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FOREWORD

This manual was prepared by the General American Research Division of the

General American Transportation Corporation for the U.S. Army Corps of Engineers,

Waterways Experimental Station, Vicksburg, Mississippi, under Contract No. DACA

39..68~C~OO1~7. The manual culminates a 12 month program to design, fabricate,

install, and make operational a 1500 psi Dynam ic Load Simulator . The program

was performed during the period 1 May 1968 to 10 October 1969.

The manual contains the theory behind, and operation of, the 1500 psi

Dynamic Load Simulator and is divided into four sections . The first sectiofl

is a general description of the system and lists its specifications. The

second section covers the theory of thermochemical and detonation wave analysis.

The third section describes the operating procedure . The last section provides

guidance for maintaining and trouble-shooting the system .

The overall management of the program was the responsibility of Dr. M.J.

Balcerzak, Associate Manager of Engineering . The Project Engineer was R.J.

Klima.

Appreciation is extended to the following personnel who contributed to

this program : L.E. Fugelso, R.S. Koike, S.A.  Stohl, and F.E. Wolosewick .

Appreciation is also extended to Messrs . W. Flathau, J. Ballard and J. Hossley

of the Waterways Experimental Station for the cooperation and assistance given

to General American Research Division during the performance of this program .
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SECTION 1

IN TRODUCTION

1.1 Purpose

The purpose of the 1500 psi Dynamic Load Simulator is to provide the

Waterways Experimental Station with the capability of producing peak reflected

overpressures of up to 1500 psi which decays to 1/2 the peak pressure in 2

milliseconds . This dynamic model test facility will augment static test

information in determining structural response characteristics.

1.2 General Description

The generation of high overpressure shock waves may be accomplished by

the detonation shock tube . This device basically consists of a cylindrical

tube containing an explosive gas mixture . If the initial mixture and pressure

are correct, the explosive gas will produce, upon ignition at one end of the

tube, a detonat ion wave that travels at a high velocity toward the other end

or the tube . Proper choice of explosive constituents controls the detonation

wave overpressures and velocities independently .

The 1500 psi Dynamic Load Simulator is basically a detonation shock

tube . It is 141 ft. 3 in. long, has a 146-3/14 in. I.D. and is flanged into

five sections . The bottom section, 21 in. long, contains the model. The

intermediate sections are 14 ft., 15 ft. 9 in., 17 f t .  3-9/16 in., and 2 f t .

5-7/16 in. consecutively. The latter refers to the 2:1 semielliptical head

that closes off the top end of the tube . In order to efficiently operate

the detonation shock tube certain subsystems are required. They are the

GENERAL AMERICAN RESEARCH DIVISION
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gas loading and firing system , the handling system, and the instrumentation

system .

The gas loading and firing system consists of~ a valve and manifold

control box, a methane-oxygen-hydrogen gas supp ly, a vacuum pump, a monitoring

and electronic control panel, assorted valves, regulators, and associated

pneumatic and electrical lines. Figure 1.1 shows a schematic of the 1500

1.:i Dynamic Load Simulator with the gas loading and firing system .

The handling system consists of structural steel members arranged to

allow shock tube disassembly for model removal. In its operating position,

the tube and handling system would appear as shown in Figure 1.2. Figure

1.3 shows the disassembled position .

The instrumentation system referred to here is required to verify that

the anticipated detonation parameters have been met . The instrumentation

associated with the structural response of the model is not presented in

this manual . The instrumentation system consists of four pressure trans-

ducers. Two will indicate the peak reflected pressure at the model. The

other two will provide data of the actual detonation pressure and velocity .

1.3 Facility Specifications

The 1500 psi Dynamic Load Simulator was designed according to ASME-API

Design Codes for Unfired Pressure Vessels. The simulator was designed to

provide the capability of being utilized either as a closed end , 1500 psi

(maximum) indoor facility or an open end, 3000 psi (maximum) remote outdoor

site facility . The open end configuration will require a frangible diaphragm

instead of an elliptical head to reduce the upward stress in the tube and

GENERAL AMERICAN RESEARCH DIVISION
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preclude strength probiems in the foundation . The indoor 1b~h 1i t~j :ia . : the

capability of a decay to 1/2 pt~ak pressure in 2 milliseconds . The 3000 psi

remote outdoor site facility will require an addi~.iona1 20 l oot section on

top of the present 140 foot tube, it the same pressure decay characteristics

at the model end are desired.

The tube was designed with a factor-of- satety of ~ (according to

ASME codes) for the 1500 psi indoor facility . When used as a 3000 psi

remote outdoor facility the factor-of-safety will drop to 2 which is

sufficient for the remote outdoor case.

The peak pressures as a function of length in the 1500 psi Dynami c

Load Simulator will appear as shown in Figure 1.14 Curve A. These are internal

pressures acting along the tube . The peak pressures could not be used for

design purposes because they are transient and the dynamic effects must be

considered. These effects can be expressed in terms of a dymanic load factor

(maximum dynamic deflection/maximum static deflection). A GARB sponsored

test program empirically determined a dynamic load factor of approxirrately

2.0 with the 12-inch shock tube . A dynamic load factor of 2.0 was used

in the design of the Simulator . (See Figure 1.14 Curve B.) Curve C of

Figure 1.14 is the pressure loading curve used for the design of the Siuulator .

Table 1.1 lists the specifications for the 1500 psi Dynamic Load Simulator .

The connecting flanges, pipe, valves, and pneumatic lines to the tube

were sized compatible with the maximum pressures anticipated (3000 psi peak

reflected). The detonable gas source pressures have to be regulated to less

than 500 psi. Both 220-volt 3 phase A.C. and 110-volt 1 phase A.C . are required

for operation of the facility along with an 80 psi minimum air supply .
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The init ial ~ c 3 5 u V ~ oi~ t L~ d .~~o:s~i~ ~i ~a;.~ ’!i i. ’ ~~~~ i~.: d~ ~~~~ tube ~:annot

exceed 5 atmosp he res arid c i i i  ici ” . a ~~~~~~~~~~ ~ac i oading c~~j a ;nce . rft~e

initial temperature and re lativ .~ humidity ~1avi li t t~~c or no ~f l e c t .

The shot-to-shot recycle time, not inc1udin~ mode l replacement, is

approximately 2 hours or one hour for t i i c  purge n1~ , 1/2 hour for the

evac uatin cycle , and 1/2 hour for the detonable gas loading cycle .
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TABLE 1 + 1

FACILITY TABULATION ~JN GiL ~’CK T )OE

ITEM DESCRIPTION FLANGED SECTTDN 1-~~IG11T FROM GRA DE REMARK S

—1 1 • II ‘ + 2’ 5” 4- 32’

I Temperature 300 °F 3OD~ F 00 °F ---

2 Pt ~ st pressure 880 ~~Si 590 psi 1500 P~~ __________________

3 Des~~gn pressure 1760 psi 1180 psi 3000 psi 
________________

14 Test pressure 14ooo psi 14ooo psi 1400o psi Water test

5 Shell material  ASTM A517 ASTM A517 ASTM A514 Tl steel

6 Flange material ASTM A515 ASTM A5l5 ASTM A515 79,fl. . psi Gr. C.

+ 
7 Shell  th ickness  1.375 ” l.3 (~

’ 3.00”

8 Flange th ickness  5.75” 5.75” 5 .5 0 ”

9 Number of bolts 140 140 140

10 Bolt diameter 1.75 ” 1.75 ” 1.75 ” Root A=l .98 in . 2

11 Bolt strength 3140,000# 340,000# 3~ 0 ,000~ Minimum

12 Bolt prestress , te st l86,00O~ l86 ,000# l86 , 00c~ F .S .  = 1.6

13 Torque for prestress 2700’# 27O0’~ 27OO~~ f = 0.075

114 Bolt prestress opera . 100 ,000# lOO ,OOO~ lO0 ,O0O~ F.S . = 3.4

15 Torque for prestress  1500’# l500’# l5OO ’~ f = 0.075

16 Weight of test  specim. ---  - -  - 5, 600# ---

17 Weight of 14 ’ sec t ion --- - - -  
. 

7,77~~ 
-

18 Weight of 15’9” sect. --- 2l ,870~ _____________ _________________

- 19 Weight of 17’ ~ ~6 
-- -  ii.o 

— ______________

20 Weight top head ~~~ 
+

21 Total weight  --- ~~~~~~ ~~~~~
_

22 Hoop stress operati ng 29,6~~
) psi 20,000 psi 23 , 000 p s i  

________________

23 Longi tud . s tress op~~rn . 
- 

i~ ,6 i+ . i-o , y~o “ ll ,~ oo 
________________

i-I:
~~~~ 

~~~~~ - 
— -
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SECTI 01-! 2

TF~ 0R!~

2. 1  :nt rou + -t ion

D c  loadi. c; on a model in a detonat icri tcbe is accomplished by f i l l ing

i n  t :.e tuh e  w i t h  a detonable gas m i x t u r e  un d e r  some i n i t i a l  pressure  and

0e . cn c i . ng the  m t x t u r e  at some po in t  along the length of the tube. The

no .i -c l L s  - .~cnt a i ned  in one end of the tube .  The model end cf  the  tud is

ce s igner i  to w i t h s t a n d  the  peak de tona t ion  pressures  arid is considered r i g i d .

T e  de tona tor  is situated at the other end of the tube. The detonator end

of the t’ciie !s designed rat to rupture and ~ s -c a c id e r e d  r i g i d .  Tr:e deton-

at i o n  wave , r e fl ect e d  sh ack  ware s  an d  sch sequent flow pa t t e rn  t h a t  Occur in

the tube fullcwii ,0 tce  cu of t:e cas are ceoender ;t  up c n  t h e  ni t ia l

pressure , th e composi t ion of the  i n i t ~ ai gas mix tu re  and t he  le n g t h  of t h e

tube.

I n it i a l ly  the  de t c -na t  on t u r e  i s  l ied vi tn a uni form detcr:able gas

mixt ure of some sp e c i f i ei  comp c s~~t 1c~. wci  c is nia~.ntarned at a u n i f o rm

initial pressuse . This mixture is detonated at one end which initiates a

detonation wa -se t h a t  propagates along t +e le ngth of the tube. The deton-

ation wave is a shock wave w~i -: . pr e ”  ~
- - t n r o gii  t he  explosive mixture ,

and tr+ e pressure anS t empera tu re  i rcrte ~ia~. ily renl ns ~ue f r a n t crive an

r x o t h e r m ~ chem~~ca1 rea ti on. Ti+~ er ’rcy re~~-a Se  : ‘5 th i s reac t ion  sus t a in s

the shape cr0 m a g n i t u d e  of the f rr  i. . Tce pr ap’u~a~ ~on ve loc i ty  of t h e

detonat ion -save is  determtnei h y t : e  p: + : , ’s i . - aI  p r - +p e rt ~~es f  tu e  media

GENERAL AMERICAN RESEARCH DIVISION
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:i both sides oC the t r o i . t . .  E q u a t i o n s  r d.. r eca .’ t  1 ~ he oi.ve rsotiui. ci maca ,

:+ orrontun:, and e n s i ~ -y ,  supp le ine i .t  ~d l v  a I i : i l : u t i - i . ! a l  a : a ,’,’sis L i n g

he reac t ion  that  occurs i~~j i~e d i c  ‘/ i - e u ! u t i l e  de i . : + a ’ + i 2 +  i : .~ , allow t h e

determination of I he p r + .p o ~~k i c c  or ado L u r ~~t -as u.i.x~ure I i h i  : 0  Lie

Bat ~er zak  and J oh n son  ( i O o + )  ~ and a a i r -sac , J u h i con a l u  K u r s  . (iv ’ .+ a )  ha ;e

computed the c o ron a t i on  par-a~aetei -c for selected composit ions a c u  m i t  ial

condit io ns for propane , oxygen and air systems . The computatiuz a system

+ as sum es  that  the initial and final gas t r . ix ture s  are pe r fec t  gases , that the

rates of the reaction are so fas t  that the react ion occurs at the detci atica

front, that the detonation velocity is sonic with respect to the flow just

behind the detonation front . Klima, Baicerzak and John son ( 1068) gi-.- i a

de~ ailed analysis of the reactions c u ns id e r i d  i n  es tabl ishing the equi l ibr ium

cond i t ions  behind the f ront . They also -cor .pute the thermochemical  para :..eters

for the detonation of methane-oxygen-air anu hydrogen-oxygen-air  mixtures  at

ini t ial  pressures  of less than one atmosphere and temperatures below 0 ° C . ,

the specific application for these calculations being predictions of gas

detonation behavior at high altitudes (less than 100,000 feet). Ostrern and

Fugelso (1967), Feddersen , Fugelso, Ostrem , and Watts (1968), and Fugelso,

-duttoriberger , and Byrne (1968) present tables and graphs of thermochemical

data on detonation of methane and propane mixtures for .i . : i ~~t 0 ] + r r c: + - c ’

from 1 to 140 atmospheres.

The pressure and velocity fields in a detonation tube have teen cvaluateu

for the basic configuration previously (Feddersen, Fugelso, Ostrem, and. Watts

(1968) and Balcerzak, Johnson and Fugelsu (1968)). Evaluations for the basic

*See List of References at the end of Section 2.
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con f i u r at io n , in  wh i  ii the detonator n i l  t h e  model en - i  re -: . mp le t ely r igi d

at p ressures  in t e rn ica. i i nt e  to the  irii t . n I  press ire  - i i .  i p e ar  r e f i  i - : t i  0 pressure ,

wore made . The p r e s s ur e — t i m e  h i  st o r y  a~ Icc— model ~‘nu . j . 0 • , t I l e -  cr c  away

trom the c et c n a t c  r , was c i t - a i r :u u , toget+’a - i - w t  th  u r - e i i  - t i  c r c  f u r  t h e  v -a :

pressures  that  wi ll  occur at any p o s i t i o n  alc~~g ta~~ lcn~~th  ~- 1 t he  t o t e . The

t h e o r y  and computational pro e:luru is  r ev :  ewes a : . :  t : e  r e sul t s  are  p r e s en t e d

a r i I c - I  o~:rcn i enee.

