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This invention relates to flow measuring apparatus 
wherein pressures are measured upstream and down 
stream from an orifice plate assembly to determine the 
rate of flow of fluid. This invention is particularly di 
rected to improved forms of orifice plate transfer assem 
blies which enable any one of a series of orifice plate as 
Semblies to be brought into fiow-measuring position. 

While various orifice plate transfer assemblies have 
been proposed and used in the art, they have not been and 
are not entirely satisfactory for several reasons. diffi 
culties have been encountered in properly aligning the 
orifice in the pipe by the transfer mechanism. It has 
been necessary to bleed down the line when changing 
plates. Previous orifice plate transfer assemblies do not 
readily lend themselves to remote control operation 
which has become and is becoming more and more im 
portant as automation is applied in the art. Moreover, 
many, if not all, orifice plate transfer assemblies proposed 
and used in the art are not entirely satisfactory for high. 
pressure use, which high pressures are becoming more 
and more prevalent in the art. The present invention is 
directed to an improved orifice plate transfer assembly 
which in its several aspects overcomes the previously 
mentioined disadvantages of such orifice plate transferas. 
semblies. 

It is therefore an object of the present invention to pro 
vide an improved orifice plate transfer mechanism which 
overcomes the above-mentioned disadvantages. 
A further object of the present invention is the provision 

of an orifice plate transfer mechanism which includes 
positive stop means which insure accurate alignment of 
the orifice plate in the line. 

Still a further object of the present invention is the 
provision of an orifice plate transfer assembly by which 
orifice plates may readily be changed or removed and re 
paired or replaced without bleeding down the line. 
A further object of the present invention is the pro 

vision of an orifice plate transfer mechanism which may 
conveniently be operated from a remote location and 
which can readily be incorporated into and be operated 
by automation systerns. 

Still a further object of the present invention is the 
provision of an orifice plate transfer mechanism which is 
readily and effectively used in high pressure systems. 
A further object of the present invention is to provide 

an improved form of orifice plate transfer mechanism 
which employs a rotary carrier plate having a plurality of 
openings each carrying an orifice plate assembly in which 
the rotary plate carrier is positioned within a chamber, 
and wherein ribs are provided on the walls forming the 
chamber for sliding contact with the orifice plate assem 
blies carried by the plate carrier. 

Another object is to provide such a device in which 
the chamber is defined between two body members, one 
of the body Imembers having a rotary shaft extending 
therethrough for turning the plate carrier, and the other 
body member having an access opening for installation 
and removal of orifice plate assemblies with respect to the 
plate carrier, the access opening having a removable 
closure. 

Other and further objects and advantages will appear 
from the following description of presently-preferred em 
bodiments of the invention, given for the purpose of dis 
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closure, and taken in conjunction with the accompanying 
drawings, where like references designate like parts 
throughout the several views, and where 
FIGURE 1 is a front elevation showing an orifice 

transfer plate according to the invention. 
FIGURE 2 is a sectional elevation taken on the lines 

2-2 as shown in FIGURE 1, 
FIGURE 3 is a sectional view partly broken away 

taken on the lines 3-3 as shown in FIGURE 2, 
FIGURE 4 is a front elevation similar to that of 

FIGURE 1 illustrating a modification of the invention, 
and 
FEGURE 5 is a front elevation similar to that of FIG 

URE 4 illustrating the device in a positive-stopped posi 
tion insuring accurate alignment of the orifice plate in the 
line. 

Referring to the drawings, and particularly to FIG 
URES 1-3, inclusive, the body or housing generally des 
ignated it is formed of two housing members i and 22, 
as best seen in FIGURE 2, which are circular in shape 
and which are clamped together by means of threaded 
fastenings i3. A seal ring 14 at the joint face i5 pre 
vents ieakage. As best seen in FIGURE 3 the body 
members 11 and 2 cooperate to form a circular chamber 
26 therebetween and a circular plate carrier 7 is mounted 
to rotate within this chamber 56. As best seen in FIG 
U2E 2 plate carrier 17 is fixed by welding or brazing i8 
or citherwise connected to the rotary shaft 9 projecting 
axially through the body member 1. The seal rings 28 
and a gland 21 encircle the rotary shaft 19 and serve to 
prevent leakage. 

