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UST AND CARE OF CURRENT MET®RS

o oy
B The Geological Sum?n 1935- e

The small Price mater. - T\Ihen straam gaging was first undertaken
by the Us 3, Geological Survay in 1888, engineers of ‘the Survey ‘begen”

experimenting with the various types of ‘current meters évailable at o

thet time in order to find one which could be used under the wide
variety of conditions that were' certain to be encountereds As gire- - -

sult of these investigations Survey engineers, ‘about’ 1896, ‘developed - o

a meter comtaining certain essential-features of- ‘the ‘Price acoustic ‘~“":-

and the large Price electric meter, This meter 'i's known as the: smali o B

Price and has since been used by the Survey almost exclusively. owing xr
to its adapt.ability to: general stream geging v vk Modifications in-
its design have been made z:z yesrs of additional experience heve
brought forth the need of ¢ertain impmvements and as'a result six -
types, in addition teo the- original small Price;" have ‘baen developed, ‘
all of which have been manufactured: and sold’ by Wo & L. B, Gurley of

Troy, New Yorke. The original small. Price was' designated by the manu="
facturer as the 617~type meter and provided a contact fer each revolu-_ﬂ:_‘_j_ '

tion of the rotor. 'Later the 621 type'was: developed about’ 1907, in-

troducing the pents ‘contzct feature, -*hen a meter has interchar\ge_able”;fj_
single-contact and penta-comtzct heads it is designated as 62h-type or

combination meter,  Later the Covert yoke'wes introduced,. which per—

mitted o half=inch mund rod to be screwed into: the upper limb of the" Joe

yoke so that t he meter could be used vithout 2 tail in measuring from
ice cover, This meter with mterchangeable heeds vas .called’ 623-type
or combinastion meter, probably a:development of ‘the 618»-type meter
which had a circulsr base: plate, ‘no tail, and.was'never uged: to” emy L
grest extent by the: Surveys - Followingithe: combimtion-type ‘meters:

came the 672 type known as the Improved Price:which: mcorporated into

one unit the festures of the 'gngle and penta’'head, ‘It also ineluded © - .
a chinge in the pitch of the pivot: endbearing: ‘ard ‘omitted the 'bucket - . ..
raising. feature of the. combination—type meter,: After this’ c.hange SRR
came the preparation of the first:rigidset of apecifications cover— .

ing the mamufacture of meter: part.s. “These . gpecificatmns ‘made’ many
of the parts in the assembly: izrberchangeable without:' mauerially ‘afe
fecting the rating of the meter, and-in @ddition’governed ‘the ‘manu~ -
facture of the most recent aevelopment. known as the type A meter. -
The major changes in the {ype A meter from“the 622 Yype are as’ fol~-
lows: enlareing the diameter of both the’ pivot and ‘beering,” reestab-
lishing the bucket raising festure of the combination-type’ meter, T
raising the position of the besring ‘seat neerer the center of BTE V=
ity of the bucket wheel, lengtheninr the pivoet, thus creatinga = -
longer ‘air chamber below the bearing, and improving ‘the:construction
of the pivot end bearing by using bvetler metals which have been R
subjected to special heat treatment. ‘ T




The small Price met,-_ﬁr_;_;;h@ ﬁperhaps B_géen uaedgmére_;.éxteﬂn.sivelyfand: "

has been subjected to more.investigation than any other current meter, .o

As & result, both by reagon ‘of-this :sltuation.and by reason of the

v

natural advantages afforded by this type, ‘the gmall Price is now bete o
ter adapted to general use:than.any other meter:ithat hss been developeds

o s

It is light and yet strong, sensitive yet durable. It will measure. o7l
withbut great error, velocities: anging from less than;l'r‘ of. a foot. per . S

second to velocities .sixty times ms great:’ .It-can:be:used readily
vhether suspended by a. cable or supported on:a rod. It will hold
apart for cieaning and 0iling;;and is reassembled':just ‘as-quickly with~.
out & change inrating...It is sensitive but-has no ball bearings. Tt
can be uged by a:‘person.working alone:from:a .cableway, bridge, boat, .
or while wading. .No other: current meter knewn to : AAni
Geological Survey: satisfies.so- 1y all;

Iypes in uses - Theitypes of small Price current meter now.

by the Survey are designated.as:follows:. Singl e.Point, Penta, Combin-

ation, 622~type,, and type A, The-combination meter, w th plain'o
Covert yoks, has:interchangesble singlemcontact :and penta~contect’ -
heads and is therefore a comb ination:of the: Single Point-and Pemta
meters.. Of all the;above types the.type A, is t he'one now coming:into
the most general use, in general supplanting the others:as:replace=
merts. becoms, necesgary. .- Although results of equal’ accuracy; are ob~
tainable with. each type.of meter when used.under: ordinary: conditions;,
it is generally. conceded by the engineering: persomel of the Survey.
that the type A meter is superior to the other types:in simplicity,
construction, durability and in accuracy when: used-in:measuring low
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_In.order, that, a curfent meter may be intelligently used and pro-

perly cared for, it is essential that the. engineer becomes,familiar
with each of its -integrel .perts, as-well as'with the'meter in‘its: -

assembled form.. . Complete failure of .any pert tofunction:is usvally -~
obvious but small irregularities which.may ‘introduce a- large percente .-

age error.in.results, are not always:readily detectables’ For this:
reason each. pert of the type-A meter will be ~individually described- :
in the discussion 1o .follow:and.at:the same time dts functional: char=
acteristics.will.be ;set forth, ;,'I’h_e;fi"esge;xtia;lvzadifference.aﬂ Antthes o0 e
earlier types, a5 compared with the type -A:zmeter, . will also bebrought