.2 T : er m o h emj - : al  Data

2.2.1 Reactions Considered

The thermochemical detonation properties of various methane-hydrogen-

oxygen mixtures are presented in this section . The general form of t he

reaction that takes place at the detonation front has  the form

+ n 2CH 14 ÷ n 3H2 + n14N~~~~

aCo ÷~~co ÷ o H o ÷ ~~ H ÷ c N  +2 2

+ X (o H ) ÷ ~ (H) + v (No ) + Q

wi t h

n 1 
+ n2 n~ + n4 = 1

All the Greek letters represent moles of t E -  pr -u ni t s  an : i  ~ is the energy

re leased.  The react ion above is wr i t t en  for one mole cl rea +~ a~ t s .

reactants and products are considered perfect gases and  the  ther mc- :emi - a d

data is obtained by a numerical solution of t h e  conse rva t ion  equattens under

the assumption that the products are in c h e mi c a l  e q u i l i b r i u m  a t  t he  de t e r -

a t ion  temperature and  tha t  the  d e t o nat i o n  s a t ic i :  cc t he  ‘ i . apmna . - Jou~~iet
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‘o n d i t i c i . A de tar  l e . i  p r escr t + n t i  on ~ f’ i c e  -o! c i - r v a l + j u : +  equ a t i  cr c  a ru  t : e

chemical  equi l ibr ium e q u a t io n s  toge ’  : ~ r w i t : .  a ~ : :: ‘ i l i O  Cr ~ a t  t c~ ~i:rerica1

t e + c~:~ ques and methodology used ¶. r I he t : t  I c : . ,  is g iv en  in  ~ i mn , Bal . er snn’.

and Johnson  ( 1968). T h i s  set  ci a b a  t i e - n c  i s  ~u t  te 1ei g t a~ ar . d is nut

reproduced here . ido a i r  is c o n s i d e r ed  for any of tn c  r~ses p r e s e nt e d  in.

Se ct io n  2 . 2 . 1 , so n~ = = = 0. T : c  e l ’l c  -t at  a i r  is s i s uc :e i  i n  Se - t i e r ,

2.2 .~~~ . 14 . In the  reference c it e s  i n  t :.e p r - c - i  Cu.: se t !  ci.  (Fugelso , Gu t t e n a e r ~ er

arc Byrne l9u8) severa l - ‘aces were e v a l u a t e d  w i t h  a i r  p re sent  ar -c t : e s e  t e rms

a-crc considered t n er e .

2 . 2 . 2  D e t on ct d on  Parameters

The de tonat le gas  mixtures  ons i  -serec i n  t:~! s manual  are ompo sed cf

oxygen , m e t h a n e  and cy drcgen . Fi~~ :re 2.1 i s  a t e rn a r y  di a~~ra m cl tu e  d~ —

OH 14 - H . system showing the composi t ions  f c r  the  t h e r m o c l em i  -a l  parameters

that were evaluated. The t e r n a r y  diagram also shows qualitatively th e-

deto nation limits for explosions in thi s system . L imi t s  for the n i n a r y

system 02 
- H2 

were presented in Lewi s and Von Elbe ( 1961) and those for the

system 0 - CH were presented in Klima , Balcerzak and Johnson (1968). Linear
C 

-

interpolation between these limits defines approximately the region wherein

true detonations can occur . Table 2.1 lists the mole fractions , initial

pressures , and oxygen -to-fuel ratios ( t h e  fuel being the sum of the methane

and hydrogen volumes) and several pertinent computed thermochemical quantities.

The presented data includes initial density, detonation pressure , detonation

velocity, peak flow velocity behind the front , peak detonation temperature ,

energy released per unit weight of initial mixture , and energy released per

unit volume per unit initial pressure . All thermochemical calculations

presented assumed an initial gas temperature of yO~C. (293.l6°K.) Graphical
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r e p r e sen t a t i o ns  of tue  t h e r m o c t e mj  al  -i~~ta were  in iiu e to i l l uc~+ r a t e  t h e i r

dept -n+ie n e on several  var: ahles . in t ie f i r si  St- I . cf gr a p h s  presente i , tu e

r e l a t ive  composi t ion of t h e  fue l  gases , 112 and 1i 14, to e n d  ot :~er .i s m a i : t a i  ned

constan t , and van aule ratios of oxygen to total fuel were cons i  h e -r e d .  For the

second set of graphs , the ra tio between the two cons t i tuen t s  of the fuel gas

were - c a r t e d .  This  s p ec i f i c  v a ri a t i o n  was carri ed out over a l ine  AB on the

t e r n a r y  diagram . The two end members represen t p o i n t s  on the i r  respect ive

b i na ry  systems where the  de tona t ion  pressure  to i n i t i a l  pressure ra t ios  are

near  or at the peak value possible. The third set iemcc st rates  the in f luence

of initial pressure at fixed composition on the detonation parameters .

2 . 2 . 2 . 1  Effect of Oxygen Content -

Detonation parameters for mixtures of methane and oxygen;

:ydrogen and oxygen; and methane , hydrogen arid oxygen with equal molar parts

of methane and hydrogen are presented in Figures 2.2 thrpugh 2.7. The

independent variable- in all graphs is the mole fraction of oxygen . On ea ch

graph , three sets of curves are shown . Each set has a fixed ratio of fuel

gas components.  Considered are the two end members , the fuel gas being pure

hydrogen or pure methane , and an equimolar mi xture of methane and  hydrogen .

Figure 2.2 pres~nts the ratio of the detonation pressure to the initial gas 
—

pressure for these three types of gas mixtures. Two curves are shown- for

each type , one curve at one atmosphere i n i t i a l  press re . the other  at five

atmospheres. Figure 2.3 shows the detonation velocity. Figures 2.14 and 2.5

demohstrate the energy released , F~gdre 2.
/i shows t h e . energy released-per

pound of original gas mixture , whi le Figure 2.5 plots the eneigy - released p~r

unit volume per atmosphere of initial pressure . The peak flow velocity arid
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the peak t - e r : l p o r a t : l r - e , t u t h  a t  w h i ch  a : :  a f l s : n - ed at hid :ii:l uflatiuz I rur t,

- + :h u ’n,  i i :  Figures 2.u a r d  -~7, i s p  I i v e : y .

i i i  i L ~-5l r :  2 .2 , the  det U : a~ i i —  i - - . — ’ - — i :+~i i i o + l — p r e s : u ’ e  r a t i o  ch ow :

a ue:i~ i: e, cha~~~ y detinch :,axh: ::+ h a -  al - r e  !~~cJ - - ::pus!tiicn5 as I t i e

SO loS :~ -a l~! on r h  a-c c , ’ : : .  c a r : ;.  The iai’~ est+ i - r ~ ss i t s  occur  : c r  the metnarca —

ox~~aSn 511 x : ire: w l i  hi t l i : cas  I li s i 0 ‘cur I i  the t~~c r - c — u x ~,ger.  raixt re:

he p - : a - s  o c cu r  near t h e i t i  rial ~~~~~ : t Lu-i s si: at are 5l +~~j -tIc! u r act r i c  to the

- p p r ~.p r i a 4 n ix turu Ut  carrot a l s : u c i u - a  and - c at e r .  Silo;  increasing i r i l  Ia ,

press re th~ detonation press-~re r at io ir i c r e a s t - : S I  . i i .  i~~~1 iI C  2 . 1,

the detonat ion ye locity increases w i t / i  : r c I ’ e S s l  ng h-/dr- it-c , -c- : tent in the

+ r a c i o r  n-cad c ut :p o s it l o na i rar~ - -~ c o ns l d e reu . Li I- i OLO’e 2 . - ar- - i 2.5, the

enerhy ~~~~ : eased a ’  the r eac t i on  Is d e m on s t r at e :  in t i c  ii !‘te rent ways , the

:dir:: leinc ene rgy i-c cased per pound :1 in ~-lonal gas rat c rure atu the se-soru

d u g  et ergy release per cubi a 1’out per - a tm i s p l i er - :  h i t  h a !  gas p res su re . The

:H0r00e , m i x t u r e  releases more energy per uni t ‘- b i g h t while the met hane mixture

d e t o na t i on s  release more energy p-er uni t v o l - i n c .  As a lca+ :ion it mole l i-action

ca -ax::asn, these curves are very broad. The det o rai -ics + t e m p e r a t u r e , Fi gure

2. -
, sh ows a sImilar shape compared t o  the press ure-ratio dat-a , lut the peak

-;a ues are nearl y the same .

2.2.c.2 Effect ui !-ue l Composition

This so tic: sor it ai ts t u e  v a r i a t  ic- i ci the fuel  gas composi t ion

-S lid it 5 i t I ct on the rnr . o c t iem i ca ]  del o tat ion prop’s r i  icc . The peak detonat ion

p re s su re  an  the 0 - I-h b i n a r y  sys tem oc cur - s  near  the sto i h i i c ne tn i c  mixture
2 ~

ra ’ i t s  of o2 /F = 1/2 (c
2
/1 c q u  tI ;a at Ic ob r:;o !~ s t t  oxygen to moles a ”

fuel gas) . The p-a a-: del oliar i on p re s s  ;r-s t a r ’  I he cap: : ra-° l ~
- rr t i re  of t el:
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occurs a t the comp~ si U on i n te rmediate  and on a s t ral  t~ht  U I S  La- tw ec- r  t I C

two 1 i u ;a ry  co m p o s it i o n s  indica ted . Tie i n d e p e u ler t v a r i a n l e  l I e - f l  C Ons i  dered

is the reduced mole t r a t i o r ,  of yUr-oger u~~/~ r~ 1- n j ,  vU le t h , e  mix tu re

compos it ion i s  cons t ra ined  to he on the l i n e  indicate- : as AB on Figure 2.1.

Figures 2.8 through 2 . l~ show the  same s i x  parameters  wh i le vary ing  the

percentage of methane a i d  h y d r o g en .  The ma ’t : ’ : e - U x y ; s: ; end member as an —

oxygen to fuel r a t i o  of 3/2 wIt i le the y h r c g e r : — o x y g e n  end member i n s  ar.

oxygen to fuel r a t i o  of 1/2 . The in t e r s t e - s i a t e  points shown are on a

s t ra ight  l ine between the  ends as indicated by line AB on the ternary diagram

(Figure 2.1). All the detonation; parameters vary smooth ly and monotonica lly

— 
as the fuel mi xture is varied.

2 .2 . 2 . 3  E f f ect  -of L : i t ; r , l P r e s s ur e

T h e  next  m a/ o r  i r ; J e p e r - i er t van a t T l e  tu e conside red  is the

i n i t i a l  pressure . For three select-eu compositions , namely , the end-points

and the “middle po i nt ” (is2 = n )  on line AB of’ Figure 2.1, the detonation

properties are examine-It fri their deper. ;en e on initial gas pressure .

Figures 2. 114 through 2. 18 s h o w  t h e  v a r i a t i o n  of l e t- o r a t i o n  proper t ies  of

three specifi- : compositions as a 1ur ; - t i on  f initial pressure . Figure 2.114

shows the  detonation—pressure-t o-i t i  a l - p re s su r e  r a t -j o  as a func t ion  of

initial gas pressure for tb ;e 1’~~Li~~O i r g  i n i ti a l  ‘ - :m p a - : i t i o - n s :  h i/ F  = 3/2 ,

H2 /CH 14 0; o2 /F = 1/2, iL/ ’}i 1 ~~~~~ 
:~~~~ = 1, H y / !ii

b 
I. Figure 2.1-

sh ow: the  de tonat ion  pressure and F igu re  2 . lr  shows t : . e  i n i t i a l  w e i g h t

u cr i s i t y .  Figures 2.17 and 2. 18 sno w t a - ene rgy re l e a sed  in  i t :  two fo rms

of p resen ta t ion , Figure 2 .17 showing  energy r e l ea se - i  per p iund of  i e t c n a t —l e

gas mix tu re  and F igure  2.18 sh c-w : ng energy released per c u b i c  f r - - - t  per
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a t m o sp h e r e  i n i t i a l  p1-~as s ;r’e . FIre ~wc pr’u p e : - t  ;~~,s t h at  i n r e -ac e  ~ l r :,u~~t :~ rraanLy

w ith in i t i a l  pressure  are cue -b r o i l , - (it ’ t i c  r ” a ’ a r ’ -u  ~~r i b l u t - -w unati cr

pr e s s u r e  . The de t u n a ? , i ian pra:s: ;r’e t o  1 - i  - t e l  p I e r  i s  ‘ c i - dc - b a as, I ‘ l ie

release (hr both toi-ru s i t  preser:c ai-run: ) i l l i  ase s! igl tl’j w i t  i n c rea s i n g

in i t ia l  pressure , thus m d i  tet inig ~-b ;a t these tie er a’ tons  becc-rae slightly

more efficien t , at hi gher i n it ia l  p r-a s s, : 1 - C : .

