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Introduction

Auxiliary Machine II Lab uses cutaway equipment, operational trainers, and
simulators. The goal of the lab is for students to be able to follow directions to do
maintenance on both positive and non-positive displacement pumps. The goal of the lab is to
understand the operation of control valves and hydraulics.

The objective of the first four labs is to disassemble and reassemble the machinery as

per the STCW requirements.

Requirements for Lab:
Steel toed shoes, Eye protection, and a Boiler suit. All students need to bring their lab

book, calculator, and pen/ pencil.

Labs are mandatory. This is a STCW lab. If you miss a lab, this will result in a failing
grade for the semester until the lab has been made up at the instructor’s convenience or
within the timeframe of the Fall of 2015.
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LOCKOUT TAGOUT FORM

System | Device # De-Energized | Initials /Date | Re-Energized | Initisls / Date

Air Compressor 1-AC-1

Electrical Disc. . 1ED1 |
Motor Contoller 1MC-1
Electrical Plug 1-EP-1

Comp, Discharge 1-COV-1

System Air Vaive 1-8AV-1

Recip. Pump 2.AP1

Air Inlet Valve 2-Alv-1

Water Suction Valve  2.Wsv-1

Water Disch. Valve | 2wWDv-1

System Air Vave 2-8AV-1

End Suction 3.CP-t

|Electrical Disc. 3ED | 1
Motor Contoller | 3MC-1 _

|
Elocirical Plug JEP1

Water Sucton Valve  3.wWsv.

Water Disch, Valve | 3-wDv-1

Split Case 4.CP
Electrical Disc. 4.ED1
Motor Contoller 4MC-1 o
Electrical Plug LEPY |

Water Suction Vaive | 4-wsv-1 '
Water Disch, Valve | 4-wov-s |
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Split Case Centrifugal Pump

Learning Objectives:

K3
<

24 2
3 o

o
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2

2
X3

OICEW - A4.3 Preparation, operation, fault detection and measures to prevent damage for
auxiliary prime movers and associated systems
OICEW - C2.3 Dismantling, adjustment and reassembling of machinery and equipment

* OICEW - C2.4 The use of appropriate specialized tools
+ OICEW - 8.2A Demonstrate proficiency in centrifugal pump maintenance

Read and follow written instructions

* Read and understand a blueprint
» Disassemble and reassemble a centrifugal pump

Operate a pump, monitoring suction, discharge pressures, and power requirements

USCG STCW Standards:

Plan reflects proper sequence of actions, is complete, and conforms to the requirements of
manufacturer’s instructions and ship’s procedures

Dismantling, examination and measurements, assessment of wear or deterioration, re-
fitting and clearance checks, and replacement/adjustment of seals is successful and
conducted according to plan

Actions taken are correctly and completely described

Required steps taken are verified by assessor, utilizing sample checklist as a guide

No safety violations are observed

Student’s Name: Date:

Instructor’s Name: Date:
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Maintenance Data:

Model: Serial Number:
Size: Type of Seal:
Impeller Type: Impeller Size:
Motor RPM: Motor HP:
Preliminary:
1. Read complete lab handout

2. Complete lock-out, tag-out procedures to electrical power, pump suction, and discharge
valves. (Ensure lock-out, tag-out sheet is filled out, signed, and dated!!)

3. Stop until instructor has approved the lock-out, tag-out Instructor

4. Visually inspect the pump, then open casing drains and vent

5. Fill in the Maintenance Data log

6. Make room on the workbench for parts

Disassembly:

1. Remove the coupling guard (1/2” wrench)

2. Loosen the coupling set screws on the motor and pump end. (allen key 6/32”). Separate
the motor from the pump by sliding the coupling apart

3. Remove the rubber Spider coupling

4. Remove the vent tubing (9/16” tubing wrench)

5. Loosen and unscrew the mechanical seal gland bolts on both glands (3/4 wrench)

6. Loosen and remove the 4 casing nuts (ref# 425, 1- 1/4” socket) and the 9 casing bolts (ref#
426, 1- 1/8” socket) Do this in a cross pattern

7. Remove the casing tapered dowel pins (ref# 469G) by screwing down the 9/16” nut on
top of the pins

8. Inset a pry bar into the machined slots in the lower casing and pry up against the upper
casing half. Do this SLOWLY as you only want to separate the two halves

9. Place a pipe in the eye bolt on the upper half of the casing. Lift the upper casing and place
it on the bench on its side. DO THIS WITH TWO PEOPLE!!!

