate the combined equivalent effec-

tive orifice area theorctically. The results obtained theoretically and

eipertmonmuy are in good agreement each other.

o

| ¢
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Experimental Results
Equation (2.5.1)

Set 1 (Table 2.1)

_ 2
A27B, = 1.084 mm* (dia.=0.0463 in.)

Set 2 (Table 2.1) :
Azm = 1.553 mm? (dia.=0.0554 in.)
¢ ' §|

$et 3 (Table 2.1)
A,y = 0.6 mm? (dia,=0.0342 in.)

Set &4 (Table 2.1)
Aygy = 1.203 mn® (d1a.=0.0487 in.)

*

A «

Set 1

~

Set 1 ) Set 1 . .
Ay7ia = 1905 m? (dia,=0.0563 in.)| Area = 1.674 mm? (dia.=0.0525 in.)
1 Set 2 Set.2
Ayga = 1.583,m® (41a.=0.0559 in.){*A,p . = 1.739 mn? (d1a.=0.0586 in.)
Set 3 T |
Ay7g = 1.986 m? (dia.=0.0626 in.) A,sp = 1.869 mn? (dia,=0.0607 ia.)
- 4
Set 4 ‘ | set 4 .
Aygp = 1.986 wa? (dia.=0.0626 in.y A,;;E = 1,869 mm?® (dia.=0.0607 in.)
R, 'A'lﬂEAC = Combined equivalent orifice area of é_he;! valve C,_, \
z orifice‘A, orifice C and orifite E, dl1 in series.
N .

C @

o -

i
- - ) TABLE 4.1

Theoretical Results
Equations (2.5.3), (2.5.5)

. ‘.
(dia.=0.0452 is.)
14
(dia.=0.0527 in.)
(d12.=0.0337 in.)"

(dia.:-'-()..*0474 in.)




4.2.3 Swi tchinLCo'ndi tions

l-;igul\fe 4.1 shows how the pressure differentialh across the

1“' . diéphragm, i.e., AP =\P1 - P, varies as the "brake pipe pressure" P1
decreases with 11me. In fact, AP undergoes a series of fluctuations
between positivé and negative val‘ues,'wiChrpeaks indigat:ing instances
in which the Q.S.V. switches downwards from its uppermost position, and‘
the valleys il{dicating thos‘:e,:l’.nstzmces in which the reverse switching

takes place. The peaks are labelled as ’.al, azi and aq (downward 5

- switching) and the valleys as bo, by and bz (upward swil;ching). 2

One may draw the %ollwing qualitative conclusions:
1. If a curve be drawn, joining the peaks at a‘l, aé and as, of
v . ‘ 1 ‘l
+ Figure 4.1, one obtains the downward switching condition of .

the Q.S.V. as .éhown in the APd characteristic in Figure 4.2,

2. Similarly, the curve joining the valleys bo, bl, b2 and b3

shows the upward switching condition (APu,' Figure 4.2).

It is seen from these results that APu is alway\s negative, i.e.,

L 4

pressure Pz at the lower chamber B d is gréater and varies slightly from '

-0.4 'g/mm® (-0.5 -psi) to -0.14 g/uln2 (~0.2 psi) over a system pressure

range up to 49.2 g/mmZ (70 psig). On the other han_&w,u Ap 4 is alwayé positive in
., . -
N \ value, increasing more or less :]’.inearly from 0,6 g/mm’ (0.8 psi) when
f: : . M . Z
v P, is around 15.5 g/m? (22 psig) to below 0.8 g/mm® (1,1 psi) at
4

) 49.2 g/mm® (70 psig). Numerically, these may be represented by the .,

foilowiné empirical relations:
R . " |

- - : )
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-
. é )
i 1Y
A ' 2
{ AP =- 0,00625 p._; g /mm
.o . . u 1 )
AP, = + 0,00625 P, + 0.28; g/mn’ - =
The curves APd and APu" in solid 1line, are obtained experi-
-'  mentally. Corresponding)to these, the theoretical results as developed
‘ 0

A
in Section 2.3 for switching conditions, are shown in Figure 4.2 in
dotted lines. The results obtained theoretically and experimentally

agree yery well..
- \ .

4,3  EXPERIMENTAL AND THEORETICAL RESULIS

4.3.1 The Q.S.V. Dynamic Characteristics

Typical pressure versus time characteristics of the Q.S.V. and
the switching bet}aviour mfier service application, are shown in
.. Fiéures 4.3 aﬁd 4.4, T@g éressure'rgadings are taken from points X, Y,
ﬂz;and W as describgd in Section 3.2 (Figugg 2°5), with the cﬁfﬁes‘

.corfespondly lahelled: X (for Pl) » Y (for PZ‘.) , .Z (pressure between
- " ‘

check valve C,, and orifice B) and W (pressure\ between check valve C”"

27
aqg orifice A), For this set of gxpérimentg, the ‘equipment wasiifrsf

-,-charged to 70 psi%'and a triggering pressure reduction rate of 4

psi/sec (initial value, witheut Q.S.V.) was employed. . N

]
-

\ . . .
It is observed from curves Z and W of Figure 4.3 that the Q.S.V.

»

" ’ . i
ig ‘triggered into an oscillating mode, which lasts for approximately 40
.8econds, at an oscillating frequency of approximately 0.85 cycle/sccond.

At the end of this oscillatory period, the "brake pipe 'pressure" P, is
v -

-

at around 10 psig, with the Q.S.V. ceasing to oscilla;e'any fu;ther,

. 4 \

.
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- maintaining an "open" state to continuously exhaust the system.

v t \

' Curves Z and W' of Figure 4.3 carry the same information as the

" curves of Figure 4.4 except that the timing scale is expandeJ.

v
L

Referring to curve Z of Figure 4.4, the rapid increase in the air

\

| pressure between check valve 027 and orifice B indicates that check
. s .

valve CZ? opens and closes instantaneously. A similar situation exists-

between check valve C

47 and orifice A, as observed from curve W, of
the same figure. It is also imporgént to note that both check‘valve;

' open and clpse at essentially.the éame time, These‘observations
justify assumption (f) in Appendix 1, namely that the check valvfs are

agssumed to be opened or closed instantaneously, especially when/the

pressures P, and P, are large. ' K

.

As indicated in Table 2.1, Section 2.2, there are four diffexent ,
sets of orifices presently employed or proposed for use in the railway

: industry. In order to show the' behaviour *of the Q.5.V. employing the

2

. .‘( . .
‘different sets of orifices with differing 'brake pipe , and

at different pressure reduction rates (i.e. different sizes
A26’ sée Chapter 3 for experimental set—up),'the p}e%sure P1 in egéh .
casaqhas been plotted against npn—dimensionélized.time T.=(KR/T;) X
(Azslvl)t, 9 with the quantity (KR/T;)arbitrarily set to unity for

the present purpose. The results are ?hownliﬁ Figure 4.5. Also shown

is the corresponding discharge curve‘f; with the Q.5.Y. "cut-off" in
§§§

- order to help observe the effectiveneag of employing the Q.5.V.
§ - A

Referring to Figure 4.5, it 1is. evident that Set 3 helps to exhaust

I ) .o
L S

- ‘ - ) 4

I S T Y T e

M g A

o

I s SIS0 Rawd etk




buibuaeyosip Hurunp Nvu pue NNu usaMaq uoijejaa BuLydyLmMg

[ 24

! o

by a4nb1d

el

(*09s) I SwilL! e oot
0°¢t 0°¢ 0°T
1 3 1 — b} Il i — 3 i il Vi i ] $
T T ¥ LIS T T T ¥ T T T T L T T
I e

L

sefspadrcifsad




\ o
muifom&.&.ﬂ.w:ﬁvmm qUSADS LP 404 SIALND ALY TSA Ly aunssaad §°F aunbLd
4

)= .
0P ©oo'e ‘

f otX) 09 0°S

id aead

4 aanssauad adt

1




. 3514140 Buwll Bui3las Jusddzilp YL 31 sJ3) aweded - ‘ R ‘W .
pazi|eudou “sA aunssaad adid mv_fqm 40 UOLIONPaA SO 334 -DY3 UIIMIAQ uolle|SYy 9°p d4nbL4 A
— ¥ ’ . ~ n -.q» . . sy
) w&.. uﬁ—>\mm<v = Hf/,\\ ) R . - E R ’ .:,hp
0y . o€ . 02 01 A .0 T _—
! | . i ‘ ~4 — S,
{ - ) .
i 3
e w - - - »
. : ~ L %52- \
0 .

W

.

g

. aunssaud adid @jedq 30 uorjoNpas 30 ey '

o

. Sty ~ -
. . —————. £ 18§ S 7#.///[. - %001

—— .7 335 . R -
} ~
. . L : ———— | 33§ % e : N
. . . { V, ~N- 2621
—— "ACS D ANOYRL ~ : '
< - , , A°S°DANOYI LN o .
. ) . s\; , , .- o .
s p X
’ F
! § ) o - ] .
. . A




< )

4
¥ -

the brake pipe pressure Pl to the greatest extent, There is an extra —

reduction of 3.6 psi at time (A26/Vl)t = 3.0; cm 'sec, if one compares

the curve for Set 3 againgt that with the Q.S.V. cut—off. By applying

L

the technique of graphical differentiation on the &rves shown in /

Figure 4.5, the cofresponding instantaneous rate of ‘reduction of ,

5

' dp ’
pressure [d—T-l-] is shown in Figure 4.6 in all five cases. It is
-observed that the Q.5.V. increases the rate of reduction in each case
(all four curves, seen to be above the curve for the case with&

A
Q.S.V.), with Set 3 showing the greatest amount of increase throughout

v . . -

» . N °

the range of the experiment. : . »

-

4.3.2 Results of Computation Vs. Empirical Data 'ﬂ‘-’
O |

Digital computation is carried out on the CDC 6000 coml;uter at

Concordia University, Montreal,; simulating the dynamic transients of

. -

the system under conditions as shéwh in the experimentél get-up in

Figure t 2.

’ . ~
[3

. The simulation programs are<based on the analysis derived in'
%

Chapter 2, The principal dif&erential equations are Equations
(2. 1&”3) and (2 4.4) for }bde 1 operation and Equations (2.4.7) and

. (2.4.8) for Mode 2,operation and the switching conditionpof the ' .

N\

' Q.S8.V., 4’8*:1(;118 (2.3.7) and (2.3.9 ).' ’l;ke set of simultaneoxljs dif-~
'ferentiai 'eqfxatiuons are solved by using the‘ Runge—K'utta routine. This
method 1s.outlin9d in ’Appenilixus.. The ‘cc;mputer program consists of
switching ‘from Equatioris (é 4.3) and (2.4.4) to Equation‘é‘ (2.4.7) and

iﬁ“ﬁ&e ,Oersa, dictated by the prevailing switching conditions
T T

"»:u:‘- 7 . c S .

- A . aty ’ .. .

) v B ’ ‘ - DT
) .




z

f

v

P -«

2
bl

" AP or APd. It is also necessary to monitor continuously 1f each
“TTu

orifice is undergoing subsonic flow (Equation (Al.10)) or choked flow
(Equation‘(Al.ll)), the flow chart in Appendix 6 briefly outliqeé'the

computé;ional procedure, demonstrating how the’ﬁ}ogram switching is
* ‘

¢

Q\Peing carried out.,

]

The results that are of particular interest at this point are: \

B

, . .
1. How the $ystem pressure Pl decays with time.

- [

2. The fréquency and period of oscillation of the valve.
, . - - . ) >
M 3. How the variations of different geometrical and system para-

LY

meters may influence the computation results of the simulation
. o-‘

B}

4 ‘ program developéd.

-

P

P

For ease of-coﬁparigon,’Figute 4.5 which-illustratés the:Q.S.V.

[3

response measured with different combinations of orif;ceé employe;:\ié‘

;simplified to Figures 4.7 (a), ®)3*(e) and (d) where curves {(a) and-
N .
(b), in solid Ilines, are the measured response of the "brake pipe !

‘pressure" P, without the Q.S.V.-and that with the Q.S.V. respectively.

Corresponding te these, the computed responsés are shown in dotted

lines; naﬁely, response Pl ;Ithout the Q.S.V., (c¢), and ‘that with the

4

Q.5.V., (d). .

I3
¢ .
P

It can be readily oQgerved:thaE in all fdur cases, cﬁrves (a) aﬁd
; . ' . . |
(e), without the Q.S.V., agree with one another well throughout the

. 4

entire period during which the system‘diécha}ges its air through the

4
. ©

N .
¢control orifice AZG (see Figure 3.2). However, with thg Q.5.V., the

. %
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\ {c) CompuLed r&sponse of P v\nthout Q.5.V.
Computed response of P w\th Q.S.V.

5.8 m’ (did.=0.107 |n.)\\ - . \

3

41000 cm

~

.
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ﬁ‘igure 4.7(p) ;chperiqun‘ta] sults vs. thlorencal mode] for brake pipe ‘ /
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Pl

"

>

70.0- | , .

SET 2
(a) Measured response

D (b)’ Measured response
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curves (b} and (d) demonstrate good agreement during the period
T ' |
covering the initial 20 seconds or so, after which the system pressure

P1 drops below 30 psig, which is outside the range of interest in
actual practice. T . ¢
» . “ -

Another parameter of interest is'the frequency and.perioq of

oscillation o the .5.V. in operation. Figure 4.8 shows the actbal

Y.

-

empirichl sequence of osci}lation in curve (a), as compared to that
0 ( »

provided by the mathematical model (b). The frequency and period in

each case are summarized in Table %4.2,

¢ - .
It is seen that in Sets 2 and 4, the simulated results agree with,

E 3

the measured quantities fairly well. Howgver, the perioﬂ‘of Set 3

[ >

a¢cording to the theoretical model is approximately twice as compared

with empirical data. Qn the other hand, the theoretical model of Set’l °

predicts continual oscillatory behaviour as coppared to the abrupt gtop

\ - S

e =
of the actual system after 10 seconds.

-~ 3 »

A few words of comment are presented herdt Firstly, the theo-

to~

retical model is showmr~to be-adequate within the normal working fange .

