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Pulmonary and gastrointestinal cract injury
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In order to establish s daasge risk cricoria (DRC) ou pulmoniry and

gastroincestinal injury for the operating crev who fire heavy artillery,
direct informaziea cthat links the critical blast overpressura paraseters and
the degree of injury 1is vecessary. Although field tests can be performed to
provide che daca, they are not amensble to spesdy post-morcea analyses and
sophisticaced inscrusencation. A ladorecory tast facility that s capable of
gevarating the oquivaleunt blast overpressute sigeal will serve the purpose and
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gteatly facilitate the test procedure. Xt will also halp to provide aam envi-
roument for systematic and controlled sxperiments to quantify the relsticuship

betwaen blast and fnjury. >
Nowever, for varioua ressons, most couveutional spproaches in gansrating '
the blast overpressure or ics equivalent are noc suitable for a laboratory ] @

setting. The ides of using a jet impactor to generate the impact signal was
conceived. This report summarises the process of the development of such an : .
appatatus, The first perc focuses ou the prodf of the prinmciple and idencifi~- ’
i cation of key elemsuts and paramecars. The second part is wainly devoted to "
the design and davelopmint of tha prozotype systea. : . //

The systea dewsl in this project is able to deliver a pesk pressurs ; .
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shots. After a serias of calibracion tests, tha unit was deliverad to the . B /i
1 Walter Reed Army Institute of Ressarch for animal impact Cests. , , ,
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{Iln order tc establish & damage risk criteria (DRC) on pulmonary and
gastroiatestinal injury for the operating crev who fire heavy asrtillery,
direct information that Links the critical blast overpressure parameters and
the dagres of injury is nscessary. Althou,h field tests can be parformed o
provide the data, they are not amemable to speedy post-mortem snalyses and
sophisticated inatrussatation. A laboratory teet facility that is capable of
generating the equivalent blast overpressura sigosl would serve the purp.'ou
aod greatly facilitate the test procedure. It would slec halp to provide an
envirooment for systemstic and controlled experimeute to quantify the rela-
tionship between blast and injury. '

Rowever, for various reasons, most conventional approaches in generating
tha blast overpressure or its equivalent were not suitable for a lsboratory
satting. The idea of using & jet lmpactor to generate the impact signal was
coucaived. This raport summarizas the process of the developmsat of such an
appsratus. Tha first part focuses ca the proof of the principls and identifi~
cation of key elaments and perameters. The second part is mainly davoted to
tha design and development of tha prototype -yn:n.éﬁ—-«

The system developed in this project iu able to deliver a peak pressure
of 25 pet over 100 in.% targec aves. It has a riss time of sbout 1 ws, snd the
shots can bes repeated at four shots par minute for an inflaite number of
ebots. Aftor a series of calibration tests, the unit was delivered tu the
Walter Reed Atmy Institute of Ressarch for animsl impact tests.
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I, INTRODUCTION

Evidence of pulwonary asud gastrointestinal injuries in asnimals from
intensa blast overpressure (BOP) and the general distress to the cperating
craw of the extanded ranga M198 towed howitszer prosmpted tha Army to conduct
detailed research work to define a damsge risk criteria (DRC) for humans in a
blast savirooment. In order to facilitate ths clinical tust, an on-aite appa-
ratus that would generate a similar BOP or ifts equivalent was required. In
addition, this apparatus must be able to provide certain spacial features. A
geteral guidelina sbout these features was provided by WRAIR. These include:

1. Smal) overall dimensions so that it carn Le inctalled in & normal size
rona for clinfcel usage.

2. capnbllity of delivering a unlform pressure, ip to 25 psi, over a
100 in.* target area.

3. Repetition rate of 4 shors par minute for infiu.te number of shots.

k. Lack of nuisance or hazard to operating parsonnel and surrounding
residents.

5. Kase of operation and convanience of uss.

As s result of these¢ requirements, it wao apparent that the conventional
sppzoaches would wot be suitable for this applicativu. For axample, tha
approachas of using gun blast, shock tube and tha detonsr~ion of TNT would not
be appropriata for & clinical lsboratory sstting. Machanicsl impact with con-
trolled velocity and displacemsnt on impact to simwlatae the blast effect was
used extansivaly by Clemedsou. Bowever, the sppsratus was too large to be used
indoore and tha repetition rate was alow, Moreover, it was questionable
whather the crushing effect of the machanical impact would faithfully repre-
duce the effact of tha shock wave. The uncertainties and drswbacks associated
vith the axioting approeches suggested that aon alternative approach was re-
quired.

Ona of the plausitle spproaches was to use pulses of high velacity water
jets to hit the target. Since this apprcach hsd no shock unoise, was non-
machenical, and could be easily tailored for differevt pressures, it becams an
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attractive candidate. This report details thie rationales and procedures of the
developmsat of such a jat impactor system.

Becsuse this project involved tha developwent of a nev product, counsider-
able uncertainties were present. To reduce the risk and minimize the impact to
the overall program, the projsct was dividsd into two phases witch the proof-
of-ptinciple as the milastone of the fivet phsse. Oace the concept was proved
to ba feasible the next phass would then be continued sod a prototype system
degigned and fabricated. Otherwise it would be terainated and alternatives

Mt.

This repor:t summarizes the dasign comecapt, the major hurdles, and the
spproaches wa took to glleviate such hurdles. It s divided, in accordance
with the two phases of the project, iuto two major sections with the oext sec~
ticu devoted to tha concaptual werification and pavametric study of a siugle
valve system vhile the ssction that follows conceantrates on the davelopmeut of
the prototyps system. Uetailed installation and anintenaoce waoual, parts amd
vendors listy, and the enginsering drawings are appended for reference.
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2. TER JET IMPACYOR NODL

2.1 SELECTION OF THE APPROACH

A typical DOP signal har s sharp pressure rise followsd by an expenential
decay and rverefaction. The obdjective of this phase was to coustruct & model
apparatus that would deiiver a short pulse of water and generate a signal
siailar to that of a BOP.

A munber of ideas wvere couceived and their pros and cons weighed. It was
concluded that the approach of uiing s feot cycling valve to deliver the de-~
9irved pulse of water would boc wost desirable and involve the lesst amount of
davelopment work. Whem such & valve is combined with a propirly designcd dis-
tributor plate, & Wadle of uniformly distributed jets can be delivered to the
target and generate the impact piassure over tha desired area.

fince time required for development was of utmost councern avd this
approach used existing hardwars and thus less development work, it wss chosen
a8 the candidste approach. The following subsections are centered around the
development of this concept.

The first question to ba asked in the design of a taest jet impactor was
the design capacity: the deaign preseura and the design flow rste. Once these

parameters vere determined, ths rest of the system components would fall into
plece nccordingly.