out in.a ;ﬂejaaj.;;at.g,;;,discugsipn_-o,i‘.:'e‘__a@:h

Yoke. ~.The .yoke is a one=-piece,. -vertical horseshoe-shaped ceste .-
ing made -of ;bronze and nickel-plated. - A short horizontal rear-extens .-
sion, 'lying in the plane of the meter cups has a-hole -horizontally - i At
drilled.in the end for .the:insertion of the tail piece-and is also .7 . -
vertically slotted near.the tail pisce.end .for the insertion-of the . -
weight -hanger.... The yoke. is. daterally drilled in the slotted section .- i
to accomodate a .screw for attaching the yoke to the hanger,: - Thds o
slot is made shorter on the top of the boss than on the bottom in ey
order to limit the downward tilting of the meter and thus protect
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it from being damaped agaimat the _f;‘yr'los,e_di'-

e 0ld style sounding weights

The end of the upper arm of the yoke is vertically drilled to.enclase =
and earry the lower end of .t he chamber. The énd' of the lower amm is ...~ s

elso vertically drilled to. earry the pivot, and both holes, are coa el oo
30 as to support “the\r.btur_jasaeuh'ly,inffa;"t.ﬁjé,yér@.‘i#a{ljk.'pqgit;],on_.‘,},..\:_n;e?__‘_ L
contact chenber and the pivet are -each held in.place by means of. keeper .
screws, one located in the face of the upper am of the yoke and the ..
other in the face of the ‘lower a"rm,;'ni‘._.t;‘hd;ypke"‘.if.;A_'_«kea_p’e';.,‘acrewgig, also. -
provided on the rear extension of the. yoke to hold the .tail plece in . .
Place. =~ oo e

Tail piece, = The functien of the tail plece'is 4o hold the meter. -
parallel to the direction of flow, It :l.}i‘m'ad'q’_;g'r;h‘a_.:xfd];_xgl;e_gi‘b_ra"sg;@nd.; SR
consists of two separate vanes __vihich',’i.fj&t'!_iqn_’fa_s:_s_;embled,;‘nar"‘:j;lgckg tom o o
gether at right angles to each other by means of a lever arrangement, . .

This two-piece construction p_’em’its;the_r,_asa_em\bly:.t'p,l;b_‘e.ta}gé’nf_gpg’rt«':_;"_ :

readily and is a feature which adds to the ¢ onvenience of packing, The . v :
nose piece of the t8il, which fits mi!:ltgb,.fthé_;iijaa_iﬂ-g}tténa;lpn“Q;_fyg_t-he;kag,;_. AT
is attached to the vene carrying the fmﬁt'figtgide};:‘a_ck;‘aﬂn'd‘“. the locking - . s
lever, TExtending from the end of the guide rack is 2 slot, open'at the =
rear end of the vane, in which the other vane is inserted. Near the, . ...~
outer edge of this vane is af.ldng_-'slpt.;clds'e'd,Et,.:b'tl_@e_ndsfirqhi.ch'rcgny-,‘r]_ BEUE Bal
ies a large round=headed screw washer and nut used in balancing the.

meter assemblys The other vane carries the rear guide rack which (s

notched to permit the locking of. ‘the vanes by the lever, ' Exten ng

from the foramost end of .t his guide racic is a siot.open. at the front

end of the vane to permit its -Ansertion into the other vane, AlY

parts of the tail Piece are nickeleplated. e e

Bucket wheel. ~ The bucket wheel consists of gix ‘conical-ghaped . .
cups soldered to a frame to form a well balanced assembly. The metal =~
at the open end of each cup is bent over to lie flat againet the in-
side of the cups. This feature gives each cup a rounding edge. and . .
adds to its sirength end durebility, Both cupe ‘and freme are made of
rolled brass, chromium~plated. with the outer surfaces: highly polished,

The frame is centrally drilled for the bucketeshaft bushing and ‘the .

hole notched for a dowel pin. The ;‘é‘tter‘;anvzii‘iS_:lsmpég;6n\t‘h‘e: fra.me e

Yo Wentity the top-side of the bucket wheels

Bucket, wheel hub. ~ The bucket wheel hub encases the pivét bearing. .
and the lower end of the shafi and also .supports .the bucket wheel by

means of & shoulder. The outer circumfersnce of the hub, Just .

above the shoulder, is threaded for a hexagonal nut which is used to
clamp firmly the bucket wheel to the hub, The outer circumference be~
low the shoulder is threeded to carry the bucketeraising nut,. A amdll
dowel pin on the upper surface of the, shoulder holds the bucket. wheel

securely in plece by emgaging the notch of the tucket wheel frame, . .

The hub and the hexsgonal nut are made of 18~8 stainless steels.

Shaft, - The shaft is made of 18-¢ stainless steel and of surfi~ -
cient length to extend from the bucket, _vheel hub to & point Just below
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the cep of t.he contact chamber. The‘”":],ower end oi‘ the shaft ie tu;'ned k

ans of | electrically
registering ‘each revolution of ‘the’ bucket wheely Beginning with the RN S
enlarged diameter at the knife-edge end and extending for a short dis-7" . -
tance, ‘the shai‘t :.s acme threaded the pitch of the;threads being such

and contains t.he following element.s__ ' 595 percent” carbon, 0.275 si3i
conj 1,07 manganese, OS54 chromium, 0216 vanadium'and 0,64 tungst e
The point of 't he" pivot is” ground end polished on an a.ngle ‘ofl 90 d grees
to an initial radius oi‘ 0.0l inchves‘

ﬂ e poi
_reground to el:lmmate any warping that may'have t.alﬂen place during the
heat operation. : Great ‘care is'also exerci.eed in ._regrinding and. polish-
ing the point., to’ reduce the heat frict:.on"to 8 min:'un .~ othe;

come annealed. The Lower end ’oi‘ the pivot is’ rry.a_hexa
gonal 18-8 stainless steel ‘nut’ wh.lch is used to adjust t.he cleare.noe e
between the point and the pivot' bearfrig. A slightly tapered flat" sur-'f'f-"g il
face is provided on the side-of- t.he pivot to contact the keeper screw . SRR
set in the yake SHC R :