2.2.2.L+ kiter t; ci ’ r¼ t r

If the operation of the de t-onat  ion t ube f a c i li t y  is —:h as to

preclude the evacuation of the tube prior to ~-~ s f i ll , the tube will be

in it ial±y f i l led  wi th  one atmcspnere  -Oir .  The den cracion parameters :cr- one

,- a r  mixture added to a volume of a ir  or i g i n aL ly  C :cu p ’ inc- t h e  t - : te  at one

atm osph ere pressure is i nch - r d -ed  in thi s secrsor . The ai-r’ is assumed to be

composed of 79% N~ and 21% C~ , and the minor cons - i t lents such argon and

CC
2 
are neglected. As a typical case , a de r or able gas m sx o - : re of methane

and. oxygen is selected. The rat-jo of tue miu I,; ro is sdch that the f inal

oxygen to fuel  -gas ratio, includi ng the oxCoe r- j r  Th’s a i r , is maintained at

3/2 . The detonation parameters for t-rc:e ralxt -::ss at an initial temperature

of 300°K ( 2 6 .2 2 ° C) and ins it i a i  p r e s su re s  ranging ‘up 50 5 atmosphere s were

computed previously (Fugelso , Gai tcacrios n-ge 5’ a r d  by s -r te -  ( i969~~) d5d, are reproduced

here .

Figure 2.19 shows the d to r at,ca . - p r - s s - ,s- ’~~~ c- : n i t i a i  p r e s s u r e  ra t - so

for the methane-oxygen—air mixture- tn - cm 2 5 a’ rca ph res ini~ iai pressure .

Also shown is the curve fo r  t he. m~G hane—oxvg-s - x i  ~ i n - i  W I  flOur , ci  r’ b r - on  1 t o  5
aloao:p b ; ’sr s: i nit i a l  pressure . The her  c:;a~ I I  pressure -o ’, t o  tSar tne mixt ire

wi th air lies below the me thane -oxy g en  a: x ’ c i t -c : . i1a. di Ilererbce b e tween

1, -s two curves is greater at iowoa  press r e - s .  This is -dore to a gr’eater

5 E ! \ I E f l AL  t ,E R tIlI ~~N r. ri~~ T r 1~~~H ~~I V - ’- O ’\j
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I
pi-op ro t io r t  or hi t r ’Og e n r  ~ fl i l i c  : 1 1  X m l  n - :  wh i  .h m ud: o re ca n-- i the rca-m i o n.

i5i gure 2.20 shows tue detonation pr’ e c s i x ’ c h un ’  t he lie t i t a n - - — uxy g e n  ~ nd r i e l t l & r , m —

ex t ’ g e n t — a s r  mix tu res , wh i l e  the UetoI ~O ? 1 O ~ \/ t - i c - :- i t ie s  an-i m I c i g y  release4 per

pU~~nd Ut  i n i t i a l  n~as mix tu re  are ch~~r r in l r i g A r u s  2.21 and. 2 . 2 2 . In the l a t ter

owe - curv e s , a di ffe rence  between the two - - : r ’ves ex i s t :  t-eia::e ul  the presence

of a i r .

2.2.d E r m g o n e e r i n g  Data

Fedderse~r, Fugelso, Ostrem arid. Watts (1968) have demonstrated. that

the pressure-his tor ies  obtained. at the nc-del en d  of a etonation tube are

depe ndent upon four parameters . The nagn±’oct -i of t h e  p r o fi le  which is

proprotional to the detonation press-n -c ;  the snape ct the decay c u r v e  ~ h ich

is a funct ion of ~~- , the ratio of specifi c heat: of the t o s n o  gas msucture ;

and the -duration or time scale of the pressure  h i s tory  v h i c h  is proportional

to the length of the detonation tube al-id inver -seiy proportional to the

detonation velocity. Two basic properties of the detonat ion which are

descriptive of the magnitude and durat i on of the flow are the -detonation

pressure and the detonation velocity . Figure s 2.23 and. 2.2 i. show initial

pressure and initial composition as a function of detonati on pressure and.

detonation velocity . On each figure a network composed of arcs representing

constant initial pressure and those d.en otinrg constant- composition are shown .

Figure 2.23 shows mixtures of hydrogen and. oxygen over portion of the

composition range considered earlier. The more hydrogen-rich mixtures are

not plotted on this graph . They overlap the region shown . Two toTe: of

mixtures are shown in Figure 2.20 . The solid arcs are methane-oxygen

*mixtures , tending toward the oxygen-rich end. of th e  c omp osition m : x t re .
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Fhir-i high ie s t do tU:.a - ion t o  h o - - i f  i e b  U I’ .i r’ cp r ’ :sent :d by the m i x ? :  r u  L
2
// = 2/11-,

~~~~~~~~~~ 

= . Fhie iIte t - nUI — i - 1  r h i e r  m i x t ur e :  r io t  p lot ted l a - l i - u , r ~, r - t h e 1 u n a r ion

ye L o c h  t i e s  a~,J n b i a t  pu: - ? 1  u: ot tIc g r a p h  wool d  o s e r i lp 1 h a t  d oer , her -u . The

up p er  por t io r :  os t h i s  c u r v e  (~~i i u w n  in - l a sh ed l ines)  r ep s-  o r ,t . :  oxygen—met ~rar e—

b :vdror ten  n :bi x t u r ’ c r of th e same series d c c .  r -r Led  b a r  the -- -i~~: -n a t i o n .  p a r a m : r te n’ s

in Figures 2.8 through 2.13 . The m i xt u r e s  conside red .  in  F i g u r e s  2 . D t  an d

2. 11- I lie cit t h e  three lines CA , AB, DL as sh owy ,  in i a g u i ’ e  2.1.

2 . 1  P r -e s so r ’c - i ’imne  Hist or -c  at  the i~od-c l End

The detonat ion ,  wave in i t ia ted  by the ig n i t i o n  of ar ap p r op r i a t e

detors abie  gas mixture  p ropagates  a lo ng  the lengths of the tube . At i ts

po int  of in i t i a t i on, the d e t o n at i on  fron t is not plane ; however , a ft er the

wave ha: propagated a S e w  d i a m e t e r :  down the tube , t-he fr-crs t has become

a l mo s t  p l a n -u  and cond i t ions  immedia te ly  b e h i n d  t he  f ron t -  become independent

of radial position . The d e t o n at i o n  wave and other flow propert ies  exhibit

small  dependen ce on ar ty  radial property and. the flow is essential ly one

d imens ional .  When the detonation war e  reaches the model end of the tube ,

a :ompressive shock is reflected. and. propagates back toward the detonator .

The flow between the detonation front and the first reflected. shock can be

a le ’ e rn n in e d  from the similarity solution- to the basic conservation equations .

‘he burnt gas mixture is assumed to be a perfect gas with a constant

ocr-p osition given at the detonation front . Further, the flow is assumed

to he one -m n:ensiona i from its inception . The flow behind. the reflected

shock f ront . ha: been e-:aluated by a n u m e r i c a l  tn t e g r a t i o n  of the conserv-

a t i on  e quat ions  for mass , momentum and energy (Feddersen , Fugelso, Ostrem

and W a t t s , 19 (8 ;  Os~~rem and - l i sI : - , 19b / ) .  The eq i a t  i ons : f or the non i sen—

trop ic flow of a p e r f e - .-t  gas were  w r i t t e n  in c h a r - a  teristi c form and d i f f e r ence
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I
e q u a t h o n : corresponding to tu e  d i f f e r e n t i a l  equations wer e f o r m : s lr t e i . These

dL f f e r e n :e equat ions  were used unai r eri on ly i n  regions  of con t inuous  flow .

Ut i l i z ing  tht e RuirkI n e - h i u go n i o t  equations for shock front t-eh c-;ior , th e

n c .  r~ess of the n-oil -c- -t ed  sh ocks  was evalua tel  e x p l i c i t l y .

The flow vari ables beh ind  the detonat ion can be expressed in tern :: of

:ondimen.sional variables , the pressures behind the detonniticus front are

proportional to the  detonation pressure and the flow velocity can be

measured in un i t s  of the detonation velocity . The pressure profiles at any

posi t ion along the length of the  tube , X =x/L, is a function of the reduced

t i m e  variable , T = Dt/L , where D is the detonat ion ve locity ,  and L is the

length of the detonation tube.

After the detonation wave strikes the model end of the tube, :

reflected shrock propagates bac~ toward the detonator end . With the assump-

tion t h a t  t h e  model end is  r igi d , t he  peak reflected pressure may be estab —

ljshed. Inc  peak occur:  at the  end and is 2.56 times the detonation pressure .

Figure 2.25, reproduced from Feddersen , Fugelso , Ostrem and Watts ( 1968),

shows the propagation of the detonation front and the reflected shock front .

Figure 2.26 shows the pressure as a function of the nondimensional distance -:

(x/L) along the tube for several sequential  times dur ,::g the f rst two

reflected waves . The pressure -time history at three positions in the tub e

are shown in Figure 2 .2 7 .  Th€ pressure is shown from the t ime of i n i t i a t i c n

of the  de tona t ion  u n t i l  the  arr ival  of the second r e f l ec ted  shock .  At the

m ood end of the tube the following sequence of events oc c u rt  ( 1)  a

pressure spike as the detonation wave striees the model end of the  tube ,

(2) -a rapid decay of pressure until t H e  p r e ssu r e  re ’r hes ~~FD/ , followed by
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( o )  i pen n of a m os t  - o r t : t a r i t  p r ~- t - n- , r - - : : n . t  1 t h r :  r n - st  s I c k  f ront a r r i  yes

J T : t i s  p n r t t  - s n .  is  rr - p o n t c r  w i t :  t o  p e r :  p r - s c m - c h e  -om i rig grrr riually cmn l le r .

Lh nati-;el :, simi L - n  d u s r i p t i o r m s  n m u i : i  101 c- tH or  p c - r h  t i c r r s r toL l t he  t : m h e .

F:~~~r — 2.28 s h o w :  c- p enk  p r - : c u r - - hi . n- r at on :. be n t : th along time tuee

ns a l : :L a t ud cy t b : h  II cn . e — h i n n r - n . m : h o r c l - : e t c r . a t l o n  w ay - model .

I t  must  be emp : r r : i  c c i  t a t  t i - i s  Im p: , of p e s i -. pressures was - a l u u l n ted

t n-u::: ri o n e — u t m e r , si cr , al tn eort ’ . At t:,u :1 he n e ar e s t  tb , e  u e t c n at u r , h i g n e r

r e n t c a S h - - - t e l  prest iuc ’- :  aS ’ 2 . /h D ‘an oc us u u r i n g  the ear l iest  stages

of igni tions . T : iL s  :1 -t h y l o e a l h z e d  e f fec t  -u r n - a r i s e  it’ two c o nd i t i o n s  are

— st a t :  (1) t he  indu  :t ion d i s t a n t - c e f u r  the de tona t ion , I .e .  l ehgth  toe

i n i t i a l  -J i :tu r b a n~~e must t r nv el before it :teepens i n t o  a deto na t ion , is

less t han t , e m a - i h u : , (2) the  s ide  wall must be perpendicular to the  radial

d i r e c t i o n  at the  nearest  point . If either of the two conditions do not occur,

the  peak reflected pressure at that point will be significantly lower. The

:‘cnielleptical head design of the 1500 PSI Dynamic Load Simulator is su ch to

reclude this pres~ure concentration .

2.2~ ielection of the Initial Mixture and Pressure

Sections 2.1 — 2.3 have demonstrated the detonation parameters icr

v ar i o us oxygen-methane-hydrogen -air systems . The selection of -the initial

composition and pressure , and thereby the gas quan t i t i e s  required is demon-

strated in this section . The main parameters of the detonation profile at

t he  model end which describes the resulting pressure-time history are the

peak reflected pressure and some measure of the duration or decay.
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I
The initial mixture compositions and initial pressures as a f” t r ,  ‘Icr

J of detonation velocity and detonation pressure have been ro ast. in , a femn-m

deemed more convenient for direct use by the operators of t : to  12 PhI

Dynami c Load Simulator . The two independent  variables are t h e  two -sec r

tive parameters of the pressure-time curve generated at the mood en: of tm ,e

tube, namely, the peak reflected pressure and the time tha t  i t  t a c o :  for

the pressure history to decay to half of the peak pressure . Symbolically ,

the first parameter is designated by 
~R 

and the :e: ontd b y t1. The peak

reflected pressure is related to the detonation pressure ( for a burnt gas

mixture with an adiabatic exponent of 1.11) by:

) ~R 
= 2.56PD (1)

From the pressure-time history shown in Figure 2.27, the pressure profile

decays to half i ts peak value during a nondimensional time interval,

T
1 = 0.28 (2)

Using the relatiorsahips between the nondimensional time and real time

L T 1

— 
2 _ 0.28L (~~)

I D D

wit h , again , L being tb s e  l e n g t h  of the tube and D representing the detonation

velocity .

Figure 2.29 shows the Initial mixture compositions and initial gas

pressures as a function of the peak reflected pressure and half-pressure

decay time for a detonation tube with L = ~0 feet . The gas mixture is
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I
- 0

2~ 
An intersecting network showing lines of constant initial pressure

and lines of constant compoSitron are shown

J Use of this graph is shown by the typical point a. Suppose the follow-

ing pressure profi le at the model end is desireds (1) the peak pressure) should be 1500 psi and ( 2 )  the half-pressure  decay time should be 2 msec .

I 
The two values of the abscissa and ordinate meet at point a. Linear

interpolation is sufficiently accurate to determine the initial composition

) and pressure . In this example, the initial pressure is approximately 2.9

atmospheres and the initial composition is specified by the mole ratio of

0~ to R
2 
equal to 3. 1~.

) Figure 2.3-2 shows the peak reflected pressure and decay time to half

peak pressure for selected 0~CH~ -H2 mixture as a function of initial pressure

) and composition . The solid lines indicate methane-oxygen mixtures correspond-

, 
ing to the line AC on the ternary composition diagram (Figure 2.1) and the

dashed lines refer to the three component mixtures on the line AB.

All graphs have been calculated for a detonation tube length of 11,0 feet .

Adaptation of these graphs to detonation tubes of other lengths is made by

changing the scale of the decay time to half pressure . Multiplication of this

J scale by L’/i~0, where L’ is the length of the detonation tube under consider-

ation, is all that is required. As an example, the point a in Figure 2.29,

J for a tube of length 27 feet has a decay time of 1.35 msec . To determine

the composition and initial pressure in the 27 foot tub e necessary to obtain

I a peak reflected pressure of 2 psi and a decay time of 1 msec., one should

1 
look for the intercept of P = 1200 psi and 

~ = ~~ (i) = 1.48 msec
R 1 27

2

(illustrated by point b). The general form of the equation is
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I
t 1 (I, ) = t1 (~~ ) j~-1 2 2

J 
Linear interpolation to obtain the  required i n i t i a l  condi t ions  is simi lar

to the prior example .

Simi lar engineering curves for determining initial pressure and compo-

. s i t t o n c  requirements  for the case where the detonation tube initially filled

w i t h  air and tim e air is not evacuated from t i m e  tube prior to gas fill are included.

Fi c-ure 2 .~~l Sho ws the in i t ia l  data for °2 
- H2 

gas fill and Figure 2.32

shows the  sam e data for 0
2 

— CH~ gas fill . The abscissa and ordinate of

these  graphs  are again the peak rel ’lec ted pressure and the decay time to

I 
hihs ’ peak pressure . A net of curves defining initial pressure and compo-

sition requirements to attain the specific conditions is plotted. One set

j of ar -s are labelled for cons tan t  total  gas pressure (this includes all

gas in the tube, both the  oxygen -fuel mixture and the air already in the

tub e . To obtain the  partial pressure of the oxygen-fuel mixture to be

I 
added , subtract one atmosphere from the indicated amount). The intersecting

set of arcs is labelled by the 02/F ratio of the gas mixture which is injected

into the tube.

It must be pointed out that the detonability limits for the gas mixtures

I w i t h  the initial volume of air have not been established. This criteria

J mu st ‘be established experimentally . It is strongly recommended that the

detonability limits for these mixtures ‘be established by the appropriate

experimental methods.

1
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_______215 Compar i son :  w i t h  Air Blast Pressure  i - u t  l /i/ i U O 1 O u n -  hIsu~*

Cne possible application of th is  d e t on a t i o n  tu i : e a s  the  simulation of

) t he  pressur e h i i : t o i h n - c a n t i c i p a t e d  in a su r face  or h igh  al ti  tn nde  nuclear

b u r s t .  Brode (Io n - b )  summar izes  e x t e n siv e  fll.c ol t i  er ic c-i a i r  b las t  pressure

ti-at might ho expected from large yield devices. Th e s h a p e  of t i e  pressure-

his tor ies  a t ta inable  at the model end of t I m e  detonation tune indicate that

an, excellen t  f i t  may be obtained during the  early por t ion of the blast ,

namely during that detonation where the h-last overpressure decays from its

- . . - t
peaK value to one-r’ialf its peak value . Thi s time is denoted by N 1/2.

Figure 2.33 shows schematically the pressure profile and this decay time .

Also shown is the decay to half peak pressure as obtained at the model er-i

of the detonation tube. Figure 2.3L~ shows the decay time to half pea-m

J 
overpressure for a one MT nuclear surface burst versus the peak overpressure.

The decay time scales as the cube root of the yield . For the gas detonation

the differences in decay times defined from P
2/~ 

and 
~~~ 