Referring now to FIGURE 3, the plate carrier 17 is 
provided with a plurality of openings 23 extending there 
through which are circumferentially spaced in the carrier 
plate 17 and which are equidistant from the rotation axis 
of the shaft 9. Each of these openings is adapted to re 
ceive an orifice plate assembly 24 and these orifice plate 
assemblies 243 may be of the type disclosed in the Whalen 
Patent 2,687,748 or the Whalen Patent 2,860,901, or 
may be of conventional construction so long as they are 
able to fit within and seal the gap 25 between adjacent 
ends 26 and 27 of the aligned pipes 28 and 29 as shown in 
FIGURE 2. The adjacent pipe ends 26 and 27 may be 
provided with wear rings 30 if desired. Each of the 
aligned pipes 28 and 29 projects through its respective 
bedy member and projects into the circular chamber 6. 
Each pipe is preferably welded to its respective body 
member. 
Means are provided for turning the plate carrier 17 

within the circular chamber 16, and referring now to 
if GURE 2, this means includes a ratchet wheel 35 fixed 
oil the projecting end of the shaft 9 exteriorly of the 
channber 16. The ratchet wheel 35 may be connected 
to the shaft 9 by means of the taper pin 35. As shown 
in both FIGURES 1 and 2, a crank arm 37 is loosely 
racinited on the shaft 9 adjacent to the ratchet wheel 
35. This arm 37 carries a pivot pin 38 which supports a 
spring loaded or actuated pawl 39. This pawi provides 
a one-way drive for turning the shaft 3 in the direction 
of the arrow 43 as shown in FGURE 1. When the arm 
37 moves in a counterclockwise directioja, the pawl 39 
engages the teeth on the periphery of the ratchet wheel 35 
to turn the shaft 9 and the plate carrier 7. When 
the arm 37 noves in a clockwise direction, as viewed in 
FIGURE 1, the pawl 39 rotates about the pin 38 against 
the tension of the spring but does not turn the ratchet 
wheel 35. A suitable stop means 85 may be provided 
adjacent the crank arm 37 to limit its movement in a 
counterclockwise direction to insure that the plate carrier 
37 is iotated in equally spaced increments. 

Referring again to FIGURE 1, suitable means are pro 
vided to move the arm 37, here shown as a power cylin 
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der assembly generally designated by the reference nu 
meral 45. This assembly 45 includes a piston rod 46 
which is connected to the arm 37 by means of the clevis 
47 and the pivot pin 48. The cylinder 49 is supported 
on the pivot pins 53 carried on a yoke 5 fixed to the 
body member 11 by means of the threaded fastenings 52. 
The fiexible hose connections 53 and 54 are connected 
to opposite ends of the cylinder 49 for driviag the pistoia 
(not shown) in either direction for reciprocating the piston. 
rod 45. The hoses 53 and 54 are connected to a four 
way waive assembly 55 mounted on the body member 1. 
Gas under pressure for actuating the power cylinder 45 is 
supplied to the four-way valve assembly 55 through the 
connection 56, and control pressure for operating the four 
way valve assembly 55 is supplied to the diaphragm men 
ber 57 by means of the conduit 58. Additional conduits, 
not shown, are connected to the fittings 68 and 6i, as 
showin in FIGURE 2, on the body members is and i2, 
respectively. The fitting 60 communicates by way of pas 
sageway 62 with the interior of the pipe 28 on one side 
of the orifice plate assembly 24, and the fitting 61 com 
municates by way of passage 63 with the interior of the 
pipe 29 on the other side of the orifice plate assembly 24. 
No more details of the power assembly 45 are given as 