:

\ . \ - \ .
of pressure P1 for which the Q.S.V. 1is created in the'first'place% .

i.e., to dssiat service application. Secondly, this ,simplistic.model

has deglected the effect of such parameters as inertia of moving parts,
continual spring forces, frictional forces.and backlashes, which tend

tolexert more influence on the behaviour at the (er end of the

pressure scale. - G .
B . ' - 0

> < e ) "

’

Figures 4.9 (a), (bf, (g)jéna (d) sho& the switching behaviour ‘of

\ -

Y
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>
the Q.5.V. under different orifice gettings

employed. The pressure.

. readings are taken from point Z.as desdribed in Section 3.2. Referring
~ ;
to Figures 4.9 (a): and (¢), it is seen that the Q.S.V. stops oscll-

(
\\\\\‘__lating after 10, 21 seconds relpectively anq takes up a position which

.partially opens the check valve 027 and, no doubt, also check valve

d C4rt

’

It is Qiso observed that the check valves of thé Q.S.V. .with

“ ' r

. _Set 1 are not closed completely during the operation (seé Figure 4.9(a)).

“

Similarly, the check valves with Set 3 are not closed completely 5
. : . | '

seconds later in operation. Consequently, some degree of leakage takes

”
) \aﬁ{;ée, which influences the time required tQ‘develop sufficient

ressure differential across the diaphragm. The results of computation
e . ,

on the other hand, predict continual osgillatory behébiour;'this(is

: equivalent to dumping more air than iﬁ{shohld from the brake pipe.

An experimental note is mentioned here. In the process of

. carrxing on the same aynamic test over a great number of times, it has

4 '

been observed that th# actual pattern of oscillation seldom repeats
B - A ] .
itgelf exactly. ‘This phenomenon‘is to*be expected of any dynamic
, s 0

system involving rubber mould diaphragms, backlashes and sliding

® friction. In other words, curves (a) and (b) in Figures 4.7, curve (a)

in Figure 4.8 and also curve (a)y (b), (c) and (d¥ in Figure 4,9 can be

A

only be taken as being representative. i
.. . N °

.
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4.  EFFECTS,OF PARAMETERS ON THE BEHAVIOUR OF THE Q.§.V.

L
4.4.1 Introduction

-

- . .

Since the analytical model and the corresponding digital simu-
lation programs have been shown above to give an adequate deséription
\

of the behaviour of the actual systém, they will be utilized in this ~

Section to study the affects of ‘some important paraméters on the
. \ ;™

' dynamics of the Q.S.V,

Y

~ The- niajor parameters affecting the dynamic behaviour of the
* v

Q.S.V. may be considered as follows: - ' ,g-“
\ )

1. The ratio.of brake pipe volume to‘operating\ chamber:volune;

v

Vl/VZ."' This is equivalent to investigating the.effeet of the

. length of the car 'and/or' the number of cars assigned to one

. ‘. Q.S.V. ) . Ty +

2. Rate of r_ed;.\ction of brake pipe pressure. ) \ °
o ' ) . ’ -.fx "
3. Timing orifices, i.e., orifices D, A27B and_A“E/A47EA (see

’ ¥

T Section 2.2). : ~ . L . )
. , ) o ‘ ¥ ?
In thfs Section, emphasis is placed on the ability of the Q.S.V.
. torswitch from one mode of operation to the other (or vice versa), and
\ L < .

N .

also on the time ken before .the switchiné occurs. For\thi%so}x,
Section 4.4.%is devoted to the Mode 1 O[fgation angl[xo h‘gw‘t:he para-

. meters affect the duration of this mode at the first cycle of oscil- . (, 4
4 ' - '
lation. Similarly, Section 4.4.3 emphasfzes the duration of the Mode 32 .

4q B
S q .
operation of the first cycle of oscillation. The reason for this 7 P

.

» o« . . \
C 4. . ' . -

f .
»

Cia amamatia o

pp——y
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-
approach is that the oscillations tend to take place with a fairly

.

\'m;'.form period (frequency) as shown}:in Figure 4.8. This period (on

the two positilons of f:he time dura%on that make up the period) seems

~
.

to play a fairly decisive role in the rate of pressure reduction which <

the Q.S.V. brings about. Furthermore, this information will bewshown —\

~

4

in the next Chapter to be ext:remeiy usefdl in deciding the

proper "tuning" of the Q.5.V. to meet practical requirements.
« (, - s IS

The discussions in the subéequent Sections will bas,based on the . \
data preseoﬁl;in the following Ffigures.. Figure 4.10 shows the time-.

.

required by the Q.S.V. to develop sufficient pressure differential s

across the diaphragm to switch from Mode 1 to Mode 2 operationafor \
different sizes of orifice D, dif..’ferént ca/r lengths and different
rates of reduction of bﬁrakei pipe pressure. The rates of reduction of
brake pipe pressure included on these graphs are 1007 (Figure 4.10(a)),
75% (Figure 4.10(b)) and 50% (Figure 4.10(c)) of full 'service appli- ‘ E

cation,-and the car lengths are 160,‘80 and 100 feet long. " (Note: 100%

o

service rate is defined as equivalent to a drop of brake pipe pressure

0

from 70 psig to 50 psig in 1.4 seconds, see Ref. 1.)

One 1nnne’diate.conc1usion that can be drawn from studying . \
Figure 4.10(a), (b) and (c) is that, except in tHe case of e N \~ /
large Sizes of orifice D, the time interval shown may be considered to »

be fairly independent .of the car length, especially from 60 ft. length 7!
f t t o ‘ .
upwards. Consequently, the data in Figuré 4.10 has been utiblize_d,
w | *

v

together with further data for slower pressure reduction rates, to

p | ‘ .
give Figure 4.11, which shows the relation between the duration of °
' Y } ‘~‘ .- L , e .




.

Mode 1 operation and size of orifice D, with the rate of reduction of -~ _
brake pipe' pressure El as the ‘parameter. ;I‘he very small reduction

rates are actually due to leikages in the brake system which are con-
> ventionally expressed in psi per minute."™ o ' \ : ‘.

‘Figure 4.12 shows the e‘ffec'ytho'f volume ratios on the time

. required for the Q.S.V. to return to Mode 1 operation from the first

N Mode 2 cycle. 4 o A .
. . o

; Figure 4.13 illustxates diagram%ly the relation between the

brake pipe pressure and opérating chamber\pressurg reduction under .
. 1 . ) 2
, ‘o .
diftﬁnt.volume ratios Vl/VZ' i.e,, different car lengths, which 0T

- . influence the time required to returm to-Mede 1 operation.

Figure 4.14 shows the effect of ‘the rate of reduction of

o brake pi‘pe.pressufe against the time required to switch from Mode 2
LY ' d

= to Mode 1 operation. ) e

’e ' Figure 5;‘515 illustrates diagramatically the effect of the rate of

reduction of brake };ipe pressure under Mode 2 operation,

.

Figure 4.16(a),(b) and (c) show the time required by the Q.5.V. -

- to return to Mpde 1 operation, after its first Mode 2 operation for
.o ‘ '

/

-different sizes of the timing orifices, namely, A and A for .

\ 278 478! A47e0°
" different car lengths and different rates of reduction of bt‘ake pipe

Y ) -

- s preésure. The rate of reduction of brake plpe pressure is examined at

1007, 7521," 50%, ZSZ_ax;d 10Z or less of full service rate and the - . <

carrlength is e;:amined with lengths of 160, 80 and 100 feet long.

-~ .

0

Figure 4.17 shows the minimum magnitix’de of combined equivalegt
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BN

1

*~

ot

required to return to the Mode 1 operation under’different

orifice A27B i

rates of reduction of brake pipe pressure. Figure A.Q‘illustrates

.

and

\ e

diagramatically e effect of combined equivalent orifice A27B

”

A47E/A47EA under Mode 2 operation. .
N ’ ’ > \'

. 4.4.2 Parameters Affecting Mode 1 Operation

B . - |
- Effect of Volume Ratio (Vl/VZ) .
. ) - i
Referring to Figure 4,10 (a), (b) and (c), a variation of brake- - .
< .‘ _';:. '
Sdop the suf-

pipe volume introduces a variation of time required to de

It is; found that by

»

ficient pressure difference acrdgs the "diaphragm;

keeping all the parameters at a tonstant value when the orifice D size

~
is small enough, in this case approximately 2.07 mm’, an increase of i o

brake pipe volume ratid does not affect the time required to develop

the sufficient pressure difference -across the diaphragm., However, it y

is observed that when the orifice D size is large enough, for this’ case

4
approximately greater than 15.0, 12.0 and 8.0 mm’ at 100%, 75% and 507
of full service application respectively, a reduction of brake pipe

.volume ratio increases the time required to develop the suffin‘ientz

pressure differential across the diaphragp. ~ ' "

.3 P —

o
C . - - ? . o~
4 -Effect of Rate of Reduction of Brake Pipe Prgssure .

. N 7

s

The effect of rate of reduction of brake \.p’ipe pressure may be ®

k

seen from Figure 4.11. ‘It is Found that, for a constant value of the

orifice D;' the time required to-develop the sufficient pressu:e dLf= 7

ferential across the diaphragm increases as the rate of reductiqn is
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decreased. For instance, it is approximately 0.12, 0.31 'and 0.6,
/

seconds at ZSZ 107 and 5% of full serVice rate respectively, -

whcn the orifice D is #76 (sce Tablé 2.1). ~ The reagon fox this is

- ‘ that as discussed previously in Section 2.2, a decrease in the rate of

' A1
\ ' \reduction of brake pipe pressure causes a slower decrease of the dif-

. ference of pressure between the brake pipe and operating chamber :

. —wplume. Thus it takes a longer time to develop the shffiéien[: pres-

- Effeet of Timing Or:l.ﬂce D

'

’ i

sure differentAial across the diaphrggm. ’ . ’ §
]

As an éxample of this discussion, Fignre 4,11 13 cloaely

examined. An increase in size of orifice D increases the time ’requited
+ to develop the pressure differential across the diaphragm to switch it

/ upwards.. This phenomenon can be explained by the fact that the rate of:
K reduét'ian of operating chamber pressure is increased due to an; increase

in size of orifice D. This slows down the builldingup of the dif-

N 2 ference of pressure between the operating chamber volume and brake pipe .
¥y ' . > . . N ¢
. required to switch the diaphragm assembly upwards. As an example, from
Figure 4,11, it takes approximatély 0:3, 0.4 and 0.8 seconds with
+ » . Y .

4

A orifice D size of 0.05 mm® (dia. = 0.0l in.), 0,65 mm® (dia. = 0,033 in.)

and 1.4 m® (dia. = 0.053 in.) respéctively, when the rate of reduction

1d 101 of full service applicntion.

.
-

It is nlso found that Lﬁ the mgnitude of otiﬂ.ce D 1is greater

than a cert:a:ln value. depending on the rate of reduction of brake

pipe pressure, the time required to switch the’ diaphrqgm asseubly from

<

L



lowermost to uppermost position, i.e., from Mode 1 to Mode 2 opemation,
- . . -4
approaches infinity. For instance, the limiting size of orifice D is

16.0, 13.0, 8.0, 4.0, 1.6 and 0.86 mm*at the rate of reduction of '
’

brake plpe pressure of-100%, 75%, 50%, 25Z, 107 and 5%. This may result

in the diaphragm remaining in its lowermost position permanently.

o
R
o

< A - ' ko

4.4,3 Parameters Affecting the Mode 2 Operation - " .

s

- Effect of Volume Ratio (Vy/V,)
© c \ R .
The effect of volume ratio V,/V, on the time required to switch

the diaphragm assembly from Mode 2 operation to Mode 1 operation’

) L3

with 100Z, 50Z, and 10Z o* fuil service application rates are best
shown in Figure 4,12. It is found that by keeping all the pa'rameters

at a constant value, the time required to switch back the diaphragm

.

asseubiy shows a tendency to decrease with ‘an increase in brake pire

volume ratio, This phénomenon can be explained by the fact that, s

: referfl}ng to Figure-4.13, an increase in brake pipe volume reduces the

S

rate of reduction of brake pipe pressure., Thus, an increase in brake

pipe volume int'roduceg more time required to switch from Mode 2 back ‘to
Mode 1 operation, A ‘ .
‘ f

1
A

~ Effect of Rate of Reductioh of Brake Pige' Pressure

. ®
It 18 found that a decrease

i

in the rate of reduction of brake .
pipe pressure decreases the time.required to switch the diaphragm

assembly back from uppermost to lowvermost position, This phenomenon is .

more clearly illustrated ‘in Figure 4,14 which has been reproduced from
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. e

.Figure 4“3), foxab\zm = 3.5 mm* and AI¢7BM47EA = 5, p, 3. 0, 1. 0 un .

{ This phenomenon can also be explained as folloui: Since the

N
rate of reduction df the operatiog chanbet pressure uy be assmd at.
8 constanr. value, the time uqutred to switch the iaphup usedvly
back to lowemost position is decreased beca,ua decrease in the T
.rnl:e'of' r'educuon of brake ;;ipe pressure ‘causes an increase in the Jm- ; .
" ference of rate of reduk:t:lon of pressure bptveen the [brake pipe and

»

the opera:tng chaalm: volume (refet to Figure 4.15). .

~ Effect of Equivaunt Orifices 278 und ASS\AA‘IEA | .

