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.‘Bureau of Reclannt:.on j R Labom'i:ory Rapor't No. HM-? TR
: ‘oo Grand ‘Coules Dam . ‘
) Hydraulic Machinery Labora.tory ‘Golumbia. Basin Projaot Praels
Compiled hy: “Edward S Gray

Denvor, Colorado ff.a{”ﬁt“;if Chiooked by: ‘Dede Hebert & H._Mhrtin;[)ﬁﬁ;5-

June 1841 £l ,-“f-;y;~ o :Suhmitted by: :

.Sub;]eot- Model tests for the: design of hwdraulic sea.ls i‘or.‘f,
BT a.'t: Grand Coulea Da.m :

SYNDPS.[S

tory- operation of 'l:he hydraulic Beals ‘for 'the Grand Goulee gates,
dt:was decided that” hydraul:.c ‘modsl tests should be made’ Ho ‘gup
ply design infomatmno “Studies.were" made :ln Awe. modals w:l.th
i‘ull-sized oross saotions of “the sea.l. ‘ '

~S‘braigh'l: segnent of ‘the ‘geal 1n3'ballad. beme "trausparent plat Be L

| ‘The ‘seven "types tested “inciuded d:.aph:mgn aeals,

pression serls, shear sesls, ocnstant contast :seals, double—a.ut‘lng e
.seals, :and ;stabilized £laxibls: d:.aphragn sealse . ‘Operating oharmo= -

‘teristios ‘and design. ariteria were astablished for -each type by;‘;'_
_‘means of both quan‘bi.tq'biw and eque.lz.tati‘v'a tas'bs.

INJ.RODUCTION s

: Ord:.mry slide ga'bes ha.ve been used o.s a mean‘_ 0 r°°ntrollmg' L
;wa.ter i‘or canturies and are still ex‘bens:.ve]. ‘*uﬁed-"inﬂ' alatively :

"-‘but, since the rollers ‘held: ’che ga’be oi‘f the seat, a naw problew
-namely, "sealing" was :.ntroducad. ‘The useof fixed ;
: ducing fr:.ction had the same ‘result,

. "olosed pos:.t:x.on. “A;;',-
: th:xs t:y'pe oi‘ gate. ;1.




:Wheels 0 that the gate might coma in con‘hac'b w:.'bh 'bhe Bea'b at
“the closed nosmtinn. In another .case ;the frame seat was ralsed
:and given a slight angla, the same angle being plaued ‘on” the gata

seat, ‘ellowing the.seats o como in"conteot ‘et the closed position.ﬁii?

The. disadvantnge ‘of ‘such seals is that the" initial 1oad on ‘the -
-helst is wery: high, due o' drag on ‘the ‘seat at ‘the ‘insbtant ‘the
gate begins 40 open. This: disadvaniage was eliminated by ‘the use
‘0P4aams “or wedgas 4o '1Lft the rantire gate ifrom the seat ‘before’ -

'-*raxuing the ‘leaf ‘and 'to: keep itielear of ‘the . frame seat until’ it”

is again’in the olosed positlon.. The ‘Bureau - ofﬁReolamation usas

_the mnvabledwedge system in ‘the- “paradox" type. .gates 'These' .
gates have been used bothin pipe lines and on the ‘face jof. dams. s
This type of ‘gate. elim;nates ‘excessive holst loads and has provan

- ko be wery: satisfactory dn sealing but rether expanBLVef  buile
duo : to G nacessnr;ly'uomnlicated msohaﬁism.'v- YD

e or'the seals
4previcuslf used ths hydraulic—type of 'Seal was 1ntroduoed BB

_means.of sealing gates ;of the roller or flxed-wheel type when uéedrflﬂf
. .either ‘in'a’ pipe ‘line or: onﬁthe”face sof (A danp “In’ the- Grand - 0oulea;A;u!'

~ Dem, & number of 102=inch | ring=follower gates are used in. ‘the -
slulces. ‘These gates have’ ciroular seals whils uhe!penstook head
- .gates have. raotungular onas.maThegmethod 'adapting“a’hydraulic
fseal to one of the penstock gates‘ls shnwn 0 figure 20.-‘m.