10. Carefully remove the casing gasket

11. Loosen and remove the bearing housing hold down bolts from both ends of the pump
(ref# 372U and 134, 15/16” socket)

12. With two people lift the impeller assembly out and place it on the wooden stand

13. Loosen the bearing housing cover bolts on both sides (ref# 371C, 9/16” socket)

14. Remove the bolts holding the bearing housing (ref# 371C) and slide the bearing housing

off the shaft. If tight, use a soft-head hammer to remove the housing
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15. On the THRUST BEARING end, remove the bearing retaining ring (ref# 361). This is done
using the retaining ring/snap ring pliers

16. Using the bearing pullers, remove the THRUST BEARING, JOURNAL BEARING, and
bearing end covers (ref# 109)

17. Remove the deflector (ref# 123) from the shaft

18. Remove the gland bolts and then the mechanical seal gland and gasket

NOTE: BE CAREFUL HANDLING THE MECHANICAL SEAL

As you remove the gland, be careful to tip the unit so the carbon (rotary seal) does not fall
out. Sometimes it sticks to the stationary seal which is ceramic and is located in the housing.
If the carbon seal is stuck to the ceramic seal, remove it and place it on the bench on a sheet of
paper or cardboard. Be careful not to place it on the sealing side. If the seal is still in the seal
housing on the shaft, remove it and place it on the bench taking care as noted above.

ITEM NO, PART NUMBER QlY,
Mech Seal Shell ]
Mech Seal Lock Ring
Mech Seal Boot

Mech Seal Corbon King
Mech Seal Spring

Mech Seal Spring Base
Mech Secl Ceromic Seot
8 Mech Seal Seat Cover

R R B S R

®) O,
I — DESCRIPTION
o e - e T e Mechanical Seal
- I PLpivll | b
JOB ¥ . WDGHT: | SHEET 1 OF )
Y T T v

5 4 ) 2
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Spring Retainer

\,——\,

Rotainer
Drive Ring

19. Remove the casing wear rings (ref# 103). Use an outside micrometer to measure the OD of
the impeller eye. Use a dial caliper to measure the ID of the casing wear ring. This
measurement is to determine the amount of wear and clearance of the wear ring and
impeller. You will subtract the impeller OD from the wear ring ID and divide by two. The
manufacture recommends 0.005” to 0.007” running clearance between the impeller and
ring.

Impeller OD Ring ID Clearance

20. Place the seal gland on the bench on a sheet of paper or cardboard with the seal facing
down. Using your thumbs, press out the seal.

21. The instructor will review the mechanical seal construction, operation, and the parts of
the shaft seal.

Assembly:
1. Reinstall the casing wear rings. Make sure the beveled edge goes toward the impeller.
2. Reassemble the mechanical seal:

1. Check both seals for cracks or breaks

2. Inspect the o-ring for any wear or damage
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3. Place the ceramic seal in the gland housing, ensuring the sealing side is facing up.
Using a clean or piece of white paper to protect the seal face, press the seal into the
housing using your hands.

4. Install the carbon seal (rotary seal) onto the shaft. Ensure that the notches on the seal
fit properly into the stainless steel ring that holds and drives the rotating carbon seal.
Use a clean rag or paper to ensure the seal is on fully.

AVOID TOUCHING THE FACES OF THE SEALS AS MUCH AS POSSIBLE AS THIS

3. Reinstall the seal gland and gasket on to the shaft, taking care not to damage the
stationary ceramic seal face. Reinstall the gland bolts.

4. Reinstall the deflector. Check to see if you can notice the deflector is touching the
machined part of the shaft. If not, you need to compress the rotary seal spring some more
by pushing on the deflector and rotary seal assembly until the deflector touches the
machined surface. If this is not done, the rest of the assembly will not fit properly.

5. Reinstall the inner bearing cover. Ensure the gasket is in place. If necessary, put some anti-
seize on the gasket.

6. Reinstall the bearings:

1. Make sure the bearing heater is powered on

2. Place the bearing on the heater

3. After a few minutes using a thermo melt pencil marked for 250 degrees F, touch the
bearing. If the bearing is hot enough the pencil mark will melt showing that the
bearing has heated to a high enough temperature to cause it to expand and allow you
to slide it back on the shaft.

Note: You must be quick on getting the bearing all the way back to the bearing stop on the
shaft. As you are pushing the bearing back, it is cooling off and can bind up before it is fully
back on. If the bearing is not completely back to the bearing stop, you have to start over!!!