- P)/2 is less t i t a n

3 % .  Si milar  statements can be made for the decay times defined from peak

pressures and peak overpressures from a surface nuclear burst in the higher

overpressure regions (~~r >lOOpsi).

Consideration of pressure decays after the decay -to half-pressure shows

that the nuclear overpressure air blast profile decays faster than the gas

J 
detonation profiles . The nuclear overpressure curve becomes negative after

a finite time , indicating absolute pressures below ambient condition while

the gas pressures are always in excess of the initial gas pressure.

I
I
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I
In conclusion the gas d etonation may be us eu  to approximate the pre: : ’mr o

1 profile in du c e d  by a nnnL lear surface burst from the peak pressure to b a l l -

I 
peak pressure with a high degree of r t c - :u r a c y .  For decays after half-pressure

tb: gas profile is higher than that expected from the nuclear burst and tHe

f i t  is less adequate .
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T I U ) ( ~f~J ~n t h i s  se ct 1on  I s  a - . - r ~ pt~ cr-  of tte L-or t ’r -cl -3y3tems and

I 
~~~~~ 

r:c—i t ion  I I I :  -elisary to pe r fo rm  te C ’ILC .

.3u: .y st en i  D e sCr i p t i o n

D l - - :  liary equipment required to e l d ic i e nt l y  con t ro l  and opera te  the

I ~~~ ~-i D--~ ami -.: Load Simulator may be I-ata 1~ori zed in to  three basic subsystems .

-ir- . - ~he Valve & Manifold Control Box , the Moni toring Control Panel , and

c~~he r  ::C~~s1:eflDr.ccu s , auxiliary o~~’.):. pment . T 7 e  foll- :-wing d e s c r ice s , in detail,

~ 1:C21 C ’q ’I tpment  th eo e  subsystems are comprised of.

~.l.l Valve and Manifold Control Box

The Valve and Manifold Control Box is Sh own in Figure 3.1. This unitt s

I 
~ r ioe furl -It ic- rI ~s to provide a remote , semi—automatic caçability of loading

the detonable gases into the tube. To accomplish this f~ nction , the control

box contains a pressure sensing system and a gas loading system . 
—

J 

7- .l.1 Pressure Sensing System

The essential hardware in the Pressure Sensing System are the five

I pressure sensing switches , shown typically in Figure 3.2. The desired

-;olurnes of air, oxygen , methane or hydrogen are ol+ ai ned in the shccb tube

Ly monitoring the tube pressure w~th the pre.
C~:1ire sensing 3wftches. Each

I 
pressure swtjch has the capahflJty of being set, to within + 1 psig or

2 in. Hg. of the anticipated pressure . Reference Figure 3.1. the pressure

I 
s - - j t; -h shown on the extreme left senses the mnount of air remaining in the

~;h” before gas loading. Although this ~-wi~ Y ha:- t.CI e capabili ty of sensing

L 
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pressures throughou t the i r ’ - i i ca te - i  ((317 4 € - ( —C-h . ~~~~~~~~ - 
‘I ( ( f l C Cr L y  t Woul d  r e

set to one of two p’ sit . 1 u i c ;  28 tn . 11g. ( 4 . 1 air) ( C ’  0 i n .  h g .  ( t  atm

I 
TIl e second pre: 7-ui - € .- s wj t c n  t ror:’. ‘ : 0  lef t senses t i e  amount oi ( 1-/yt ’en while

the  t h ir d  and fourth sense the amOun t of me l  , C : ’ e and Ly d r o~’er respe t.ively .

) The f i lt h  pressure switch senses t.~~e a -cumu la te -.] total volumes of hoc loaded

J 
in  the  tube. Thi s switc~’i pre- - ThiJ l l - s i 3 €  thSSiJ 1 t ill’) ~ f an a’.- curn ~5l .aLe- i  error

fro m t h e  oxygen , met a l s? , an i ~— ‘d ni . -~- , e r .  r r e  : :  , r€:  :‘-w - ‘es - A p~er. :ix A - .LW C

I 1:50 an error of~ l pI l l s  (2 . 1:. ~~~~ i r .  ~~~~~~ ra s L c a u 9 ~~1’ Wno l-) re ,-- ,lt j r -i a

+ a. .’ percent error in t C , sC Jt ~ t, c-7. .-4 t i u , an-i p - ’ - :  r e z l~~ ted overpres:-ure s .

All fi’:e p r e s s u r e  1-Wi t , - :hes re - - 12:11 cc L e d  to a cc- mince pressure sensing

~ mani fo ld  along w i t h  a cump o’.,ud pressure ~‘~~-e for  set  up tesnir-,h (See Section

1 .2 . 2 )  an -i a pressure trans-fl~
, er fcc remote reading at tee 9cntrc- l Panel.

The manifold , in turr~, is -connected by 1- :~ 2000 psi flexrc le ecse to the

tour-way blast valve . (See Figure 3,3.) The four-way blast valve is rated

for 200-9 psi (air), has 1 1/2 in ch ports , and is air cylinder operated .

I 
Thru the blast valve , the pressure sensing manifold IS connected to the

- S1 ’:oC~ tube by means of a pressure Sensing line WIII C 71 eas a 5/16” I.D., is

J 25 ft. long and rated from 2000 psi to 28 i n .  Hg .  vaC-1m . At the shock

tube the sensing line is attached as shown in Figure ‘3 ~~~ The connecting

flange shown in Figure 3.~ is bolt-ed 
to a mating flange on tee shock tube.

‘ 
Also in Figure 3.1j~ is a Detonation Sensing Swjtch. Thi s sensing swi tch is

an ad justable (0-1000 psi) pressure switcn teat was incorporated into the

I 
system to provide immediate preliminary information 0t, t . t ’~e Con t rol Panel of

detonation occurance.
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3.1.1.2 Gas Loading System

The de tonabl e  gases ( o x y 4 ~e~~, methane , a:ri by ir O, ’er .)  are s t o r es  in

I standard 1 A cy l i n der s  W i : l  c i :  are l e p f l r 7~t e ly  rr:~~t i i f o i ie d  t oh e t l e r  and connected

to three separate gas loading valves in the - c I n t r o L  box ny independent tubing

) t hru gas regulators . (See Figure 3.5) The gas los-ling ball valves are rated

I 500 lb. W.O .G.,  have 1—1/2 in .  ports , -ar e - on  steel cody con s t ru c t ion , teflon

seats and are air cyl inder  actuated . The ~ias  loadin ~ valves are connected

to a c ommon gas loading manifold (Figure 3.6-) by 7/5fl 2000 psi flexible hose.

The gas loading manifold is connected to the shock tube thru the blast

valve by means of a gas loading line . This line has a 1” I.D. with a B-una

~ N liner, is 35 ft. long, and rated for 2000 psi . The gas loading line is

attached to the shock tube by means of a (:OrIflC~ t ing flange bolted to a mating

flange on the shock tube.

‘ 
The air cylinders mounted on the three gas loading valves and the blast

valve require air (80 psi) to both, extend and retract the control rod that

closes and opens the valves. Air is supplied to either side of an air

cylinder piston by tubing connected to four-way miniature solenoid valves .

(Ref. Figure 3 .3 ) .  Each cylinder operated valve has its own separate solenoid

$ valve . The solenoid valve is actuate-i remotely from the Control Panel

(Ref. Section 3.1.2). The solenoid valves receive air from the pi lot valve

manifold (Ref. Figure 3.6) w h i ch  is welded to the framework of the control

box . The pilot valve manifold is supplied wi th air from a compresser thru

two air control units . (See Fi gure 3 . 7)  The purge air control uni t regulates

I and cleans the air from the compresser. It has 1” NPT ports , regulates from

9-125 psi , is capab le of 150 9FM maximum flow 1 and removes parti culat e down to
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40 microns in size. The purge air -oct rol 1i i t deli vers air to both the sh-sci.

tube and pilot valve air control u n i t  w i 0 - t  in  t u r n  suppl i es ai r Lu tee  pilot

valve manifold . The pilot valve air - -- r trol unit is similar to the purge air

control uni t  wi th  the exception t e nt  t : e  t tn: :er  iios i /Y’ NPT ports and is  only

capable of 20 CFM maximum flow rates .

3.1.2 Monit or ing Control  P a r e l

3.1.2.1 D e s cr ip t i ur ,

Figure 3.8 depicts the  1a . - e — oi . v ie w  ~~~~
- -  : . .  ‘ r : ~ ~‘ 5- rd P o n d .

Each control and indicator lamp IS cls~n r l , ~~~~~ 1 . ~~~~ -i ~~ te  t h e  1 — , r ,  - L i u r .  initiated

(controls) and the resulting cir -ulr - n-Ji ~~isn ( : : . i :  -a ur ..; ) .  ~~~ controls

are of the momentary push butter. t~,’pe w t i i  ..:t r t - . r e x - e p t - i c r s . Tue  MAIN POWER

SWITCH (door interlocked), MODE SWTT’2L ru -i AS SELE- Tt -9 are r et ery  sw i t c h e s

while the POWER SWITCH is of the “pus: . -p u i l ” variety. The large indicator

J 
lamps require 115V for circuit o p e rr i t i cr .  w:~ I l e  th e  smal l  lamps operate in

conjunction with individual valve position switches and require 6. 3V for

operation .

Figure 3.9 is the face—on view of the unit witu the contro l panel door

open . All circuit control and time delay relays are mounted on the upper

chassis sub-unit and are clearly labeled . The wiring terminals n-umber from

1 through 84 on this sub-unit. Terminal No. 1 is locate-i at the extreme lower

) left; terminals running consecutively and vertically upward through No. 27,

horizontally left to right (No. 28 thro-ugh No. 57) and vertically downward

(No. 58 through No. 84). The unlabeled relay posit ions are not used in the

circuit and provide storage for spare control relays .
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Figure No. 3.10 is a close-up view of tue r l r : i t  interior. The Monitoring

Control Schematic , (See Appendix B) pr€O cl t l- . rI~-Fll- reL- e- designations for

~ component parts . All designations coritajr ,t-cJ in  Section 3.1.2 and 4.2 are

referenced to this drawir:1 - , .

I The large Three-Pole Disconnect Switch (~~~~ 3) located in the lower left

hand corner provides Main Power control and also includes the main line Fuses

Fl, F2 and F3. Immediately to its right is the Vacuum ~~mp Contactor (
~~),

I 
the function of which is to provide 3 phase power control to the vacuum pump .

In the lower right hand corner the large Transformer (Ti) provides step-down

and isolation from one main power phase to t h e  control voltage, i.e.,

~ nominally 115V . A.C .

The four-pole Relay (LPR) located to the upper left of thi s transformer

J 
provides control for the 115 V. A.C. The small Transformer (T4) to the

immediate right of this relay steps down the  control voltage to 6.3 V. A.C.

for use in valve position indication . The Fuse (F6) and fuse block to the

~ right of this transformer provides fusing in the 6.3V . circui t .

Figure 3.11 depicts the inner ri . hht u an d surface of the Monitoring

J Control Panel. The twin procelain fuse block mounts the control voltage

Fuses (~ 4 and F5). Immediately above, the Power Supply and Signal Converter

Unit  (sc-i)  is mounted to the Control Panel side wall. This unit in conjunc-

I 
tion with the Panel Meter (Ml) and the pressure transducer located in the

Valve and Manifold Control Box provides remote monitoring o±~ shock tube

pressure (absolute). Figure No. 3.12 is a close-up view of the rear of the

Control Panel door . Control switch and light identification is made by

reference to the indivi dual titles on the reverse side .
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3 . 1 .2 . 2  h i r  - 1_ I c r-a t, l u .~

The signal 1 .  ~ s d o r l I a S i  ~1- i~~ui -~ No. ~ - i p r u v i  icc as. overal l  p i c t u re

of the m d l v i  0:101 c uct  rol a:s I r d l - at3r ~ar.p c i r - -~~i t  l U r : c t i  Uri S and also the

ci rcui t  re~ aI l u I s h i ps L t ~~c~~~ ~. h-c .~ 5. t 1 1 1  1 - ’. : a , ’s.  E ach  S L i j O  block with the

‘ 
par t  1-5 0 La s  I’S? lay re feren ce  d~ si gua t con shown Lhs ~ r e i n  depicts the position

of t h e  c ud iv i d ua l relay co il s  in the c i r c u i t . . In S uU,c 
~~~~~~~~~~~ a number of

i-e

~~

aL.-s 11~~s t be p a r a c i u- S ? d  t o  p r o v i d e  the :. c ces -cary n u n h c r  of - - o n t ac t s  (See