$ioce the wain objectives of the first phase were to prove the principle,
learu about the system performsnce, and dewulop a unit that can be used on a
small test asanimal, & eystem that would impact a 4 in. diameter area was
chosen., Bince a 23 pei peak icxpact pressurs was requirsd, the system pressure
was estimuted on the ovder of u few bundred psi. The axact value depanded on

the amount of discharge and, wore importaatly, on ths parformauce of the
valve,

11
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For an fwpact signal of 25 psi, 5 ws duration, and a 12.3 in.2 covarage
area, su equivalent flow rate of 600 gpm at & line prassure of 100 psi would
be required. This high flow rate calls for a very large pump-and-motor aystem,
and even at considerably higher line pressurs, the aize is still prohibitively
large. For a prototype that wis eight timas larger, the spproach would hardly

be practical.

To alleviate thie difficulty, a high cupacity, high discharge rate accu-
malator was desigaed int: tha sywtesm. The large diacharge port and high volume
capacity, allowed s large volums to bs deliverad im s short tiwe and without
"srarving” the system, The¢ high pressure pump would only serve to recharge the
accumulator to its cest setting and would have little effact on the jetted
water. Yor thia purpose, a positive displacement puwp, model 430 triplex CAT
pusp, wvas chosen for ite high capacity (up to 1000 psi in pressure, S gpm in
flow rate) and minioal pressure fluctuaijon. A 2 HP Baldor TEFC motor was
selected to drive tha pump.

Yor different {impact prassures, different iine pressuras were vequired.
This sdjustwent was done with a pressure cegulator. For sach setting, part of
the flow would be deliverad downstream of the regulation and part would be by-
passad back Into ths supply tank. As watear fills up the accumulator, its
prassure increases and thus docreases the prassure difference across the
prassuca regulator. This reduction veduces the flow into the accusulator and
forcus mora flow into the bypass. In this way, the wet pressare is achiaved

asymptotically.
For each shot, water is dumped out of the accunulator, the cystem pras~-
esure decresses end the recharge cycle restarxts.

The ascunt of pressure reduction in the sccumulator affacts the amsunt of
recharge time and the allowable pericd betwesn shots. For a large capacity
accusulator, the amount of water sjected par shot would ouly ba u small per-
cantage of the accumalstor and hence less pressure reduction in the system.
Howawer, & largs accumulitor incceases the volume of the total system and thus
installation Gifficulty and cost. An fnitial estimeta based on the amount of
wvater delivered, and the ncuinal sccumulator sir/water volume ratio fudicated
that a 2.5 gallon accumulator would give ¢ prescure varistion of lees thun 3%

12
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per shot. This capacity was chosan and was also used os the bazis of estima-
tion for the later prototype design.

A side benefit of the instellation of an accumulagor in a pump system was
that it sigoificantly raduced the swount of pressurs pulsation caused by tha
cyclic action of the pump; otherwvise, a pulsation dampar was recosmanded by
tha wanufacturer. '

The most criticsl element of the impactor system is undoubtedly the con-
trol valva, In principle, it should have 1 fast pressure rise, short durationm,
be capabla of covering a large ares with high pressures, and be capabla of
being faostalled in any orientaticn., To weat thace requirements, we needsd a
larga diamster, fast cycling cime, high pressure vatiog valve to deliver the
impact. Hovever, thase features wers not wwtually iunclusive and most of thu
valvas had only ous or two of the dasirable festures.

Ia general, large, high pressure valves ars bulky and slow, whiia those
that are fast aod light are small, but suitable for low pressure, low flow
applications only. Morwowar, the vendors usually do not have the perforsance

informatlion needed for this tusk except in vary general tarms. The caly way to
qualify the purformance of candidate valves vas diract in-house calibratiom.

In conjudaciion with the pressure regulator, & check valva was {netalled
to fusurea s ona-way flow. This valve kept tha water in the aystem when the
pusp waa turnad oftf.

A water tank with an sutomatic flost shut-off valve wae used ss the
supply vesexvolr for the pump. It was connected £o a tap watur outlat,

To prevent rust formetiou in tha system, matarials used in the systems
ware limited to bdrass, otainless cteel or plastic. Por the cases whare these
natarials ware ot practical, the surfaces in direct contact with wster were
coated with spoxy paint.

In order to effectivaly coctrol the wvalving cycle, a Xanddu Universal
Frograwssble Timer was used. This timer has 10 chanoals with the capability to
coantrol 16 wvalwves. For sach channel, pulses of diffaerent durations and inter—

vals cau be indopendently controlled.

Rise tine, prossura magoituds and pressure distridution uniforaity wers
tha thres key requiromsnts of the jet impactor. Im order to svaluste these

i3
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paramaters sccurataly, plezoelactric transducers vware ussed for pressure aod
force meacurements. The pressure transducer was used to monitor the uniformity
of the pressure distribution while the force transducer was used to moxitor
the total force over the entire target area. The outputs from these trans—
ducers wera displayed on a Nicolet digital cascilloscope. Since this scopa
displays the digitai iaformation at each time step, very detailed information
on the impact signal was obtainad.

2.3 DEVELOMMENT OF TKR SINGLE VALYE JET INPACTOR

Based on tha above design considerations, the single valve jet impactor
was designed as shown 1in FPigure 1, and the fabricated satup shown in Figure 2.

The initial concept asaumed that s uniform jet front, and thue a fast
pressura riss, would be acafeved by using & head reservoir combined with a
laerge full target area orifice plate. Thersfore a & in. diffuser cona was
installed between the valve and the corifice plate (Figs. 3 end 4) so that a
vaifors flow would ba schieved before jetting ocut. However, this arrsugesent
vag latar fourd not feasible for two reasons: (1) it was not suitmbls for
horizontal installaticn becsuse water would be drained out of the cons; amd
(2) it would uot generate high enough impact pressurs becsuse of its large
cond voluwe and largm orifice openings. The large orifica openings prevented
tha formation of sufficlent backpressure that is essentisl for high impact
pressura, Thus, inataad of the straight jet and diffuser chamber combinstion,
it was replaced later by a smsll cavity and orifice plate of fauning noxslss
combination. A wore detailed description of this design will be giveu later.

A major concern of the projoct was the valve cycling time, and much em
phasis was placed on the impact duratioun. Since smaller valves activate fast-
e, valves ss senll as 0.5 inch in dianeter wers tested. Other sizas tested

tncluded 1, 1.5, snd 2 inch,
After coneiderable affort was expended in searching and testing, we found

that caly tha ASCO norsally-closed, 1-1/2 inck DC valve possasses nost of the
desirable characterietice. This valve has & safe working pressurd of 239 pei

(with & burst pressurs five tiwes higher), has an adequate size sad diacharge
cosfficient, is rveasonably priced, and has the smallest overall dimansions
omoag comparabls valves, Though the vesgponse time 13 relutivaly slow, 40 ms to
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Pigure 2. Single walve jet impactor test satup = wvertical impact wodel
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opsn and 50 me to close, it is the fastest swong sll similar size valvas we
tested. Thexeforas, this valve was chosen as the primary undt.