A; an cmpu ot tbu discuuion——i’tgun 4,16(; may be’ cmined
. clonly. 1f the nsnttudc of "‘273 is smaller thna s cc:uin value, \t!fe
_ﬁw rbquixdd to mdtch bwk to Modc 1 opcutiou npp:oadlu mtinu:y,

L

1.e,, the disphragm is uatntmwd tn its upppmu paucton. : *nu
liniting valves of 275 n‘;;-t_m dutcunt vates of. nf}ctton of
bnkc pipc p:euure are’ notc cuadwlluuuud in Figure 6.1{ These
values@ury only very sughtly vith the value of A 78/ 4TEA’ m\
“diupbraMserIy will never be switchéd from Mode 2 SEMMods 1 opcr\u{im

. \

whcn the values of A27B fall into the shadcd.nu o:(; the cutve under

duf.cnut rates of reduction of bgake pipc prusuu-. This phmmpon
m/n expldiued as ‘follows: Raterting to l'igure 4} 18, 1t s obv!.oul
that 1f the nu ot rulucl:‘.l»on of the operating Mst prcuurc, which’
u{cpmda on the gaguttudc of cqutvaleut orifice . A27B is too gru’: com-
\pSgd to chat of the brake pipe preuurc, u wvill u?vcr be poustbu for’

Py to excesd Pz, nul duutou the condicm of danrd svitching wul R
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- '/ never be satisfied. T : f)

v

Fron; Figure 4,16 (a), it is found that the time_ required to switch -

, - Y
the diaphragm assembly is mainly governed by the magnitdye of A27B .
§rather than .that of A47E/ 47EA’ As an, example, i{the desired time to ]

i

) sjitch the diapﬁragm is approximately 1.‘0 sec.: under 1007 of full service

rate, the choice of magnitude of A /A for this is t:hat:

47EA
,againth'\:SOmm

278 47E

.o 3,0 v 3,4 m® (dia. = 0.077 ~ 0,082 in.) for AZZB

s (dia. = 0,044 ~ 0,099 in.) for A1.7EA' This means that a riation of

M [}
] . A27B is 10% against 400% for A47E/A47EA' ) )

S

.« -4.5 CONCLUSION | - .
s . - In this chapter, some experimental data were first obtained to
"be inaluded in the analytical model of the Q.5.V. which was developed

{
. 3 in Chapter 2. ds well as to test the validity of the assumptions

Fod

made in the analys‘is.' Yor 1nstance, air resiatance,s are treated as
# ‘equivalent orifices, <the 'effective area of which are obtained experi-

. ” 7 . .
v mentally by using expresasion (2.5.1) and .the experimental procedure
- ‘ , ¢

8 (\procedr@e\aferif ied against some

ently, it was utilized to determine the

described in Section 3.3.

known orifices. Subs
equivalent orifigf for check valvesynd orifices in series, with the"

series of pné

i

atic resistancé alg,o assum éd be equivalent to a siggle

g , orifice. The exper al, results ar<thennfoum! to be in good agreement

with theoretic,\} calculationg based on.Equation (2.5, 3) , (2.5. 3) an(l

(2.5.6). These exper:lmentai and theoretical results have been tabulated

»

. ™ in Table 4.1 for easy comparison, -~
1




§n Section 4.2.3, the theoretical switching condltions developed v

1n chapt:er 2 by considering force balances have been compared with the

cxpt_rlmentnl glata. » The results d_re In good agrecment with each other,
. . ' rﬂ"

) ' ) il .
\>ln order to examine therdynamic behaviour of the Q.S.V., pressure g

o

readings have been taken according to the experimental procedure

\ . .
described in Section 3.2. ’'From this set of experiments, it has been

revealed that the check valves situated at the two extremities of the
N piséon assembly open and close essentially instantaneously and -

4

e . ) simultaneously. - ‘These observation confirm-that assumption (f) in ° f

- Appendix 1 is varid one, . .
. — , /

~ e,
v Bhsed‘ on the numerical values of the necessary parameter‘a which

has been obtainéd ’experimentallly and verified theoretically, the system
: [N
) > : 7 .
N equations which describe the dynamic behaviour of the Q.S.V. are then
solved by using the CDC 6000 digital computer., .It has been observed that

the theoretical model predicts very well the actual Q.S.V. performance

down to 30 paig;

under service application for a range of pressure P
[ . .

1
® ' that 18 for the normal operating pressure range of the Q.5.V.
N ‘ T *  The t,:heoretj@al model has then been utilized extensively to study

the effects which some important parameters have on the performance of

P

: . \
Q.S.V. by considering its two principal modes of operation. -

The results are summarized as follows. - )
i ) N -
P . \ e . . '
For Mode 1 operation: ' ‘ - b

#

/
(1) For small sizes -of the orifice D the time duration of this mode

-

may be considérelq to be faily independent of the car length. or

volume ratio vl/\!2 (refer to Figure 4,10)

~




_ , ' i - 51 -

‘
-

.

> (2) Increase in rate of reduction of brake pipe pressure decreases the

W4

dutixtion of Made 1 operation if ‘tl"ne size. of orifice D rémains the

: same, (refer to Figure 4. 11) S ’ " BN

R . . (3) Increase in size of orifice D increases the duration of Mode 1l

N .

Operation. In fact, for each rate of reduc,tion of brake pipe prés-

“n

sure, there is a limiting size of orifice D above which the duration

e

hecomeé infinite. In other wards, the Q.S.V.v will not switeﬁ to

. ‘ ~ . Mode 2 operation at all. o \ ' -

A . . a -
. ‘ It has also been observed that, from Fig re 4. 11, ‘g Q.8.V. which

employed as orifice D according to the present %chedules jas given in ,

> L g
.- a Table 2 1 will be placed into Operation for a reduction te, or leakage
A - \

i

rate of under 5] psi/min. On the other hand, aecording to thi ropdsed

schedule, the Q.S.V, will not react to. 5 psi/min. but to 8 pﬁi/m or

2
" more,

Por Mode 2, more parameters dominate: the opération, These’incl de

' car length, (or volume ratio V1/V2), t"éduction rate of brake pipe pressiye .

-

278 24A /AL 7pa -

/

* and combined equivalent orifices A

(1) Increase in volume patio ﬂighqu dee're”a‘ses the duration gfz

Mode 2 operaéion.' ( refer to Figure 4.125 ‘ v
s (2) Increase in ‘reduction rate of brake pipe preasixre increases the
duration of Mode 2 operation. (refer to Figure 4, 14) e r

¥ . ’ . (3) The durntlon of Mode 2 operation is related to the size of A 278
in‘the form of a family ‘of rectangular "hyperbolic curves, with X

* the ‘ratg reductiot of t?rake" pipe pressure, '(inciudiﬁg'\ lepkage):,'
. and the size of A ‘ ’ .

and (¢)) Ir )

47EA

as paremeters{ (refer to Figure 4.16(a), .(b)n..

<




(4) There is a lower limit on the value of A27B’ for switching to be

possible from Mode 2 to Mode 1 operation at each rates of reduction
> » * » . '

. : ' ” . .
of brake pipe pressure. (refer to Figure 4.17).

.

- , . . ‘
Furthermore by studying Figure 4.16, it is found that according

v -
»

to the value of A27B

ligted in Table 2,1) the Q.S.V."can react to lower rates of reduction

2%

of brake pipe pressure as against the present schecules (Set 1 and 3)

H

as given in the proposed schedule (Set 2 and 4 as

.

* and do so‘with a shorter duration of Mode 2 operation,
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jﬁ‘f nr e ., ‘ CHAPTER 5 o }
o O Lo . : . . . . N i )
B ' TUNING PROCEDURE OF THE QUICK SERVICE VALVE '
/‘."7.".‘ . ' . - ;: ; - 4 N : . .
5*;”% L 5.1 INTRODUCTION | | ‘
v w _p ,(‘\ N - ) f
T@J a", :}dﬁ,‘;_“ \ ’ \
RSN s The dynamic behaviour of the Q.S.V. depends on a number of vari- _
¢ ' .
Te -+ - ables such as rate o.‘; reduction of brake pipe pressure, volume ratio

v between the brake p:l.pe and operating chani)et in/the Q.8.V. aud tuning ,'
‘the timing orificu This ataptar“is, however, only concemed with the
tuning of t:im:l.ng orifices when the Q.S,V,. :ls operating under service
appucation rat:e. This Chapter 13, therefore, devoted to determining

. m proper aiqe of ciming orifices in order to obtain a desirabloj

4

5 pgxfommce of the Q. S v. ' . ;
o > Betore pmce.eding with the fornulation of the problem, the two
.- s ! conditiowl gor satia!ac:o:y opctat:l.on of e?}.s._v. ‘should be under-

' stoqd, and tb,ey are l:uted 8s £ollown

N
I . i
. .

1. The q. 8 v. must not reapond to brake ayaum lenkage rate,
oL - -2, . The q.s v, mt not. cruu an "mrwq" rate during "gervice" .
nppuclr.i.on - : ‘ . ,

mue raquirmu can be met by a protnr ulcct:l.on of tha sizes

of the ::Ln:mg oru:lm. In- orch to detcuine the :-.um; o:iﬁm of,
\the Q.8, V.\ with du:l.nhh pc:tqmnca, the tollqving informstion is

onquitsd: cT e




Y : E

- %4 - o

(1) Brake ayatem leakage rate during train operation; g

(11) Length of car, in other wrds. the’ valwne ratio as diacusaed in
alapter lo;

Rt n
oy

‘(iiij Magnitude of the rate of reduction of brake pipe pressure cor-
| a~ responding to the full service rate (70 to 50 psig tn 1.4 seconiis,
| . . ~

| {‘@ . see Ref, l)o .

(1v) ’rime required to develop a sufficient pressure«diffarential across

the diaphtagm to syitch the latter grom' one position to the

| ’ other, and vice versa, . ' o -
} . This information may be used in the "fqllowiné manners -

- From the ﬁfomtion concerning the brake pipe system lealiaga ’.
rafe and the length of the car, it is possible to determine
the size of orifice D,

N k]

‘ . MR
- wuh knowled o rate of reduction of brake pipe pressurss L
¥ ‘ B ge “N:!g . pipe p .

and the length of the car, mgnituda of combined equivnlcnt : “
orifice A47EM47EA can-be obtained to provide service opcntiou

3. without creating an emergency rate, © - r

- After the mignitude for A /A -, has been establistied, it is
“possibla to deternine the magnitude of A, depending on the

‘v ) : time li)ecif.iod to switch the oﬁaiation from Mode 2 to Yode 1, . . o 4
' . ’ . snd ‘the ratebof . reduction of brake i:ii:e i:rnixirc.') ] X
: R C ' . . ' L ™~ :

' It 4s not intended, however, to cover all possible cases, but to shov - r g

mly the basic principha of the tnu:lnz ptoudure by way of an. oxmlc.

HM n mph. }t: is, mumd that tbc ’toxmxng information is




S B an WS o .
R NN

,(1:) Brake syetem 1ukage u usumedc at 5 psi/nu.n in the worst cuc.

(11) "Car 1ength s wsumed to be 100 feet lons.

(111) “Rate of reduction of brake pipe pzcuuz:e is assumed to be 100% of

L

full service rate Can mitial reduction ot 70 to 50 psis in 1.4

£l

aecogdi) C o ST ..

!

Time required to switch the operation from Mode 2 to Mode 1 ie
- assumed to be approximmly -0, 5 seconds ) ' .
This Chapter 18 organized as  follows. . éhctipn 5.2 discusses the
datermination of size of orifice D; the megnitude of combined equiva-
lent oriﬂces A47E/ 47EA ind AZ?B are determined :ln Section 5.3 and

8¢ccion 3.4 pceuuu the flew chart of the tuning pracedura as a

-

SURRATY.

LI

5.2 TION 0O sxz' ¥

. In order-to determine the uza of orifice D, t;hc !ouowing con=
di:im- and vnluu assumed in the exsmpls are:
1.7 The Q.8.V. must aot: rupond to b'nlw system 1uk¢gc" rate.

¢ 2, Brake -ynma l.eakuse is unmd at 3 pulmin 1n the worot cm.

3; Cer" ungth 1is uuuud to be 100 f.ut»

ﬂguu 5. 1 shows the mximu nnd mifimum lizu of orifm | IR
for nl:htacwr}' wcruﬁié“u mdcr'nodn 1 'opcnl:ion. pu shadad area at
uch curva carrumndins to the’ #ize of orifice D. indium that the
Q. . dou not operats niﬁutuwrily. It pz%un the Miiting yslus

- . .o -
: 4
. /
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of the orifice size; D for diffefent car lengths and at differsnt
" rates of brake gipe preasure reductions, ubovgvhich the Q.8.V, wiil R i
take an’ 1a£1nite pcriod of time to switch from Mode 1to Yode 7 .

operation The curves 1n ?1gure 5 1 are obtained wich reference to y 4
Figure 4.11, by thking vertical uypmcouq to the family of curves
(size D vs, timﬁx, One notes two £amilies of curves-in Pigure-¥.1,

The ubécr family corﬁs;;onds to rates of service ’a;'u’,ucncm. ifs

Q.B.V.s is to react to ) certain mx:lm rate, say 507 of full service

a.pplicat:lan, the orifice D must not bc hrgu than the valuu showm by
thc line for 50% of full service lpplic:tion./tt should 11. below ﬂ:, L
 otherviss, Weording to Tigure 411, the Q.E9, /wm.xlum in its’
\;/ ‘ Yode 1 condit%on indefinitely, Thus this lmu.y of curves uu the
.uppcr limit co ﬂu choice of otiﬂ.u D, - '

~ On chcfoﬁut hand, the lover .‘.cnuy of curves, in Figure 5.1 cor~
L’, ‘ . responds to leskages in the brake systen. It's tZ

| to s systen luk&u rate m:uur than, ny. 5 pl:l.lun.. then orifics D ‘
mat not teke on & velue which is smeller than thoss indicated by the =~ ° |
5 pulm. line in Figure 5.1, "nu.- fanily of cutves thersfors sets |
tlu lowcr lmit f.o: the o:iuu n. conuquntly, sise of orifics D,

for the pumt mwh. ahould be Betvess ammuuy 0,08 ma.

(du. =0, 013 '.uz.) and less than uppro:i’ut.-ly 1. 6 wt (dis. - 0. 06 m.).

From a umiuvuy pom of vnv. it is desivsble>that the -iu of

mnu D bs as clou » pouibln f.o w lmm vnluc. Such-an o:i.ﬂ.u D

ais 18 not to resct \'

vu . uu!.cinr rupmo of - m Q.ﬁ.v. optnﬂ.ou In cb.%u mc, let us
B take :hn sise e of o mtmc D u be- lvp:oxim;alr 0.1 n‘ (dﬂ'b = 0,014 4n,)
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4 N
to avoid drilling too a'mll,, a hole)\ From Figure 4.11, the time

required to switch the operation from Mode 1 to Mode 2 at cha.vq'ry
*“first cycle, can be found to be less.then 0.1 second: '

o
»
-

e

The combined equivalent orifices klﬂllﬁkm and- kzm dmm
thc time required to switch' the oparjgm fron Mods 2 to Modc 1, as
dnmon-traud in Figure 4,16 of Chaptc fn order to determine cha '
and A

471!/ 47EA 278’
specifications in the example must be considareds .

magnitude of A the following conditions and
’ 4 . “e
r’

(:L)\ The Q.S.V. must not create an "¢mr§¢ncy’f rate during "service”
appliugion. o l

(11 The car length is assumed as .1(010 feat long. .