A t . t a - -u rne i ~t b), how ev er , in all i r ist a : . ce s  a s ing le  so l id  t l o ck  is shown . A

rois ter  of identical  relay refe r- eucu dt:ci g r :a t i c r s are enclosed in dotted lines

or , the diagram . These blocks indicate the ~ir c~~i t  position of one or more

set s of contacts of the par t icu lar  r e l ay ( s )  i - e fere r , ce l l  there in .  Control

sw itches are shown in a s implif ied form and a d is ti nc t i o n  is made ‘r e t- seen  the

main power flow (dashed l ines)  and the control led  power flow (sol id l ines . )

Circuit operation will be discussed in thr ee  sepa r a te  sections as follow s~

Power Control and Program Preparation, Air or Detonabie Gas Loading, and Ignition

Sequence. Circuit flow begins at the lower lel t hand corner of the diagram and

proceeds to the ri gh t .  OLe uppermos t  p o r t i on  if t u e  d r agran  i s  a l l c  0i to

‘ 
those adjustable switches and val e solenoids r e m o t e ly  Iccated from the

Monitoring Control Unit, i.e., i n  the Valve and Na~ i :sc11 Control Box .

J 3.1.2.2.1 Power Control and Prog r am Preparat Ion

Three phase main power is controlled by the main power disconnect

switch which when actuated provides power at-  tee  c c n t a c t s  of r u e  Vacuum Pump

Contactor (MR) and also provides primary power to the Control Transformer (Ti).

The control power (secondary of Ti) is cur ,trcllo-I by the power switch , which ,

1
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when closed , actuates the power Relay (LPR) provi de-I that the Safe Air Switch

(ips ) is closed (sufficient air supply I - c r  valve opecation ) which in turn operates

Control Relay (1PcR). With the previous conditions attained , the Vacuum Pump

Switch may now be tu r n e d  on , er ergi s in g  the  Pump Contactor (~~
) and permitting

control voltage to appear at the Evacuation Switch ( 2P5) and at both the

EVACUATION and PRESSURE DECREASE controls . Evacuation must be preceeded by a

CLOSED VENT condition (iCR energized and self latched). This may be accomplished

by actuating t he  VENT switch provided that Time Delay(1TD)has timed out (VentJ Timer light not illuminated). A minimum vent open time of approximately 10

mi nutes is imposed when the power is first turned on (2PCR) or the previous

program involved one or more of the three detonable gases (5CR). Conversely, a

VENT CLOSED condition is forced during the Ignition Sequence period (15CR). A

VENT open condition always involves an Air Purge (Li.CR); disabled when the

Progr
~~ 

Belay (3CR) is latched closed.

Tube evacuation is started ‘by actuating the EVACUATION control which

latches up relay (2CR) p r o d d ing  the Vent Relay (1CR) is closed and the

Program Relay ( 3CR ) is not latched up. Evacuation proceeds until t-he vacuum

setting of tee Evacuation Pressure Switch is reached. At that time the

Vacuum Pressure Switch latches up the Program Relay (3CR) through the vent

closed contacts of ICR . At the same time the s w i t c h  drops out relay 19CR

permitting the EVACUATION C0~~LETE light to illuminate . Subsequent raising

) of the tube pressure and , therefore , return of the Evacuation Switch to i ts

original position does not drop out the Program Belay ~3SB), as it is self-

latching . The program may ‘be stopped only b y ope n i ng the tube vent , i.e..

STOP PROGRAM or by turning the power off either at the POWER or MA IN POWER
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controls . The evacuation switc~ a~ t I O n 1: -cue-Ver , due:- r e - a ct i v a t e  relay l~ CR

permitt ing the PRESSURE DECREASE momentary - - cn t ro l  t~ be used , provided that ,

I 
no detonable gas ( 5CR ) has entered the tub e for that particular program .

The EVACUATION CO~~LETE light will no longer illuminate witn the increase of

tube pressure, however a Program Relay (1~tR) latch up may The confirmed by

observing the condition of the TEST or SET UP in- i i - at- o r l ights . One of t eese

lights will illuminate , depending upon the positio n of the MODE switch ,

1 
thereby confirming the program condit ion . The MODE switch may be changed at

any time . However, once one or more th e-  t he  - iet- ;nab le gases have entered the

tube , the Mode Relay (HCR) latches 5LR in t h e  TEST posi t ion for that particular

program .

3 .1.2.2.2 Air and D c - t o n a’t le Gas Loading

J Gas loading proceeds with the advent of a program latch up. The SET UP

mode of operation will be described first , as this procedure preceeds the

actual detonable gas loading and subsequent detonation in normal equipment

I usage . All testing and associated procedures are describer1 in detail in

Section 3.2.

The GAS SELECTOR switch is positioned for the number and t~~e of gases

I
to be used and the MODE switch is place-i in tue SET UP position . For the

purposes of thi s discussion it will be assummed that all three gases (simulated)

are to be used . The Time Load Jumper Is to be con sid ered in the position shown .

A Time Modulated Gas Loading ctr:uitry was ir1ccrporated into the control cir-

cuitry to provide for intermittent gas loading. The purpose of this system

I 
is to alternately load sluec of oxygen . methane a i d / c r  hy drogen to enhance the

cat mixing process should j t  e one necessary . The required volumes of detonable
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gas would have to be premeasured prior to gas load ing  into tne shock tube .

- A discussion on Time Modulated Gas Loa-iing d r - -u i  try will follow later in this

section .

1 Momentarily depressing the AIR CHAR GE control latches up the Compressed

Air Solenoid through Relay 1
~CR, provided that- , the Blast Valve is open (18CR),

the Mode Relay (HCR)is in the SET UP position , the first- gas ~oxyger~ relay is

P inactIvated (8CR) and the Program Relay (3CR) is latched in. The latter

relay locks out the VENT control of the Compressed Air solenoid as it enables

AIR CHARGE loading in the SET TJP Mode . -The air charging continues , raising

the pressure in the tube until the pressure setting of the Oxygen Pressure

Sensing Switch is reached. At this time the Oxygen Relay (8CR) is activated

(as selected by the SET UP Mode switch , i.e., HCR), -dropping out the

Compressed Air Solenoid Relay (14-CB) and illuminating the °2 
light . Relay

I ~CR is now controlled through the 11CR 
- 8CR relay path , the latter relay

I contacts being enabled by the transfer action of the oxygen loading circuit.

Depressing the CHARGE control once again raises the tube pressure toward the

I setting of toe Methane Pressure Sensing Switch, Actuation of this switch

energizes relay 11CR thereby transfering control to the 1k-CR - 11CR

I (hydrogen) loading path, dropping out ~CR and illuminating the CH~ light .

J A similar action occurs for the loading of the simulated hydrogen gas charge .

During the entire loading process all related pressure sensing switch

settings may be tritmned and adjusted through use of the PRESSURE DECREASE and

PRESSURE INCREASE controls . The operation of the former control has previously1 been described while the latter is a momentary push button control which operates

to bypass the simulated gas loading paths . Thi s control is  subject to the same
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circuit constrictions however, as those previou~1y describe-i for simulated

gas loading (i .e, the Blast Valve open (18CR), t h e  MI -DE control in SET UP

(huH), and the program relay latcried in (~ cR)).

-
~ Upon completion of the simulated hydrogen loading the Blast Valve is

closed by the  transfer action of relay 14CR as selected by the Mode relay

and subsequent closing of relay 18CR . The action of the latter disables

any additional AIR CHARGE loading while the Blast Valve is in the closed

position . All three simulated Gas Relays (8CR, 11 CR , and 14CR) are not

self-latching and therefore may be dropped out during the SET UP procedure .

This  feature permits the resetting of one or more of the gas pressure

sens ing  s w i t ch e s  and si~bscquei 
-
- pressure rechecking during the Air Charge

Loading. During the Ignition Sequence however , toe Hydrogen Relay (14CR)

is held energized by the  Ignition Program Relay (lsItR) through HCR . This

I action forces the Blast Valve to remain closed during the Ignition Sequence.

The loading of the detona’ble gases proceeds in a similar manner to that

described for the AIR CHAR GE program above, however , a nuniber of notable

circuit constrictions are imposed. The GAS SELECTOR swit-ch will electrically

remain in any one of the three pos i t i ons  when the MODE switch is placed in

the TEST position . Tube evacuation and the achievement of a program latch-

up is identical to that described for the SET UP mode of operation . With

the advent of the program latch—c-op , the TEST indicator lamp will becomeI illuminated, indicating the sense of the mode relay HCR . The imposed circuit

constrictions are as follows: (i) the Compressed Air loading circuit and

PRESSURE INCREASE control is disabled; (2) necessary gas loading circuit s.

are enabled , depending upon the position of the GAS SELECTOR switch~

I
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p ( c )  the ( :xygen , M e t r , a r e as-i -Jr’o - ’~ c~ Fr - e c u - re ~r s r  ng Gwi fetes will row

cyerate  relays 7CR , 111CR , an-i 13 CR re~:pe t~~v e l y  , and  ( 
~
+) t ee a~ t io n  of ~~~

ItCH will now control  t h e  c l o s i n g  of t l :e  Blast. Valve ( 18CR) .

Gas loath r~~ may now pro er d hy  momentari  ly depressing th e-  XYG E R ‘:on -~ ru- i .

The subsequent action of’ t-xyger : Relay (6CR) operates the oxygen solc-noi i

th rough the Blast Valve Relay (lh-C .R) an - i  acti vat c s the self—tat - : ,  r~~

Detor:able Gas Sensing Relay (5CR) ~np o s i r  a d u i t i on a l  operat ional  r e s t r i c t i o n s .

~ Actuation of the Methane relay (~ CR)Or h~jde-oger. Relay ~~ CR) would  also

operate -CR. These restrictions are (1) t~ie - PRERR BE DECREASE control ts

disab led , (2 )  a minimum tub e v en t  open t- mc is  rnp -cse d by the  a c t i o n  of 5CR on

~ lTD when the  program is eventually stopped ar--i (3 ) the Mode Relay (HCR ) 15

lo-L~ed in  the test position . Tue Oxygen Relay (ouR ) is self-latching and not

brenr~n~c-le e’~cept by the a- -t ior i of the Cx vc er :  P r e s sure  R e u s i n g  Switer ,  operating

Rel ay ‘CR cr s t c -pp tn g  the pro -i -an , tt.e met h o d s  c-i we~. cn have  seen p r e vio u s l y

I i es :r i re d . The a ct  - a t i o n  ut  Relay ‘ , CR disables i r e  Oxygen gas loading circuit

an-i e ra s  les t r p ~~~~ t : aee loadi nc ci n-c - u t TLo s ci r d o i t  t r a n s f e r  is noted by

- 

tu e  i l iu n Ur a  or -a - h 1 -  0
2 

it ‘ - :ieuoiLc the :cnet etIor ~ of tre -oxy g en load— I’

I 
in g .  D e p r e s Ln g  th e  ~-~~~~AR E t i n :  :U a r t u n g  contro l Icc-u s t h i s  gas un t i l  the

se tt ir ,c of t :-o ~- t r a ce  Pres:~~re Gc~ -~ :ng Ru t n t .  Lo- reachei in  th e  t o ne  - :Ir cu it

J operation is sin - inn to f:’ at  t o r  t he ox s c e  l c - a : - o g . i .e - ,  B~ 1 -c~ I~ ~R :‘p~~i c t  log

to citable t cc r o e t r a r . e  L o a d i n g  l i n e  v u ’. le scrv ,It anecu~Lo c o a L  t I n e  t n

L o a d i n g  c i r c u i t  to operate . hp on c :-nip l er -  -c-n oh  t~ e .~~ 
re-eel li -c a I t  r:g a.~

I evidenced by the i ll-or~U n a t i o n  of t r e  H2 i i g~ ~0, ~u- J 1~ l i g — . t a lso i llum c n—

ated for three gas loading), the transfer 0— ’f to ~ s~ Relay  13CR disables the

I
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hydrogen  l u au i n g  c lr : ’C t  u t i l e  clo ;:’ j~ f he P i t u t a i s le- ~a-r Jes 1~~t j a ~ juC ace

n~~~~ - +  V i L -~- P L a -  ( t t  ~~~~ TIC S un lay ri -~~1-o u C Lot e- -o ::-~~n 1e ad- Jj t lonnl

L i ’  ms -t un e  lLa Lr~- w 5 C i t  t - n  t t 5 u t  Val- 5-e L o u e u  - ihe iiy-iro ger 1cauir ~

I c ir c u i t  is tnile r erLt ,Lv p r e t e e n - u .