The results of the valve qualification tests indiceCed thetr besides long
signal durstion, for all the valve sizes all tha iapact signals were wesk.
This latter pioblom was a more criticsl oms. BEffort wes concentrated on
improviog the {mpact sigusl.

As a firxst step, changes in fice plate design ware made. By systemati-
cally reducing the orifice sise, fncreasing the numbar of jets sud at the same
tims varying the plate thickaess, optimal geometry was achieved. By reducing
the hole size, lezs flow sscaped immaturely £roa the cavity and a higher back
pressure was created. This highar back prassure produced soms wore powerful
jetu. Neverthaless, the improvement was atill not sufficient.

Additional improvements were achiaved through the chenge in standoff dis-
tances; much strongar signals were found to result at cartain optimum stand-
offs. When wa combined thz optimsl distance with the optimal orifice diamster
a threefold isprovemsnt in total impact strength was achieved. As an example

of the divelopment procedure the results of chis set of testy sre givan ina
Table 1.

The unifornity of pressurs distribution at the target was messured aloung
tvo perpendicular diameters. Ac shown in Figure 3, though the distridbution wae
unifora tha magnitude was too low,

During this period, a chaugeover from vertical to horizomtal impact was

mada. This was required becsuse in cliuical tests, shesp will be tested in

atanding position. it was found that when a sheep is laid cu ite side, it
tends to tense up and cause different pulmonary stresses compared to thooe in
the normsal etanding position. Thus, in order to gensrata the data in a more
natural state, tha impect muet be horizontal.

Oue of the mein concerns of devoloping a horisontal unit was how to keep
the watar in the cavity bahind the orifice plate. We believad (fmcorrectly)
that & full cavity was essential 20 achieve the highest iwpact force. Tha
large volues cous reservoir was abardoned and nossles with long sspect ratios
{length to diameter) wero devigrad and trisd. A cumber of othar idess wera
alsc veady tu e tasted. However, we found that the wsigual would not
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® Orifice plate: #221, 1/4” plate
0.1" diancter helse

©® Lise pressure: 230 pei

® Target distance: 12”
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deteriorata vhen the cavity was not full. As a matter of fact, for certain
cavity asizes and orifica plates, an empty cavity gensrated evon astronger
signals. This was an important discovery; it eliminated ona of the major con~
cerns and freed us for more diract pursuit of signal improvasent.

The horizontal single valve impactor setup is shown in Figurc 6. An ax-
tensive serias of tests was conducted using this setup. Tha parameters tested
includa the nozzle head geomatry (Figure 7), cavity sizes, and valve sizes and
brands.

The valve cycling time was also a critical parameter. Though we would
1like to operats tha valve in as short a durstior as poseible, there was a
threshold valua under which the valve would not fully open and this resulted
in a lower megnitude signal,

Through an extensive serias of tests the design parameters were systemit-
feaily optimized to produce the right combination of orifice plata geometry,
oumber of jets, cavity size, standoff distence and valva cycling time, and an
impact force of 325 lbs was fipally achieved! As showm in Piguxe 8, this sig-
nal had a rise time of sbout 1 ws, and a main loba duration of about & ms.
Though there was a trailing prossure caused by the slow valve closure, numeri-
cal wmodeling shows that it contribated little to total chest wall signals (nae
Saction 2.4). The critical paramstears that contributed to the high impulse
ware therofore used in the design of the large prototype system.

Instead of fixed nosxles, it was decided that a dasirabls festuze on tha
prototype impacicr would ba to have the ncazleas attached to the ends of flex!-
ble hoses. This feature would allow freedom im arranging the mnozslas in a
varisty of patteras asd gensarate differsnt blast loading conditions. To imple—
ment this idea and to assure its femsibility s suction of the designed hLose
was purchased and ilastalled ghead of tha single valve impactor noszle for
test. Since thare was nc obsarvable effect on the impact signal, flexible ex-
tenvion hoses were designed into the prototype system.

2.4 FIYRIORMANCE AND DISCUSSION

A typical impact signal generated by the single’ valve model s shtown in
Pigure 8. It has 2 rise time of 1 wa, a peak force of 325 lb, & main loba of
4 ms duration, and it cen be genarated at a rate of four shots par minute. In
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(b) Valva and nozsle hasd assesbly detsil

Pigure 6. Single valwe jec impaccor test setup
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Jer impact signal
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short, this system saticfies most of the design features. Tha only objection
1s the trailing prsssure after the main impulse.

As we mentioned befoxe, the ASCO valve fias a wminimum cycling tise of
roughly 120 ms (40 ms to open and 80 ws to close). This cycling time crestea &
total signal duration on the order of about B0 me. Purther reduction in
cycling time would cause the valve to open only partially and reduce the mag-
nitude of tha impzct sigual., Cutting cycling time 1is apparently not an ac~
ceptable approach to reducing the duratieon of the eignal.

A ncmber of other ideas wers tried to slleviate this problem. In general,
thay ara based on two concepts: reliove the driving pressurs or cut off the
watar supply after the main luwpulse.

The prescure could be relieved sither upstream or downstresm of the con-
trol valve., Dacause the cavity size batwesn the valve and the orifice plate
wes small, only & small valve (1/2 in.) could be jnstalled dowmstream of the
control valve, The amount of relief was not inough to be sffective. Whan &
large valve was used in conjunction with a large cavity, the increased cavity
volume reduced the sig.a) wmagnitude. Another alternative was tc fustall a
bypsss valve upstreas of the mein control valve. This reduced the weigmal
duration slightly but it clso reduced tha magnitude of the impact signal.

Two ways tc cut off the water wupply were tried: ome wns to instell an
axtra valve in series with the control valve, aad the othar was to critically
charge the accumulator so that only ths amount of watex to be expelled par
shot was kept in the accumulator, The foiaer method required a normally-cpen
valve so that it cut off the supply at the pesk dof the valve opening of the
fixst valve. Howsver, it was found that the second valve would wot close any
sooner and it also veduced the signal magnitwls due to the sdditional flow ye-~
etriction f{sposcd by this secoud valve. The latter method allowed no fluid to
be left fa the accumulator at the end of the shot sad thus termincted the
sigral without mageictude reduction (Figure 9). Howaver, as the accwmulator
dumps out 1its contents 1ic also causss the vaive inside the accumulstor to
husser at the sast. Continued impact was suspected of potentially causing
significant damege to the accusulator. Ia addition, since the volume coutrol
of tha water conteat in the accumulator was very sensitive to the setting of
the pressurs regulator, which has a resolution om the oxder of the preassure
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differential betvaen the bladder pramsure aud the lim: prassure, identical
shote were hard to achicva. A differsntial pressurs gauge setup between line
and accumuletor would be able to solve this problem.