(111) _ Rute of reduction of bukc pipe puuun i- assumed .at 100% of -

-

full service rate (70 to’ 50 peig 1 ucondl. sss pl’.gl).

. {1v)  The time required to switch the/Operation from Mods 2 to ¥ods,1

“is assumed to be approximately.[0.5 second, /

Yigurs 5.2 s the liniting magnitu bt ccnbi.md cﬁu:tnhnc orifics:
"m/‘am e construction of this curve is mh&ud in Aﬂhuh 7.
The shaded ares st each.curve corresponds to. tha. nagaicude, of. A”'/ )

A“u which will cruu‘m smergency situation when the :rnn is' zo~ '

acting to tho ur:vicc rate indicated py’ that surve,, .In the prasent

. cassy Ajau/h,qy, 18 fomnd tobe slightly icu than 3,8 m? (dia,m '

' 0,87 1a.) ..wmau,-,.a by the point X 13 Figure 5.2, In the present
. cass, h: us teke the vdm of A47B/Alom to'be 3.5 m®, Jhe sise of

| orutcc A and otuzca g can bn chosen arbitrarily, s long as the
: ' ‘ ’ ’\ ‘ﬁ/' ¢ ‘ . ' T < -

[




4 _F.5.R = Full Sqrvioé hage '
1 - 5% of F.S.R. ) .
" . (
> 10%"of F.S»R.
\ ™ 26,0
e
~ o B 25% of F.$.R.
? A
F 20,01 T
- § 5 ‘
[ N 3'\%‘7 N
N 50% of F.S.R.
E a Lfor ' o *
OO \/
.‘ r
. i 5% of F.S.R, . * !
x. ’-. ) I"' | ) :' / | . ‘ Ca , . ‘ ' .
;‘.ﬁhvﬁ -'—--..--’.’-'- 120“' Ec?vno ! | \
- : ’ | ' . ” l ‘ \
. o . ‘,. ' i lf . o
. o - 50 o '3) = ;}'JOO (Car lenyth)
ST e . & sz o, 39 ‘ g 2 \r,/\f‘.z .

e
ngn 5 2 The Mmltation of #omincd cquivﬂ‘qnt orifm “475"47& . ’

- L jf Equht>on(A7J) \3 F - N




B’qno, Q. 5 5)., . For’ thia cus‘, ‘o ficeE==4 6 o’ andotiticeAﬂ 7.0

o mé 13 .one possible aset of solutions as indicated by point ¥ in

. 1713\;1"3; 5.‘3(5.);., " In absence of orifice A, l'igu\re 5. 3(b) 13 utilized to

'W; : ( dsux:mins the ;arifiu‘z. Figure 5.3(b) is. besed-on Eqn. (2.5, 3). For

this cau. orifi'éc E = 3,9 approximauly. -

To hclia detamina w& "'“&\5278‘ one can-mske use /ot the series

) of cums in Figure 4 16 in thc previous Chaptar. For the present

' case, Pigure 4.16(a) has been rcproduccd as Piguu 5.4 for‘a car length

».
s of 100 feet, Ic shows the relation batwesen “273 md the tim rcquircd

co ratum to Mode 1 cration, baving service rates and thq size of

v
ha [

A47B/AI¢7EA as purameter-. It lhould be noted here that: ﬁw siu o!

orifiu D does not upprecubly nﬂccc these aurvu.which dapict the

Q.8.V. performing in the Mode 2 operstion, The magnitude of Aygp 18
dctcrmiud s £o“11m. The interssction Z between the horizontal line

, m- cm-o 5 nmd and the :I.nurpolnud curve ..‘.ot A4n/A4m = 3,5 mnt

,ac 1003 ot full service wplicuion uu u.vu l:ht nunuud- of
ss approximately 3.4 m® (Bis.'m 0,081 in.). The orifice b vhigh 1s io

series with the check val : be obtained. from M.mu 5.3 uhi.ck

» 48 based on Eqn. (2.5.9)
j - of orit:l.cab has bsen found toba60 m', as iudichud by the poiat Q
in the figire. L : ¢
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B Reduction Rate ( % X Full Service Rate) ’

W% or 1ass25%  50% 758 1008
r-.as.,.e.‘_-s.., =" ——

L

Time (sec.)

']

s::

Y
Ayge/Pazea = 1.0 T — 4=
haze/Pazen = 3-0 m ~~O0— .

z“ ———
Orifice D = 476 (see Tabie 2.1)

. , . (dia.: 1n.) .
0.044 0,063 0.077 1 ({.089 0.099 0.109
3 . | LI | 3 PP o .
[ . v

L ] 4

0. 2.0 3.0 34 a0 5.0 _6.0
| “ yzg ()

Figure 5.4. RElation between A,y and the tima required |

to return to Mode 1 operation’.
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. For the present example, the reaults of appiying the tuning.pro-

cedure are summarized in Table 5.1. These results have been utilized . :
in the simylation program developed in Chapter 2 to test for the « - ' .

validity of the tuning i:rol:edure. The ,simula}:ion progran 18 outlined

in Appendix 8. The simulation results are summarized as Figures 5.6, T
1“\, 5.7 and 5.8, which shov; the sequancé of oscillation aimulat;ed ( as fn °

.Figure 4.8 with time), the brake pipe pressure Pl also as 4 function of

time, as well ‘as the mstantaneous rate of reduction of brake’ pipe pres=-

sure dPlldt as a_ function of the bral& pipe pressure P,. It 1a observed

1

from Figurq 5.6 that: the time duration t: is 0.04 second. approximately <
‘}‘- ia
at the very first cycle to switch the Q.S.V._. © Mode 2 operation, and

that :b is 0.5 second approximately, as the duration of Mode 2 operatjon,

L3

.o From Figure 5,8, it is observed that the pressure reduction rate of )

the train in question is above the limiting curve for emergenéy_rate.

_ Theréf.otg., according to the principle .discussed in Appendix 7, Section AT.3, .
' the d.S‘V. does not create apy emergency“-imatién\. S'umariziné, the

tuned set of orificea proposed by the tuning procedure outlined abova.

are satisfactory, - - ; . g o .

! o ’ . | ’ ‘ bt ‘

5.5 cBncrLuszon ' ) o ;

By the example utilized in the foregoing sacfiﬁh, ‘it is o‘bvioul . ’

'; - vt!ut the tuning procedure for the timing orifices are satiafactory. | .

m. tming procedurc 13 out:li.ncd in t:he following flow chart’ as sumnary.

E ' o LI
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Obtaining information required: . ' ' :

1, Brake system lsakage rate during train /operat:lon. ,

2, Car length. ) - '

3,. Rate of reduction of brake pipe pressure corresponding -
to the full sérvice raca(l) ) '

4, Desired time required to switch the operation from'

Mode 2 to Mode 1,

Determination of orif;cé’?x © ¢

1. Use Figure 5.1. ’ " \
2., From the infromation concerning (1) & (2) above, detqrmine the size
of orifice D as close as possible to tha brake Jystam laakage

4

reference curve,
3, Use Fig;re 4,11, ’ .
4, By using the value of D obtained above, the time raquir;d to

switch the operation from Mode 1 to- Mede 3- can be- found.

'3. Use Figure 5.3(a) or (U)" to determine size of orifices

476 A4 72"
L )

‘Determination of magnitude of A

1, Use Figure 5.2, :
2, ¥rom the condition concerning (2) & (3) above, obtnin a limitina
maximm of magnitude of A 47E,A47EA' \

Asnd B, =

. , e ol ‘
- -~

Nt&ﬂsmatton of nugnituda of A27B _— : .

1. Use: l'i.gura 5,4,

2, r:q:‘Z‘ :puciﬂcaticn of the exuplo concerning (4) and,
by the valus of *47!"47& obtained abave, ths inter-

section -of horigzontal Jine for time and. the curve of A 78/

A“M at thé muiud nduct::l.on rate uvu thl ugnitudn ol

‘275' ) ' g K ‘ ‘. ' i Y

3, Use Pigurs 5.5 to ddtdmiuc orlﬂcc B. - P . ‘ \ .
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+and Mode 1 oi:argt:ion

co —
, ¥

- SPECIFICATLONS )
Brake pipe system, leakage 5 psi/min,
ﬁh;c of reduction of brake . -
pipe pressurs cor?:gaponding' 100X
to full service application,
Car length 100 feet
Duration between Mode 2 : .

N 0.5 sec,

-

PROPOSED ORLFICE SCHEDULE

Y

ORIFICE SIZE (mm®)

r . 0.1
~
Au7e/Ay7eA 3.3
e | B 3.9
or E 4.6
Agea | A 3 7.0
; Am ' 3.4
f S 6.0
- .
: - TABLE 5.1 ,

DATA SHEET JOR TINING Q.8.Y,

i

“ N\

[

-

‘

N

P




~~ the component sperformance. Morsover, the behaviour of a long brake

‘bun -mlynd m! docmn«d 1n ‘thie mm. !urthcmn. in

CHAETER 6

ONE FOR . . .

6,1 CONCLUSION *

This thesis 1s primarily concerned with assessing the dynamic
p.erfomuca of the Bl Quick Service Valve., To lpci}iu:o this study, ’
a simulated load in a form of a closed volume-hae been uud throughout
inetead of the actual brakﬁﬁ.;ia. or a section of on:. "This has b;ea - .

found necessary to provide the basis of a first attempt to investigats
-l

. - - : * -
pipe subject to venting at different locations along its length is not

yet wcll-ud:nbliaﬁod and constitutes a separate topic of research which ' |
is currently c;;fr:lcd out at the Fluid con"trol, Centre of this Univc'uuy. " ’S’ ]
Subject to the informatior available, from the brake pipe ‘guu'r,c’:h work,

the .rasults and concllinio?s presented in this thesis may m;ll have to

be adjusted before being applied to the ‘real’ ucuéo: on the ffcisht

w

train, _ .

The first conclusion to be duv;\ is that the Q.8,V, (Quick Bervice
anvi) is /ﬁg!ul placs of equimnt for icdl;cinc tho imlu p’ipo pressure
at & faster rate. This by itself is s known and ummm fact,
al:housh r.hc author has dcmonu:;;;:-d quaut:l.mdmly the: letu-l smount
o! increase in the tcduction rate 30: sach particular sst of ‘ '

-
imuunu F’ﬂt into the Q. W Moroovcr. the effacts of

_different cenb:.uﬁonl of :hc nrmun (nmly. the length of ., P

car. “Fne- zate of buk. p:lpo ph,lu:c” tcduccd.ou that would ‘take placs.

-

‘ mrm abnnco of a Q. .v. thn uua ot the tim.ns orxifices), luvo K "{

‘ordur w puﬂeho um.n of tho umlzmu 1m:o tw prom por-me;lm. m‘ {',

- . ‘) .
‘n,L; i oo . .
W Ng! "1‘"( I, Syt '.\“ “ 3, "\ N ki a“ “y




»

chapter has been devoted to davelaﬁ'ink a ptI'Occduga for ulecﬂng the
timing driucu to achiave best performance compatible with raa’son_abls

safety and reliability, The analysis snd design has been made pouaib;c

bysthe development of a mathematical model which describes the dynamic

behaviour 'o! the 'Q.8.V, This model has been tested against experimental

tasts, There is good agresment ba:;fun theory {nd actual performance,

validating the usefulness of the mod’cal "':Z::. justifying the various '

assumptions and simplifications that have Hee onsidered necessary jin

developing the modal,

i ~l;::!.c.'.:ly spnk:tnz, the time ciuution of the Q.8.V, operating in
Mode 1 depends principally on tha u:c of reduction ot brake pipe

' pressure and the size of ozuiu D. S8imilarly, the tiu duration foz
Mode zgperation depends on the liu of orifice A, and B {:ckcn togcchor
as 8 woup, and that of orifice 8, as wull as the rate of pressurs
reduct}.on snd the hmh of the car in question, Btrictly spsaking,
the .n:l.u of D also ‘hu"-om small affect clo\n f.fu ‘Mode 2 operstion.

However, the ﬂ@gwy utilized in this thesis simplifiss matters -

s jzrut desl without appreciable loss of accurscy.

/

The Q.5.V. actively exhausts air from the brakepipe during ite
Yode 2 opsration. Conssquently, chn sffectivensss of the valve in its

rols to remove air from th‘ pylt:cn dopando on the time duration of 1:-

Mods 2 opsration as vell as the sise o! orifices A md Eand chack vnlva
0&7. However no ipccuzc actompc has basn mdc in thu thesis to defins a
criution to measure q!tnetivomu in this sense, Rither, as borne out

in Chapter 5, it is recognised that thers is a limit to the quantity
“ N . i . N




. of a‘ir that can bs removed from .the system, beyond which the problem of
~#afety and reliability takes c;vat. In otiur wc;rd- ’ chab increased rate of
pressure reduction in the brake pipe cannot exceed the so-called amergency |
rate, which initurn is a con;traint imposed by the ;BD contro]: valve
- on each car, Hanca, (] QTS.V. may be pushed to be as effective as !

possible as long ‘as it :ll lah to do so. Any higher' r& of .

pressure uduction that may be achievﬁd, (and no doubt can be easily ]

~

"

achieved) has no practical valve at this point of tims, - u, r

6,2 SUGGESTION FOR FURTHER WORK' ' ]

. A N
There are several areas of work which warrant further research,

’ ~
Firﬁly, an alternative design of a quick urv:lc(c valve should
AN l):q looked at, which.qéu not behave 1liks an oseillator as the-Bl Quick

Service Valve. This n.quiru Va sensitive monitoring o% the instantaneous

T et v A s e B

r\ajn of change of the brake pip,n pressure to.open or close a vent valve.
The principle of a bleeding orifice similar to ori_.‘.'igc D in, the B=1

o | Quick Service Valve, can be utilized to advantagd’” - g

"’A clonr examination of th{ behaviour oz the duphugn and piston
‘ assembly w111 throw light on wcyl and msans of lmpm thl wuchiu

cond.‘.t!on"cum- ’ ‘and tho effect on the partomu of the Qs B.% a8 8
_.whole, The imrtu?"nt!ec: of the piston uumbl.y on lwtcching npacuuy\

 at lower pressure valvu lhould be 1nvuuguod. 2

.l Vo )
The ‘ilubjcc: o! Air flow through air tu:l.nnncu in series ’uquirn‘

N both mly:tcul and oxyotimnul uﬁudy. in ordn to coms up with .