4. For the THRUST BEARING, you must reinstall the retaining ring. It is best done while
you are holding the bearing in place.

5. After the bearing has cooled, reinstall the bearing housing
6. Reinstall the bearing housing bolts and tighten them until they are SNUG

7. Inspect the pump casing for damage and gasket material. You may need to wipe down
sections to properly inspect the inside of the pump

8. Ensure that the coupling is on the end of the shaft

9. Reinstall the pump assembly back into the pump casing. Ensure the wear rings anti
rotation pins are on top. Make sure the assembly fits flush into the casing. As the assembly
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is being set, slip the wear rings around until the pins are in the slots on the casing. Ensure
the gasket for the seal gland is not being set into the casing.

10. Reinstall the bearing housing to the lower casing bolts and torque to 60 ft-1bs

11. Torque the bearing housing bolts to 12 ft-1bs

12. Check the casing gasket. If needed, put a light coating of anti-seize on them. Place them
on the lower casing ensuring they are set properly.

13. Reinstall the alignment pins into the upper casing, and with two students reinstall the
upper casing onto the lower casing

Note: While doing this another student should make sure the alignment pins line up to their
appropriate holes and that the gasket does not move while placing the units together. DO
NOT move the upper housing once in place as you may also be moving the gasket.

14. Install the casing nuts and bolts, tightening them in a cross pattern until they are SNUG.
Then torque them to 40 ft-Ibs. DO NOT force the bolts into place, you should be able to
hand screw them in, if the housing are set properly.

15. Ensure that the pipe plug on the seal gland is UP and the gland gasket is in place. Tighten
the mechanical seal gland bolts until the gasket seals against the pump casking. DO NOT
over tighten as this is a rubber gasket.

Note: Before tightening the bolts, ensure that the rotary mechanical seal is properly set. If you
miss this, you stand a good chance that the seal will not fit properly and crack. You will not
notice any problems until you turn the water on and the pump leaks around the seal.

16. Reinstall the flexible coupling

17. Turn the pump shaft by hand to make sure it turns freely
18. Reinstall the coupling guard

19. Reinstall the vent line

Ready the Pump for Operation:

1. Remove the lock-out, tag-out equipment from the suction and discharge valves

2. Close the drain valves and the vent valve

3. Roll over the portable water supply tank and attach the hoses. Open the valves on the
hoses.

4. Open the pump suction valve checking for leaks. If leaks are observed, take appropriate
action to secure them.

5. Open the casing vent valve and leave open until a steady flow of water comes from the
vent line. The pump is full of water and is primed. Re-check for leaks.

6. Remove the lock-out, tag-out equipment from the power circuit breakers and close both
breakers. (Ensure all lock-out, tag-out paperwork is complete)
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7. Log the suction side pressure gauge reading
8. Start the motor. The discharge valve is closed. This will give you the maximum discharge
pressure and minimum current drawn on the motor.

Note: The discharge pressure gauge and power meter ampere readings. Log these values in
the table.

9. After the motor is up to speed and you have your readings, open the discharge valve
slowly.

Note: The amperage reading goes up and the discharge pressure goes down. After the
discharge valve is fully open, log in the table the amperage and pressure gauge readings.

10. Stop the pump. Open the motor controller and the circuit breakers

11. Close the suction and discharge valves on the pump and water supply lines

12. At this point, the instructor will instruct you on how the system should be left for the next
class

13. Empty the drain bucket under the pump and ensure all the tools are placed in the tool box
properly

14. ENSURE THE TOQURE WRENCH IS ZEROED!!!

Split Case Pump Operation Log

Valve Position Pump Power Amperage Suction PSI Discharge PSI
Suct. Open Offt

Disch. Closed

Suct. Open On

Disch. Closed

Suct. Open On

Disch. Open
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Calculations:

Using the information collected, calculate how much head the pump can generate.
Show your math and units. Also calculate the GPM of the pump.
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Questions:

1. Why did the pump prime itself without having to start the pump?

2. Explain how the mechanical seal works.

3. What type of impeller is in the split case?

4. Why do we have wearing rings?

5. How do you properly remove and install a bearing?
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Hlustrated Parts List and Materials of Construction”