To quantify tha exact effect dua to the trailing stagnation pressure, ou-
marical calculations were performed. Simce in most cases, the "humps”™ waxs om
the ordar of 105 of the peak value, & simplified profils with a rise time of
1 ms thea fall to 10X pesk value at 5 ms snd remaining constanac for 80 me was
woced for the calculation. The results for the cases of both with and without
the bump aTe cowparsd in torms of chest wall accealeratica, chest wall veloci-
ty, and chest wall éisplacement for psak pressures of 3, 10, 23 and 50 pei. As
shown in Figures 10 to 13, the differences betwean each sat of tezt cunditioos
wera within 2 to 4 percent. This wiriation is so small that it is unlikely to

have any influenca on injury.

Since the jet jimpactor wodel wus able to captuxe all the essential fea-
tures we spacifind earlier, the adopted approach was shown to be & vizbla one.
Vithout furthar delsy snd upon the approval of WRAIR the next phase of the
projuct, fabrication of the prototype impactor, procasded.

1o g s

g

s ,J‘

T T i

R

.“



s,

B R At wa——y e - prasreriivis mht

Tigere 9. The imgect sigmal from a critically charged accomalator
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3. TEE FEOTOTYPE SYSTEM

The dasign considerations of the prototyps system, the spacific system
compouents, and the system parformsuce ara given in this section.

3.1 DESICH CONSIDERLYIONS AND PROVISIONS

As we lesrned earlier, the heart of tha jet impactor is the nossle/con-
trol valve systea. Siuce the maximum achievable impict force for sach valve is
about 323 1b, an eight-valve system would ba requirad to generste the speci-
fied loading of 2500 lb. To cover the 100 in.? target, these vilves were
arranged in an 8 inch valve circle. This was the most compact arrangemaut for
the eight ASCO wvalves. Since each valva hes an outlet axes of 1.77 in.2
(1-1/2" diemater), the jat stream must be fanned ocut to cover itw aliare of the
target (12.5 in.2). Moreover, the jetp from ail the valves must hit the tarygat
simultanecusly to achieve the bast rice time.

To satisfy tha coverage requiremsnt, a direct solution was for each valve
Lo covar a sactor aqual to one—eighth of the circle. Simultanscus jet arrival,
however, was not se straightforward to achieve. Since all the jets inicisted
from the 1-1/2 in. diamater valve need to cover a 45° sector umniformly, a 45°
nozsle pattern wvas & natursl choice. Within this region, each jat had its own
inclination for hitting its designated target. Because the target is 12 inches
in dismeter and the valvo circle is 8 inches, the jet pattarns wers skawed,
Tigure 14 shovs the different jet rraveling distances acd jet angles along the
bisecting diameter of two orifice plates.

Since :che pressure im the cavity behind the orifice plasie was tha sama
for all the jsts, all would heve the same wvelocities. Thus for different
travaling distancss, they would have differant arrival times at the terget,
and consequantly lunger preceure rise times.

To compensate for this effect, we eeded to slow down the jats that
travel shorter distances. This can ba achieved by incressing the nouzle
resistance either by cmuller nosxle diametar or by longer unossla length. Aware
that we wers at the thyeshold performence of the orifica plate aand too much
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resistance would decrease the impact pressura, we chose to use variable nozzle
lengthe to balance tha jet velocity. This was achisved by contouring the ori-
fice plate in & cone shkape so that the length decreases from tha canter toward
the periphary. Through this arrangement, all the jets will be modulsted in
proportion to their iunclinations so that they will arrive at the target plate
close to the same instant and thas improve the magnitude and rise time of the
impact signal.

Another consideration was the jat density. Obviously, the higher the den-
sity the lass spiky the pressurs distribution. Hovevar, beacsuse of tha limited
cise of the valve, orifice spacing was limited, The jet dencity we designed
has 5 jat-to-jet distence of sbout 0.5 inch on the target for tha 16 inch
standoff distance.

Based on these considerations, a nmumber of orifice plates were designed
and tasted. The final choice was basad on the best parformance in signal rise
tine snd impact force. High speed movies were usad to help the selection, The
final design of tha orifice plate is shown in Figure 15. The vslve arrangement
pattern on the valve support plate is given in Figuras 16 to 18.

The corresponding jet impact forca of the single valve versus the stand-
off distance for various lina prassures is shown in Figure 19, and the corre-
sponding sigoal rise tims is shown in FPigure 20, Fros thase figures; the
optimal standoff distances for the veriouse line preseures can be summarixed as
showm in Pigure 2l. For any target impact pressure, the requirad system pres-
sura and target standoff can ba read off diractly. For example, in order to
achieve an impact presrure of 17 psi, it {r necessary to use a line praessure
of 188 psi and a standoff distance of 15.7 inches, 8Since the jets are fanning
out from the noxxle lLead, the coverage area incressas with standoff distance.
The exact inpact pressurs eshould therefors bLe calculated based on the total
area covarage by the jets. The area coverags of a single valve for diffarent
standoff distances is shown in Figure 22,

The dimensions of the system wars spucified as such that neither the unit
a8 & vhole por itm saparated parts should be larger thap & ft wide, 8 fr long
and 6 ft high. This provision vas required so that there would be no problem
in moving through doors or hallways. In addition, we designed tha aystem in
such a way that its wajor componants were all installed on & heavy duty cart
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for esse of position adjustment. The valve supporting frame and the calibra-
tion target mounting frame wers designed as two gepsrate units to allow
fraedom in standoff diatance adjustment. The supporting plates for both frauss
can be adiusted to different impact heighta.

A 13 HP Baldor TEFC wmotor was used to Jdrive a Model No. 2320 CAT pump.
This pump has ratad capacities of 25 gpm and 700 pei. Both the motor and the
pomp wera mounted on the lower shelf of the heavy duty servics cart. A 1/2 in.
alumivum plate was used to reinforce the lower shelf tc reduce the amount of
vibration. The pump supplied wuter to a reservoir which wue connected to the
four 3-gallcn Kydrodyne accumulators. This srrangessnt allows a fast charge
and discharge rvate of the sccumulators. Tha 20 gallom totwl capacity was
necessary to maintain a pressure drop lcss thaa 5% for each shot.

As in the singls valve sutup, a check valve and a pressure regulator were
provided to serve the same functions. A pressure gauge was wountad on top of
the tauk rsservoir to monfitor the system pressure, ard a bleed valva was in-
atalled to veunt tha air aconmulated iu the system éuring initial pump—up.