These model tasts were undertake inan effort,_o determdna&”-"

" the most effectlve type .of hydraulic .seal for the large. gates et
;fGrand Coulee Dana “Positive retraction against & static head : ofi,
~about: seven pounds*per squaze inch at: the ‘center of the gate was:
- paramount :requirements - Incldantal ‘to “Ahis: unvestigatlon, Seal
*hends ware also develnped.

The hydraulic tests of the varlous d
_'ﬁin two ‘different types of housings.,_Thesa hauszngs were daSlgned
-Qfor seal assemblies w1th fu11-°;ze cross[a tlons. -

_ The flrst housing, uaed n the early tests, wns made_to imge
‘“1ate aicircular ‘gate iin which a"lo-inoh diamater aring seal oould”

- be 1nstalled.‘WTnls'assemblj 8 efarred~tolas the: "10-1nch ring-
'seal models" In'this: 1, the supply.similating: ‘the penstook

 -was adnitted din the center: of the model chember and then diffused

‘. radially by e eap-plate which-is:also- the*seating plete for th

.seal ringe | The' seal.assenbly is supported below bhis cap ine

. wsuztaule housing. A onenhalfhinnh pipe line ‘i jonnected to this




housing to: suppl:,r pressure f.'or nperat:!mg the eeal r:l.ng.. The seal
Sring: aetua'bed ‘by thls. ‘Pressure moves: against ‘the “Beat to -sedl the e
al ‘flow from the penstacke . The gap ‘between the . ‘seal r:l.ng_;jand
iseat could ‘-vur:.ed by ‘raleing or. lowering the ‘oap plat‘ : 5 o
don.gages. ‘and . ‘relief “valves were. 1nsta11ed ‘at ‘suiteble ‘point
edrawing of t.hls model w:.th ‘the diaphra.gm ‘ee.l 3 '?:shown nf

of ‘che seal ‘more aviden’c. "f‘-.Th:.s,houui.ng, T e
cbox with . transParent gla‘bau Lar: the front and back, held A stralght Fo
‘seotion:of ‘the:seal 85 ; i
to-as the “visual Seetn.onal ‘senl- model. ;_".?Supply l:i.nes were oon~ S
‘ ‘neoted o }grow.da pens*book preseﬁre, pStream ‘fram 'i:he{,seal bar: and S
' %o provide 9 yper “Ate ‘n\e.ddi.t:.eml '”onneo'bmn
was made but’ i't was ueed-‘ only in test:mg the VoY
“to supply: pressure ‘for the ‘middle*chambe
‘welves were comnected at . sul’ca.ble po:u.ni:s ) - BB
‘bar and’seat could be veried by raising or
" -semblya A drewing of “this model with the i
gla.nd see.l :.s shmm :m f:.gure 22.

In 'bhe 'bes'bing arrangement ‘which
- “hoth models wers comedted :so- tha'b Plowrof: . RO
.was avellable from *hree sources: Waterueupply lines ‘of the build-;'f .
~dng (75 potmds .per:;8quare ; 1inch),’ lz-inch “100=f o0t ?head.,‘veen'brn.-.;,..;
~fugal ;pump, .end high-pressure -hand pump - eonnec'bed to al
“‘During -the: coursl of »the mvsst:.gatlon,}i everal: ehe.nges were made
“t0 ‘inorease-the ‘amount (of water flowing . hreugh “the''models ‘Hhem .. ..
%he supply was increaSed, the’ pens*cock pressure: could ‘b mintained L
for ‘a ‘greater range :of . Sea.l {bar ‘movement and: i‘leld c:oncht;.ons were .. in
more closely. duphca’ced , “¥ith'the higher ‘penstock pressures, volo- .
‘cities through the . .gapiwere ‘higher nnd - ‘the .effects more: not:.cea.’ole.'1”:‘-1*“,'*
‘It is, therefore, “important o make ‘tests at the highest penetoek R
presqur‘as &l.d velocz.ties the.t would be en ountered 58 the i‘:.eld-

sure, the nressure "under - Lhef"see.l
flcsw from the penutook stoppede !
L Was! lowered until the seul brolceo
“the pressure readings £o: 3 ] ”

‘ a.mounted toasimuch'as 30’ peunds per squa.re 1noh.=”*See.ling pres

T .sure Was" teken;as ithe mean of these: two readingse’ +The': penstock
‘pressure Was: yoried from the avalle.ble mximuﬁ “by ‘meens:of & re-"‘-
lief valv'e ‘or b},r change oi‘ speed oi‘ the pump. S:.nce mandmm