Tue Gas Selector Gui f e  c~~n r- ’,- es the f o i c o w ~ -~~~ Cj  r cui  t fun, tlan: in

~~ t the SET UP a r d  TEST ‘tote o~ r s 4 u It ~~ ~t a  le~ on ly  ~“ c~ e

loa d i n g  s i r — t o t  t s  and a s c o c i r & t e d  Fre , - - -  ure le - u - i -~~~tIw L rtes to operate t n at  are

~ 
se lec ted, (2) enables only toe proper eat i n d i c a t in g  l i g ut s  to il lumi n a t e  and

( 3 )  cr e vi ces  s tr i v e  vol tage C. tt .e se o-d (c — — -or third (o — H ,)a - 2 a

posi t ions for time modulated gas  1o2 - i i n c  opera - Con .  Tue  latter method of

operation is achieved sy r e m c - - L o g  ic, e L i m e  h -sa d Cumper from it ’; present

indicated position ar -i corime L o n g  i t  in t- oe dotted line circuit position

j  
shown in Fi~ ore ~.l3. It will be not-c-i  t h a t  i n  t i C s posi t - io n  tu e  gas sensing

Relay 5CR is h e l d  closed as soon as a Program ~eI a j  (iCR ) latch—up It

achi eved. All the circ-oit restrict ions pre -ci o-~cly list-c-i for an energized

5CR relay are now applicable . Pemovong the - mper t ram i t S  present- ind ica ted

I position completely dical let t t~e gas b at . -5w an-u p resL re cen -ing swi t-ct ’

j  
circuits for ;-otn the Oxyhe;’ and ine t,na ue ease ’ ar_ -u t: ecery indare-utly

- 

disables the hydrogen loading- ~octro torus t- r ,e b loct i t roc a c t i o t  of Relay 10CR .

The ydrogen pressure sen:inc owi t en  eir:-,s; t c e-rot ie,however , ano se rves

to con trol the f i n a l  total gas load pres -c ce b y - sLolinc the drive voltage ‘1
(13C R) at the p a r t i c u l a r  pressure s w i t c h  s e t t i n g . I-n~ s metn od oh operation

I includes the same evne- iatiort a; -i proerairt 1a~ h - p  ~ro c- d 5 ~ e that ‘ O S  seen

previously described , however , tr.n Code swi tc h IS places directly in t i e

TEST position and toe , 1 ’ccp-cr IS reposit -;oae-i (Gee- A p p e n u i x  B . )  I t -  5

I
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sug ges ted that the d r i v e  voltage be use- i  to  ap e - m i t e  a ot~~l1 1LV.  A .-C , motor

wh i c h  in turn dr ives  three  pro gramed  cam ;~~ c ra t e-- I , pan SWI b i t es  . Ti-c e

same drive voltage is t t e r i  con t ro l led  ny t r e  i n d i v i d u a l  s wi t c h e s  on a time

sharing  bas i s , each twi t -- I operating the part i cu lar  car  l oad ing  solenoid.

~ The three  switches referred to above MUST be series interlocked so that only

one as solenoid , i . e., gas valve rriay i-c open at any gi yen time .

3.1. 2 . 2 .3  ~~~ it i o n  Sequence

The I~~n it i o n  Sequence circui t operates in an identical manner for both

t he  Set Up and Test modes of operation wi t r  but two exceptions . These

ex ce p t i on s  i n v o l v e  (I) a RETEST control  ( o p t i on a l ) ,  w u i c h  is operational in

ti -ce Set Up ( a i r)  mode only, ar id ( 2 )  an extended restar t  disable period which

functions in the Test (detonable gas) mode only .

1 The Time Bar Graph , Fi gure 3.]J~, depicts the time relat ionships between

tee various relays and time delay relays in t his cit- -c -sit. The dashed horizon-

tal lines and associated titles in parenthesis indicate circui t operations

I associated with a Ret -e--ct operation . Toe remaining d ar n e d  horizontal lines

indicate cir- :-uit conditions peculiar to detonar le gas operation (TEST) an-s

are appropriately labeled. The ver t ica l  dashed lines depict time coincidence

: --t w o e n  various circui t c o m p o n en t  operations and/or control int-labi ons.

I 11- :~‘- r cn:e to thi s  graph and  t h e  :~; nal Flow .~~~gr’ac , F~ gure 3 . 13 ,  w~ 1l aid in

• ~- r o ’  ~~; .  C n5~ t oe foll-ow5ng tex t .

~or. it ~ - ‘jnr; of the air or J et- or -to n i c  gas loading operat i on , the

I - - ‘ ~n c  ~-~- ‘i~ (air) or l C R  
( - i c t , L. rIde gas) closes toe Blast Valve

- ‘ ‘-  i crC or. 5~~~u rj t i ’ P to ho rt - 3rt e -i cons’ rat ned ‘by tn- c following

I
.~ ~~~ P A L  4 1V, ’ R IC A N  R ESE A R C H  DI V I S I O N
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-- ~~~~~ - , - - - . - .‘ --



r _______________________________

( a )  The Program Relay ( t I P )  i s  La t. i closed .

(b) Tire - vers ’har ge P r ’ E - s r - r r ’e C er i s i n g  SuL h is r o t  a--c t u at - c u  , I .e. tie

GAS OVERCHARGE l i g h t  is not illurnsnated .

(c) The Vacuum , Vent- , A ir and Bla , , t, Valve  i l - i er ’L-Oe? , S W I  te ’hen are all

closed , the reby confi rming all fou r valves are clo sed.

(d) Relay 16CR is not o c t - - sat ed , i . e . ,  a previou s Igniti on Sequence

has timed out .

( e )  The Remote Ignition Jack is not being use-i an-i therefore is in the

shorted (closed) position.

(f) The Time Delay Relay (Lib) is ti,mei out , i .e..contacts closed .

Depressing the Igni tion  START momentary control se l f— latches  the Ignition

Relay (15CR) in the actuated condition and i llumiuates the IGNITION SEQUENCE

1 
STARTED light . Simultaneously a set of contacts of this relay imposes a

- holding voltage on the Vent Relay (iCE) to insure a Ven t -Jlose-i condition ,

I while a separate set of contacts places a holding voltage on either 13CR or

I lt-~CR to insure a Blast Valve closed condition . Along with actuation of relay

15CR , Time Delay Relays 2TD and 3TD begi n h o e -j r t iming cyc les. Relay 2TD

I 
provides for a 10 second period of audio warning wnile 31D times out a 15

second perios prior t-o the application of igni tion voltage . At the end of

this 15 second period a separate set of contacts of 15CR provides self-

~~ iatchin-L holding voltace that is not int-erruptable except by a power shut

- 
down . (n o t e  sea- dc- i area under 15CR in Figure 3.1t-~.) Prior to this time the

Ignition Sequence may be interrupted by depressing the STOP butt-on should

this action be desired. A new Ign i t ion  Sequence may then be started or the

shock tube vented of the detonable gas or air load as c o n d i t i o n s  require .

‘ I
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Up on - o m p C - t r  on of t i e - -  t imi ng pen s-i ot ’ tTD (15 seconds) t he  ignition

yoU ~~~n is ot t-Lied for a p e r i o d  of’ 10 se- .’onis as - i et e rn t n e d  by toe t i m i n g

,
~~~~~ or ’ ~TIr- . T i e  r e t  s t - q ; i e i r t .  t r a n s f e r  act i  on of t i e  S t i m e  -de lay  relay

J ‘- r t lupt. ; ~~~~ igrC ti or. an-i s imultaneously i n i t i a t es  toe t iming cycle of

- r~ ~ny - Ti~. A separate set of contac t s  of relay ~TD operates to self-latch

re~ a’: C C h ( r ~ow en e rg i z e d ) .  Tue dropping-ou t of re lay  lI-C R disables all time

T i~~~~~~ i r , c ,Ls d in ~c 5TD w i t  de relay 16 ~P remains self—latched. In the

~ case of a SET UP mode of operation , thi s relay will remain latched until the

FFTEST button js depressed , breaking the holding voltage and permitting an

additional ignition sequence. In the TEST mode of operation, t~e delayed

drop out of ICR at the instant of tube venting transfers control to the

auxilIary coot-act- s of lTD for a holding period of approximately 30 seconds

on re in’,’ U -CR . ~~rr ing  this  period the IGNITION SEQ,UENCE CO~~~LETE and the

CETC: :ATLC :: SEU Sh-R lights will remain illuminated. The DETONATION SENSOR light

I c ir cu i t  operates upon closure of the Detonation Sensor twitch , which self-

lat ;’hes re-la’: LCCR and i lluminates the Detonat ion Sensor lamp .

Remot.e i :r:ition Sequence control may be used t hr o gi’ . --use of a two wire

J cable , a rnatsng plug for the front panel jack and a s’uitatle single-pole-

single-ti~row switch. Plug cabl.e and switch are interwired so as to provide

J a simple switch control across the tip and ring connect- i ons of the plug;

t r ’ie sleeve s~ - ,’ t s o r ’. 01’ the 3 -wa y plug iS r ;ot used~ The Test  Con duc to r  plus

3 a remote- operator are required to s tar t  the Igr ;i t o’n t e ;uence in tOi s t~~e

of ope ra t ion . Bo th must  close thei r I nd i v i dual swi t c con t ro l s  to start

the sequence. Once s tar ted , the sequence may ‘be in terrupted only at the

J Control Panel.
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3 .1 .3  k sx ] l ia r y  E~~u ip mer t

l i re  a .s~, . ii ary  ~~~~ pment may - -c - ‘~~ni r r - s c  i r e - - i  l o ts tr.roe sutsystem~. They

are the nu ego ai r system , t r ~~~ ’Jn - ’- -, -um c y s t  cit. and t h e  gas ignition system .

Tue purge air tysten.’s prime fore ti De -- is  to purge the products of corn-

I ‘bust ion from t i re  S }iO5~5 t u b e  L e t - c r c  a t s  cit  t e r  e a r n  t es t  . The system also

serves as a simulated det ,ooat-le gas f-o r c ot  up t e st i n g . T u e  system consis ts

of a purge air  in le t  valve ass er r IL- ly  (:-ee Figure 3.15) and a p-urge a i r  vent

! valve which  is part of a v e n t  -va - ’uum valve as.eziL ty ( see Fi gure 3 1 6 - .

- 
The purge air inlet valve is eonn ee -  ted to t ’l ’ ie - lowest m a t i n g  f l ange  on t i r e

J shock tube and to the air  compressor  t-i r’o’ugo the p-urge a i r  control  uni t .

~ (reference Section 3.1.1.2). The purge air valve is  rated for  ttt -O psi ( a i r ) ,

has 1—1/2” NPT ports , and is air cylinder actuate-i , Inc -operation of the

-

~~~ 

purge system valves is t eroctgh mini ature solenoi d valves and the control

panel. The vent and vacuum valves are identical. Both are rated for 2000

psi ( a i r ) ,  have 1” NPT ports and are a i r  cy l inder  a c tu a t e d . The operation

of the vacuum and vent valves is through a minia ture  so l eno id  valve and the

control panel. Toe assenib ly is at tac he -I to the uppermost rnat:.ng flange on

the shock tube.

The vacuum system ’ s function is n-c remove the anib i ent air in the shock

I tube pr ior  to deton~~le gas loadinc 
Ii,e air i s remove-i ‘because  of i t s  nigh

nitrogen content which retards the detonynle eas r e a c t i o n .  Toe e f f ec t s  of 
—

air upon the reaction parameters :s -discussed in gecti-o n 2 . 2 . 2 , 4 .  ‘the

vacuum system cons is t s  of a va uiiti primp , vacuum valve , an-i connecting

vacuum l ine.  The single stage vacuum pump is V-belt dri ven ‘by a 5 HP ,
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case , OD h e r t z , h~ J/4 ir  - vo l t. , 1800 RPM e l ec t  r i :  motor . Toe vacuum pump

m s  a i c r r m i - i i r g  speed of 75 CF~4 i t  t oe  i n t o  r r i e r i  r ’arrge (0—26 in. Hg vacuum )

and an u l t imate  evacuation eapo~ I lity of 10 microns .  The - shock tub e

evacuation time and vacuum line size calc’ucation are presented in Appendix C.

Tire vacuum line has a 1” ID with a Buna N liner , is 40 f t .  long arr -i ra ted for

28 inches 11g .

The i ’-sr - ’t . i . on of the gas i g n i tio n  system is to provide a su f f i c i en t  amount

of energy to initiate a -detonation reaction in the gas mixture . I-tie ener~ j

js p r o v i d e d  by means of’ an automotive spark plug . The spare plug is energized

~s:’ a high voltage step-up transformer. Tue primary winding of the transformer

is supplied with 110 V.A .C . and the secondary winding delivers a nominal

30,000 V.A .I. to the spark plug thru automotive ignition lea-is. There are two

complete ignition systems mounted at the very hop of the shock tube along the

longitudinal axis. Also included in each igni tion system is an ignition

rrronitor unit. This device includes a ca acl’ty prol~e mounted coaxially around

the spark plug lead , an isolation high volt-ace c’&paritor and an 110 volt A .C.

contact protector . The latter two c omponerr t c- pr -o-ci - ’ie for personnel and

ci rcu i t  protection against the unlikely p oss i l- i i l ty tn at - the capacity pr~ oe

and/or the high voltage cable i t  s’urro’und s woul d experience a voltage ‘break-

down . A connector mounted on the uni t allows coaxi al cable attachment for

remote oscilloscope monitor ing. lire oscilloscope ’s picture presents a

ct -, a r o - c t e rj s t i c  waveform when a i o r ’ m a l  arc c o n d i t i o n  i s  p-resent at the plug

poin ts .  Tig s wave form is charac ter ized  t—y voltage drop --cuts and reinforce-

ments at both the positive and negative peaks of the indicated sine wave .