Originally, the accumulators useded to ba chargad separataely. This waw
modifiad by conwacting their chaxging ports together so thlat a common air
valve could be used (Figure 23). This praovision siwmplifisd the charying pre-
cess and halpad to equalize tha pressures of the accusulators.

As mantionad esrliar, it wes desmirable to have flexible hosss designad
into the aystem mo thac diffarent valve pstterns for different iwpact tests
could be wads. To meat this xequirement, eight 2-ft long Flexonics stainlass
steal hosus were used to connect the vilves with the regarvolr tsuk.

the zounting plates for both the target plate asd the valve/nozrle sys-
tows were meda of 6061T aluminum plate. For the valve/noxzle plate, asight
pracise mounting holes wers drilled to fix the locutions of the valvas. A
§~1/2" dismater short nipple was threaded intc each valve and then fed through
the wounting hole, Kach uuit was than locked fn place by & lock mut,

Ouce the vzlvea were fimed im place, orifice plates wara ilastalled. Be=
causa each orifice plate had its own designad orientaticn, freedom of xdjust-
meat was dasigned into tha system for proper aligument, The orifice plates
wars designed such that thay could bhe rotated st the wnd of the pipe aipples.
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Nison-jax-type rings were usad to fix tlhe orifice platas in place. The large
ring openinga allow all the jets to pass through £rzely. The exact orientarion
of the orifica platus wera adjusted befors completely tightening down the “jar
rings.” This was achieved by aligning tha bisecting lines of the orifice
plates with the guiding greovec on the wouating plate.

Tha target plate was mourited on a steel channal support frame. The center
was alignad with the canter of the valve group. Parallelism and exact distance
batwesu the two were fixad by four Unistruts wounted on the sidss of tha fwo
support:. framus. This arrsogemeat a 10 keeps the target in place during cali-
bration shots.

The impact load was msssured by a force transducer, center-wounted bahind
a target plate. Threas guiding bolts hold the target pliita to the mounting
plate. Theses boltz were used to minimize the amount of tileing ~f tha target
plate during the shots. 0Ll impreguated brass bushings weare used to suide the
movemant of ¢he bolts. Because of the bushings' low friction, little re-
sistance was genarated batwasan the bolts end the bushings., This allows the
furce transducer to absord and measure all the impact loading delivered by the
Jats. Rubbar washers were inserted batwean the mits and the wounting plate to
mdoinize the amount of target plate vibration induced by the impact.

A 2x 1.5 % 1.5 £t plastic tank was used as the watar supply resarvoir.
Toep watar was connacted to the tzuk as iche source. A float valva wes used to
cortrol the watay leval {n the tenk. A screen filter waz inst:zlled ot the
inlet of the socticn pipe to prevent dabris from gattiung into the system. The
UP-tiesr was usad o synchroniszw the opecation of tha valves,

3.2 QUALXFICATION OF THR SYSTEM PURFCRMANCE

After the systam was fadricated, a couplete systen shekedown and calibra-
tion was made. Tha objectivas were te avaluite the system perforsacce and to
identify and eliminate 22y troubla spot so thet a raliuble systex would be
achisvad, Owk of ths key factors thst dictated tha parformance of the eystam
wes the ayuchxondsation of tha valyws. It was crucial thuot all eight valvaes
cpan simultanacunly so cthay tho jeto would arrive at the twrget at the sawa
tlmy, Any migfirs woald rasalt in dalayed rise tize and reduced impact.

& o@e @
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To synchronize the valve operation, eight transducers would be required
to monitor the jot arrival time of the aight valvas. The average time-delays
for each would then be corrected by adjusting the corresponding activation
times on the control card of the UP=timer. Thia was a preferred approach. How-
avar, bocause of tisa and budgetary constraints this approach was nct adopted
during the davelopment phasa. Instead, an slternstive approach was used.

If the jets from two different valves do not arrive at the single force
traneducer targst plate at the ssmse inetant, two distinct impact signals will
be genarated., By messuring tha time delay betwean the two peaks and adjusting
the control card accordingly, the dalay betwaen them can be eliminated. Using
the same vaive as & refereuca, w could therefore eliminate the time delays
for all the valves. This was the approach we used. Though there were varia-
tions among shoty, a half dosen to a dozen shots usually result in a good

averagoe value. 4 sempile output of an eight valve impact signal is shown in
Tigure 24,

The major defects of this approach wera that it wvas a time-consuming pro-
cess, snd the results obtainad from a pair of valves might bs different from
those vhen all eight valvas wera firing. In addition, using two valves tended
to create unsymmetrical loading that might damage the target transducar and
iwmpair the system. We tharefore recommend the use of eight transducers to time
tha eight valvss.

To calibrate tha uniformity of the impact pressurs, two smsll targat
plates were designed and fabricated as sensor probes. Ona had an axea of 3
1.7 and the other had an ares of 2 in.? The smsllar target wag usad to mea~
sure the distribution of the higher pressura shots to achieve a “point-like”
waagsutement without wuch wsmsaring effect. The larger e was used fur low
pressurs conditions to increase tha sign l-to-noise ratio,

The wxperiments were conductad by firing all eight valwes simultansously
vwhile the force was measured at the sensor target. The target was wounted ou a
guiding plate which wes inssrted in a Unistrut for eaws of translation. The
targat was slid along the Unistrut to traverse across tha dismeter of tha im-
pact areg. For sich test pressure, dats at every inch across four parpesdicu-
lar diamaters waxe taken. At each location, five shots wers made to get the
average wvalue. The results for the 10, 13 sud 25 psi tests axre shown 1in

49
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Figuves 25, 26, and 27. Theses results were also plotted in tarms of distance
:~ squared to simulate the area coveraga effect and are shown inm Figurss 28 to
l? 30. As shown, thare is a low pressurs rvegion near the targat center caused
primarily by the relatively sparse jet deusity at the apex of the orifice
plate. Tha pressure distributioos over the rust of the target axe velativaly
uniforu.

Sample local impact signuals are showan in Pigure 31. These ars the ouzput
from & 2 in.? sansor terget. They all azxhibit short risa times and short dura=
i tious, 1implying that locally thay are very similar to the blast m“pl‘.l;ﬂtl

signal. :

e L

3.3 CONCLUDING EEMARXS

After an intensive system life tast and wodification snd/or replacement
of ali troublesome parts, the protctype impactor as shown in Vigure 32 along
with the parts azd vendors liat, enginesring drawings and a detailad instalia-
tion and operation manual as shown in the sppendices were deliversd to WRAIR
to ba used for pulmonary injury atudy.

e K e i W

! To achiuva the designed impact effact it is essential that all the valves
) deliver. tha impact to the target simultanscusly. Xn ordar to schieve tha syn— )i ]
. chrouized valve oparation the wost direct approsach would ba to have eight
! individusl sensors at the target to messura the jet arrival time and make the

! propar corxection accordingly. Fresently, WRAIR personnel ara fabricnting wuch
a calibruticn target. Since thare amight be some variation among startups, it
would bs worthwhile to make some pariodicsl calibrations to ensure the proper
i results.