any preferred actuating assembly for the arm 37 may be 
used whether it is pneumatic, hydraulic, mechanical, elec 
trical or a combination thereof. 
As shown in FIGURE 2 an access opening 65 is pro 

vided in the body member 2 for installing and removing 
orifice plate assemblies from the openings 23 in the plate 
carrier 17. As previously mentioned each of the open 
ings 23 may be filled with an orifice piate assembly, al 
though certain of these are omitted from the drawings for 
clarity of illustration. The access opening 65 is closed 
by a removable closure 66 held in place by the threaded 
fastening 67 which closure 66 carries a central stationary 
post 68. A back-up plate 69 is provided with a central 
threaded socket 70 which receives the threaded post 68. 
Ajam nut 71 holds the back-up plate 69 in adjusted posi 
tion with its forward face 72 in a co-planar position with 
concentric arcuate ribs 73 and 74 (FIGURE 3) which 
project into the chamber 16 from the wall 75 of the body 
member 12. A boss 76 on the wall 75 engages the center 
portion of the end of the shaft 19. Concentric arcuate 
ribs 77 and 78 project from the wall 79 of the body mem 
ber 11 into the chamber 16. The ribs 73 and 74 are inter 
ruped by the access opening 65 and by the inward project 
ing end of the pipe 29. The ribs 77 and 78 on the body 
member 11 are each circular except for the portion which 
is interrupted by the inwardly projecting end 26 of the 
pipe 28. 
The concentric ribs 73 and 74 and the concentric ribs 

77 and 78 serve as guides which contact the side edges 
of the orifice plate assemblies 24 which are in positions 
other than between the adjacent ends of the pipes 28 and 
29. The orifice plate assemblies 24 are not tightly held 
within their respective openings 23 in the plate carrier 17, 
in order that they may seal properly in the gap between 
the adjacent pipe ends. The concentric ribs described 
above hold the inactive orifice plate assemblies in central 
position and the ribs minimize friction between the ori 
fice plate assemblies and the body members when the plate 
carrier 7 is turned. 

In operation, fluid passes through the aligned pipes 23 
and 29 and the pressure drop across the orifice plate assem 
ibly 24 is measured by means of pressures in conduits at 
-tached to the terminal fittings 60 and 61. When it is de 
sired to move another orifice plate assembly into position 
in order to obtain a different size opening or for any other 

- reason, pressure is supplied through conduit 58. This 
causes the four-way valve 55 to actuate the power cylinder 
45 through flexible hoses 53 and 54. The arm 37 Swings 
clockwise away from the adjustable stop 85 while the 
pawl 39 rotates about the pivot pin 38. Release of pres 
sure in the line 58 then causes the diaphragm mechanism 
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57 to again shift the internal parts of the four-way valve 
assembly 55 and cause the power cylinder assembly 45 to 
extend the piston rod 46, thereby swinging the arm 37 in 
a counterclockwise direction. The pawl 39 then engages 
the notched periphery of the ratchet wheel 35 and turns 
the shaft 19 and the plate carrier 17 in the direction of the 
arrow 40. This arrow 46 is cast or otherwise mounted on 
an indicator plate 86 which is fixed to the shaft 19 by 
means of key 87 and threaded fastener 88. A stationary 
index pointer 39 attached to the outer-surface of the pipe 
25 provides a reference point indicating which of the vari 
ous orifice plate assemblies is in operative position, as 
shown by the numbers or other indicia on the indicator 
plate 86. 
Advantageously the orifice plate assemblies 24 may 