‘Plvot bearlng. - ’Phe plvot bearing consists ) e:bushing made. .of ..
the same alloy as the pivot, "Its outside diameter is 1.3 inches; its
height is 0431 inches, ‘and“it-is ‘drilled to a'diameter of (.20l inches
and: a“depth of 0,1875 inehes. ‘The tottom 'of the piwt seat,“*after -
hardening,'is ground to'a’ diameter of 0.205'inches, and on an ang
105 degrees at:the’ bottom and a radius of 0,025 ‘inches at ‘the’ apex. o
Any pivot bearing having a Rockwsll hardness under C-60"1s’ rejected,
The bearing, like the pivot, is given a glase-smooth finish and the.
heat from the i‘riction produced by, th:l.s 'Operat,ion is kept‘*down" bo a

is hobbed so “that’ it W:Lll mesh smoothly with the worm on the ehaft. ?

It contains ‘ten teeth which” cont.act. the ghaft and” are ‘§O arranged ‘that
each complete revolution of" the a.xle represents ten complete revolu-
tions of the btucket wheel, ~Two addit'ional ‘teeth; ‘pliced 180 degrees - .~
apart and in direct alignment with two of the gear teeth, are also ..
carried by theaxle for the j:mrpOse of electricallvy 1nd5,cating every s
fifth revolution madé by the bucket wheel, ~This axle 1s mounted ona
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bronze frame in .a horizontal position .and the assembly is- housed in the o
. contact . chamber, being. held- in place by means of a met screw. The- bescl:t.

of the. frame through which this set: screw/msses is: slotted to pemit

the adjuetment of the gear teeth with the worm on thc ehaft-

, Conta.ct chamber.'- The contact chamber is a P-shaped unit of: solid*f”‘.j';"ﬁ_;
rolled braes, nickel—p]eted and drﬂ.led to. scarry the . penta- gear, the vt
upper portion of the shaft, ‘and t.o- enclose ‘the.contact points:of the

gingle and penta. b:’md:l.ng posts. .The top of. the cham‘ber :has ‘a; elightl

greater diameter than the main body and is’ drilled and’ intemallyc

threaded to carry a kmzrled cap. which, when £imly i‘ast.ened, loaves a:’:

small .cleerance between its-bottom face and the topof the main’ chambcr

A small phosphor ‘bronze lug is. brazed 1in .t he-chamber .tohold the- shaft

in perfect alignment with the plvot. The contracted portion of the

chamber is of sufficient length to extend tt‘mouph the .upper arm of. the R
yoke and is-drilled sc that the ehaft .can pass: through with. ample clear-
ance. . The set .screw. through ths ‘upper arm of the: ‘yoke -engages- in-a. i
shallow groove around the circumference of. the -contracted-end.qf «the

chamber, holding the entirc chamber securely in position. The back ©

the main chamber is drilled and tapped to ecerry two: b:.nding posts, one -

for contacting the penta gear am the other for contacting the knife :

edge on the shaft, . - e,

B:Lnding posts.‘ 'I‘wo 18-8 atainlees«eteel:: :;blnding posts;.-‘wn.th' 185

contact the knife edge of the shaft and the other to contact the :Lndex :

teeth of the penta gear, - They are 1dent1ca1 in-construction:except .
for the lengths of cable wire necessary 4n making the contacts. The
exposed post end is threaded and burred to: prohibit the complete Te=
moval of the knurled nut.: “The’ contact chamber end ‘ia turned down’ and
tapped for the insertion of a: Now- 26, bronze .cable ‘wire.: This cable’
wire is of sufficient length to. reach the imife- edge on the shaft: or
the ‘index teeth on the penta gear,. To thé.end of.the.cable wire: ie
fastened a ball of silver solder which makes: the ‘contact. " ~Bach. bind-
ing post is insulat.ed Lrom. the contact. chamber cy e threade dilecto
bushing, ' ‘ SRR o

Required changes for 1ow Velocity work. - For low velocity wo,r :
two alterations are made in the Geological . Survey type A meter: before
it is rated, First, the pente gear is.removed from.the, contact cham-
ber, thus leaving only the. single. pcint contacts and seeond, Ahe o
radius of the, pivot point is. reduced from 0. 010 to .005 of an; i.nch. :

622 type. meter, ~ The 622 t;rpe meter varies i‘mm the Geological
Survey type A .only in the shaft. -2ssembly and. pivot. Inthe type A-
meter, this assembly . Oonslsts of a shaft, bucket wheel shub, -pivot ..
bearing and pivot. In the 622 type meter, an.additional part. is: :Ln-—
cluded known :a's the pivot=bearing housing. This housing is pade of
brass end carries the pivot bezring, the b earing end being. enlavrged
and knurled on the side. On the upper surface-of t he knurled enlarge-—
ment 1ls a small dowel pin which fits into & notch made in the lower -
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lower end ofsthe’ shaft may ‘pass” 'bhz'ough the hub ‘ang* *scm into “the= i i
socket in the housing.. The outer circumference of t.l@e h“ub, below the
shoulder; 1s left: smootj.h thus el'i.pinating“theiﬁuck%t"' raiéing _feature

from the. po.int, is-g : aHi an;
8 radius of Ach 010 of an: inch at ‘the’ point.

assembled and also the sha.i‘t assembly i‘or ‘the - 622 ‘type
is assembled as followss ‘first, assemble the: tail piece ‘(10
fasten it to the yoke by means of sét screw (7). “Mext, pla

wheel (24) on the bucket wheel hub {13) with the side marked’ T up and” o i
with the dowel pin ‘on the hub fitting in the notch in the bucket; wheel =~ ..