. Material
Item . No. Req"d Bronze- All AU Iron! AU
No. Per Pump. Part Name Pitted Iron 316 Rot. EL 316SS
100 1 Upper Casing 1003 1,003 1003 316
1 Lower
101 1 Impeller 1102 1000 316 316
102 2 Seal Tubing (Optional) Brass Steel 316
103 2 ‘Wear Ring, Casing 1104 1000 | 316
105 2 Lantern Ring Glass-Filled Teflon
106 1 set Stuffing Box Packing Square Non-Asbestos
(Die-Formed S&M Groups)
107 2 Stuffing Box "Gland . AISI 316.
109 2 Bearing End Cover 1000
109A.- 1 Bearing End Cover, Steel
Thrust
112 1 Ball Bearing, Thrust Steel
113 2 Grease Fitting Steel
113A 2 Breather, (Oil Steel
Lubrication Only)
122 1 Shaft AIST4140%
123 2 Deflector Laminated Plastic
124 2 Sleeve Nut 1104 ! 1000 ’ 316
. (M, L and XL only)
125 2 Stuffing Box Bushing 316
126 2 Shaft Sleeve (Optional 1104 1000 ' 316
on S Group) i}
134 2 Bearmg Housing 1000
142 2 Wear Ring. Impeller 1104 l 1000 316
(Optional)
168 1 Ball Bearing, Coupling Steel
178 1 Impeller Key AIS! 1018%*,
222B 2 Set Screw, Sleeve Nut Steel
250 2 Gland, Mech Seal ok 1102 [ 1003 1102 ‘ 316
. (Flush STD)
2 Gland, Mech Seal, . Kok Steel
FL-VT-DR (Optional)
251 2 Sight Oiler (Optional White Metal and Glass
Qil Lubrication) : )
317 2 Magnetic Seal, dkk Steel
Thurst (Optional)
317A 1 Maonetic Seal Radial #F% Steel
(Optional)
320 6 Retaining Set Screw, 303 SS
Impeller Wear Ring
(Optional)
332 1 Grease - Oil Seal, Buna Rubber
Qutboard
"332A 1 Labyrinth Seal, ok Steel
QOutboard (Optional)
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Material
Irem No. Reg"d . Bronze- All All Iron! All
No. Per Pump Part Name Fitted Iron 316 Rot. EL 31688
333 2. Grease - Oil Seal, Buna Rubber
Inboard
333A 2 Labyrinth Seal, ik Steel
Inboard (Optional)
351 -1 Casing Gasket, Parting 1/32" Non-Asbes(os
353 4 Studs, Gland- 316
353B 2 HC Screw (W/C.1. Steel.
Mech Seal Gld)
4 HC Screw (W/Stl. Steel
Mech Seal Gld)
355 4 Hex Nuts, Gland 304
356A 4 Studs, Parting Steel
360 2 Gasket, End Cover to Kraft Paper
Bearing Housing
3600 2 Gasket. Gland to Case Non-Asbestos
361 1 Retaining Ring, Steel
Thrust Bearing
361H 2 Retaming Rmg, Steel Stainless Steel
Impeller (8 Group
Only) .
371C 8 Hex Cap Screw Steel
3720 4 Hex Cap Screw . Steel
418 2 Jacking Bolt Steel
425 4 Hex Nuts, Parting Steel
426 Variable Hex Cap Screw, Steel
Parting"
428 2 Gasket, Sleeve to 1/32" Non-Asbestos
Impeller (M,L and
XL only)
445A 2 . Anti-Rotation Pm, AISI420 AISI316
Casing "Wear Ring
469G 2 Tapered Pin Steel
W/Hex Nut
494 2 C"(‘é‘p"foﬁ‘jlsf”‘bly Copper Tube, Fitting
497 2 O-ring, Sleeve Nut Buna Rubber .
(ML lind XL only)

*S Group AISI 420 (All Iron & Bronze-Fitted Construction).

AISI 316 (All 316 & 316 Trim Construction).
*#%8 Group AISI 303.

sk Contact your GOULDS Representative for information on seal options.