be installed and removed with respect to the plate car 
Tier 17 by removal of the closure 66 and back-up plate 
69 without bleeding down the line as here shown by the 
aligned pipes 28 and 29. This is accomplished because 
the orifice plate assemblies 24 seal the pressure in the 
line when in place and equalize the pressure in the line 
and in the chamber 6 while moving the plate-like car 
rier i7. With an orifice plate assembly 24 in place in the 
line, the pressure may be bled out of the chamber 16 by 
slightly loosening the closure plate 66. Once the pressure 
in chamber 56 has been equalized with atmospheric pres 
sure, the closure plate 66 may then be removed, the 
orifice plate assembly 24 removed for repair or replace 
ment and another instailed. The closure plate 66 may 
then be secured to the access opening 65 and when an 
orifice plate assembly 24 is moved from the gap 25 be 
-tween the aligned pipes 28 and 29 the pressure in the cham 
ber 16 will automatically be equalized with the line pres 
Ste. 

As previously mentioned, it is advantageous to provide 
a positive stop so that the orifice plate assembly 24 will 
be accurately positioned in the gap 25, FIGURE 2, be 
tween the aligned ends 26 and 27 of the pipes 23 and 
29. Such a construction is illustrated in FIGURES 4 
and 5, to which reference is now made, and in which the 

'a' is added to parts corresponding to 
those of FIGURES 1-3, inclusive. - 
As shown in FIGURES 4 and 5, the arm 37a is pro 

vided with the generally rearwardly-extending projection 
90 which carries a roller 91 at its outer terminal end. A 
stop member 92 is slidably secured to the housing mem 
ber 11a by the bolts 93 disposed in the slot 94. The 
spring 95 urges the stop 92 into engagement with the 
notches in the ratchet wheel 35a, as shown in FIGURE 4. 
A cam 96 provided with the cam surface 97 is pivotally 

connected to the housing by the cam screw 98 for actu 
-ation of the stop member 92 when the roller 91 engages 
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and rolls along the cam surface 97. To this end, an 
enlargement 99 is provided on the stop member 92 which 
is engaged by the ear 100 on the cam96 so that actuation 
of the cam 96 by the roller 91 urges the stop member 
92 away from and out of engagement with the notches 
in the ratchet wheel 35a as shown in FIGURE 5. 

In operation, when the power cylinder 45a is actuated 
to move the piston rod 46a inwardly into the -cylinder 
49a, as previously described, the roller 91 toward the end 
of the stroke engages the cam surface 97 and moves the 
cam 96 thereby forcing the stop member 92 out of en 
gagement with the notches in the ratchet wheel 35a as 
shown in FIGURE 5. This frees the ratchet wheel 35a 
for movement by the pawl 39a on the return stroke, the 
inner end of the stop member 92 sliding along the outer 
Surface of the ratchet wheel 35a during the return stroke 
of piston rod 46a. At the completion of this stroke, the 
stop member 92 engages the notch in the ratchet 35a 
moved proximate its end and thereby provides a posi 

75 

tive stop, as shown in FIGURE 4, which thereby insures 
that the orifice plate assemblies 24, not shown in these 
views, will be properly aligned as previously mentioned. 
It is noted that the ratchet wheel 35a, and hence the 
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orifice plate assemblies 24, are locked by engagement in 
either direction. 
The other parts and operation of the orifice plate trans 

fer device 1a shown in FIGURES 4 and 5 are the same 
as those in FIGURES 1-3, inclusive, previously men 
tioned. Accordingly, no more detailed description there 
of is deemed necessary. 

While the power cylinder assemblies 45 and 45a shown 
in FIGURES 1 and 4-5 are highly advantageous in use, 
if desired manual means may be utilized in addition there 
to to rotate the plate 17 in the event of a power failure or 
may be substituted therefor to provide a completely man 
ual system. 
The present invention, therefore, is well suited and 

adapted to obtain the advantages and carry out the ob 
jects and ends mentioned as well as others inherent there 