',}pressura ,was \va.:t.lable a.t all timas f'o'_ ‘oving tha sea.l bar,, the f
‘sealing ‘pressure &t t.imas exceeded ths applied panstock;fpreasure.ﬂl;_f,_ D

. This represents:a , :
_.pressure. 'qua.ls _fbu'b.nev‘ar 1ex08 ds :l:he
‘thig:distortion, the" da'ba obtained a i :
. mAdeiin which Fossurss were ‘observed for werious.pa tial. ex‘ben-
/sions of ‘the- ‘serl ‘bare; ‘These ‘positions were iset '
o ‘orements whichH" varied f.‘ron_L ome thir'by-s‘eoond
0f fax.inchy ' In; -addition: to th :
'made a5 to .ret: otioy, ncoking

| see.lf ‘?Thase_‘ bsermtions ‘Ware ‘au|

b The“ type and,, ua].ity ; £ he ru _ ruséd.
“.»sen‘.:ially o .part -of the. ‘tegt: apparatus.

':"‘-_.;;_'_'_rubber wore -used ;beoause | they were .on: :
- In:a Tew oeses the ‘rubbor. was" m.nufa.otured *bo spac:.f;\.oa‘bion ’
bo this ' varia*ba.on, sSoms of ‘the seal designs o not- direc'bly oo

:'~parable. “A11 :shapes othe then '80}4d :round, #1at; ‘or in. ‘some.
‘ cases tubular, wera‘mde up dn. ‘che laboratary

;,-,more successful. A further :mprovemant was «ob‘ba.ined :by camente-
“ing’ ‘4bwdegree ;joints. " This Lype. __f ;juint ,;waa .satisfactory :for
“either - 'bubing or ‘soli mbben_ gt e y

- roller: ‘wes: first out 45 deg

to giVe e.::g‘smooi:h stTong
‘ | Jor: twis'bed a.part. It was fou
oement must be,use‘_r._, 0d

= i n 'bha_- opera‘t:.on of ‘the wii 1, :
- .Begls rubbed against th «'transpe.ren'b 5id 8, Several ubrics.n:bs,

includ:lng glyoerina,’xgraphxte, aphite in’ 1yoerdne, fatty.

yand ~paraffin grease were‘tried n-an
the: fri ion: resulting ‘from-thi rubbing, -Only

i  grenss. roved to be : satiafactor
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 DESIGN FOR MErAL DMPHRI]GMS o

DIaPHAAGHM-"

‘ORIGINAL DESIGN - VARIATION 1 -+

FIBAE GASKETS, ADDED TO.GIVE

DIAPHRAGMS A-DOWNWARD,EXTRUSION /.

CTHIL RETALGRASKETS BETWEEN,
quPH"’At:wS IJT E/IGH GLA;-!PMJG .

ORIGINAL:DESIGN: ~ VARIATION 2

“METAL GASKETS ADDED.TO STOP
Y EXTRUSION qF_RUBBER :

BEAL RING LBS./SQ.IN.

PRESSURE UNDER CIAPHRAGM AND
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Saet:.on.s of 'bhe prﬂ.ncipmi pa.rts of

... three - diap, ring and - thalr seali.ng cha.racteristics’f’are it

- .show " in figure le ' The' tast appara.tus is shown in figure 22;f15.nd in

. plates 1.and 2. In_‘the ‘ordgindl desi.gn, ‘the | ‘shape of the parts: WaE
drawn only for" a. meta.l :diaphragms - ‘The "ourved- surfa.oes ‘of 'the ol

. and- sealing ring were sha.pad in suoh a mnuer ‘that the di&phxaguf crosé; o
e _:;;-,aeo'blonal leng;i:h wns 'bhe same Whan the aaal riug was ex'hande:l a.s when
R wes retra 'badn : \rs;