frame. These parts are” clamped togethér by’ means of the bucket Wheel
hub nut (14).*This essembly is'next placed in the yoke (8); ,
case of the type A meter,-the s'haft (1?) ‘s ‘passed through the hole ,:Ln
the upperarm of the' voke and screwed d1rec‘t.1y in’ao ‘the to) of” the
bucket wheel hub:(13).° In the 622 type meteér, before this aésanbly 13
placed in:the yoke," the ‘pivot~bearing: housmg {(22)"1s ‘inserted into’ t‘
bucket wheel ‘hub(20) with the“dowel piri‘on‘the. :!'bus‘mg-fztting in the
notch in’the-bottom of the hubiThe shaft (12} isth 1
same ‘manner as:for the typeih: ‘meter except: that-it ig's '

the top ofthe pivot~besring housing. The penta gear: (6) 45" next
loosely fastened in'tha'contact chamber (2) by mezns of a small set
screw-passing. through the’ adjusting’ slot of the’penta’ gear pad," he
contact chamber with the chamber head cap (1) removed, ‘is slippediov
the upper end of the ahaft and the lower end of the chamber inserted ‘
into the hole i.n the: upper axm of the yoke. his step mcessitetes= e

not become marred. : The conte ct. chamber is. then) adJusted so t.hat “the
vertical mark on the chamber coineides with'the horizontel mark on the
arm of-the yoke and is héld'in ‘placé by tightening ‘get- Screw 7). The
cap is then screwed into ‘the contact chember.’ ‘The next step is to in-
sert the pivot' (17) or'(23) through the hele in“the lower ‘arm-of the

yoke and after adjusting @078 to glve the proper vertical play to the

shaft assembly, set -screw (7):4s tight ened against the- ﬂattened ‘gide
of the pivot. ‘The “proper: -emount ‘of | play ‘¥s' obteined- in.“the follovd.n% o
manner: . first, loosen the kéeper'screw (19) in' plvot-ad Justing nut 18)

and with the contact chamber: ‘cap’ screwed tightly, tum the meter over -
so that ‘the top of the shaft rests on the bottom of‘the ¢apy” " The’ pivot
is then lowered ontc the ‘pivot ‘bearing ‘thué “abgorbing a1l vertical play
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in the meter. Set screw (7) in the yoke is then tlphtened sufﬁcmntly o
to hold the pivet 1in place’and the pivot-adjustinp nut' (18)°on the: pivot
is then tightened ageinst. the yoke, et screw (7) in tha' yoke is then -
lcosened slightly and the pivot-adjusting nut (18) turned:to the. right
one-quarter of“a turni " With the' ‘pivot-ediusting nut in this' ‘position
the keeper screw is firmly tightened thus locking the nut, end the set = -
screw in the yoke again tightened. “This~ ad:]uetment prondes .008 of an .

inch end play which has been found ‘tobe ‘the” proper amount for'the shaft .. - g
assembly. Since the: meter is alweys rated with this Bmount of ‘play, it

is essential-that this procedure in adjustment be strictly observed when : e
installing a new. pivot or when the point wears: down. 2 L

- With the meter a,djusted for the pmper pla.y, the cap';:is again re- L

moved from thé contact chamber, the penta gear properly -neshed with the
~worm shaft after which' the pad screw is firmly' tightened.' ‘Contact:

points are next placed-in:proper’ adjustment,’ The ‘meter’ assembly is then'; L
Placed with the shaft in a vertical upright* poe:.tion and:subjected toa . S
spin test, ‘If; with a new pivot ‘and bearing & run of 3 mmutes or moz-e,j'-. T

without binding or stopping, is observed, "the ‘contact ‘chamber -cap may ‘
then be replaced and the meter cons:.dered in proper adjustment. ‘s "

The meter thus assembled is then suspended on a hanger w:Lth the

tail piece edjusted ‘with the vahe” ‘carrying the balance® weight (11) pan- i

allel with the yoke. The assembly is then’ balam.edeby mov:.ng the bal-
- ance we:.ght along the slot to the desired poeztlon. LR - _ S

Operat:.on and care of the 622 type and Geo}.ogical Survey type A
meters. - The operat:.on of a current meter, 1ike- any other’ instmnent
of precision, will'largely be affected by the way. ini which it is used.
‘While the design, material and tonstruction of the. meter ‘are ‘also fa.c-
tors co'ltrn.butlng to its successfm operation, they will: not prevent

errors die tor :unproper cere of the- instrument.  Bachifield: man is there-'--': KR
fore urged to exert every effort’in’ keepire’ 'his meterin the ‘proper. con= " ¢
dition but ‘in so- doing he should not make: such repairs .ere likely to =
affect the rating of ‘the mstrument._ In order ‘that ‘he'may satisfy him- =~
self as to the condition of thé meter, he should examine 1t béth. before o '

and after edch meesurement w:l.th regard to the followin? _detal i1s: .
(1) Proper belence, 1f used "rom e cable euspensio

All meters leavmg ‘the Washington office are-bal-
anced by adjusting the ‘balance welight ‘on the tail ‘plece = .
without a lead wire being ‘comected to the-bin ding post .