. 
While presently-preferred embodiments of the inven 

tion have been given for the purpose of disclosure, changes 
in details of construction and arrangement of parts will 
occur to those skilled in the art which are encompassed 
within the spirit of the invention as defined by the scope 
of the appended claims. 
What is claimed is: 
1. In a flow measuring orifice plate transfer device, the 

combination of: a pair of body members having walls co 
operating to define a generally circular chamber there 
between, a plate carrier in the chamber, means including 
a rotary shaft projected through a wall of one of the body 
members for supporting and turning the plate carrier 
about the shaft axis, said plate carrier having a plurality 
of circumferentially-spaced openings for reception in 
each of said openings of an orifice plate assembly, each 
body member having a pipe extending therethrough with 
an end projecting into said chamber at a location offset 
from the shaft axis, the pipes being axially aligned and 
having a gap between adjacent ends, the plate carrier 
extending into said gap to position one of the orifice 
plate assemblies between the pipe ends, and means posi 
tioned exteriorly of the chamber for turning the shaft by 
increments to bring any one of the orifice plate assen 
lies into alignment with the pipe ends, said last-men 

tioned means including a ratchet wheel connected to the 
shaft, an arm rotatably mounted on the shaft adjacent 
the ratchet wheel, a pawl carried by the arm and effec 
tively engaging the ratchet wheel in one direction for ro 
tating the ratchet wheel in said one direction only, a 
spring-pressed stop member yieldingly urged against the 
ratchet wheel providing a positive stop thereof, a cam 
adjacent the stop member, means on the can engaging 
the stop member for moving the stop member away from 
and out of engagement with the ratchet wheel upon actu 
ation of the cam, a cam roller secured to the arm and ar 
ranged to engage the can upon movement of the arm in a 
direction away from said one direction thereby freeing the 
ratchet wheel for rotation by the pawl of the ratchet 
wheel on movement of the arm in said one direction, and 
means for moving the arm. 

2. In a flow measuring orifice plate transfer device, 
the combination of: first and second body members hav 
ing walls cooperating to define a generally circular cham 
ber therebetween, a piate carrier in the chamber, means 
including a rotary shaft projecting through a wall of the 
first body member and fixed to the plate carrier for 
supporting and turning the plate carrier within the 
chamber, said plate carrier having a plurality of circum 
ferentially-spaced openings therein equidistant from its 
axis arranged to slidably receive an orifice plate assem 
bly therein, each body member having a pipe extending 
therethrough with an end projecting into said chamber 
at a location offset from the shaft axis, the pipes being 
axially aligned and having a gap between adjacent ends, 
the plate carrier extending into said gap to position 
one of the orifice plate assemblies between the pipe ends, 
at least one guide holder on each body member project 
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6 
ing into the chamber for sliding contact with the other 
of said orifice plate assemblies for holding said assem 
blies in said openings, means on the first body member 
for turning the shaft by equal increments to bring any 
one of the orifice plate assemblies into the gap and into 
alignment with the pipe ends, said last mentioned means 
including a rachet wheel connected to the shaft, a crank 
arm loosely mounted on said shaft, a spring loaded pawl 
carried by the crank arm and engaging the rachet wheel 
for one way drive, sealing means disposed about each 
orifice plate assembly and sized to contact the pipe ends 
for sealing off pressure in the pipe ends from the cham 
ber when the orifice plate is disposed in the gap, means 
on the other body member providing an access opening 
for installation and removal of orifice plate assemblies 
with respect to the plate carrier, a removable closure 
for said access opening, and stop means arranged to 
engage the means on said first body member for turn 
ing the shaft upon bringing each of said openings in 
said plate carrier into the gap and into alignment with 
the pipe ends. 