An unshorted p 1- c. t e a t .  is  not a r c i n g  at  a l l  c - r e sen ts  an osci l loscope p ic ture

I
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on’ an undisto rted t i L l  S t l t u i ’ t t i  s i n e  W ay ” . A cOnsider ib le  amount of leakage

at the  P1’~ p o h m t s  r u - l - ~~”s t . : i S  wave i r m  in ampl itude (secondary voltage low

due to loading) te t~ E -  point Wuer ’e  a completely shorted pUce would indicate a

strai ght  l it r e  or .  t u e  a s c i i  lo~-cop e  fa c e .

3 .  T e s t i n ~

Ti ,e necessary sequence of events lea-ding to the successful operati on of

ti:e U 5 Dd psi Dynami c Load Simulator is contained irt this s-~’bsectjon. The

sequential operations are: Test Preparation, Set Up Tes t ing  Procedure , and

Llv~ Testing Procedure . Each of t h e~ e operations is detai led ‘below .

.1 Test .  Preparat ion

Prior to testing of any sort, ~-er ta i .i steps need no ‘be accomplished .

T:-.t-se st ~epe - tons’ be conveniently segregated as follows:

1. A s s ur e  tu e  or e - t e r n  is assembled as shown i.n Figure 1.1. It is recoin-

mended that initial testing be confined to the 10 ft. horizontal

t ibe built for use as a t raining aid. After the sequence of oper-

at ions and detonability of’ a gas mixture is established , th en the

l5Cd psi ~ rnamic Load Simul ator may be -~e -e d .

2. Determine the gas constituents , mole ratio and initial pressure of the

intended live test , (See Section 2.).~). Record these values i.n the

appropriate space on the Checklist , See Appendix D for Sample Check-

list . Also record the vacuum . oxygen , met hane , hydrogen, overcharge

and detonation sensing switch value-s i.n tir e appropriate space on the

checklist . Appendix D also contains an example calculation to

determine sensing swi tch values,
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3. Turn on air supply und adjust the p - rr ge air regulutor to 150 psi f’or

the large tube ~ r - 80 psi hr i he on il

l~. Adjust the control air r’ eg-r ’i u t ~ - r i-c ‘( 5 p~ j .

5. Set the air supply p’re,;rrure s~r~~1 cit ot 100 psi  for the  large tube or

70 psi for the small tube .

6. Assure 220 V AC ‘i s  a v a i l a b l e  ot the control panel .

1. Assure cooling water is availob le for th€ vac~ - n pump.

3.2.2 Set Up Testin~~~P~-oced u r e

The purpose of’ a set up testino procedure is two fold. First, it allows

the Test Engineer to operate the entire cont rol ir -equenc e wi-t b air simulating

denonable gases so that a visual inspection of the operating functions may be

‘ 
noted to establish the working integrity of the system. Second , it is a

convenient method to assure the calibration of’ the pressure sensing switches.

The following steps are to be performed prior to any Live Testing and sub-

sequent to steps outlined in lest Preparation .

1. At the Control panel , t urn “ON” the”Main Power” switch and “Pull-On”

the panel “Power ” s w i tch .

2. Verify the’Power On” and “Air Supply” lights are illuminated .

3. Verify the “Air Valve Open’ light, ‘Vent Valve Open ” light, “Blast

Valve Open ” light , and “Vent Timer On ” light are illuminated and all

other valve position lights are. “Cl os ed ” , NOTE: t h e -  vent timer will

be automatically activat ed for approximately 10 minutes. During t h i s

time steps Ll~ through 5 may be accomplished .
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~~~. Turn the “Mode” switch to the “Set Up ” position .

5. Tur n the “Gas Selector Switch ” to t h e  appropriate position . NOTE:

The appropriate position of the gas se.:Lector switch should have been

I entered In the Cl ie ca l i s t  as part of the Test Preparation procedure .

6. After the “Vent Timer ” light goes off, depress and release the “Tube

Vent Close ” push-button switch .

7. Verity the “Vent Closed ” light is i lluminated . NOTE: At this time

the “Blast Valve Open” light should be illuminated; all other valve

lights indicate “Closed ”.

3. At the Valve and Manifold Control Box , set toe v’scuum , oxygen,

methane , hydrogen , and overcharge pressire switches to their appro-

priate value . Record these settings on the Checklist in the space

provided. NOTE: The appropriate values should have been entered in

the Checklist as part of the Test Preparation Procedure .

I 9. At the Control Panel depress and release the “Vacuum Pump On” push-

I button switch.

10. Verify the “Vacuum Pump On” light is illuminated .

11. Depress and release the “Evacuation Start” push—butt-on switch .

1 12. Verify the “Evacuation Started ” light , the “Vacuum Valve Open” light

and the “Blast Valve Open ” light are illuminated. All other valve

1 indicator iight.s should show “Closed ”.

13. Observe the absolute t ube pressure on the meter at the Control Panel

and the gauge in the Valve and Man i fold Control Box. Verify both

1 meter and gauge are indicating a drop in pressure .
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1L~. After a maxim tin u !  30 minutes for the large tube or 10 minutes for

t h e  sniull tun e , verify t n~ “E\rac Aatio r, Complet e” and the “Vacuum

Valve (,L -c sed ” li .~hl s are i lluminated .

15. Vet’~~:,’ t :.- ’ - “Sd Up (Air)” indicator light becomes illuminated at

tue dun e ~ lin e n -s tdce “Evac-.iat ion Complete” light; thereby confirming

tue sc~~t~~:t. -~ u :  tue Mode switch . NOTE: Do not proceed unless the

“Mode ” sw~ t -c h is in the “Set Up” position .

hi . If the vacuum indicated on the meter and gauge are within + 2 in. Hg

(i psi) of the vacuum pressure switch setting proceed to Step 2~-~-; if

not , continue .

17. If the vacuum pressure swtich was set so that i-here is an insufficient

vacuum in the tube proceed to Step 18. If there is too much of a

vacuum in the tube proceed to Step 22.

‘ 
18. Move the vacuum pressure switch indicator to a higher setting on the

dial until the “Evacuation Complete ” light is no longer illuminated .

J 19. Depress and hold the “Pressure Decrease” push-burton switch until the

J 
desired vacuum is indicated on both meter and gauge.

20. If the desired vacuum level is not reached before th t  “Evacuation

J Complete” light becomes illuminated , repeat St ep 18.

21. When the desired vacuum level is reached , slowly move the vacuum

pressure switch indicator back to the point , and no further, where

the light is once again illuminated. Go to Step 24.

22. Depress and hold the “Pressure Increase” push-button switch until the

desired vacuum is indicated on both met-er and gauge.
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~~~ 
Move the vacuum pressure switcir indicator to a lesser vacuum so that

the “Evacuation Complete-” light is no longer illuminated . Slowly

return this control to the point at which this light is once again

illuminated .

SIMULATED OXYGEN GAS LOADING

214. Depress and release the “Air Charge Start” push-button switch.

NOTE : The “Evacuation Comple-t-e” light will no longer illuminate.

25. Verify the”Air Valve Open ” light and the “Blast Valve Open” light

are illuminated. All other valve indicator lights should show closed.

26. Observe the absolute tube pressure on the meter at the Control Panel

and the gaug e in the Valve and Manifold Control Box. Verify both

meter and gauge are indicating an increase in pressure .

27. After a period of time, verify the “Oxygen (02
) ”  light is illuminated .

28. If the pressure indicated on the meter and gauge are wi-thin + 1 psi

or (2 in. Hg) of the oxygen pressure switch setting proceed to Step 34 ;

if not , continue .

29. If the oxygen pressure switch was se~ so that there is an insufficient

pressure in the tube proceed to Step 30. If there is too much pressure

J in the tube proceed to St ep 32.

30. Depress and irold t-he “Bressure Increase ” push— .hutton switch until

the desired pressure is indicated or borh meter and gauge.

31. Move the oxygen pressure switch indicator to a higher pressure so

that the “Oxygen (c 2)” li ght is no longer ilLiminated . Slowly return
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the  oxyg en  pressur’u - s w i t -, - . r , -h cator until tne “Oxygen (02 ) ”  light

I llumi n o te s  . he- t e- step ~h

$ 32. Depress nec hold toe  “Pressure De:u’euse” pssO-L-uttsr switch until

I the desired pl ’t- ssr re [5 i r ’ u i - -~t ed  -so dc t t  meter and gauge .

~~~~~~. Move the ox’ygert pressure swt’ic’t. i n d ~ sat-s r to a h igher  pressure so

~ that the “Oxygen (— l ,j” light is no longer i lluminated . Slowly

return the  oxygen pressure switch inuicato r until the “Oxygen (02
)”

light i lluminates .

SIMULATED ~~ THANE .AS LOADINO

3~
. Depress and release ti e ‘Air l~-narg e Start- ” p u sh - nu t t o r s  switch.

35. Veri fy the “Air Valve Open” li ght and the “Blast Valve Open” light

‘ 
are illuminated. All other valve indicator lights should show

closed .

36. Observe the absolute tube pressure on the meter at the Control Panel

I 
and the gauge in the Valve and Manifold Control Box , Verify ‘both

meter and gauge are i n d i c a t - a n g  an increase in pressure .

37. After a period of time , veri fy the “Methane (OH4)” light is illuminated.

J 38. If the pressure indicated on the meter and gauge are within 1 psi or

2 in. Hg of the oxygen pres~--ure swito:’. setting proceed to Step &14; if

I not , continue .

39. If the methane pressure ~wt~ eh was net s-s inst t~’ere Is an insufficient

I pressure in toe tube proceed to Step -
~~~~ If there i~- too .much pressure