- on the contact chamber. This ~lead wire should’be flex~
ible enbugh so that it’ will not int erfere with the free

. swinging ofithe meter’ on’the hanger, nér prevant the
meter from assuming a horizontel position when it comes‘ L
to rest, It should not be so long ag to touch the cups‘
when the meter is horizontal and- the" top 6f “the hanger
pushed ahead as far as possible, Both the weight
hanger screw and the meter hanger screw should be
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;+ replaced if. badly worn. as the wear in either may cause~
;' enough friction: to- prevent the'meter fmm swi.ng:mg ‘
BTSN freely upon dthe ha.nge' '

. Pmper mountlng, :

' ing rod with,

ing Tod . and, the wading rod in turn held in:a vertical,

oo will not bear evenly.on the pivot point: in any other
_position. (Furthermor
. .shown that the. meter. decidedly underregisters wh _
o held. in position other than:

_(3)

... :raising.nut, they should .always..be held . statior:ary and
. .:the bucket-ra.lsing nut turned as spin:;:.ng the:rotor" N
.. while the bucket-raising nut is held"’” tationa‘__
... create sufficient. momentum which whEn‘ suddenl.
-checked, ‘may,;; spring either the yoke orthe. shai‘t

+ . .-shaft assembly does.not.need. to be: dismantlgadf‘to ascer—
. -tain whether or not:the. shaft is.'in, alignment, With..

... the contact chémber.in. place, the.cap removed and .the
. --meter held .in a.vertical _position, the. -bucket wheel -
»‘,may be tumed slowly, and- by. watehing the. metal frame.

. .ence in the rotation of the
. the’ contact chamber,.

'True shaft allgnment. _

",mete:- 1is subjected to_a;sharp.blow. or, if the ‘buck

. ~side the contact.chamber may also.be observed - and if
. 8ny: wabble is. noticed which 1is not. .ceused-by a worn.
,\mbearing lug.in. the. chamber, At s mrthe s_‘evi_dence e
.- that, the shaft, is bent. As'a final tast, 'the shaft,
o MY be. dismantled and rolled on a flat. surface, . Any

- meter.found with, 2 bert shaft, sinuld be retumed_‘.to
. ‘_.;Washingt.on for: inspection am repairs. '

(L) ®

when‘ used, fmm a.

s . S

‘?hen the! P;- ce., curren mete is used.
dquble—end ha.nger, itwshould be arrangpd
S0 that. the ‘meter shaft is. always parallel. to the wads

Vel

position. ’I‘he need of, auch precautionary st.eps is 0
vious as :l.t can readily be seen that the pivot: bearing

;ua:q:eriments and tgsts have

also,be taken to eliminat.e

The Bhaf*‘ °f anY:‘:“}eteﬁ‘;?may eeome bent:m if E:'c.h

wheel, for those 'meters. equipped wi the bucket-
rais:.ng feature, is 1lifted’ impmperly.‘ When lifting
the cups. from the-pivot, point by, means. of . the. buckete. .

pey

iThe.

to which is fastened the inner edpes of. t.he cups, it
can be.observed whether or not: the-shaft dsbent. . .In ;-7

addition 1o this test, the movement of the shaft ine

Proper condition ¥ ‘”f”pivot point. and pivot bearing-

After every discharge measuremerrt. 'bcth1the pivot
and pivot bearing should be thoroughly eleaned, thus
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" ’"meter’ should. ever be’ pe.cked or. transporte with the I S
Those meters_f Lo

“of alignment, -

ay
¥
e

‘ _‘removing all water, old oi_'L‘ dirt or abrasive substance- L
- that may be present./ The pivo‘t, shbuld ‘theh be- examined e

with a magnii‘ying glass to see whether the’ point is™

- fractured, worn flat, or rough at. the spex.. Any pivot,
: i‘ractured or hav:.ng a’ roughf point., shotld be'discarded: . .
. .ahd:returned:to. Washington for’ regrinding. “Ind order t.o
“rexamine: comrem.ently and ‘Zlean‘the’ pivot: bearing,«the
- ‘contact’chamber ‘should. be/caremlly tempoved B0 a5 mot
“to ‘mar the. pente gear; SRT
“shaft-assembly’ should:-be tilted t6 ‘one aide. -’ ‘Oeeasion=
" ally the: pivot bear:_ng “becomes cqater.l ‘vith an’ oily sub=-
stance’ which ‘can not- ‘e removed with a clot,h. “Inthis -
. case‘a blunt, soft ‘wobden' pin,”turned: several‘;j times’
within the! bearing, w:\.].‘l usually- assis‘b AR claaning and
“1fethe bearmg shows sighs: of rust; a"few drops of 'oil . /.
“maybe used,. ' The: pivnt bearing; ln.ketthe pivoti‘point, s
'should be' examined for. possible fracture, pits PR
' mughness, “bat .’m no-case’should: ‘the’ beanng ‘b Temov: d ‘

7-guch’ is’ present., and “the’

Trom the" housz.ng by ‘the” engineer in thé fields: No:

pivot; beanng 'resting on'the’ pivot” point
possessing the bucket~raising features should: always

have the cups raised by means of the bucket.—razsing nut_‘j' :.'1;,' =

and those not pozsessmf' this feature should: havef the
ed and the cups h|=-1d_‘ n'place by & dummy

pivot TEMOV

ing, o‘:.l:.ng, and inserbﬂ_ng new- parts

Every 622 Price or Geological Survey tfpe‘.ﬂ. cur-

- rent meter, in addition toithe piveot bearing just dis—‘ i
- cuaeed ‘has' bearing” surfaces above the’ bur..‘ket wheel inooa e
the nature of’ cylindric&l bearings, mesh bearings and
“thrust ‘bearings. These - ‘bearings should’ "al80- ‘be: exam= .
“ined, oiled and cleaned after'each dlscharge messure=
ment, ' If at any time it. is necessiry to. insert a'new '
Spart ‘while in the® field, the meter: should always be?-
. tested afterwards for’ the proper adjuatment. Addi- e
* “tional precaution should be' taken if it is'found mec= . 1 °
essary to replace the contact chember cep, as'all caps. ..~

do not- screw into” ‘the . chamber W the ‘same fixed depth.,"

The reason for this'is that during high velocities’ ‘the S
caps become worh by the head eof the’ ahaft riding on ; RS
“the cap and’ it occasionzlly. bedomes™ ‘necessary:to. ro~

face the cap when the meter is'being repaired:’ Beforeil"..
2 new cap is t.ightened into ‘the. contact chamber, the'™