" %ion of tbe’d:lap‘hra" 1 ‘under thﬁ séalﬂr\:mg was elso f'ormed lpmr'&:gn

o :j‘cha sectlons ynder‘ amping’ rings in order that the “saa..} ring

The i‘orn:!.ng of th_ ‘o1 ‘diaphmgtns"'presentad sevara, 'pr blams
‘-When the diaphrapm: was“i'o::msd beiween two metal melds the sheet wrin.
oo kled badl;,r and oould not be useds An' :.mprovemen'b was. ob*baimad by

i ing: e 0f -the Total molds ‘and & sls.'b oi‘ mb‘be;r'lj‘ 4

gement, mti.lfac'bory dia_phrs.gms“
of 500 £0 600 pounds per  sgquare inch.::
rmed in aections beoause.'bha.s &

' -be purchased ‘only in Bm:?.nuh widths : ; the

‘had o be annesled tefore. being Tormed to pz‘a'mnt spl 4t

5 metal,  TIn placing these seotions in the seal assembly

vrare uged ‘and- ‘the jolnts were lappedm “ rease was; a.pplﬂ. ﬂ-,be'!:weeﬁ iay—j
. ers to.prevent jlaakageo - Tinplated stoel e.nd .oopper- diaghs -
.mada in B compl ta ring"-sine AeTrge en

SERE The autmn of he’ meta diaphragms under tast’wa ,sat :
“from the standpoin'b of . Sealing tut the Tetraction a.momrbad to: nnly

3/64 inch- ‘This retmctlon d:l.m:l.nished as the seal ring we.s operated
. ‘because the diaphregms ook a ‘permanent set after they! wer'e dé:t_‘onnad.
- -Sheet=rubber d:.aphmgms in warious a.rrangemen'ts ware ‘testeds

~ tion in each o858 Was’ sluggish and. incomplete e?o@egb‘ when the ’ingla
' .diephragm was useds In ‘this -6e:89,. the ‘weight 'of the seel ring as=
o siﬁi?ed._ . 'in: :ﬁh_e ?re-mﬁti:"m% o

e s's'u tothe_l / .
_.-cle.mping f:.llad 'hhe ‘space ‘intended: ovenen'b of. the dia.phra.gm
- a5 the seel ring moveds  In mria‘tmon._a J.ber‘ gaskets were, added +o
‘the orig:u.nal design to giv'e the dimphrapgns

" BOme 1mprovement 3o retraotion was' ob‘ba:med & ;

- gaskets. ‘were. :}.nsarted ‘between the - ‘rubber die.phragms at‘;the olampin

. rings to prevent .extrusion’ of'_tha rubber.
: -.-‘exi:ruﬂon but ratract;o : :

‘ A h:l.gh—pressure tast was ma.de with.. _ : i
: 'ga.skat rubber. By means .of & hand pump; &* pressure of 450 pounds pe.!" b
" squere inch was applted and rslaasad e.bou-b a dozen timas withou'b ine

e Jury to the seals

A fatigue test we.s mnde m:bh the same’ se‘t—up. A pressure of 70”
-poundu per.square inch was. epplied ‘and released: by ‘means of a éwway F

valve operated by & motor and. speed-reducing mechanisme

sycles slign'b leekage ooourred th:rough tha diap}u'agnu .

ieaks, ( od- after 3 eycleg : '
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S 'RuIler_saals.,(figura a}. ;
'[ ss.gned to produoe o rolling a

1y unders:.zed rollers . Towed
into,the cha.mber un

.at the’ 'bdint of sealing for 6ll’;
C0F wetar thr'ough “the penstoak v
Gha'bter ‘Was neglz ble when 't

S P desalhn'
L rollers and in" 'bhe 'shape_.of ‘the alotse
-er than’thosefa :
A‘b olosure, '
- = The: sealing—pressur
B ‘changing ithe .‘@p betn
+long -s1oks in" “the
da‘ceminlng“bhe ‘

) ﬁzero pans.tock' filow, also :
ru"bber a.w:_i]‘ abl
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‘co pro uoe direq compresa .on. :n the'
O otubdng sea.led oniall 'four: side whe
with undersized : ‘hubing,‘,zn-' e],f-sealing :
‘Lfor ‘this /design show’ .th'mannar ‘in
o :‘:lnor-sase when the: :!ub‘aer, is-aither,
" “ring:chattered. .upon ‘sealing '[rticularly ol
'The tubes:with ‘large: ‘inside ‘diamete S
‘the seal ring and shuwed in, colla.pse

creased dn. order;atha'l: solid rub’bcar or Y

‘diametar could be used. AT eS| A:F ;