' pncticnl and ninph axprurlonl for a linxla cquivnhnt tuutm.

"lutubh for s range of tlow conditions,

L]




Vo

.

The analysis and experimentation of this thes'ia should be extended .

to inva ' gation of ‘the behaviour of quick service v'alvea operating

.
v

W real loads, namely in adjacent lectio;\s of a brake pipb, and not on
closed volumes,' Aa a start, one lﬁl :o investigate t;e flow a;xd pressure
"wave Phenomena that exist inside 8 pipe with' venting orifices at ons

and and at different locations along its length, Having achieved this,
one can then procede to study the interaction between adja;:en.t Quick ,

.

’ Sl‘%\jice Valves,

—— \
\

<8




ot

- -

‘..
’

)

1,

2,

3,

b .

5' :
*
[

6.

7
8,

9,

-

10,

| '110.

Blaihe, David (ﬂ and
. Hengel, Mark F.

e

The Alr Brake
Assoclation

Westinghouss Alr

Rrake Co, -

Nomura, Y.8,,
leami. 8.,

Kikuch!.. Tey
Iwaki, T, ﬁmd
Nakamura, M.

Weight, C.

Asmoclation of

~-Amsy¥ican Railroads

“Afanasyev, V.V,

b

Y

" J18

- Anderson, B.W,

Shapiro, A,

«

z‘m‘;’\L-Ac

-,

Y

. "Tha Analysis and Design of Pneumatic

YBrake~System Operacion and Testing Pro-~
cedures and Thelr Effect on. Train Per-
formance”, ASME Winter Annual .Meeting,
Paper N°o 71“'WA/RT"9' 1971v

“Mariagement of Train Operation and Train’
Handling", Railway Exchange Building,
Chicago, I¥linois, U,B.A,, 1972;

Test data supplied by Westinghouse Adr
Breke ‘Co., U, 8.A, °

"Developmmt of High Perfomancn Alr
Brake Systen' Quart:erly Reports;
Vol, 12, No. l, Railwvay Technical
Ragearc , Japanese National
Railways (JNR), 1971,

Proc, 69th Annual Convention of ABA,
October 1967, p, 72, ¢

Annual Report of Committee on Brakes ]
Brake Equipmant, Circular DV-1749, -

"Pneumatic and Hydraulic Control Byw-
tm" Vol. 1. 1968. PP 311"330.

Japun Industry sundn'dl. ~-9322, 1964, °

(Japanase), .

Systanme”. John Wiley & Sons, Inc.,
Naw York, 1967, '
- &

* "The Dynamics and Thermodynamics of

Compressibld Fluid Flow", Ronald
Preas Co.. New, York, Vol. 1, 1933,

‘ "Compomnu ‘for Pneumatic Control .
Instruments". Pergamen Press Ltd.,

#




' Grace, H.P. anc
Lapple, C. E.

K \-/
" Skinner, c K. and
. Wagner, F.D,

3

-
Sar\villa. F.E.

Ando, T.

Kunkle, J.S.
Wilson,-S.D. and
cotﬁ. R.A,

5

/'\

7-

3

. "Discharge Coefficientas for Small

Diamater Orifices and Flow Nozzlea'..
Tt‘nl- Asm, VOJ.. 73. PP, 639"64‘7’ v
1951,

v

"A Study of tha Processes of Charging
and Discharging Constant Volume Tanks
with Air". B.S. Thesis, Department of

Machanical Engineering, Massachusaatts

Institute of Technology, Cambridge, :
Mass., 1954, "’

"A New Method of Spacifyin{tha Flow

Capacity of’ Pneumatic Fluid Power
Valves', 2nd Fluid Power Symposium,"
BHRA, 19.71.

"Welding Technollog}". Vol. 11, No. 6,
Pe 54, 1963 (Japanese),

° "Combreued Gas Handbook". 'NASA.SP~-

3045, p. 204, 1964.




s

. APPENDIX 1 .

a
DISCHARGING PROCESS OF CONSTANT VOLUME..

[

. ‘ - - ”
" (
In order to obtain the fundamental gas equations describing the

behaviour of the cEﬁpreﬁéed alr discharging from a constant volume,
L4

the féllowing assumptions are made: B
~ / \
(a), Orifices are asaumed as ideal square-edged orifices;

I
A\ ¢

(b) Air is treated as a perfect gas; g '

,  {c) Air flow through the orifige 1s assumed to be an adiabatic
A

+

process;
- L)

.(d) Air inside a reservoir is assumed as a polytropic process;

s

-(e) Discharge coefficient of sqﬁarb-edged orifice 18 assumed not

to vary with the‘hpstream and downstream conditions;
f . '

+(f) fheck valves, namely, C27 and Ca;, are assumed to be opened

or closed'instantaneously.

L}

Al.l Poeumatic Variables in a Regervoir -

@

Based on the assumptiong, the fundamental equacian‘describing the

-

gas state can be éxpressed as follows: s
s ' v , /
! . P |

- = —= = Constant \ / (AL.1)

hﬁ%ﬁ'cfu

°g




where P "= Absolute pressure; .kg/cmza
P, = Ambient pressure;, 1,033 kg/cm’a \
: N
p. ass density of A{; kg sec?/cm

pa = Ambient més density of ai:;; k‘g aeczlcm".

The polytropic exponent "n" is to be determined experimentally.

——

Differenttating Equétiou\(éf. 1) ,*one obtains

do Kﬁ\? dp  (AL2)

Since the mags of air inside the rgservolr can be expressed as:
A ) {
) m=jpV (Al.3)

where m = Mass of (ait;’kg sec?/cm. 4.
> 3

N "V = Volume of reaér\’roir,(:mt; cm®, ﬂ\
- s , :

D?Lffe’rent:iat:ing Equation (Al.3) with rfeapect to time, one obtains

- ' dm_ ,do ' '
*a' K dc- Ve . (Al.4)

Substituting Equation (Al.2) into Equation (Al,4), the right hand side of

~

Equation (Al,4) becomes:

dm _ Vp dP o by
) ;g=;;%3'g N . (AL,5)

.

. -‘ . p= i_. . ’ , (A106)
where R 18 the gas con;n:ant:.

t

o~ - Subsiitutins Equation (Al,6) into Equation (Al.5), the result:ing

rclationahip of pressura change to mass flow rate chansa is: .:




- . 4P _oRT dm . (AL.7)

The temperature change in the reservoir in this study, is considered
by assuming'a process that relates temperature to preBsure. Based on

. the assumption of R?lytropic process, the resulting relationships of

temperature change to pressure change is:

(n~-1)

’ T = T(O)(-P—%(-J);) "

vhere T(0) = Initial temperature; K .
P(0) = Initial pressure; kg/cm’a
*T =.Proceds temberature; ok a

P = Preésure variation after increment time; kg/cmza.

Substituting Equation (Al.8) into Equation (Al.7), we have
o - \ , N

(n~1)

A ) dt

. ‘ - . .
P - d . . .
\%_ it = M(P(O dm . (A1.9)

The masa flow rate of compressed air 1nvol§ea temﬁeratute, pressure and
. ¢ .
density changes as well. Based on the assumption (c), most standard
texts on thermodynamics give an analysis of the mass flow rate of -
) \

gas thtouéh an orifice as: .
~ ..\ '
' 21y
an S [ayg [ )
de VEE, (y-1)

P
u
for subsonic flow, and

(y+1) IY]

- (&)

s

n - CehP, / R G LG
de = "V Yo Cr)

sor critical flow,

2




A

- ,
vhere Cd = Digcharge coefficient of orifice

A = Geometrical orifice area; cm?

Y = Rate of specific heats; 1.402 for air '

= Gravity; 980.665 o::xn'/:;xec:2 \

Upstream pressure; lgg/cnxza »
Downstream pressure; kg/cif a .

Upstream -air temperature; °K

Critical flow takes place when the pressure ratio l:;’d/Pu is less than
B ) t
0.528. The derivatién of Equations (A1.10) and (Al.1l) are well demon-

strated as in References (9), (10) and "(11). . R

AY

-

\

Al.2' Coefficient of Discharge of Orifice

r

Based on assumption (e), discharge. coefficieant Cq has to be con-
sldered in order to calculate the mass flow rate through the entire
pressure ratio. Because C d itself varies with mass flow rate, the

'effect:fcan be ’considerablé, particﬁlarly in Equation (Al.lO). According

(12)

-to the data pubiished_ by Qrace and Lapple » the valug of discharge

coefficient for aquare-sedge orifides, 0.82, can be considered accurate

within t 2%, while choked Flow takes place. .Also, the extensiye’ con-
© 7 )

glves that aquare-e(!'ge orifices are very

.

aideracion‘of Anderson
erratic at small i:ressure d’rg‘\ps across the orifice and hav& a s;mewhat
unpredictablé variation of d:lschal‘:ge coefficient with resﬁgct: to the

éraasure ratio. _llgwever,: in this study, the disci\arge coeffitient for'

square-edge orifices is employed as 0,82 for the entire preasure ratio

va




except orifice D since the pxessure different:i‘a}. across the orifice D
is usually very small, namely, epp%bx:!.mately 1 pai; therefore, the
discharge coefficient of this has to be determined experimentally. -

Simi\larly, the lumped equi'valent resistances A4.7E/A47EA and "273 are

4 -

.- o . : .
. .

determined experimentally.

4 R
.

\ L 3

~

~

Al,3 Evaluation of Polytropic Constant

i}

. ) o -
Based on assumption (d), thé polytropic constant has to be

determined. According to Reference (13), if a reservoir is _discharged’
\ -

th::o{.:gh an orifice and the pressuré and temperature variations are

LY

;:onitored, thef'l the po’lyt_:i‘opic constant may be obtained by the N

following relétionahip: P
‘ < zn -9-
’ 3 I
: P.T
n

0°f

P fTO

/“ |

Py = Initial pressure; kg/cn’a
f

~P, = Final pressure; kg/cm?a

T, = Initial temperature; ok

PP

4

Te = Final temperature;- °K

5

It should be noted that th; exponent of polytropic presented is

@' ‘based on a particular experimental set-up. ! The rate of heat transfer
§ . .

-

of the air, for discharging and charging processes, is also undoubtedly
. - - +

¥ £mcti’oﬁ of the environmental ‘tame'rature, and also depends on the
N . } L

*

physical btof)ert\iés of the material and the geometrical configuration

4

of the reservoir,

Cow
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\ “APPENDIX 2
DIAPHRAGM ASSEMBLY _CONSTANT _ )
) - ' N S °
2 2
Ay = 6645 oni , Ap =120 m" .
: 2 i 2 .

Ajq = 113,7 o . Adl. = 7.97 m’
wd = 260 8 ‘ 3 ‘\‘\

B

By S545.5 8

When the diaphragm 15 in its uﬁ:amst position,

B, =669 8 1
b, =1000 g ‘, '
\ N I '
When the diaphragu is in~its lowernost position, )
Fp= 305.8 g " .
~~D' - 131802 g k4 . ' ‘. .
< - '
.’ P . /
«‘"‘w’l
-— . ’
i
LY ‘ "
' 4 ' o “ »
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APPENDIX 3

' . ) : ,
VERIFICATION OF ACCURACY OF DISCHARGING METHOD

The square-edge orifice used in the experimental set-up is as
follows:

¥.

Sectional Area = 2,483 mm?

D#echarza cnefficient agsumed for this is; (cd = 0.&2)(9)
Effective area = C4 X asectional area
= 2,036 m*

.

. Effective area of this orifice obtained by Equ@tion «235.1) iss

t ’ J : “\.%".w = 20061 mz . '

»

| ‘;“ : . 2.061 &
R Cq Pags v 0.8

, % ‘{oh .

- j - Equation (2,5,1) is good ;nqush to evaluate the equivalent -orifice of

the unknown device.

et
RS




APPENDIX 4

For this purpose, the following exf)reasion for air flow is used,

(14, ’ S

as augg“es}d’ by Sanvillae

dm ‘
T A/ZgPd(Pu - P;Y (A4, L)

. where Pu &= lp stream pressure of orifice; Kg/cm?a '

al

P, = Down stream pressure of orifice; Kg/cm?a

d
A = Bffective orifice area; cm’

g = Acceleration due to gravity; 980.665 cm/sec?

R = Gas constant; 2927,6 Kg cm/%K Kg -

Tu = Up stréam alr temperatura; %

Nerrma—en

. y -
‘ Consider a system of pneumatic rsstrictions .connected in saries,
. . The seriea of pneumatic restrictions may be assumed to be equivalent

\"‘\ _to a single tuttict::lon(u')f (16),

For theorétical analysis of air
restrictions in series the work ﬁubli:ahad by’ Ando(ls) has been found

_very useful.. Thi.'n derivation is included in chis_Appendi;t.

In steady-state, the mass flow through the orificas must be aqual,

Refering to Figura A4,l, the mass flow rate may he a;tpraéued as followsi

nm /T o TR, (A%.2)

.
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where APJ_ =P -P,
Apy=Pyp-By |
c’. - Ai(zsln'r)i. im 1,2 L
A; ™ Effactive orifice area, i = 1,2

Temperatura changs ia assumad to be degligible. Pressure P, is

exprasgead as: -
Iy

) Pz - 1’3 + APz = (1 + xz) 1’3 (A4,3),
where . Xy AP2/P3 | -
Total pressure drop across the two orifices is: -
' A \
AP = Apl "nAPz ‘ ' 4 (A‘ll’)'

The mags flow rate through the systenm of restrictions may ba expressed

in terma of the total pressure drop given in Equation (A4,2), d,e.,
— - o »

- nwcY P8P (A4, 5)

t

.3
vhers C, = A'A':(Zg/!\'lt‘)i " I

A, m equivalent orifice aZea.