" pivot sheuld always be lowered, or the cups’ released -
" by lowering the bucket.—raising nut, &s the: ‘head of" the S
shaft may be brought to:bear against the cap vithiguf=

ficient pressure to elther bend or throw: the ‘shaft out
For 1ubricat1ng purposes t.he higheut
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- .Survey type A meter it is rathe:‘ d;fficultstobretain
.01l dn-the: cont.ect. chamber unleasia. definite procedure SR
.is i‘ollowed in, addingv the: oil.;; a‘hie dssaceomplished - . v¢ a0

B ..through. the:hole.at the bottom,:care; being: takenithat ~ | %
... the cap:is:tight, in.the. chambe‘ -The meter is:then: in= i RO R
. verted and;the chamber. .replaced.:; After theimeter:has - hu oo
_ been used: the. CEDy shouldfgbe looeened -slightly te: allow TS TR
Yo & am&ll ‘anpmt of- air:ta enter. )-;screwing down ithe Dl
. cap, oil;\ia then foreed around _h' shaft thus foreing ~ '~ . .7 ‘
,-out any.water:that has collected»:.n the J.ower part.of .
~ the. chamber or; about’ t.hefabaft._‘.ﬁThe use of .this, method‘_\f:_-‘ R
. eliminates:the: ‘frequent.oiling-of,, the. parts contained
in the, contact:chamber.and the.. ‘continual. presencesof oo L
‘the:oil. pmvides add:.t:.on&l electrlcal insulatiun’which“_.,[:« S

’I‘he copmon. ethocl for detemining the.eon .tlon
of the meter is the so=called spin test and. onl:;r by
the correct. :mterpretat:.on of:the: results,thus; obtained,‘»f‘ff L
is the condit:xon of the- meter deflm.tely determined. e

~In.subjecting.a; meter to 8 spin test; it:. uldl beso
. Placed: that.the shaft is in:e.vertical- positim’a and: the
o cups prcteeted against all eir movemente JAg i IR

carefully obser'ved to .note: whether they sto
,_,.,or gradually.~ mVelocitles over,».é of 2. foot

a.pprecla.'ble ei'fect of . mechan:.cal rnslstance"
_meter, Therei‘ore, ‘the: pri.ncipel value of; the Bpin
»test: for velocities-above 465 2. foot:per.second,;:
to md:.cate whether or not the meter. is. operating~ S
_ freely.. : Any meter:that.will spin 1% minutes is.in s

. satisfac‘bory condltion for measuring.all except Very . SR
low velocities and as a matter.of fact, a meter that‘ R LR
will. _spin-one: mdnute- will measure: velocities abovenone' R |
i’oot per semnd w:.thout. appreciable error. ‘ Sl

As the velocity decreasea t.he mot.ive power:also
decreases and for velocities. belf.m 6 of a.foot,.per:
second, the difference between the. metive power end
-the:mechanical resistance of- the meter becomes. very:
s:_uell. Far: thia reason. & meter should be. in excellent
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adjustment and spin at: lca.st t'm minutes when veloci-
ties below .6 of a i'oat per seoond are measured.

623 (combination) type meter. = Th; 623 (o ibin
varies from the 622:or type A meter. only. in: Lh nst.ruction cf some’ of i

its integral parts.s Although the:parts of:the 623:type: meter have neveri"f"f;“

been standardized,:several of them have been greatly improved from time.
to time and as a; result, the' mater: has: become-more durable’ and: senai— ‘
“tives.  The tail piece and the bucket wheel ars eaaentially ‘the:'same’'a
in mproved typesas:: The yoke is: shghtly difrerent 4n shape:and. con~ "
tains @ shorter. tail plece; extensione It:is made either with: or with= "
out a'round.threaded socket situated on! top of the: upper arm.: ‘This; &
socket provides a meens. for: suspending the met.er from the: ‘end of: the-
wading-rod and when not- in useiis pmtected by means ofia; ‘knurled: cap;
A yoke:containing this socket is:known as”the "Covert:yoke".(named :
after: Gy -Co Covert former:district: ‘engineer of the:Us S, ‘Geological:
Survey) and was developed primarily toiassist: in measuring.the' flow ©
water beneath ice cover. Two’ interchangeable ‘contact chambers. are
used,, ons:"arranged 1o cunplete an - ekectrical’ circuit  every: revolut.ion
of the ‘rotor and. the: c-ther conta:ming ‘a penta ‘gea arrang:ment t,o
accomplish this resul‘b .every. fifth revolution of ‘the’ rotor, -The: ne"
est development. in-the shaft is a: stainless gteel one=plece constru'
‘c.:Lon, threaded at the upper end to: carry. either “the knife: blade used
in contacting each revolution or the worm which ‘cperates’ che penta
gear, :The lower end of the shaft; instead of ‘screwing into. the bucke
wheel hub, ‘as igthe- case in the: 'bype At meter, is drilled-and: threaded
to.-screw derB‘bly ontothe’ upper end:of the:hub, thus holding the::

bucket wheel in: place. -The: bucket--wheel hub is: ‘gimilar: in: construction

to $hat of the type A, meter in that: it encloses the pivot bearing and..
carries the bucket—raising nuts: The pivet-is:carriediby a- .plvot ‘hous=
ing which:is drilled.and’ threaded. “The plvot:is:turned: down ‘at:th
point-end thus. producing a:shoulder:a short; distance from-the: point.
The enlarged dismeter of the' pivot is threaded thromzhout to fit-the
pivot housing and carries a small . 1ock ‘nut which: keeps the: pivot £ rom
turning in the housinga. The pivot:ds:ground to z:sharp: point on an: o
angle of 60 degrees and the pivet: bearing on:an® angle of 75 degreee, Ay
't.he beara.ng bem;7 sllghtly rounded at the apex. S :