Irrespective of tha straightforwarduess of the procedure in synchronfzing
the valvas, it 1s stil) praferabla to use as few valves as possible when the
l test conditions so warcanted. Such would ba the case for low prussure tests.
Yor ¢xample, it would be desirable to use jurt four valves for prassures lass
thun 10 pei and two valves for pressures lass than 5 pai. In both cases, naw
orifice platee would be reguired.

Tha relatively low impmct pressurs near the center of tha target srea can
{ ba improved by sowme simple medification of the orifice plate. & faw judicially
{ added noxzles at the apex region will achieve this osbhjactive,
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Fiyure 25, Pressure discridution slong four parpandicular target
diamatorss p » 10 peti; steodoff digeance = 17"




Tgure 26. Pressure distcibucion along four perpendiculsr target
damctorns p = 15 pai; standoff distance = 16"
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Yigure 1.

| — 53 pas

Rise Time » 0.24 ms

Poax ™ 61.5 pai

Rise Time = 0.14 ue

Puax ™ 92 poil

Rina Time = (.28 ne

Typical locnl fupsact signal as measured by a force transducer
with & 2 1n.” target arvea
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As {n any naw product develcpment, theve ars slways hurdles and stumbiing
rlocks duving the procar:, which are also exactly what makes the oxperxiance
challenging and rewarding. Such wee the casa in tho jet impector davelopusnt.
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Cole-Palmer
7423 Worth Oak Park Ave.

Chicago, IL 60648
800-323-4340 or 312-647-7600

Ractangular tank Cat 3C-6323-43, 30 gal, 24 x 18°

x 18",
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Hoaakel

8849 Balboa Avas
Sen Diego, CA 92123

N4&~292-0667

Wydrodyns

water accvmulator HL30-94-1832.

Hydrodyne Industries, Ingo
%3 Gilpin Ave.

Nauppauge

Loug Islond, WY 11787

516-234-0800
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Kistlar Instrumaent Corp.
75 John Glenn Drive
Asheret, WY 14120

716-691=51G0 Mr. Mike Murphy

1.

2.
3.
A,

3

rreusducer (0-200 pei).

Low ispedanca pleszotvon Type 21184 prassure
transducer (0-~3500 psi).

Low {mpedance plezotron Type 21183 precsure
Transducer cable 1514A2.

Piesotron coupler Type 5116.
Model 113A flush wounting sdaptexr for pragsure transducer.

Yorce transducer Model 92273 (0~300¢).
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McMantar-Carr
P. 0. Box 54560
Los Angeles, CA $0054

213-943-2812

Hater Supply Tank
1, PFolypropylene float No. 9773K12.

2, Brees float rod No. 2734K3,

3. Bruss float valve No. 4652K22 (1/2").

4. Suction scraen No. 9877k63 (1-1/4" pipe wisze).
Orifice Plate

5. 1" union No. 4725K16 (to hold orifice plate in place).
6. Bruss locknut No. 4337X28.

Notor |

7. Cust irom pulley Mo. 6209R117, bora size 1-11/16".
8. B asction V-belt No. 6187K142.

Other

9. Bronzs check valve (17) No. 9770K33.

10, Stafuless stesl nipples, elbows, tass, unions, bushings.

ik

R 't_« .



Nslegon~Dura, Inc.
7818 uilkerson Court
San Diego, CA 92111

714-268-4140

T il

1. Plexcnics aeries 401M stainiess ste«l hose, 1~1/Z" diawetex, 24" long, male '
pipe fittings on buth evds.

2, TIncarnal svivel/external pipe Ko, 2045-24-243.

3. Hydraulic hose #2781-16-36W/4722-16-168, 1™ diametar, 36" long, wmale pipe
fictings on hoth eads.
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PC3 Plezotrounice
3425 VWalden Avenus
Dapew, NI 14043

716-684-0001,

1. Quarts forca transducer Typa 206ACS (5,0008).
2. Guarts force ring Mudel f202A (10,00C#).

3. Coaxial cable #002C10.
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Valvate Asscciates
13925 Miunesota Ave.
Pauramount, CA 90723

T14-761-3644

Automatic Switch Co.
6 Watsessing Ave.
¥looufield, NJ 07003

201~74,3-2804

1. ASCO 2-way solancid valve, 1-1/2%, N.C., 24 VIC #8210336.

2. Opure part kit #1468-303.
3. Coll #74-073-3~-D,



Xenodu Cantrola -
A5 Peden Tood
Springflcid, KJ 07081

201-«67-8100

L. Up-timar Ko. UPTI0O-20~10.

2. Cption "C" surface mounted bracket interface.

3. Teladyns part #6U3-2 solid atate telay.

e

- e ™



. b P R,

A D

Zeuare
35946 B. Weshington Rlwd.
Los Angeles, CA 90040

213-721-5598

Pump

1. CAT pump Model 2520.

2. Pulley assembly Ne. 30269.

3. Shaft protactor No. 26316.

4. Mounting rail Mo. 30268,

%« CAT oil, 21 o= bottle.

gthex

6. Balder TEFC 3 phase wotor NT3I33T-97 (15 HP).

7. WIKA pressurs gaugs Typs 213, 4" glycerina Zilled, 0-400 pwi.
8. Spring eystaus pressure ragulutor F681%-1/2-H39-700.

Accaculator Charging Systws
9. Gauge head asesubly IA768-236.

10. Chavging hose (2 x 1/8° NPT} 2' losg, #760-214-2,
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APPENDIX III
INSTALLATION AND OPERATION MANUAL
YOR THE JKT IMPACTOR
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1, CXKERAL INFORMATION

1.1 This manual contains information for the installation, atart-up, opera=
tion, and troubleshooting of the jet impacter develped by JAYCOR under Cou-
tract WRAIR-DAMDL7-81-1059 for the U, S. Army Division of Medicine, Waltar
Read Army Institute of Research.

1,2 The et impactor was devaloped to simulate blast ov:rgrcuux'c signals
betwean I pei and 25 pai on target areav approximately 100 in.

1.3 The jet impactor vas designed to be semi-mobile and has a flexible head
assembly which can be targetad at various heights off the floor to accommodate
different size test subjects. Specific principles of operarion and parfor—
mance chwmractaristics will be contained in tha finel report.
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2. INSTALLATION

2.1 Intcial Inspaction

Bafore shipment, this assewbly was operatiomral and found ¢o ba frae of
mechanical and elactrical defects. As each crate is unpacked, inspect for any
dunage that may have occurred in transit. Save all packing waterials uatil
inepeaction 1s completed. If damags is found, fily o claim wit:: the carrier
imnedistely. JAYCOR should be notitied as soon es possible.