Lie - ‘aadily
‘and the - tub:.ng collapsed. ‘- The sealing-pressura nurves 4n .plot
show the ‘unstable operation:of ithe ;sealing deviade ; 3"
‘was - hindered by self-sealingl _ac-blon,” r'-?by"itheﬁ

Irubber tubeas- B ‘ E
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_ } Th:.s Bea.I *em-
T ‘plo:,rs—?:—m campressa.on -0f “the 'Tubber,: ma; iy, to give: ‘the ‘retrao="
¢ tlve 'force although’ ‘there Ads considerabla_“ hearing iof the rubbere
~Design 1 was ‘tested ionly & few times with tubing of large: dneide
_‘diamoters  .In the ‘tests .of the iblack hoso, :8glP=senling ooourreda.
At high pens’cook ‘pressures, itiwas ‘impossible ‘to unsasl the me=:
:ghanlsmidue o “the ".lealmge past the rubber ‘4nto: the ohambar under

the aea.l ‘ringe In the rcase:of - ‘the ‘milk hosas, *aelf-saallng oouurred

: only ot penstook xpreasures 1ass than ;26" ‘pounds per square. Anch: emd

o 're'braotmn was poasible in a11 opera:bing nondit:.ons “ There wes

In des:.gn 2,‘e'bha i‘noe ui‘*?"bha ‘
-The ‘senl: ring: cha‘h‘l:ered violantly upon aeali.ng due to the mor P
o sol:l.a. rubber used- ":‘This condltlon s, considerably more violent :

R :-sim.der gaps, no leakage occurred. There awe!;e pulsation“'e.nd oha._
R '--ter oi' ’che seal ring upon saaling et all headse’
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120 ELOCKS INTERCHA GE

LRI IS LA oW

ROLUNG SURFAGES [t SLOPES
l5' ELOCKS .WTERCHANGED

ROLLING /SURFAGES  10° SLOPES
10%.8L0CKS  INTERCHANGED:!

usad.jm this: test ‘ | ;
Wn‘h, o */g uﬂder' seal bar both: rollers shde,

‘erh | penstack; pressur -0

1ides: downfo, al balancéd ‘position.’:

oes inot, recede to hormol: pasiton
olling ection’ ofirolfars‘tdkas;ploceionl
owe| "pressures and; untils seal' bar ‘seal

0 E
would be: expufed
o' their.stops - mare sadily, depandmg on th

VAR!OUS SLOPES
WSUAL SECTIONA!.. "SEAL MODEL




Ang - us Slopes of the
; n-ﬁthe operation ‘of tha seal rd ‘the prop'e :
*-'ber locahon ‘of‘tha‘ rollers in ‘the | lots.

‘ "slz.d “to thalr stopa. ; ‘*pen ock’ P.

~ the ‘upstream roller : ssumad o bala.nead posxt:.’onn ouli

ko .rise’or lower by “the - e.d;]usmen'b -of Lhe. Pressures hov
v dow dbe As ‘thig: test d:.d not . gi.ve ;promieing Tosults
=i['utests on designs 2, 3y‘ '4: 7

‘ In the tasts on das:i.gn :
‘that’ the see.l bar he - os.refully ,g
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) 4 ‘ 'aa‘ing pressura Tor'a
V,The SOalﬂbar'cocke fseriously'without the
b Wlu.ch Wwere Xl

29/52. inc ke

,t_@ameter rollers of{ laok”exﬁrudedfrubbar,were made by th
e _'f‘shea : '




*FLAT. BAR +TORE “THICK: WSE.‘?TEDTO
RESTRAIN SEAL snn MOVEMENT.,

f////)/////{q:

taipraventewaterifrom. ‘enferrng the hole

stsrom o bESIGN. 2

TESTS T DETERM!NE,_EFFEGT_ OF‘HQL
The fubes cH "partially: cailapsed .when sub;e:ted 1o 70 tos

became” adfrow. 5"15 os-the.seal bor.maved o the.clésed; pasii

j ing a beor- 1 x or,~ thick: abov
wseal bor,

_.The farger: the hole. .. th safremm.-‘ rubber the ‘grecteriwast

"The PubEs G' @10 owace” sub/ecfed fo ‘pressure sof, I'JD iu

eési;}'-é..c)ri ar: the seal ber ond ensfock “The holes
“Withisegl: har, rasframed from smoving' by mserf-
{ as® pressure was ':mphad ‘under'fh .