uThe procedure oﬁ assembllnp t.he 6?3z='.t- pe L Justing
for venticel:play is-essentially the sazme.zs’for:the’ 6?2 and 622 A
types. In the agsembling the main. difference is that the-bucket- wheel
is held:in place.by:the. shaft- inst.ead of ‘byia:iseparate nut. and: when
. the shaft assembly is- placed inthe: yoke ‘the: shaft must be: ;passed
through the hole in the upper arm: from underneathi: In: adjusting for

the vertical play, the:lockinut which holds the: pivot fast in the pivot L

housing is loosened and 'turned back: -geveral threades -The meter is: *bhen

turned over on'the cap with the shaft resting in.g vertical position. : ’
Following this:the pivot is:screwed down until:all vertical- play is.- .,
taken up ‘and- the; shoulder on:the pivot housing is- resting snugly againut. :
the yoke, The pivot-is-then backed off one~third of a turn which pro- ‘
vides:the. proper vertical play,.sand.the lock nut securely: fastened.
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The same preceutioniry t.eps es“diecussed“urﬁer "Operatlon”a’nd care of = .
the 622 and type A mﬂez's"» should be observed for the[ 023 type meten :

-Rating-of | Current Meterss' = In ord.er to derive ‘tha velocity of the‘
water from the rate of rotation: ofithe wtor of:a’ current meter;:'a re=’
lation must be:established between the: speed of:the' rotor: and the vel
city of:the water causing-it .to tumnsi sThe"“(procedure £ et-a’bli;shing
this rela.tien is: lmewn @ag "re.ting the current. met.er?'-

can not be: used for nccmrate worlts Ratings alsu difi‘er “Bven? i‘or the
same meter if it is: suspended differently,: or if 'ounding:weights of:
different.sizes and :shdpes.are used; or:ifithe meter:is suspehded; Pin
different: positions with: ree;pect. ‘tioithe bottom of the sourding weighta
For the reasons-thus: given), eech:meter:used by-the SurVemris ‘individ
ally retedswith'a;#tpndard suspension-and-eoefficients [ :
by wh:.ch rat.:mgs for other suspensien mayb *;-comput

. The Nat.:.enal Buree.u of Standarde ra.t ngostatdons:~
The meter:rating stetion: operat.ed ‘by:the! Na:hional ‘Bureau of:Standards
in Washington consists of 2 reinforced concrete-basin 400 .7 long,

6 ft.wide and 6-ft. deeps :Located:oneach side’and’ 'extendingiover: .
the entire:lergth:of:this’ channel‘ are rails-which: icarry an dectric¢all
driven rating.care- This:car’is equipped to move: the “meter: e.t.*'fvarieus
rates’of ‘speed:through’the:sti1l water in-the flumes ‘Although this
rate of ‘speed:is adjusted: appro:dmtely by means:of: Tegulating: igear;
the actual:velocity of'the moving car is obtained: bymxeaeuring the:dias=
tance “it~ travels’ ina given time,! This*isaccomplishediy: :means ‘of | a/
graduated-scale locited along the sideofithe flume./ Invrating ‘8 cur
rent-meter; - from €:to- 10-double runs are made; withithese rurs so dis=
tributed as to: definetheirelationsiof the: speed of: the {rotor:in rovo=
lutiops per second:and:the: velodty of: movement thmugh themater :for
" the range-of velocitiesto be'encountersedi’ Practical: considerations
usually: limit:theiratings to-velocities renging from: one-tent.h of 2
foot per second . to -about:15 feet-per: eeeond although -‘:the rat.:mg ca
can be operated at: bot.h higher and lowe ‘spe ] s

Current Keter Rat.;ggg. ~ After current. meters are rated”by the S
National Bureau of Standards:they are‘retumed to the: Geological Sur= .
vey, the meters: going directly to:the Division of:Field. Equi,:lnentj“* vy
The . blueprints or ‘the: ra'tings -are: transm:.tted by‘the D:.rect.or of the'f

the plott:mg of: each*ind:.vidwl qun’made *in the._rating flume: and+ ‘are;
plotted at two scales:with:the révolutions per. second. ofthe robor as -
the ordinate ‘and:the yelocity of -motion in feet.per second: as: the ;
abscigsas - The ‘'observetions for, velocities- eorrespondang ‘to-one:. revo-
lution:per:second or le ss are -plotted at-ailarger scale:then the velo=.
cities greater ‘than ‘those ‘corresponding: to one - ‘revolution per: eeeond.. S
The-valuesiused in plotting ere:-the results.of the run: in.each direo- S
tion, eonsequently these values are plotted:-in.peirs;. two: points IOr
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each double run,: Theoretically, the:rotor.of the meter, passing:oever ai. |-

given:distance shopldirevolve the: s ameumber; of-41mes’ regardless -3 S
any varistion in.the: velocity of motion /ceasing ¥t tb.turns: This:is. 1
usually found to:be approximately.t rue:for t he higher.velocity. rating

but for lower: velocity ratings the.frictdon ofl the :instrument :ceases.to: -
decrease proportionately in percentage with the decreese in retationof =
the rotor, thus:msking. it.necessary:to.use two.or rore straight.lines .~
withidifSerent. slopes:to eXpri 86 graphiically the tomplets: rating:of a
current. meters -If the.reting-is: expressed by one'scale a break: _
slope.of. the line will usually-oc curibetween: 0.5 and:1.0 revolutions . g
per gecond and the line will not pass exactly throughithe priginiof:the. .
coordinates because e smell. amount of-velocity s ‘required:to overcome:

the inertia.of the:rotor, ~Itris the usual. practice, however; to exe
press the rating -'f‘ciq;r:;_arelqcit.ies:,-’_‘com-iéSpbndj.;ngf}et;o»;Q_m ‘revolution per