3. In a flow measuring orifice plate transfer device, 
the combination of: a pair of body members having walls, 
cooperating to define a generally circular chamber there 
between, a plate carrier in the chamber, means including 
a rotary shaft projecting through a wall of one of the 
body members for supporting and turning the plate 
carrier about the shaft axis, said plate carrier having a 
plurality of circumferentially-spaced openings therein, 
each opening having an orifice plate assembly slidably 
mounted therein, each body member having a pipe 
xtending therethrough with an end projecting into said 
chamber at a location offset from the shaft axis, the 
pipes being axially aligned and having a gap between 
adjacent ends, the plate carrier extending into said gap 
to position one of the orifice plate assemblies between 
the pipe ends, each of said body members having a 
passageway on opposite sides of the gap and extending 
into one of the pipes for measuring the pressure on 
either side of an orifice, arcuate holding ribs on each of 
said body members projecting into the chamber for slid 
ing contact with both sides of the other orifice plate 
assembly for holding said other orifice plate assemblies 
in said openings, and means positioned exteriorly of the 
chamber for turning the shaft by equally spaced incre 
ments to bring any one of the orifice plate assemblies 
into alignment with the pipe ends, said last mentioned 
means including a rachet wheel connected to the shaft, 
a crank arm rotatably mounted on the shaft adjacent 
the rachet wheel, a pawl carried by the arm and effec 
tively engaging the rachet wheel in one direction only, a 
Spring-pressed stop member yieldably urged against the 
rachet wheel providing a positive stop thereof, a cam 
adjacent the stop member, means on the cam engaging 
the stop member for moving the stop member away 
from and out of engagement with the rachet wheel upon 
actuation of the cam, a cam roller secured to the crank 
arn and arranged to engage the cam upon movement 
of the arm in a direction away from said one direction 
thereby freeing the rachet wheel for rotation by the 
pawl of the rachet wheel on movement on the arm in 
Said one direction, and double acting arm moving means 
connected to said crank arm for actuation of the arm in 
both directions. 

4. In a flow measuring orifice plate transfer device, 
the combination of: first and second body members hav 
ing walls cooperating to define a generally circular cham 
ber therebetween, a circular plate carrier in the cham 
ber, means including a rotary shaft projecting through 
a wall of the first body member and fixed to the plate 
carrier for supporting and turning the plate carrier with 
in the chamber, said plate carrier having a plurality of 
circumferentially-spaced openings therein equidistance 
from its axis arranged to slidably receive an orifice plate 
assembly therein, each body member having a pipe ex 
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tending therethrough with an end projecting into said iremoval of orifice plate assemblies with respect to the 
'chamber at a location offset from the shaft axis, the plate carrier, a removal closure for said access open 
pipes being axially aligned and having a gap between ad- ing, and stop means arranged to engage the means on said 
jacent ends, the plate carrier extending into said gap first body member for turning the shaft upon bringing of 
to position one of the orifice plate assemblies between 5 each of said opening in said plate carrier into the tap 
the pipe ends, an annular U-shaped seal disposed about -and into alignment with pipe ends. w 
the periphery of each orifice plate and within the carrier 
{opening and sized to contact the pipe ends and seal off References. Cited in the file of this patent 
pressure between the pipe ends from the chamber when UNITED STATES PATENTS 
an orifice plate is disposed in the gap, at least one 0 . . - - - 
arcuate guide holder -on each body member projecting E. Syll a- - - - - -n ou-a- - - - as all a A, 2. 3. 
into the chamber for sliding contact with all of the other 18 3.418 O'Leary et al. July 7. 1931 
of said orifice plate assemblies for holding said assem- 1,842,382 Arey ------------------ Jan. 26. 1932 
iblies in said carrier openings, means on the first body 2,105,198 McNamara.------------ Jan. 11, 1938 
for turning the shaft by equal increments to bring any 5 2.214,194 Frankley----------- Sept. 10, 1940 
one of the orifice plate assemblies into the gap and into 2,214,195 Frankley -------------- Sept. 10, 1940 
alignment with the pipe ends, means on the other body 2,219,504 Willis ----------------- Oct. 29, 1940 
member providing an access opening for installation and 2,431,836 Snyder ---------------- Dec. 2, 1947 