pETY x,% | BAR. INSERT To- RESTRAIN

SEAL EAR MGVEMENT
"\

H'EVISION Or DESIGN 2

LAGK!EXTRUDED

0
DUROMETER 502 L

COS " AVERAGE .
017 AVERAGE.

mmsrsn,(

ot fo ‘the. 45'515!5 as ressuregwas opplied: ond:the;
i'ree spoce. oc:urred betwesan: the: gaskeh and the'retainers. Pheg amountd

:The. largest.sizestested filled the: cavity! weﬁ atollifimes
Resfrmmng the movement of-the séal bar: caused il
inder.the. seot barwos ess: :‘han 5. {bs;
The gasketan the upsiream side; of £l
apphed s;nulfaneously
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i i De sign éms tes
“the _:sea;'l<in'gﬁpraa§u1ge"

inch gap ‘are shown in ple
“8rc apparent in ‘this figur

it ~show more ‘dlearly the

“ainer barg,

. The .oirves in’plot 2
that ‘the ‘face width of




“AREASINVOLVED W smcs mmu. ABLE 'FOR ‘RUBBER
*IGASKETS IN “VARIOUS . coupnsssmn ssa;
) e gy L)
+SEAL:BAR RAISED. Ve

lNcREASE DECREAS!

YLINGREASE
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130 1b./6q.tn. pressures 1a

GH OF :SLOTS' AS DESIGN 4 S
™H FROCESS RUBBER DURC. 50
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:Séal‘assembly a8 aet'up
3/16" gap - No Prossures -
No cooking of aaal bur :

-

Sealed against 20 lb /Eq.in.
Pressure with 21 1b «/8g.1n,
- No cooking of -geal b

pénsfbcx
under seal-bar

Sealed : against ‘76 lb /Eq.in. panstack
press. with:31 lb./Eq.in. under seal bar
Nb cocking of aaal '

7 lb /Eq.in. pressures infponstock
. and under ‘seal ‘bar

.No- oockﬁng of 'zeal bar

" 1-3/16" x 1—5/16" x 16° SLOPE RUBBER,

100 ‘lb /aq-

PLATE 8

T_Nbae ieoe Az and height of
*21/32" to sealing edqge from
" ‘upper aide sof aealfbar. Exact
~'widgh guides on downstre
of seal ‘bar,: The ‘upstream gulda
have neoessary clearance.f“ ;;

.-Rubber epproximately 50 Durmete

and wag of Poor: quality --1/32"
oversize." : Wi

| Axial’ hole had waterwprassure :
in it admitted: through relief
e holes along lownr outside_cor er

‘Sealed ‘against 32
with 70 1b./sq.in,
: Nb oouking of

bﬁmm.mmmﬁr
‘under seal bar
seal bnr_~

preasures‘d‘ penstoak A
-and; undar -seal ‘bar.

Practioally no oouking of séal bar

AND ‘RUBBER BLOCKS

1/2' AXIAL AND RELIEF HOLES




This nose plece was:
' not.shown on plate 7"
of shear : seals in:com-
- : o parison of nose pieces
‘Sealed agains ! 71b /sq.in. pens'book ‘press. in design 4,
with 26 lb./aq.in. under ‘seal bar = S
'NOSE PIECE Ay - 1/4" GAP -

‘Seal aasambly as set: up - ‘ - : Sealad against ‘66 1b /sq.in. penstook
1/16“‘gap ‘= No .pressures . . . Lpreas. with 40 lb./sq.in. under seal b
' NOSE PIECE F )IOUNiED IN 50 ‘DURO. RUBBER ON' SIGN 4 ;

“70 1b /aq.in.~ essures in pemtouk ‘Sealed a.gains lb /sq.in. penstook
. and under :sealiber = . - . press. with 23 ‘Tb./sq.in. unde ‘_aea.l bar:,
203 i : X/an - DESIGN ;4; NGSE PIEGE G T