in the tube proceed to Step Lh
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D~’p~’~-ss onu hold the ‘ Br’~-s . - -~re h i - -~~ e- e:e ” 
~~~ - , ‘ - , i o ~wit ’u u n t i l

t I E i red pressure i i L~~ t in  ~~ S I c i  ~rj I

~÷ l ,  Me-a - t oe  meth ane  pressure  :-w : ‘ i n - i  c st nr ’  i -  a ~‘~ig u e ’r’ pressure so

that t i l e ’  “M e t h n r ~e ( ~N~~)” light as riO h uger  illumi ‘ a t e - i . Slowly

i’ et i i i ’ r: toe n~~th ane nres~~ r’~- iw t O  i u i~ sat sr unta ], the- “M et t -or .e (Cu
4

)”

l~~u.t illaim~nates . 0--s t-o e ’ e~- h~ -

t~T . Depress and told t h e  “Pressure De ’rease” p ,~, sh -0- u t±  on swi tch  ur i ti  I

the desired pressure Ir-i ’~~n te j on L-sth meter and gauge .

1 4 ,  Move ti.e methane pres a-use s w i t c h  i i:: sat-s r as a richer pressure so

tuat toe ‘ Met u-sue tn~)’ ii gbt i s us  longer  illuminated . Slowly

rot :~rr: t o e  meton ie pressure sw : t a r .  asia cator Lar ,t i l  the “Methane (CH
4)”

l ig ht ihissi uates -

s:hrTLAIED Ifa’DB-O ~EN OAS LOADING

1414. Depress and releose the  “A :r Csarge Siart- ” puso-button switch.

45. Vea-ify t h e  ‘ A a r Valve Open” Light and the “blast VaLve Open ” light

are i lluminate-i . All -stuns indica’or higot s soould show closed .

146. Observe the absolute tube pressure on th e meter at the Control Panel

an-i the gauge in the Valve an-i Ma~ifsLi h-astra l Box
, Verify both

meter and gauge are indi cation an increase in pressure .

14g. After a period of time , veri fy toe “Hydrogen (H2 
)“ l i g ht  is illuminated .

148. If the pressure i ndiccite-i or: tie neter and gauge are wi t-bin ~ 1 psi or

2 in. Hg of the oxygen pressure swi~ ch sett - ang ,proceei to Step ~14;

if not , continue .
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140. II’ t oe  ty-~iro e er.  p r e s su r e ’  SW: t - u  e’d~~- S et  ~o tro t tLcr’e is an insufficinet

pres.- -ur ’ e’ I he n - u - n  pr o ~e’ ,j ‘, -~ S’ ep ;L . If’ there is to-s mu sh  pressure

in tOe tur n ~ t ’ -si - - ee- J  t o  St-~ p 52.

53. Depress onu uo iJ  t o :  “Prea-sur’e Toc re-ase ’ puch -s-ott-sri swatch until

t he  d e s ir e :  p r e s s u r e  is I r r d r c a t e - i  Sr i sot o meter and gauge .

~l. M ove 40.e o~. J l ’ O O e ’r . pressure .ue: t - cri i r - s i s a t  Sr tO a h a g t a e r  pressure so

to~ t i r e  “:- s sron eu (H2)” ii gut  i s  so longe r ii c m : nat ed . Slowly return

J t :.e ::y-i r-sgerr pre~ sure SWi t~’L indicat-sr u n t i l  the “Hydrogen (H
2)”

1, 1 gOt i l lu s tr at e s .  si to step 5~ .

52.  Depress an-u n ob the “Pressure De-- rease” p-~sh-t- -utton switch unt-~ l

t h e  d e s ir e :  pr ’ e s~ ur e  i s  in - : a c a t e - u  so cOth meter and gauge.

5~~~. 
Move th e  uyur ogen  pressure  s w i t c h  i n d i c a t o r  to a higher pressure so

that the  “ O vu r o g e n  ( H 7 ) ”  lig .t is n-s l on ge r  ill’uminated . Slowly

return the Lysroser: pressure r-w~tch in-iicator until the “Hydrogen

(Hi” l igh t  i l lumina tes .

J ~u . Verify toe ‘ -dn a- Cuer-’-rn rge ’ light- IS rrst ild~ m snated , Depress and

release toe ‘Vosuum Pump Off ’ p u s h - b u t t o n  s w a t c h .

SIMULATED j ot’::: L i  IEQUE NT -E

55. Conf i rm t n  fol lowing  C on t r o l  P a r : e L  st~~t u s  p s i - sr  to inst iating

I g n i t i o n  S e q - en ” e  S t a r t  .

(a) All valve “hIssed ’ light s ore allunnnate-i .

(‘b) The “Air ” ii nt is nst i l l - - urn : r a n t e d  ,

(c) The oxygen dIg i n  c-j r: Ou n c t i o n  w i t h  the  Methane  and/ or  Hydrogen

lignt-s are illuminate-i .
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bolE:  T i n  ‘ -ir s Sc Le- -t o r ” a-a t i e n e r m , r  i c r -  whi  ch of the  latter two

:, nu~~c~~t a- t ’ s  :rz y not be u p p h i  ca rte .

( - i ) Ton ‘ \~ -rJ , Closed ” , “ Set  0-p ~Arr)” , “Air Supply” and “Power On”

lamps are i l lu m i n a t e d

5~ . 
St u t t o n ’ : -or: observ ex-  w i t h  on oscilios- -;pe a’ th e ignit i on nor ,: tor

station , the scope 1-ea ri g cot—led ta the ig n ition monitor ja c ’ra (s) and

op e r a t i n g  to ohserve a 6-d- cycle r-asic f r equ eocy  pattern at a level

of npp r’oximately 1/ h  volt

57. Depress and  release t he  “Isnit on Secyiesce Start- ” r-:sh.-tutton switch

(T L; sea ,).

58. Veri fy the “Lg’:i t - i  can SeQuence Started ’ bigot is i l luminated .

50. Veri fy the buzzer is sounding at toe Valve Mani fold Control Box

(T-15 to TO sec .), NOTE: The Ign:taon 5e4 :eiase n-say be interruptes

for tarry reason up to t i a r e  T- - ry -depress ing sad rehear:ng the

“Ignition Sequence St-o p ’ p u sh - hu t t o n  s anitc ia , A new s-smplete sequence

J will then have so cc i :~‘t t i  a t e :  as in Step 57 yssve. Heysnd T- - the

sequence iS not :nterruptatrle exceçt by turn :ng ‘ Off” the “Main Power”

swi tab or pushing ‘ -O ff ” t h e  “Piwer ” p - sh -c u t  ton .

6: .  S-cope monitor the igri ti-an voltage at isith of the ignition monitor

asks . Observe a cO - n ra -~a ’ te r : st c pattern i-sr normal spark plug

operation . (T- - t-j T 10 sec.)

$
I
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ci. Verify the ‘ Ignition Sequence ~~niplete lamp i~ ili uiniriate~J (T ~

6o sec . ) .  ~~TE A ~ei: i~~n~ t r~ ~e~~~e n e  may now be ri~ ti~ teU i f

requir~ J by ‘Jepre~~~ ng ~u~J rele~ cj t ~~ the “ L g n i  t i~~ri Sequence Rete~ t ’

push—button . Fi ’u ee i tu  Step 
~~~~~

. 57 a t ov e  t~
j i n i t i a t e  a new

sequence.

62. Clear the tube of t h e  air ct .:~rc~e by Jepressing an~ reiea~ ing the

“St op Program” ( T u t e  Ve~ t ~ç en )  pcsh -but t :’r NOTE. Thi s may be

done for any reason Jur~ n~ tn e  ga.~ i~ aJ ng procedure  (Set Up or

Te s t )  or during the I g nit i on  Sequence W:~~b t~ e ex cep t ion ~f the

pe riod T-O to P + 60 ~ec .

R .2 .~. Live Test ing Proced u re

The fo llowing steps are to  be performei o r i y  a f t e r  Test Preparation and

th e Set Up Procedure have been accompli s~ ei Tt i s procedure only covers the

sequential operation of the shock tub e a~ d anci l lary  equipment . No mention

i s made of intermediate steps a sso c iat e i  w i t L  t~ie test  specimen and instru-

mer~tat ion .

I. At the  control panel , tu rn  ‘ Th ’ r.e “Mal a Pc~ er ’ swi tch and “~ uil —

On ” the panel “Power ” s w it c b .

2. Ver i fy  the “Power Di ” au ‘Ai r Supply ” L g b t s  are i l l umi nated .

~~~. Verif y the “Air Val re Dpe r ’ Ii ~u t  , ‘~ J e i t J i  ice cp e ~~’ ii ~~~ , “Blas t.

Valve Open ” light , and “Vent Thmer  Du ’ l~~:Lt  are i l lumi nated  and all

other valve po si t a ou  l ights  are “ C loseJ ” i~JDi E The vent timer will

be automatically a c t i v a t e d  for approximately 10 m.i’~~ tes , Thiri ng t his

time Steps 1~ and 5 may be acc~ mp1i~~t e J
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~~. Turn the  “Mode ’ ~w j  L~~ to tL ‘ ~e~~~” ~0~ it  -in.

5. Turn t f i e  ~‘~ a selecto r Sw~ U ‘ t o he ap~~r’ p r I  ate posi U O r .

The appropriat e p o s i t i o n  of tce g~is te t or  switch ~~~u ld  ha ve been

entered in the Checkl is t  na p or t  01 the re~ t Preparation pr ocedur e.

6. Af te r  the ‘ Vent  Timer ” li ght &‘uer f ! , Jepre~ s dfld reterse the “Tube

Ve nt Close ” pus -b u t t on  sw i t c h .

7. Verify the “Vent Closed ” li ght as illuminated , NOTE; At thi s time

the Blast Valve Open ” light s~ uld be illuminated; all other valve

lights indicate ‘ Closed ”

8. At the Control Panel depress a nd release the “Vacuum Pump On ” push-

button switch.

~ 9. Ver i fy  the “Vacuum Pump On ” light is  i lluminated.

10. Depress and release the “Evacuation Start ’ pcs’~~hu tton switch .

11. Verify the “Evacuation Started ” light , the  “ Vacu o m Valve Open ” light ,

and the “Blast Valve Open ” l ig~ t are illuni nated . All other valve

indicator  l ights snould s t - i w  ‘ ‘lose~
’

12. Observe the absolute tube precsure on t e  meter at the  Control Panel

and the gauge in the Valve and M a n i f o l d  (Tac t r o l  Fox . Veri fy both

meter and gauge are i nJi ’at~ n~ a drop i c  pres~~~re

13. Af te r  a maximu m of 30 mi nute s for  the 1ar ~ e ~e :r tO m:~~1:te s for

the small tube veri fy the “ Eva ua t  n ~oah lc i  ~~
‘ • e “ i:uum Val ve

Closed ” l ights are i l luminated .
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T~l1i. . Ver i fy  the “Test  (Detonabt e Gas)”  i n d i c a t or l~ gbt ~e~ omes illuminated

at the same t ime the “Ev acuat ~ Dn L u ip iet e ’ ~i gnt~ , thereby confii~nirig

the sett ~ eg of the Mu~~ swi t e n .

15. If the vacuum indica ted on rh e  meter and gauge are not wi thin  + 2 in

Hg (I psi) of the vacuum pressure switcri sett~ r g ,abort the test by

depressing the  “Stop Program” push-button switch.

U~. Adjust t he  oxygen , methane and hydrogen gas regulators to ~00 psi

each for the large tube or 50 psi each for the small tube. NOTED

Regulator ad justment is only required on those gases intended for use.

S

17. Assure the immediate area surrounding the tub e is evacuated of all

personnel.

OXYGEN GAS LOADIW~

18. Depress and release the “Oxygen Gas Charging” push-button switch.

NOTE : The “Evacuation Complete” light will no longer illuminate.

19. Verify the “Oxygen Valve Open” light and the “Blast Valve Open”

light are i 1luminated~ All other valve indicator lights must show

clo sed .

20. Observe the absolute tube pressure on t.he meter at the Control Panel.

Verify  the  meter is i n d ic a t i n g  an increase  in pressure .

21. After a period of time , veri fy the ‘Oxygen (02
)” light is illuminated .

22. If the pressure indicated on the meter is not w i t h i n  f 1 psia of the

oxygen pressure switch setting,abort the test by depressing the “Stop

Program” push-button switch.
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~~ THANE GAS LOADING

23. Depress and release th e  ‘ Metnane Gas Charging ” push-button switch.

2 2+ .  Ver i fy  the “Methane Valve Open ” light and the “Blast Valve Open ”

light are illuminated . All other valve i nd i ca to r  li ghts must show

I
25. Observe the  absolute tube pressure on the meter at the Control Panel.

Verify the meter is indicating an increase in pressure .

26. After a period of time , verify the “Methane (CH2+)” light is illuminated .

21. If the pressure indicated on the meter is not within + 1 psi of the

methane pressure switch setting abort the test by depressing the

“Stop Program” push-button switch.

‘ 
HYDROGEN GAS LOADING

28. Depress and release the “Hydrogen Gas Charging” push-button switch.

29. Verify the “Hydrogen Valve Open” light and the “Bla st Valve Open”

ligL t are illuminated . All other valve indicator lights should show

closed .

30. Observe the absolute tube pressure on the meter at the Control Panel.

Verify the meter is indicating an increase in pressure .

31. After  a period of time , veri fy the “Hy drogen 
~~~~ 

light is illuminated .

32. If the pressure indicated on the meter is not within + I psi of the

hydrogen pressure switch setting or the “Gas Overcharge” light is

illuminated , abort the test by d epressing the “Stop Program” push-

button switch.
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IdNI T iOC SEQUENCE

33. Confirm the followi ng Control Panel s t at - u s  pri or to in i t ia t ing Ignit ion

Sequence Start .

(a) All valve “Closed ” lights are illuminated .

(b ) The “Air ” light is not illumi nated .

( c )  The oxygen light in conjunct ion wi t- h the  Methane and/or Hydrogen

lights are i l luminated

NOTE : The “Gas Selector” switch determines which of the latter two

indicators  may not be applicable ,

( d )  The “Vent Closed ” , “Test ” , and “Power On ” lamps are i lluminated .

32 + . Depress and release the “Igni t ion Sequence Start ” push -button switch

(T—15 sec.)

35 .  Verif y the “Ignition Sequence Started ” light is illuminated .

36. Verify the buzzer is sounding at the Valve Manifold Control Box

(T-l5 to T-5 sec.). NOTE: The Ignition Sequence may be interrupted

for any reason up to time T-O by d epressing and releasing the

“Ignition Sequence Stop” push-button switch. A new complete sequence

will then have to be initiated as in Step 32+ above . Beyond T-O the

sequence is not interrupta’ble except by turning “Off” the”Main Power”

switch or pushing “Off the Pawe r ” push-button .

31. Verify the “Ignition Sequence Complete ’ lamp is illuminated (T +

6o s e c . ) .

~8. Determine the status of the “Detonat ion Sensor ” li ght .  Record the

status in the Checklist
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id . Depress m. r’~- i~~’LC t i e  “Stop Program” pir h — ~ u t t or  switch.

~~~~~ . T:. - “I ’iJ I on ~~:~iLo: e um~~le t~~’ lamp will become exti ngui shed after

a pc-c. c-h  01 appro::~motely 30 seconds after Step 39.

2 . _ ~ ~ Detun t~on Data Evaluation

There are t:~rec detonation parameters t h a t  may be conveniently measured

to d e f i n e  o pressure signature in toe 1500 PSI Dyanami c Load Simulator . They

are the detonation velocity , detonation pressure and the peaa reflected pres-

• sure. The detonation velocity and detonation pressure are independant variables

tha t  depend upon the gas consituents , mole ratio and initial pressure of the

detor.able gas mixture . The peak reflected pressure will always be 2.56 times

th e  detonation pressure . By knowing any one of the three detonation parameters

a pressure-time signature may be defined by theory . (See Section 2.)

~ The detonation velocity can be esc1’iii ally letermined by measuring the

I detormtion wave times-of-arrival over fixed , known distances. These times can

then ]~e used to determine average detonation velocities over the known distance.

The detonation and peak reflected pressures are measured with both strain

J gage and piezoelectri c pressure transducers . The purpose of the dual measure-

ments are to provide the data evaluator with a cross-check and a means to

eliminate characteristic difficulties in interpretation of data from each gage .

The measured pressure should be a compromise of the two readings .

I

I
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~~~~~~~~ the course of data evaluation it may be noted that  in some cases

there is not an exact agreement between I n p r ed i  - : - t e - J  and mea~iured parameters .

The data evaluator must then decide woi ch data cxj t represents toe real condi—

tions that o - - ’urrei . In general, the iicatoi ~ in- i s ion most be tempered by

enh inee r i ng judgement an u a certai n amo i rit 01 ::pei . e’ e in interpreting ista

of th i s type . However , certain confidence levels may be assigned to the three

~ measur ed parameters . The first , second and tU ri mcci ac -orate data measured

will be the detonation wave times-of-arrivnl ~Jetcnat i-o n velocity), the

detonation pressure ,and the peak reflected pre~s~ re , respeet~vely .

I
I ,
I
I

1
I
1
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