second .argd..-less by one; sitr'ai'mtg,rfline_.z;‘,..dra_m\;on;ija‘n;-énlarg’éd‘v.'s cale:and: the,

rat ings, sbove.one revolution par second by anbther streight line which ' e

may. heve a different slopes :{-Occasi'onally:zexamixiatip,r;..f-‘qf.;;b’}ie-’%.:jiiné'ﬁmiade
in.rating the ourrent :meter reveals that:more thanitwo! straight lines.
are-necessary to accurately: express the- ratings

where the procedure is as follows: The rating curves ‘or diagrams as ..
prepared at.the:Netional: Bureab of ‘Stendards-are firstiexaminediton. . ..
ascertain if there .are.any changesin-slopes.:. With the «‘«p_D__intsff'pf?ghangfefﬁ__‘;f

in slope as the control points, ‘the equations of: the 1inesibetween

those points are computed and corresponding values of. evolutions per '
second and velocities are tabulated'on Form .9=206c4™

Tho rabing bables are prepared in the Water Resources:

: A studyiof:these =
tabulated values ig then'made to ascertain’if ‘any of.the.rating tables -
on file are sufficiently close to these values so that an existing o0
table -can be used without appreciable error.: :Thereiare: now ‘on file . S
several hundred current meter ratinglit'a'bl‘es_i’j'eL_ndj a‘-_syst'gmilhas“ébeé'n_s dem:7i
vised whereby it is easy to select a table ‘corresponding to any individ-
ual rating if such a table is availables A ‘new table. is computed if no ' . .-
table is fQund that is sufficiently close to ‘the ‘tabulated ‘values.” *In‘' .
general, it should be noted that errors in resding the stop watch in .
meking current meter measurements are ‘,;c_bnsi'gi_.é‘x‘rably‘%“gz}eater=g’t:han“ the
error incurred in using reting tables taken from the existing file,

“meter. - When aicurrent meter = -

. . Iastructions for shipment of curre ~:When a:current
o Washington for repairs and rat-

is transmitted by the districtcffice t : ' _ar
ing, a special mimeograph fom letter. in triplicate is filled out set= ' '
ting forth ‘the following informetdens. . how .shipped, ‘numbey.of Govern= "
memt bill of lading,: shipping box number, type-of meter, Water Resources
.numbér of .meter; -serial pumber of the contact ‘chambers,:and the'district
office ownerships- A brief atagtement is.alsc.given® regarding the neces—*
sary repairs which:ere considered needed. ind:the suspensions for which=.
ratings gre desired, ' Shipping end hilling.instructions must alsobe . '
shown which include .the address-to: whioh the ‘meter is to be returned
and the appropriation and allotment to which any charges.eve to be msde,
The meter, when returned to the district office, is accompenied by two -
copies of Form 9-i45a which shows the itemized charges for the cosis of
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new, parbs, 4t any, and the lahnr chargewf.‘nr Pk done by t.he Diviai.Ont-:ﬁ:" :
of Field: Heuipment dwm: repairing sanditestineithe: rmeters: Onithis:form

is also-shown.the:spin‘test of: + he:meters:when ryéady: For:shipment-to 7
the field, :Upon receipt.of:the:mater: by the:district .office; ‘theiorig=:
:.nal copy oi‘ Form MS& i" : ‘ 4 .Washington

S ectian and e airs oi‘ current ;
Eguigent. =-h current-meter; when: recaived fromithe: fie).d, - N
examined by-an engineer An the:Yater: Reso’nrces ‘Branch and dts conditionf’*
noted and needed repairs’ ‘compared: with: =those requested 4n’the‘letteriof
transmittel (in:triplicate and:to:vhich may heve boen added:cofments
respecting the:meter-andi the rating: desired:at the ‘NationaliBuréau of
Standerds) which:the district enginer used:in. transmitting the meter
The meter, withione copy:of: the letter of: transmittal, is:then sent’ 0"
the Division-of Field Equipment™ «The-meter iz given-an ‘initialiepin
test: (by:mechanical means):and carefully: -examined in:theiDivision’o
Field Equipment,’ where &all: necessary: repairg touput’ the'meter in: !‘irat-
class condition ‘are mades * The:meter is :then sent:to:the: National !Bupw= -
eau of Stendards for rating, ‘after:whichiit 1is ‘peturned to the Division .
of Field Equipment for another spi.n test -b‘ei‘ore bexng'returned to the -
distrlct. engineer. o b, o

In add:.tion 40" t.he meehanical spm:test.s, e 6f" o™
tant -tests made -to:the meter. during and ai‘ter repa:.ring and befor”-" 1
meter is- rat.ed, are as. follows. W

T,he cups are tested to ‘8 ssure. that they are: propﬂrly balanced
and t.hat the centers oi‘ the cups retat.e in one plane-

proper a.lignmmt.

The axis.of the meter yoke and tail piece igtested:ito
it is perpendlcular t.o the shaft about. which t.he cuns rotat.e.

The cylindrica.l p.art 0 " Tthe lower bearing is 'bested. to: ee. t.hat L
has not WOIn : sufflciently to allow excesswe s:.de play.

.. The bearmg 1ug in the contac‘t. hamb
of :weara. ;

Afte;r the met.er :.s rai.eu and retumed i:nyg the: Natioral Bureay- of
Stand&rds it is givm 2 ‘spin-test-and its: .general: ‘con@ition Le: ‘obeerved: =
for-effects of possible :i.njuries or. danages which may: hava occurred sub-
sequent to prapazing the.reter for rating. : If the meter »Appesrs:to: be
in ‘good condition when, received from the Bureau;of Standards sfter- rat-
ing, the pivot and pearing: ere carefully wiped,: polished and: ‘oiled, and "
the meter given a fimsl- sp_’m t.est,, after which it. s retumed to the 5o
district engineer. e e . \ B