Hlustrated Parts List and Materials of Construction - CONT
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End Suction Centrifugal Pump

Learning Objectives:

+ OICEW- A4.3 Preparation, operation, fault detection, and measures to prevent damage for
auxiliary prime movers and associated systems

+ OICEW- C2.3 Dismantling, adjustment, and reassembling of machinery and equipment

¢ OICEW- C2.4 The use of appropriate specialized tools

» OICEW- 8.2A Demonstrate proficiency in centrifugal pump maintenance

+ Read and follow written instructions

* Read and understand a blueprint

> Properly handle basic hand tools

+ Disassemble and reassemble centrifugal pumps

¢+ Operate a pump, monitoring suction, discharge pressures, and power requirements

2

3

2

3

2

USCG STCW Standards:

+ Plan reflects proper sequence of actions, is complete, and conforms to the requirements of
manufacturer’s instructions and ship’s procedures

+ Dismantling, examination and measurement, assessment of wear or deterioration, re-fitting
and clearance checks, and replacement/adjustment of seals is successful and conducted
according to plan

* Actions taken are correctly and completely described

¢ Required steps taken are verified by assessor, utilizing sample checklist as a guide

* No safety violations are observed

Student’s Name: Date:

Instructor’s Name: Date:
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Maintenance Data:

Model: Serial Number:
Size: Packing Type: Size:
Sleeve Diameter: Impeller Type: Size:
Motor RPM: Motor HP:
Preliminary:
1. Read complete lab handout
2. Complete lock-out, tag-out procedures to electrical power, suction, and discharge valves.
(Ensure all paperwork is filled out, signed, and dated!!)
3. Stop until instructor has approved the lock-out, tag-out Instructor
4. Visually inspect the pump, then open casing drains and vent
5. Fill in the above data log with information from the nameplate. (The rest of the log will be
filled in later)
6. Make room on the workbench for parts
Disassembly:
1. Remove the packing gland (ref# 107) by unscrewing both 9/16” gland stud nuts (ref#

355). Then slide the packing gland back off the gland studs.

Note: The packing gland is split and comes off in two pieces

@

N

Using the packing removal tool, remove two sections of packing

Remove the coupling guard between the pump and motor

Separate the motor from the pump by removing the coupling

1. Using a 5/16” wrench, remove the 4 coupling bolts that hold the motor end coupling
pieces together

2. Loosen both coupling set screws with a 5/32” hex (Allen) wrench, then slide both the
motor and pump coupling halves away from each other

3. Remove the rubber flexible coupling piece and motor side coupling hub

Disconnect the 1/4” tubing line from the vent valve and the 1/4” brass pipe, screwed into

the stuffing box

Using a small pipe wrench, remove the brass pipe from the stuffing box

Remove the 4 adapter to case bolts, size 15/16” (ref# 370)

Loosen the 3/4” bearing frame foot bolt (ref# 241)

Note: It may be necessary to tighten the 2 adapters to case jacking bolts (reff# 418) to loosen
the frame adapter (ref# 108) from the pump (ref# 100)
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Note: The following is a two person job! Do not drop the bearing frame!!

9. Slide the bearing frame (ref# 228) back from the pump casing until the impeller clears the
casing

10. Turn the bearing frame 90 degrees and tighten the bearing frame hold down bolt

11. Remove the jacking bolts

12. Carefully remove and inspect the casing gasket (ref# 351)

13. Remove the impeller (ref# 101). Use an adjustable wrench to hold the shaft in place with
the pump coupling, and a strap wrench on the impeller. The impeller has right hand
threads, thus unscrew in counter-clockwise direction.

14. Measure the size of the impeller and note it in the maintenance data section

15. Remove the seal chamber/stuffing box cover (ref# 184) from the frame adapter by
removing the 1/2” stuffing box cover-to-adapter nuts and sliding the stuffing box cover
out

16. Using a machinist’s rule determine the correct packing size by measuring the distance
from the shaft sleeve to the edge of the packing box

Note: The size of the packing in the maintenance data suction

17. Remove the shaft sleeve and lantern ring

18. Using dial calipers, measure the diameter of the shaft sleeve

19. Measure the wooden mandrel to be used in cutting the packing to ensure that it is the
correct one

20. Using the correct mandrel and packing knife, cut two packing strips and set them aside
for later use

STOP: The instructor will review the assembly and operation of this unit

21. Check shaft/sleeve run out: Put on the shaft and thread on impeller, hand tight. Using the
magnetic base indicator, mount the dial indicator so the dial indicator is in the center of
the shaft and perpendicular to it. Rotate the shaft 360 degrees. Log the reading, if total
indicator reading is greater than 0.002”, disassemble and determine cause. Remove
impeller and shaft sleeve.

22. Check frame face run out: Using the screw base, mount the dial indicator on the shaft
and place the indicator so it is touching the frame face. Rotate the shaft so the indicator
rides along the face for 360 degrees. If the total indicator is greater than 0.001”
disassemble and determine cause. Log readings.