, . ¥
From Equation (A4,2) to Equation (A4,5), wa have

mm GJT;KF - Ce/’ FSM?I + Kst

‘ (m'm c} (PgARy + ByFy) . S ‘
LRV S N

\\A‘(F "ol 4 o4 2
: .t 11"‘)82'~Oz‘
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or 1 1 1 1 , e
.—EHU—T ERAR————— n+7
Ay A (1 +x,) Ay,
' - AA . )
i.e. A m st (A4.6)
2 o 4 Ty
/A + AZ 1+x,

The valus of X, may be evaluated for the following special case,

L4

In this study, 13: ul assums that the mass flow thtoush the com-‘

bined orifice, which is. auumnd as a single orifice, is choked flow

condition and that PS - P.. 1.0.. ambient pressurs,

From Equau;h (A%,2), we have .

R r )

X, - AP, /P,

Thus, Equation (A4, 7) ‘becomes
‘ 2

%y = le%j @;—] | { (44.8)
From Equation (A4, 4), we have - ‘ o :
5 N (A Fa ) S
AF wiAB) + APy m X,y + XP, = “z[‘:‘q} {‘i‘z‘] i e
t . ' .

From E‘i’uation (A4.3), thus

R :
3 A“*z[x; Trmgh, t%ha - . (M9
] |

or ~ )

3

?i ‘ A ,'x. " . ' J
;‘A?/?.-f::'j’ﬁ‘g;‘w‘ (M0

1




-\% ‘

_Bolying Equation (A4.10 ) fox x,, we have the following quad=

g u ratlic.equation +
. . Ay
2 2 AP AP
) Xy + [IAJ -+l --l;-)xz -5 = 0
‘i_ g a a
B '] ?
':; i,e. X, = -0 +v af + B . ) J‘l(Nb.lO) N
N , S (AN / ‘
where s O= H[‘Kg') +1 - B} .
N N 1 ()
: N pgail
a

-\

This equation shows that, X, may be determined from the effactive

orifice area ratio of the reaistances in aeries and the ovarall prea-'

sure drop AP,
-

[

~

It shou‘ld be noted that the arrangement of terms in é‘éch of the

. Y . .
_equations is such that A, depends on” the order in which the restrictiona

ars ,1n-calle£l.

A

o
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APPENDIX 5, . ‘ i
5 ) o0 A et
<, } ) X s‘%
o | . 4TH_ORDER RUNGE-KUTTA INTEGRATI I ’ 3
' : {
1Y .‘i&
o » oy E
The general form of'a aystem of m ordinary differential equations §
S - . . ‘ §
¢ : fay be represented as follows:
' '//_/.-’
dpinf(t:P P P)1=1234 m
dt l Il 2 LI ] ] » [ N ] . - “
QSpacifically. aapnpplied to'the theoretical mdel on the Q.9,V,, where 1
only two pressure variables are monitored, the aquaciona arel ;
‘5 , . dPl M ‘ ‘ i
; : ’ . —n £ .(t, P, P,) . i
a ] dt ¥ e T2 .
[ . \ »
sz *
qe ™ (s Py By) . Ik
. b . - ‘i
S ’ The 4th order Runge-Kusy( mathod of integrating these two equationa is
as follows: : . ,
- ' #
? : ///ﬁJ/ Let h be the tims-increment betwael succesaive integrations (the
B . ! [ 4 - 5
' ~i " step of integration), After the nth step, evaluata the following
j P .

psramncnrs.\tour fbr each equationg

Kll-/«h!l-(cg Pﬂl. Pnz) - /‘,’ ’ '

Ly ™ BEpCEs Foyy )

-

Ky = hfl(t + h/2, Pﬂl + Kllz. P“z + Ll/2)

2 - hfz(t + h/2, P nl + K1/2. P 2 + Ll/2)

. u o
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b\-—
. - L
v = bW
Ky = BE (e 072, 2 ¥K/2, By ¥ 1p/0)
s LaSREGE R Ty RRI2, Ry L \
K4 = hfl(tn + h/2, Pn]{/": K3/2, Pn2.+ L3/2)

&

¢+ TLy =t Fh/2, P, Ke/2y By +1,/2)
i&aqed -or\) these pntngutara. t:hecext: values of P1 and Pz are computad:

P + (l(1 *21( + K,‘)lﬁ :
’ lr\.'/
Pogel = Pag (1 o2L, \f"_"‘a +1,)/6 o

2 + 2,

) Pn‘H-l =

tn+1‘tn+h.

M ’
I t - -
" - -»

be

These pméaﬂuras are 'r peated to cover the required period of
time that is of intérest. In|general, as the integration step size h
is ‘raduced, "the nc‘uracy of computation tends to increase at the

expensa of increased computation time.

& The Runge-Kutta Rethods for numerical integration are quite

popular'up” they aramclf-stgrting..i.e.. only tpa initial conditions ° .

1o
have to ba epecified. They are therefora ‘used not only for complete

D'integ‘raticﬁm. but a}so for providing starting values for ot'he:; methods.

¢

Y

L]
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! FUNCTTONS

APPENDIX & (

CALL 1C

’

FLow _CHARL UK B-1 QEICK wLRVICE VALVE

e g B i atane o S DI

A~14

w=w { CONSTANTS

SI(OR) FICE=BPIPRESSURE < DOVN PRESSURE -POLY TROPT CEXPONENT)
SOCURL FLCE=UIPRESS URE=POLY FROPTCEXPONENT)
DP(PRES, VARTATION=POLYTROIIG EXPONENT=VOLUME SIZ2E)

LOCAL, VARIABLES

PINIT: Initial pressure

g S1Y = CTRUE.
¥ 1 ) TLIM:
AL % TRUE,
() ——== *
INPUT: . . A264
PINTT, TLIN, AD,A26 \ .
~ [vr,v2,mn,pE,0m N
" JoRH, ORC, ORE, X2 v
. [ EX4
Vi
' PN1
=== [CNCULATIOROY COMINED o

LQUINALENTRRRIF1CE,
—— {vnmnuc INITIAL CONDITIONS

& HEADINGS .

ORBt
BEFINE SWITCHING ORG:
CONDITIONS (DPPU,DPD)
ORE:
o4
®
PRS-
w ' , EXAL
Yoo P1+ 12 ords
P2 + Pl , PO
AL = ,FALSE, 50t
I
; 8h:
COMPUTATION OF
MASS FLON RATE
. . DM1:
L4
DH2:
Dt
e Pl * P2
P2 « P
Al = ,TRUK, DAY
) N '
» a . T
. » ! :
M2 = BR M2 = SO ]

BTV w , FALSE.
¥

ORAT™ Rffective area of °

Time limit

Rffective arsa of
oxrifice D, and

Effoctive area of
control orifice A26

Broke pipe yolumo,

and \h
Operating chambax

vblume

,Polytroptc axponant
rogarding brake pipe
pressyro process, and

Polytropic oxponent
rvegarding oporating
charbar, pressure process

orifice A, and

Effactivea area of
orifica B, and

Effoctive ares of
orifice C, and

Effective area of
orifice B, add:

Lffevtive dive of (
Check valve C27, and

Effoctive area of
check valve G4y

APu (see Section 2.3)
APd (ses Bection 2.3)

Mass flow rate ‘under
sonic condition,

Mass f{low 'uto under
subsoniec condition

Mdss flow rate through
A26, and : ¢
Mass flow rate through
AD, and \
Mass flow rate through

A26 and AATFA, and

Mass flow rate through
A2 A

0

Plt 7 Brake pipe pressure

Operating chamber
preaasure

STY = ,TRUE., = MODE 1
STY = ,FALSE, = MODE 2 /




M4 = §D DM4 =SB

| I——

[

L om=ss || oma=so]

SYSTEM EQUATIONS SYSTEM EQUATIONS
FOR MODE 2 FOR MODE 1 )

OILRATION . ) OPERATION
1

. /-
L R {]] N <4
RUNGE-KUTTA ROUTINE STEPS '
COMPUTATION OF K“ AND Ly CALL STRP

(wee Appendix 3) RUNGE=-KUTTA ROUTINE STEPS
A =] COMPUTATION OF Pny 4 ) and

Pn2 + 1 (see Appendix 5)

-

PRINT, TIME
PRESSURES
PL,P2

TIME INCREMENT

Is
T < TLIM
& Pl < 1OPSE
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APPENDIX 7 \ |

'

'A7.1 Rate of Pressure Reduction and Equivalent Venting ()rif:l.cel

[

A set of typical brake pipe pressure vs, time curves are shown
, )

. in Figure 1.2, These curves may be approximated by an empirical
R , . . - g
function (%) , assuming that the drop in pressure is due to discharg

through a single orifice into the atmoaphére:

-at v d
P=P e ‘ (A7.1)

. A '
fhere P = instantaneous brake pipe pressure; Kg/cm’a

~ P, = initial brake pipe}pt“easura; Kg/cm?a

\
{ t = time, decond

and o is given analytically by Ref. (9): -
) IR/ T, A
1 o= ks b
v v

.
~ ' i
' . v
A . . . C
% . - . .
i

LN ©  where Vb w brake pipe volume; e

A = effegtive area of the venting orifice; en?
(’; Tb
R = gas constant; 2927 Kg em/%K Kg

%%]s- o

= air temperature in the brake pipe; ok

Ly

and K 1s given by Ref. (9):
ﬂ #‘
Ay | 2 G

where ¥ Qratio of specific heat of air ; 1,402 - o

r

g =acceleration dua to gravity; 980.665 cmlsgc’. )

-
. 1
b N . k4 N
' -
2

A

S
~ o,

PSRRI R 5
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/ .
A ' ‘_.\-. ) r |
. " Equation (A7.2) can be rewritten as follows to give the value of A: . -
\ { . Vb ¢ -
A A= (A7.3)
~ BRZLY ' )
4 . Taking the logarithm of -both sides of Equation (A7.1) dnd solving for ,
ol
foP=24P -at

u=%9.n 0 TG

Thus Equation (A7.4) enables the determination of the value o
experimentally.

// .
Differentiating Equation (A7.1) with respect to time:

e ! SN

e %{-::- Poue®t , (A7.5)

= From Equations (A7, 1) and (A7.5), the rate of reducticn of brake pipe

Ly

preuure can be expregsed in terms of the brake ‘pipe pressure:

dP

. dtEmw

(A7.6)

’ -

According to Ref. (1), brake pipe pressure reduction rates are clas-

sified as follows: ‘ Lo X . ..

1, Aébraka pipe presgure di’op of 70 to 50 Psig in more than 1.6.

seconda is congidered to be calling ffo‘rf ; service rate. .. b

0 & | S

\ 2. . A brake pipe pressure drop of 70 to 50 psig‘'in less than 1.2 ‘ o

,

' saconds is considered to be calling for an emargency raten-

1
[

1 ) Corresponding to the full service ratc‘i.ﬂt:ha‘v'alue of u“may,po obtained

nqitr:lcally b& substituting the i:renure and ;;u ,v_’aluu in (1) above

? i »
- L] -




in this Section into the R.H.S. of Equation (A7.4). Thus, for full \
. ’ :

| 3 . service .rat:e‘ (100% F.S.R_.):

3

= 0,192 sec™’

: “ J0 + 14.7)
Sl R o T

Similarly, for emergency rate, using the parameters given in (2) above, ~
= 0,225 selc-x. Hence valheg\ of o, as well as those for application

rates less than 1601 F.S.R. and some system leakage rates, are tab-

ulated in the first column of Table A7.1, - - ' 1
E ‘ ' ' \

Based on Eqkuacion (A7.3), onc; obtains an equivglgnt orifice, the

area of which\ depends on the valu_e'of o, brake plpe volume, etc., as J

given in the equation, The values of the area A éorresponding to each

rate of brake pipé pressure reduction-and train lengths, have been con-

|
| . ¢ )
| : verted on this basis and are also tabulated in Table A7.1. . "
| ‘ o~ ‘
N =
| | e ,
l - A7,2 L:tmiting Size of A“E/A“m\iithout Creating Emergency Rate D p
| 3 if . . : .
R N Durina a normal service application, an inadvertant emergency (

rate may be created due to' an excessively large venting area in’ the

brake pipe, This can only happen when the Q.S.V. is in its Mode 2

" oparation, & [\ “

s {

Referring to Figure 2.9, and assuming no system leakage; the sum

q

of the control orifice Aye and the equivalent or orifice A47E, 473 A

utilized as the Q 8.V, uhould tharefore not exceed the limiting

. orifice sirze far omrgeney rata as derived in Sec:ion A'/ 1 and 'liated

in Table A7.1, Thul. for a g:l.von sarvice applicat::lon rate 1mpoud on ' ,

P . ¢ ¢



, S [ .

Brake Pipe Volume (cm')

: « sec ' | 24131.9 19305.5 | 14479.2

100 feet 80 feat 60 feet

Venting Orifice A (mm?)

100X of F.S.R. | 0,192 | . 23,27 18,62 13,96 -
|@5% of F.S.R 0.144 | 17.45 | 13.76 10,47
S0% of F.S.R. 0056 11,64 931 6,98
25X of F.S.R. 0.048 5.82 465 | 3.49
10% of F.S.R. 0,019 2.3 | .86 1.40

Service Application
- Rates ,
(without Q.S.V.)

5% of F.S.R. 0,000 | 1.16 0.93 0.70

8 S psi/min (leakage) 0:091 0.1.24 0,10 0.07
g i § 10 psi/min (leakage)| 0,002 | 0,25 - | 0.2 0.15
" 115 psi/nin (leakage)| 0.003 0.39.] 0,31 0.24

. Emwergency Applieation]0,225 | 27,15 21,72 16.29

i

= 295 %K

R = 0,396, R = 2927 kg cn/°K Kg, T,

/
- Note: F.S.R. = Full Service Ratea.