2.2  Mechanical Check

This check should confivm that there are no broken knobs or connectors,
that all finished surfaces are free of dents and scratches and that weters and
guauges are not gcratched or cracked.

2.3 Rlectrical Check

All electrical components should be checked according to their respec-
tive check-out procedures in the appropriate operating snd service manuals
found in the appendix of this document.

2.4 Assenbly aod Ingtallatfoa

The jet impactor is shipped ready for permanent field operation. After
assenbly it is necessary only to connact the motor to a 230 volt 3-phase power
source, the pover supply and timer to a 115 volt AC source¢ and the water tank
to a vater supply. The assenbly procedure is dome in six stages: impactor
core assemdly, accumulator, {impactor nozzle head support structure, nozzle
head assenbly, water tank and calibratifon target support structure assecily.
The final asseabled unit is shown ir Figure 1.

2.3 Assewdly of the impactor should begin with the unpacking of Crate #1
which contains all the small components, gauges, transducers, target plates,
O~rings, sand bolts necessary for assembly and calibration.

2.6 Crate f4 which contains the impactor core assembly should be positioned
near the final installation eite and uncrated. This sssembly contains the
punp, weior and pressure chamber of the impactor. Thase are wounted on & cort
which has vheels for relative easy movement of the jet fwpactor. Inspsct the
cora assembly for damage. Remove the tape covering or holding the four accu-
mulator O-rings on the top of the assembly. Clean the O-rings of all dirt or
grict and apply am aven coat of silicow grease. Rainstall tha O-rings in the
O-ring seats.

2.7 Open Crates #2 and #3 containing the four Hydrodyne Accumulators. Ra-
wove all protective tapa from the accumulator opcnings and clesn each matiag
surface with a aild solvent to remove any adhesive residuae. Xach accum:lagor
is warked near the edge of the mating surface vwith a series of dots corve-
sponding to similar dot patterns on the cora rszembly unit. Matching each dot
pattern will insure proper finstallation of each accumulator and perfect hole
aligomant of mounting bolts. (Mote: An overhead hoist using nylon etraps ix
very useful for accumulator installation. PTach accumulator weighs approxi-
mately 250 1bs.) Start all four machine belts in each accumulator before
final torquing is accowplished. Ne sure two washers are used for each bol:
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and ali are fully tightaned. After asll accumulators are installed, the impac-
tor can otill be woved, but should be accelerated and decelerated slowly and
smoothly to prevent rocking of the accumulators which could result in damags
to the core assembly structure.

2.8 Crate #1 contsina the pressure gauge/charging assembly, and charging
hose for the accum:lators. This 3 hose/l gaugs assembly is installad on the
top of the four accusulatore after raswoving the prctective scraw caps (silver
and yallow). No teflon tape is needed for instalistion. The 2 ft cable sac-
tions should be cofled towsrds the centsr of the four accumulators as shown in
Pigure 2. The 10 ft charging hose 1 used o charge the accumilators from a

bottled Nz source.

2.9 A pressure gauge from Crate #1 should be initalled using teflon tape to
one of the ports on top of the pressure chamber. A petcock with tygon tubing
for prassurs relisf should bi fnstalled in the remaining pressure chamber
port. Move the core uni¢ to tha final installaction positiou. The unit 1is
designed to shoot from right to left from the operator's wiewpoint.

2.10 Crate #6 contains the DC power supply, the valve timer, inlat pipe ss-—
semblies, calibration stand-off diatance struts and the noxzle head support
frane, Romowe “he noxzle head support frame and place approximately 3 ft in
froat of the prussurs chaubar.

Z.11 Llocatc the large pressure cheuber O-ring ian Crate fl. Clean, greasw,
snd install it ia the pressure chamber O-ring groove.

2.12 Carefully unpack the nozzle hesd agsembly from Crate #35. (Note: When
1ifting the essenbly be asure it is avenly supported along all the flexible
hose esactica e0 as wot to induce vndue stresses which could vesult ia potum=
tial leaks.) Use alx 5/16° hex bolts from Crate #1 to attach the head assen—
bly to the frams whil«: resting the pressure chamber mounting plate on the cart
edge. Be wure the “TU"” of the voszle support plate ie i{n an upright positiom.

2.13 Mate the pressure chamber plate to the preseure chamber and fnstall che
proper bolts from Crata fl. Ba sure to fully tighten all bolts and cowpress
lock riags to prevent hammring of belts during pressurization of system.
Afcter initiasl tec® run, ve-tightem all bolts.

2.18 Commct the provired relay penel sssumbly to the back of the progran-
mabls UP-TIMER from Cratz #6 as shicn in Flgure 3. First conneact the relay
brackat scraws. Heaxt plug in relay cosmector plug. Finally, plug red and
black pins inte respective recaptors. Cownect powar cord to W-TIMER and con-
sect to 113 wolt sourco. Notdice that the relay panel has 10 relays. The
first eight relays ara currea:ly wired to valvas fl-#3 respactivaly. Relays
19 and 110 are wot currently being used. These are open channels for cpares
or future growth. Xech valve relay has a channel color sssignad according to
tha color code attached ta the wiring harness. Color coded “pigtails” hawve
been sttached to each positive (red) wire going to each valva to help idencify
the velay nuwber and TIHZNL channel assigned to that valva. Tor example,
Channel 3 s red and valvy numbar 3 is attachad to the rod “pigtatiled” ro-
Jay. Chennel identification is asgsential for valve synchronization. The
dlack wire gofng to sach valva 1s a common negative ground (~). Therefore any
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black wira can be attached to Sty valve. However,

only esch valve's assigned
positive (+) “plgtail” colored wire can be attached

to each specific valve,

2.13 Unpack the DO povwer supply from Crate #6. (Note: Thie power supply has
been converted to operate on 115 wvolts input current.) Refer to Section IiT
of the Hewlerz Packard Operating and Service Hanual for the Turn-On Checkout
Procsdure. This must be done before any load is connected to the povwer sup-
Ply. Section 3-8, 3-12 of the HP manual wust be Accomplished for proper oper-
ation of all eight walves. Sct the current 1limit sccording to Section 3-8 at

12.0 ANPS., Set the "Overvoltage Trip" point fa section 3-12 ut 26.2 volta.
Turn of? power switch.

2.16 Connect tha rad pover wires from the UP-ILMER relays to the DC Power
Supply positive (+) output bar wing two tarminals to sach free scrav om the
(+) powar bus bar. Now connect the two terminals each of the bleck ground-
vires to esach free screv of the negative (-) pover bus bar. See Figure 4 for

propar installstion. ] .
,,‘6 »
?
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Figure 4 . 3 s‘ 4

Proper installation requires that the black terainals cowe off towards the top
of the bar and the red terainals come off towsrds the bottom of the bus bar to
elininste the possibility of shorting between bus bars.