B8 Pressure under.seal’bar was |
‘8lowly released to.3' 1b,/sqiin..
‘at whioch .point retra.ctlon 00aS e
‘8t 1/32" ‘due to mnegative pres-
‘sure-above - sea.l bar, developin
‘65 '1b./eq.in. penstock’ mcressu.re

: .;from origiml 70 lb /a . :

70 1b./8q.in., pmatock pressure released
through 3/4" ‘inlet from sealed condition
'NOSE PIEGE .a.z - DESIGN 5 i
R vmous NOSE ‘PTECES - smm m;mm- - AND c E
omrmcn:a AND 'FLEXTBLE NOSE ‘PTECES -
w mrn%mum'mmmxwmm @5




Beal uaaembly u sot up
‘with 7/32", ap ‘above

- 8eal ‘bar. No: ‘Proessures :
Guided on both sides. '

8g.1in. penstock pressure }
with 43 1b, /sq.in. unda
saal bar. :

70 lb /sq.in. pressures
in penstock and umler :
seal bar. N

Not guided to see oook-‘
ing of seal bar.
egainst 62 lb./sq.in.:
penstock pressure =
with 38 1b./sq.dn.
undar seal bar. e

DIAPHRAGH TYPE MRAL - DESIGN 1 |
BLACK RUBBER DURO. ‘80 .SHAFED AS ™ *'w' .
| CLAMPED BUT 0¥ VULOANIZED




) preusuros. pao
Gu:lded on both sides. s

' Sealed againat o |
89.in, penstogk presaure
with 12 ‘1b /aq.in.,
under sas.l bar. e

‘Sealed against ss 1b /

- 89« in. ‘penstook pressure
with 27 lb./sq.in.
under seal bar

87 1by/sq.in. pr
Lom pmatook a.ni under
saal ba.r. ‘

Dxmmmu sxm. nrsmn 2
L s/s" THICK BLACK ‘RUBBER FLAT SHEET - : ‘_
DURO. APFROX. so._ FORCED INTO sm\m AS m w -




Assembly wi'!:h 3/8“ x: 3/8" graphited
‘flax . paok:.ng --1/4" seal ‘bar’ movement lb /sq.in. in’

< ing under bar.
_ DESIGN l REV'ERSED - ABNORHAL SET-UP ‘

' Assembly as setup unguided |
- mormal 3/32“ gap

Retracted 1:0 3/16" gap with 38 1b. /sq ine Sea.led against 70 ln./sq.ln.rpens. press
‘in middle cha.mher a.nd no. press. undar and MO ‘press. -in‘middle chembers with
seal ba.r A A e 32 lb. q in. gunder sea.l ba.r

‘Sealed against 70 1b /sq.in. -pens. press. . Sea.led age.inst 70 lb_'/sq in. pans.\press_
-and 20 1b. /aq.in. 4n- middle chambers . and 40 l'b./sq in. in middle chambers wi
with 43 1b /sq in, under seal ‘bar - : 64 1b./ '§Q.in. o

under- seal ‘bar.
DESIGN - 2 .- 21/32“ .D. RUBBER - DURO. APPROX., 65 “GARLDCK #151" -

. DOUBIE ACTING SEALS |
mtmmuc ' FRESSURE CHAMBER ACTUATED - DESIGNS 1 AND 2




Bottcm view dess.gn 14
_;.2 AND 1A '

Retrac'ted w:.th 5 lb /sq.in. pans. press. See.led age.inst 70 1b /sq ‘in. pens.. B
long stays bolted ‘et ‘midpoint with 26 1b. /sq.:.n. urder diaphragm
: DESIGN 1A - SHORT STAYS UPSTREAM - '

Retraeted with 3~ lb /sq.:m. pens. press. Soa.led B.ga.lns‘b 40 1b./sq.in. ‘pens. pres

with :20° 1b./sq.1n. under diaphragm
DESIGN°‘2 - SHORT /STAYS- UPSIREAM '

"p:'c'-.;éé's,'.“‘;:'m *l‘b.;/sq ‘in. pressures in ’penstook
- - -and under -seal bar
DESIGN 2 RE'VERSEDV- 'SHORT : S‘RAYS DOWN‘SIREAM

e STA.BILIZED FLEXIBIE DIAPHRAGM SEALS : _\
8" :RUBBER 'DIAPERAGMS - TREAD.STOCK :~ :DURQ. _APEROX.