TABLE A7,1

-~
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’/‘\N

the brake pipe in the absence of .the Q §.V., the maximum limiting size
of AMEM&?EA that can be fitted in a Q 8.V, without the danger of
creating an hw aituation. can ‘be evaluated as follows:

Alo?E/AWEA + orifice size Ase for the given setvice rate
) (withon.?gq 5.V,) l

< vent:ing orifica si:e A for emergency rate

v

or —

.

limiting size .of AA?E/AWEA = venting orifice size A for
emargancy rate

o

= orifice size Ay for the givan service rate

L .~‘ . . (Without Q!S!-Vl). (A7n 7)

Take for example the case of a brake pipe designed to operate at 100X
F.5,R. According to 'rab]'.e“M.l. the vencinlg\ orifice A for this rate
of reduction without Q.5.V. is 23.27 mm® for a train of 100 feet:
length, The vale of A for emergency rate ias 27,15 ﬁu‘ for this lcn;th
of train (also given in Table A7.l). Consequently, at'thia rate of
service application. the maximum size of A&?EMA‘IEA ia, aécordina to

N (\-x

Employing t:h:u :eaaoning. it-is possible to construct a design
chart auch as the one shown in Figui'a 5.2 to give the limiting valuea

A . LN
o!. Aﬁ?E”‘MEA that can be fit:te_d in a Q.8.V, without placing the t.:rnin

into emaxgency.
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A7.3 Method of Determining Poasible Occurrence of Emergency . I

Given a magnitude of A, /A A Lt may be required to teat

- 47E° T47E ,
whether the Q.S.V, would creata an emargency rate’ or not during

sexvice npx;licacion. N
Conaidering Equation (A7.6), the rate of reduction qf pressure

can be expressed in terms of brake pipe pressure P and the para-

matar a. For 'the -emraencyfra’t.a. usiha the value of o which has been

computed in Section A7.1, t{u‘m\ (A7,6) becomas:

LR RTLR. - (A8)

with the correasponding curve a “jplot:ted in Figure A7.1,

Note that Figure A7.1 is divided iato two aones, 1f the pres-
syre reduction of a brake pipe opéntu totally w;chin the mone above
the curve, n ’amrsencéz reaponge is expacted. On the other hénd, 12.
the presaure reduction at any ‘tim goas into the -aone baneath ti\c
curve, emergency will ‘take place, Hence Figure A7l may be con- \
veniently utilimed to teat whather a given Q.8.V. may send the train
into emargency or not by firat obtaining the P “ t rezponse under a
auitiabla load. From this vesponse, a dP/dt VP chauotnrhtfc may be
obtained by numerical techniqueas and by}l,iminuing the vu‘iabl\.c t.
'n\u! characterlat}c can be aupariixoaed, on the'r;fa_tenca curve of /
Figure A%.l, and a conclusion can be drawn immediately u to vhather

4 -
/OIMAYReNCY can occur or nat. — ;

K
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(/,4‘ e APPENDIX 8 S e

NOMENGLATURE OF STATEMENT FUNCTION
aa(Eg}w1ce~uppnsasuaé%nounpﬁssauns»nuuvsxponanr> )
so<oaxw1cs~upwﬂeaguaa~P0LvaxPanay[> T -
DF CPRESBURE ~POLYEXFONENT=VOLUME BIZE)

IN ABRBENCE OF ORIFICE,» BUBSTITUTE- VALUE OF ZEROD CORRESFONRING TO
THE INFUT OF ORIFICE SPECIFIED

PROGRAM RIRSVCINPDA Y QUTPUT)

DOUBLE HeT

LOGICAL GRAPHLsMETRIC .

LOGICAL ALSTY o -7

connugéaLht/vx.v 2y TLINIAD Y ARGy ORA ORRYORCY DREAAZEA I ARZB 1 EXR 0 EXAF
+N+PEy

ronnnN/aLNﬂ/Tn;R.Pa.conu»ana.awxoa.aa.ana.wnavx.cnxp'annx.T
COMMON PINITYMETRICYCOVFOO

EXTERNAL IC:lNSTlvQTthUSTEPaORCALvCEOA

RIALY )= varv<4.co*wx3.141593ac0)x3.saao
TEMP(AYRI=THR(AZFOI XX (B~1,0)/R)
BRCAYRYCy D) 2ARRRBART( (CO/ZRIRRGMI-(O/R)XXOPL0B) /TEMF(BI D) )
Bu(ﬁvﬁvC)ﬂﬁ*B*SQRT(((GNN!/&.O)*ﬁﬂ**ﬁﬁﬁ)/TEMP(EvC))

"

DR CA R V) =BXRKTENP CAPRIXPARTIZY  ©

INIPIAL CONDITIONS

READXy FINIT»TLIN .
REARXyGRAFHLYNMETRIC - : ‘ '
PRINT 18

15, FORMAT CX1%) ’ o ' o

H=R.. =02 ’ —
LT#=1 D0/ ¢2DOXH) .
LLO=1OXRLT

cAaLL I0

Al.», TRUE, :

"READX AR r ARAY VL L VR PNYPE
IFCADNERQVOO) 8TOP ,

CONTINUE ’
READKs ORA » ORByOREC » ORE 1 EXR 9 EXA
IFCORAERV040) 8TOP

8TYm, TRUE

CALL ORCAL

CALL INSTL

FRINT 30

30 FORMAT (% *vl&O(***))

+
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FRINY 80
80+F2Rgﬁr(*0*vIlOu*TlNE*vT64v10(* 1) KE QK 1O COR *)vlé&viO(* LRER (¥ FRYV
( ))
FRINT 8% i ' 4 )
BS FORMATOX Xy T1O9RCHEM Ry TR0 RETATURK y TIEy *hGS(u*rbﬁﬁu*ﬁﬁlﬁ*vTﬁln*DP
+Dr*vTA&»*KG&CG*!‘?l!*P%[Q* TAO Y XDPDT¥) ‘ ’ '
FO=PINITAHRA C ]
FRIwPP Qa0 . -
PNL=FOX0 . 6 :
© TmQ . NO
Twl.w

CALCULATION

CONT INUE

Plwmppy

PREAPPQ .
PIRG®E L ~PA

FIRGPR~Pa
PIFOsPIRCEV-14,7
FIARGPIRGOV-14,7 ,
DEDmO 4720 OXPIPRHO . 4
DR A%5/70,0%PLFQ
DO S Nmiyg4

IF(PLI-~PR) 2By %20
CONTINUE ’
CAmPYy
PimpQ
FaImGA
Al=FALSE,
CONTINUE °
SRIaGRARGyFLIPAYPN)
BRARGBCAN PRy PLYPE)
BOInBO ARG P LYPN)

BORRGOCANYPRYPE)
883“83(64?&6!&36.91vPﬁvPN)
BOAGOCAAZEALA24y P LY PN)
HSRARGRIARZ7R P PAYPE)
S804ARBOCARZRYy PRIPE)

DRI=DP ML PNy VL)

DPIARDF P PE VD)

IF(AL) G0.JO0 %50

CA=Py
CPIRPR

panca P

Alw, TRUE

CONTINUE

DMMRuGRI _
IFCCRLZP) JLEJORIF) DHR=BOR
IF(FRL,OT.FR) DMRm-DMQ .
IFCCPIPG-PIPR) JLEVIPWU) BTY=,FALSE,
IF(ETY) 60 TH A%~

IF((PlPﬂ*P APG)Y JOE . DPD) BTY“.TRUE.

2

;




. . A-Z‘O

IFCNOTBTY) GO TO 35 -
N M
b . MODE 1
» G
4% CONTINUE
. I8=0HMODEYL
! DM1=G01
IFCPFAZPL) JBECRIP) DMIxGRY

oo

BYSTEM EQUATIONS

‘ FlmDP Lk (OM2-DM1 )

- FRalPRK(=DM2) .. '
B0 TO 40 > N ,

35 CONTINUE . , S .

~
4

G, MODE 2

I8aSHMODES - .
. DM3RE03 S . | .
.. IFC(PAZF1)JOE.CRIF)  DM3=GE3 ;
DMA=BO4 ' .
IF (CPA/PRITBE,CRIF) DMAmGHA

SYGTEM EQUATIONG -

I3

Flmnl*‘l*(liﬂf\!?'"nﬂ\!{) ‘ - ' . o o
" FaDP2k(-~DMR-DM4) ‘ - . < . S e
60 CONTINUE < Lo )
IF(NGEQL 1) 8Bilmiy | .
IF(N,EQ 1) BRmFY _ - } - | . :
RU“/E NUTTQ METHODS . !

/6kun STER(PLIPR vPPlvPP&vFlvF yN2H)
. //5 CONTINUE ' /
' -~ IF(MODCTHLA0) JER,O) PRINT 70 (
¢ / 79 FORMAT ¢ X0X) ,
3 , -7 PRINT 1009 1v'T» I8y PRKEPIPG 82 yPARGYPIPG Y BY .
Je 100 FORNAT ¢k *»1x.14. XaFI.SvﬁX»A&v‘("F? 3o F11.a>)
/ 7% CONTINUE , N
g T T4+ ST ,- ‘ .
i //, S “ ImX by Lo o
3 . IR, LF.JLlM.hNn.PinG.GE. 0.0) GO-TO 10 ° .o e )
B0 TO 1000 A L < LW
E:N‘n . a . .oa . A ‘ *“

3
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v
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A
. - S . N o sy ey

\ SURROQUTINE OROCAL

+Ny PE X . .
&ORA“URQ*UNQ ) L ’
SORR=ORRXORK . a
SURCmORL*UNL . . .

—HURE=OREXORE ' < ,
GEXR=EXIKEXD ? .
. BEXA=EXAREX 4
. A7 RmE NNI(%&X‘*&URH/(th +HORRY )
CIFCDORBAGEQRV OV YARVPE=EXD

- : IFCORGVEQQAND ORA eu.b> AG)ERW1GR+(WUht*StXﬁ/(hORt!th4))
HFORANSOREXEORA)

IRATEEXAXSORAXKSORC HSOREXSORAKSOREG+BOREXSEXAKEURE)
_IF(ORESER VO ) A47EA=EXA —
! RETURN

e

HURROUTINE 10 : ) e
DOURLE T , ,
L OICAL METRIC )
COMMONZBLKZ/TAYRYPA Y CONVYGMR s GP1OGY AR Y AAA Y PARTL yCRIF » GHMY » T
COMMON PINiT:ﬁE1Rrb:LQvoP00 .
Tal), DO " ‘ :
COV=14  DI0IBBED .
CONV=L 200V .- '
ROOWPINIT - - o (
IF(METRICIPOO=PINITROLY °
IFCNOTWMETRIC) PANEIT=PINI TROUNV -
v =9R0 , AASEO .
' L Re29R7,4E0 . : . :
TARRYE EO ,
PAL , O3RIEQ
- GAMNAY T, AOREQ . - .o .
Yoo AMMI=BANMA-L W EO ‘ o 4
OMPA=GAMMAHL EO : ‘o,
- L2 MR, EO/GAMMA : = .
GOUML=OAMMAZGMIL — _
- GP10G=GHF 1L GAMNA E , -
W, AARD (EQZUMPL ‘ ’ .
AAARGME L /GMML 7 .
COT=R 4 EORGOEM LK - Ce L
CRIF= (2 EOZGNPI XRBDENL !
FARTI=. BARTCCOT/R)
s RETURN * .
END .

»

“COMMON/RLK1/ZV1y V2 TLIMyAD Y ARGy ORAYORKEy QRCy ORE s AAZE Ay AR7R 2 EXZ 9 EXA Y P

TFCORG JBRL O AN ORAWNE L 0)  AAZEASOREXEXAXORAAGHRT (SOREXBEXALEEXA *8
IFCORGCWNEVOWANILORAWNE L 0) AAZEA=OREXEXARORAKORE/SART (GUREXEEXA %8Q

L

»
3




v % .
BURROUTINE — INSTL ‘ o
LOGLOAL METRIC . # - Ty,
COMMON/ZRLRL/VLy Vs TLIMy ADY ARG » ORAY ORRY ORG » UREY A4 2EA 1 AR7RIEXR EXA» P
+NPFE» COM T T ¥ . 4
COMMON PINT Uy METRAG LOVy POO 1
©EXTERNAL BATE - -
REACUW) = uwu<4 to*w/s 1ALS9RAE0) /R4 SAEO
CONVE <0, 06 1
kvxwvt*mqu«
WVt vw*muNp§
VR=UL Y2
ERARAGZAD
DREDTALARAS)
DO=LTACAR)
DARDTACORAD
DR=NIALORND
DE=RLATORE)
nr«u§n<nwt>
DR7R=NIACAD T
DAZEA=DITAMATER)
REX2=NTACEXYS)
BEXA=DIALEXA
CALL DATE Crobay)
CALL BSECUNDCTYME)
GCALL  TIME CULDER)

t

FRINT 2 ‘ T
PRINT 1 » TODAYSCLOUNY TYME: |, ° -
L FORMATOROTORAY=Ry ALQy X CLOCK=Xy AL0y ¥ THE ELAPSED CFU TIME I8%) |

TRLA L H PR RGN 0
PRINT 2 i , y -y
2 ru&nartixot* W) v ) )
PRINT - 3+PN2PE ) : \
3 FORMATCKONY T2 APOLYTROPIC tyumxiwxawa.w.x FOLYTRUPIEL INDEX2mkyF8
+5) :
PRINT 4yU{pEVLyUREVR : _ - .
4 FORMAT CROXy 17+ KVOLUNE Lk o 2 2 2eRGE K9 FBLO Y RCU L IN, VOLUME =¥y
LV e RECR Y10, 09RO XN KD .
PRINT Sy TLYMCON
N FORMAT QRO 1o RTENE LAMXToky F5 Ly X BECKs Vi#s A1)
FRINT GHW\'H\
& FORMATC RORs 17y RVOLUME, RATIU=R FBL 8ok ORI LGE RATIORK»F1043)
PRINT 2vADalil . . 0 oo
7 FORMATORORY U/ pRURAD wX v AFFL1Q 79X SQMM & DIA=K OFFLO 70k INJK)
PRINT 0y AR4 024 ‘ : :
B OEFORMAT OROKy T2V RORARA™ Ky REFLON 70k S0 4 KM DLARK OPFLO 29 % INK)
FRINT 950RA» ORRyORG» ORE o ,
P FORMAT OROXy T2 RURAMK IPF10 vk © ORR=Ky F L0 gy X ORC=KIF L0 br K /
PURE®R F IO Ak = = = BQMMR) ' B

A
“TFRINT 10y DAy Lty 10 » DE :

10 RORMAT ORO%» Ty RORARK » F&feév* ORB=R FLO A K. | ORCERYFLO G X
LORESKIFLO Ar R = = = INJEM - | , |

- .