The UP-TIMER and DIC Power Supply may be stacked. Since both units are
fan~cooled they must be installed with sufficient space for cooling air to

reach their sides. Thase units should be used in an area vhere tha asbient
texparsture does not axcaed 53°C.

2.17 Attach the stainless steel finlet water pipe to the pump using teflon
tape for ssalant. 3lide the vatar tank from Crate #7 into position and attasch
the fill shut-off fioat to the 7111 valve. Connect the vater supply hose.

Screw the plastic faeed pipe filter section into the stainless steal fnlet pipe
ansembly as ghown 1in Hgure 5.

2.18 Attach the pressure regulator with the by-pass port pointing aft as
shoun ia Pigurs 6.

2.19 Ingtall the by-pass ctainless pipe saction and support as shown in Fig~
ure 7. Attach the clear plastic by-puse section.

2,20 Before hooking powar to the pump motor, loosan the brass beit tenston
adjustment wcrews on the puny and clacken the belts enough te remove tham.
Once the Delts are removed, the motor can be uired ani tested for proper rota-~
tion direction to prevent damage to the pump.
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2.21 uire the motor to the 230 Volts, J-phnge input as described on the wotor
for "Low Voltage™ hookup, Mske connections as to local code and install any
necassary wire brackets or hold dowms. Check for proper rotation of the
sotor. If wotor turns in wrong direction, switch any pair of wiras and tust
it again.

2.22 Once proper connection and raotation is eotsblished, reinstall and adjust
belts. A properly adjusted balt should have leas than 1/27 depression dis~
tance.

2.23 Unpack the target support frame Irom Crate #7. Attach the plexiglass
splash shiiid to the targat support frame. Attach the four stand-off distance
calibration struts butween the target support fraws snd the mozzle head sup~
rort frawe ss t‘iown fa Flgure 1. Set staud—off disiance according ¢o the cal~
ibratic. curva for different ispact presasures.

2.24 1Install a calibration trausducer® or traneducer array.* Attach trans-
ducer cabla(s) to Piesotron Couplar imput connector and attach black plezatron
output cable to an oscilloscops. Turn on Pleszotron coupler. Bias voltage
siicald veud 12 welta.

2.23 The jat impactor assembly is now completa.

%A single force riang and targer plates of 2 1n.z. S tn.2 and 113 fn.2 are
provided. A pressurs tranaducer is &lso provided. User may clect to use an
array of transducers.

e A
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3. INITIAL START-UP

3.1 Refer to the punp section in the Service Manual Appendix for proper ad-
Justment of the automatic oilers on tha pump.

3.2 Refer to the UP-TIMER section for the procedure involvad in programaing
the timer. Although the valves should by resynchronized before esch ¢ "‘bra-
tion test, tha timing card supplied in the pack can be uvsed for the inicial
start-up tas®. Sat the timar on 0204100 sac* eycle duration. Turn on timer
poster. Pull out TIMER drawer. Push in control knob and rotate to "PRUGRAM."
Pash "RESET.” Place timing card in drswer. Be careful of proper corner ori~
eatation key. Carefully slide draver in awoothily. Watch channel lights glow
and turn off ae push is couplate. Rotate control knob te “SINGLE."

3.3 Charge scvumulators to 50X of the desired line prassure. (Note: accu-
walator valvas are opan wvhen rotated clockwise down into stam and are closed
by backing valwa stems counterclockwise cut of stems.)

3.4 Turn on pusp motor, loossn lock mut on regulatsr and rotate regulator
adjustment control until chazber pressurs gauge holds at the desired pres—

sure."™ Lock adjustmont nut. Bleed any compressed air from chaaber using
petcock relief wvalva.

3.3 Turn power supply power on. Be sure 24 wolts i3 indlcated output.

3.6 To fire impactor, quickly depress and relesse "START" switch on the UP-
TINER. If avitch is depressed toa long, multiple valva firfiags wiil resulc
and also msy cause the valves to stick open. Note that the first firing may
contain some compreswed sir. Bleed air from pressure chamber again ad re-
ckarge systea to the desired line pressure. Blow orifice plates clean of
entrained water with compressed air supply. This fnsurss siuilar chamwber con-
ditions for sll valvas. A series of 5 or 6 shots may be neesded hefore system
"HARMS" up sud begins repeatabls operation.

4

WAOTI00 sec =~ 200 maec cycle duration or 2 msec/unit. 60 units = 120 msac
vilve shot time. Nota: Whn {100 gec sre used no lights in elapsed time
are visible.

*™ota: Never pressurize systew beyond 230 pei. Valves are not vated abovwe
230 pel.
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4.1

4.2

4.3

4.4

Problem:
Ranedy:

Problem:
Ramedy?

Probleas
Remady?

Problemt
Rewady?

4. TROUBLESBOOYING

System lasaks

The impactor 1is designed for relatively easy disassenbly at
various points in the system. Swivel connections are provided
at the valve/flexible hosa interfaces and at the pump flaexible
hose/predsure regulator interface. Also a union 1s provided
batveen the pressurse chamber and check valve. Loosen leaking
ssction, retape with teflon tspe and reassemble section.

Lesks at Ovffice Plate

A large leak at an orifice plate may reduce that specific
valve's performance. Hold valve sscure and loosen stainlass
"mason jJar" retaining ring. Remove ring and orifice plate.
Replace or reseat O-ring onto brass nipple. Retapa teflon onto
brass nipple. Reinstall orifice plate and retaining ring.
Align orifice plate proparly while tightening. It is important
to tighten the orifice plate sacurely againct the brass nipple
O-~ring seat for proper sasal. If retaining ring bagins to
tighten but the orifice plata appesrs loose, alightly loosen
retaining ring and bagin to tighten again uatil proper seatiug
is attained. IMPORTANT NOTE: If  retaining ring is not tight-
sned and fully seated, it way cause the orifice plate and the
retaining ring to be “shot off™ the brass nipple causing damage
to calibration plate or injury to test subject.

011 in Water Supply

011 slick in tha waiter supply is caused by improper adjustment
of the sutomatic ollers on the pump bearings section. Refer to
tha pump gection of the service manuals for propar adjustment
procadures.

Valve sticks pes. Systea cannot ba pressurized.

This usually occurs if a valve has malfunctionad or £ may
occur if the operator has cycled the valvis whean the system
prassure 1@ zera. Ome solution to this problem can ba attained
by cycling the charging syetem on and off & few timas in quick
succesaion. The pressure puises may close the valve. If this
doss mot solve the problem, than the solenoid section of the
malfunctioning valv= wust be removed and reinstalled.

Valve Rewmoval ¥rocadures

1. Blead system pressure

2. Remove solenoid reteining bolts fxom valve housing.
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