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Technical Talk Summary for August 2003

Our speaker for the August meeting was Bob Cohen whose topic was THE
DESIGN CARE AND FEEDING OF CHECK VALVES. The material Bob presented was
originally published in the April 197% issue of Live Steam, page 19 by
Everstt Clem. The information was in three tables with no accompanying
text. Bok's contribution was tec add explanatory notes, correct Figure 1,
and expand the discussion to the maintenance and repair of check wvalves.

What is a check valve? Anytime a closed vessel is filled with a fluid
under pressure; some means must be used to prevent the escape of the
fluid once the pumping action has stopped. Two model engineering
examples come to mind immediately wviz. steam boiler and air brake tank.
Thus, check wvalwves (or clacks) are used to insure flow in a given
circuit in one direction only. A good analogy is the diode in an
electrical circuit.

Although there are many types of devices used to control the flow
through a check wvalve, Bob focused only on those valves using stainless
steel balls. Inline walves have the inlet and outlet bores coaxial and
may be mounted either vertically or horizontally. The familiar
locomotive clack has the inlet wvertical and a horizontal ocutlet
connecting directly into the boiler shell. Usually the backpressure
keeps the ball in its seat, but in scome circumstances it’s advantageous
to employ a spring to hold the ball in place. HNote in Figure 1 the
dimension H; which is to be used if the ball is spring loaded. Check
valves for lubricators are usually mounted upside down so use a spring
tc keep the ball against the seat.

An important dimension in a check wvalve is the distance the ball rises
out of its seat. The correct amount of lift depends on the application.
In general, check valve lift for mechanical and steam pumps is between
1/8 and 1/6 of the ball diameter. Check wvalves for injector service use
the highest 1lift: 1/3 ball diameter.

Check wvalve design starts with selecting the ball seat diameter 5. See
Figure 1. Although the value may be calculated, it's quicker to survey
the published designs for typical sizes for a given scale. Keep in mind
that check valves should (1) be designed to give minimum resistance to
flow in the easy direction, (2) have infinite resistance in the back
direction, and (3) be easy to service.

Tables 1, 2, and 3 along with Figures 1 and 2 prowide all the
information to design a check wvalve.
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Consider the following design example.

Service: Injector
Seat Diameter S: 3/16 inch

From Table 1 find the line for seat = 3/16 inch under Column 5. Move
right to Column Ball Size D and find the ball diameter of 1/4 inch. If
starting with the ball diameter use Table 2 to determine the seat
diameter. Next, go to Table 3 and find the depth M to be 0.042 for a
1/4 inch ball sitting in a 3/16 inch seat. That means the top of the
ball is 0.25-0.04 or .21 above the seat surface. This dimension along
with the 1lift desired will determine where to place the pin that limits
the ball travel. In this case, the lift will be 1/3 of 1/4 or 0.08
inch. Therefore, the stop pin must be placed so that its point of
tangency with the ball is 0.21+40.08 or 0.29 inches above the seat
surface.

Refer to any text on model engineering for typical valve construction.
The one-piece body types have minimum joints to seal, but may require
making a D bit to form the seat. Further, should the seat need
attention later it may be difficult to correct the problem. Splitting
the wvalve body at the seat surface creates another joint to seal, but
has the advantage that seat is easily made and should the seat need
attention, it is very accessible for repair or replacement. The diameter
H:; is found in Table 2 and for a 1/4 inch ball it's 0.325 inch.

After the valve is constructed, the ball needs to be seated. If the
hammer tapping method is selected, make a bushing that fits inside the
body to guide the punch while it is tapped so the ball is hit squarely
in its seat.




Seating Data For Ball Check Valves

TABLE ONE
Ball Size (D)
Bassd On Seat Dia (S)
Seat Dia. (S) Decimal (S) Ball Size (D) Ball Size {min) | Ball Size {max)
5764 078 332-7/64 093 110
3/31 093 I8 LAl 131
Ti64 109 332 131 154
1/8 (125 532-11/64 150 A7
/64 141 Ve 169 199
5132 156 7532 187 221
/64 A7) 7321564 L2035 242
3716 187 144 224 264
13/64 203 1/3-932 243 287
7132 218 9/32-19/64 261 308
15/64 234 6 280 333
13 250 1132 299 350
17/63 265 1132-38 317 373
91321 281 B 337 397
1964 s 13732 354 Al9
510 312 6 374 441
Mote on Table One
Ball size (max) — To cradle nicely
Ball size (min) — To prevent sticking
TABLE TWO
Scat dia. (5) Based On Ball Size (D)}
Ball Size{D) | Decimal(D) Seat Dia. | Seat Dia. Body Hole | Body Hole
{min) {max) H2 H1
: Wispring

/16 062 44 052 D81 104

332 J93 065 077 120 153

I8 115 088 104 163 209

532 156 110 130 203 260

316 187 132 156 243 12

W2 218 154 182 270 64

4 250 NEE] 309 315 A8

932 281 199 215 368 AT0

5/16 312 220 260 106 ~ 521

8 375 265 313 488 626




TABLE THREE

Showing Depth of Seating (M) of various size balls
in holes of varying diameters.

Ball size D

Seat
Dia (S) .| 3/8 5/16 932 |. 1/4 732 3/16 5032 1/8
078 5/64 | .004 005 005 006 007 008 .010 014
093 3/32 - 006 007 008 009 010 011 016 021
109 7/64 008 009 011 D13 014 017 022 032
125 1/3 011 013 015 017 020 024 1029
.141 9/64 014 017 .019 022 025 032 044
156 5/32 017 021 024 027 033 042
171 11764 021 026 029 2034 042 056
187 3/16 025 031 036 042 053
203 13/64 | 030 037 043 052 D68
218 7732 035 044 .052 062
234 15/64 | 041 053 .063 081
250 1/4 (048 062 076
265 17/64 | 055 073 094
281 9/32 063 088
296 19/64 | 072 106
312 5/16 084

By the way, the punch needs only a gentle tap with the hammer; don't
beat the ball to death! Some builders prefer to create a seat by
burnishing. This done by taking a ball of identical diameter and fixing
it to the end of the punch which is mounted in a drill press and rotated
slowly to form the seat. No abrasives are used. Either way, use a
magnifying glass to ascertain that a good seat was obtained.

Like all fittings that spend their life in feedwater, check valves will
fur up from minerals in the water. A soaking in wvinegar or some other
mild acid solution will remove the scale. Don’t leave the check wvalve
in the solution any longer than required to get a shiny surface.

If the seat needs repair it can be re-bored provided the maximum seat
dimension is not exceeded. See Figure 1 and Table 2. If the surface
needs attention, then re-application of the d-bit te cut a new surface
is necessary.

Thanks to Bob for explaining the operation, design, and care of check
valves. Figures 1 and 2, and Tables 1,2, and 3 reprinted with
permission from Live Steam Magazine.
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