O W g,

»

PRINT 11 »AR7ErAA7EA |
11 FORMATCOKOX Y7y KTOTAL EQUIVALENT EFFECTIVE ORIFICE AREA AR7Rwky2FF
FBohrk  AAZEASK FBLEr K = = ~ SRMMX)
PRINT 12, D278y DAZEA - o
12 FORMAT(XOX»T7»XTOTAL EQUIVALENT EFFECTIVE ORIFICE AREA  DR7R=Xy F
+8 b K DATEA=K FH 6k = = = INoX) s
PRINT 139 EX2yEXA ‘ :
13 FORMAT (KOXy I7y KEX, VALVE 27Ky 2PFB.brk  EXJVALVE A7=XrFB.brX -
$ = G MMK) : ' :
PRINT 15 » LEX2y DEXA : :
15 FORMAT CKOXYT?y XEX, VALVE 27aky  F8.4sk  EXJ.VALVE 475KyFB. 60X -
do = INAKD -
PRINT -14»PINIT FOO . # : _
14 FORMAT OROX: T7» KINITIAL PRESSURE=XFS, 2y K(KG/ZUMG) Ko FS, 2o XPSIGKY
PRINT 2 ‘ ) .
" RETURN _
END '

F\/

-

SUBROUTINE STEP(PLYPR PRIy PEQPF1F22 I H)
DIMENSION, FRS) o FLIS) L

FL CX)mF 1 %P S

FRCOX)mF2%N

IFCI~3) 10900030

Pl=FPrLEFL L)

CPREPPREFR (L)

KETURN )

PL=PPLEFLCD ZR0E0

PRaPPRAFRETI/ZRVEO0

RETURN
CONTINUE ‘
PR1&PPLY (FLOUD ARV EORFL (D4R EORFL (I HFL(4)) /76, EQ
PRPRuPP24 CERCL) +2 EORFR () +2  EORFR (I HFR(4)) /76 EO
RETURN ‘

END -
SR
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OTODAY= 74710707, CLOCK~ 10.27.28, THE ELAPGED CFU TIME 16

-

-nww

I

XNIT!ﬁL FRESBURE™ 4.92(KG/CH.G) 70.00F810
00000 5 8 9 B0 9 O B R 8 O
TINE . meammmmmmeaPReemn————— e Y P
(BEC) 8TATUS KGSCa PrglIo nepT KG&Co F81G DRRT - //‘
o 0,000 Hoort 4,919 70,004 0.006600& . A9 704004 =1.044A32 ¢
1 02 MODE) - 4,919 70,003 -.,005748 * 4,096 47,479 -1.109418
Q +040 HODEQ 4,919 70,001 ~1.3514UA A28 49,304 ~1.307333 &
3 - +040 MOLEQ 4.008 89,541 ~1.,3MI19A . A U477 4H.Y0A  =1.301404 .
4 000 MORER 4,857 49,123 ~1.584728 4,021 ABALIT =1.,293Y03
] +100 NODEDQ 4,024 AU4R7?  -1.324241) 4,796 ARDA7  =1,290233 '
4 120 MODE2 4:.794 4,254 ~1,85170842 4,770 $7.000 ~1.284%09
? ' 140 NODED 4,244 47,823 =1.509417 A V44 47,0514 =1,270974
] +140 MNBER 4,734 47,398 ~1.800974 4,019 47,4150 ~1,273290
1 4 C:\;xno HOBED 4,704 44,949 ~1,492%02 A093 A8791 =1.2670139
10 209 MODER A,474 44,540 ~1,403944 A.6480 44,431 ~1.242306
11 - 3] NODE2 4444 fA 104 ~1.A0147 A.04) 44,022 ‘It:‘bﬁaﬂ’
12 240" “HODE 2 4,417 43,706 :=1,A44489 A6l ABZ1S =1,201514
13 240 MODER 4,508 &N,290 ~1.,A%4370 T 4,093 45,340 ~1.248D04
14 +200 NODBED 4.359 44,877 ~1.44RV90 A48 45:004 ~1.230492
13 300 HODER 4830 44,44  =1.441053 4. 543 44,455 =1.%30%48
16 2320 HONED 4,501 44,054 ~1,43404% A9 6408 ~1.224043
1?7 + 340 NODE 4477 AJ 449 =1,407904 4,994 43,957 =1, D199RY
10 +340 HODER 4,444 A3, 2T =1,42119 4070 43.610 ~1.213703 !
W' +380 HODE2 AAlA. 42.HA0 ~1.414473 4,046 43204 =1.207491
20 +400 NOLED 4,387 42,430, -1,407000 4,421 > 42,923 «1,201204
21 1420 HONEQ 4,339 42,030 =~1.401308 Ai97 42802 =1.195104
N 1440 HODED 4,331 41,440 ~1,39449) Ai74 420243 =1, 1009050 J{K
23 +AAD HOLEQ 4,303 41,244 =1,300204 A0 ALL908 =45182003
24 v480 NODED 4,276 40,830 -4.301770 A4 41,049 ~1.17470Q2
2B ,+500 MODE2 4248 40,438 -1,37M2A2 A 03 41,235 =1,1720440 .
24 1820 NODER2 4220 60,047 =1,3490%9 4,079 40,903 ~1.144A01
27 » 3540 NUDED 4193 59479 ~1.342740 A4 40,873 ~1.1T8001 .
28 340 NODEL 4,164 BY.292 0092%27 4,733 40,244 =1,Q000499
b4 4 +8A0 NOADES A.064 39.204 007737 4,013 BP.959 ~1.000547
10 1600 HODEL ‘44147 59,02v4 002834 4193 89.47%  =3,000807
i 1420 NODEL 4,147 GV, 297 1002002 A173  B9.30Y  =1,000003:
I M 1840 NODEL 4,147 59,297 -.,00414¥ 4,183 sé}lgs -graras
h D ALY U1 NODER 4147 89,298 -1,304963 44133 Z8,832 =1.743548
34 +400 NODED 4,139 80,911 - -1,347517 4,110 850,497 =1,130542
3% +700 Hane2 LI %! 50,528 ~1,340084 AORD  BOVI74 =1,133%80
J4 T 2220 WOLEQ 4.0? 50148 -1.3804%0 4,045 7.052  =1.,126423
3?7 740 HODE2 4,059 52,770 '~1.312%210 A4 7.832 =1.123493
38 " 740 » MOLE2 4,033 852,394 «1,312702 6.020 872,212 =1,L1A7%1 ’
19 790 © HODk2 4007 57,020 =1.J10203 ° J.¥9%  S4.A93 ~1,113920
40 +800 < NODK2 Ji 980 ﬂl.dﬁl} =3+,302441 3974 S4.570 -x.tovgoo

e m - =

POLYTROFIC INDEN1« 1,00000

.. VOLUME1=24131,90LC

TIME LIMIT» 10.0 SEC.
VOLUME RAT1O= 9,20713
ORAD = 1000000 EQ MM
ORA24w23.2716770 QMM
ORA=  7,000000
QRAw 1117536

ORD=
ORD=

FOLYTROPLIC INDEX2= 1,00000
lﬁ?J.CU-IN." VOLUMEQ» QGRIQOOCC
ORIFICE RATIOa
DIA=
DlA=
4.000000
+108017

2719

10140402 IN.
2143623 IN,

URC=  0.000000
ORC= 0,000000

TOTAL EQUIVALENT EFFECTIVE ORIFICE AREA A27Be3.409204
TOTAL EQUIVALENT EFFECTIVE ORIFICE AREA

EX, YALVE 2724,143000
EXy VALVE 7= ,09042%

DA7h= 082024
EX+VALVE 47#9,009000 = -~ ~ HO.MH
EXJVALVE 47= 133340 = = = 1IN,

-

(RLw
OREw

’

10,602 (REC)

&

.

-

160,CUIN

-

4,400000 = = = SG.MM
1095280 - ~ = IN.

NAZEARS 35798 = = =~ GOMM
DA7EA= 083834 -~ -~ = IN.
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0 .’ i A—zg .
. A, .
% .
{ . ot
¢ ’ 4
: 4l NTRI TR LT S - SR B PP IR 3,953 LA el -1.404480
X 42 VB4 MUBER 3929 BHLP1E ~1.00NAAA 30930 85,980 =1,099144
N R 43 1840 HopER 3,903 4,044 ~1.22900% 3,909 © 83,438 ~1,09.4%92 3
E , a4 +840 Honea . 3,820 B%.N3 ~1,220448 LHRR 85,807 1 006017 3
- \ a8 +900 - HOPER 3,052 54,020 ~1,DéAAM 3,048 85,018 -1,0R24%7 i
g a4 V920 MODE2 3007 54,442 -1,040840 3044 BA211 =1,07691% 3
s . 47 +940 HODER J00Y BALI04  ~1.2%4304 3,800 54408 ~1,071393 )
. { . Y +960 HONER 3777 U748 ~10Ana J000Y 1 BA 101 =1 dahNY4 3
k. 49 00 HORER 34752 853,394 <1,240497 3,200 33799 ~1,040418 3
50 4,000 HODER 3.727 334041 =1.234489 3.759  S3.490 -1.054V44°
E S 1,020 MORER 30702 82,490 -1.230090 3,730 53,190 -1,049534
E . 52 1,040 NODED - 3:.478 32,340 -1.,205159 3787 52,900 -1.044127
s .53 1.040 NODRED 30453 51,992 =1.,219472 3,494 52,404 =1,000744
. ~ 84 1,080 HODER 3,479 51,646 =1,013020_ 3,474 52009 -1,038304
N - 93 1,100 . HODER 3:60% 91,301 =1,200004 3,655 35,014 -1,000048
: 4 1,120 HOLER . 3501 50,950 ~-1.,202640 3.834 51,724 =1,02274%
B2 . 14140 HOPRER 3507 50,617 =31.197133 I, 414 BL. 404 ~1,017443 :
13 1,140 HODEY 3.53% 30,277 +000202 3,594 51,145 -,078797 )
89 1,180 HODE L 3553 30,27 006974 3,576 B0.B9% = B70WH4 3
40 1,200 HOREL 3333 30,261 1005144 3.%%9 . 50.44%  =,076533 {
. é1 1,220 HOREL 3,533 30,007 1002903 3.843 50,393 ~,070829) k
E . . .42 1,240 HOLEL 3,513 30,242 =.003089 3.5 50,148 =,0N75704 3
8 . " 43 1,240 HODER C3,833 80,201 =1.109474 | 3.506 49.09¢ ~1.004734 B 4
b Y 1.280 HOPE2 J.%509 49,941 =1,103124 3 ADA 49,411 ~1,000459
i . 43 1.300 HODED 3,484 49,407 =1:174580 3.444 49,327 =,993983
k 46 1.3%0 HNDE2 30482 AR.273  ~1.170038° J.444 49,044 =, 991430 _
-3 47 1,340 HOUE2 3439 4B 941 =1.143484 J.424 48,762  ~,907302 ]
X ¢ o0 1,140 HODER 3.414 4D 411 =31,184902 3,407 40,482  ~.983000 N
E . 49 1.3490 HODKZ ¢ 3,393 48,283 ~=1.,130042 . 3.387  4AR.QQY =~ 97U72¢9 e
i 70 1.400° MOIF2 3370 47,938 =1.143849 3087 47,99 =~ 974503
7 1.420 HODED 20347 47,432 =1,13%0v8 3.348  A7.440 =, 970234
‘ B £ 11440 HOLER 30324 47310 =L, 1RV00% J.3U9 A2,3/3 =, 94T
0 11460 HILE2 34302 44,909 -1.124324 34409 47,098 =.940403
74 1,400 MODER 3279 AAA20 =L 0120010 32290 A8HNA =, ¥BhLID ]
73 1300 MODED 30297 44433 ~1.110404 3271 AANY = 950429 - g
74 1,520 NODED 3.238 44,037 ~1,107000 Jo2TD AAHG = 945758 ;
\ ?? 1540 MnE 2 30213 45723 =14101020 1023 444014 =eVA0%05
i 70 1340 MODER 3.171 45410 =1,094417 2T 45749 =,924073 E
2 . 79 1.%00 ' HULER 3:149 43,099 =1,091444 3196 AN = 931240 3
] i 1] 1600 HODED 30147 44,787  -1,0063%4 30177 ASDUIR =4 YDAAGY [ 3
3 : " 1,420 MURED 3125 A4AB0 =1.001292 3.A89 A4 94 =.9214V2
g , 2 11640 HODED 31104 444173 =1,074047 30140 44,494 =, 914947
} a3 1,460 MDVNER J.0RD 43,40 ~1.071200 30302 AAAT4 =, 91217 1
04 1,690 HOLE2 3,041 41,343 ~1,044330 31104 44,175 =, ¥0/508 - :
o3 1,700 NODRER 3.040 AR, A1 =1.061414 3.004  A3.910 -xsoannv i
064 1.7200 HOPER 3,019 42,9189  ~1,0%A%82 3,040 43.441 = A9NINL, )
a? 1,740 | NMOLER W 2PIT ADLA39  =1,051604 34050 43,408, = IVSL0A
no 1.740 MOkt 24974 AN 1007415 3033 AXIGY = 221740,
K 11 1.7280 NODEL | 24927 - 42,342 1004294 31017 42033 =4 771650
a 0 1,800 HODEY 20977 A2 364 1004924 3.0010 AQNI - 271523
: " 1,620 Honel 24977 42,348 voonvay 29R4 A2, 494 =,771378
< : 92 1+040 Hane i 2977 ARLIAR =, 002812 2W970  ADD74 =, 749504
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