23. Check shaft end play: Using the magnetic base indicator, mount the dial indicator on the
drive end so the dial is touching the end of the shaft. Move the shaft forward then
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backward by hand. Log reading. If the reading is greater than listed, disassemble and
determine cause.

Shaft/Sleeve Run Out Frame Face Run Out Shaft End Play
Tolerance 0.002” 0.001” 0.0011”/0.0019”
Reading
Reassembly:
1. Carefully reinstall the sleeve into the seal chamber/stuffing box cover. Inset the lantern

ring and both packing strips that were previously cut

Note: Make sure each piece is staggered 90 degrees from the last piece. Use the packing
gland to push each ring of packing into place and tighten the bolts finger tight.

2.
3.

o

Put a light coating of anti-seize on the inside of the sleeve, if necessary

Carefully install the seal camber/stuffing box cover and sleeve over the pump shaft. Make
sure the 1/4” pipe hole is facing up. Press the cover firmly into its groove.

Install the cover nuts and tighten to 20 ft-1bs

Put anti-seize on the casing gasket (ref# 351) and carefully install the gasket

Put a light coating of anti-seize on the impeller threads and install the impeller by turning
clockwise

Tighten the impeller until it is snug (use the strap wrench and the adjustable wrench on
the shaft coupling)

Loosen the frame foot bolt and reinstall the bearing frame back into the pump casing

Note: This is a two person job. Be careful while moving the pump assembly

9.

Install and tighten the 4 casing bolts, in a cross pattern, to 30 ft-lbs

10. Tighten the frame foot bolt snug using a 3/4” wrench
11. Set the impeller to case clearance @ 0.010”

1. Loosen the jam nuts (ref# 423) on the jacking bolts (ref# 370D) and back the jacking
bolts out about two turns

2. Tighten each locking bolt (ref# 370C) evenly, drawing the bearing housing towards the
bearing frame. Rotate the shaft as you do this so you know when the impeller contacts
the casing

3. Mount the magnetic base dial indicator assembly so the indicator is against the
coupling end of the shaft

4. Push the dial indicator towards the shaft until the contact pointer causes the pointer to
turn about a half of a revolution. This is done to load the indicator
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5. Tighten the linkage so the indicator cannot move from this position. Now, zero the
indicator

Note: BE SURE NOT TO TOUCH THE INDICATOR FROM THIS POINT ON OR YOUR
READINGS WILL BE OFF AND YOU WILL NEED TO START OVER!!!

6. Thread the jacking bolts evenly in until they contact the bearing frame
7. Loosen the locking bolts about one turn. This will allow you to back out the impeller
from the casing.
8. Tighten the jacking bolts slowly and evenly until the indicator reads 0.010”
9. Tighten the locking bolts snug and jacking bolt jam nuts maintaining the 0.010”
reading
10. Check the shaft for free turning
12. Screw in and tighten the 1/4” brass seal line into the threaded hole in the stuffing box
13. Reattach the 1/4” tubing to the seal line and valve
14. Reinstall the coupling, tighten the coupling screws, and check the shaft for free turning

Ready the Pump for Operation:
Remove the lock-out, tag-out from the suction and discharge valves
Connect the hoses from the water supply tank and open the shut off valves
Close the pump casing drains, vent valve, and seal line valve
Check that the discharge valve is closed
Open the pump suction valve and the vent valve
Close the vent valve once water flows out the vent line
Check for leaks
Open the seal line valve to supply water to the lantern ring
Check the packing area for water flowing from the packing
. Take the suction side pressure reading and note it in the table below
. Remove the lock-out, tag-out from the power cord and plug it in (make sure the

XNl D=

U Y
—= O

paperwork is filled out)
12. Close both circuit breakers
13. Check the power meter to ensure power is available
14. Start the pump

Note: With the discharge valve closed and the pump running you have the least amount of
work out of the motor, minimum current reading and maximum pressure the pump can
produce

15. Log the current reading and pressure reading in the table below
16. Check that a small amount of water is flowing from the packing area
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Note: You can control the flow by adjusting the seal supply valve, or tighten down on the
packing

17. Check the temperature of the water

Note: If the water is getting hot, the packing is too tight or you are not getting enough water
to the lantern ring

18. Open the discharge valve and check the flow back to the supply tank
19. Take the motor current reading and discharge pressure reading and log it in the table
below

Discharge Valve Position ~ Suction Pressure (PSI) Discharge Pressure (PSI)  Motor Current (Amps)
Closed
Open

20. Stop the pump

21. Close the suction and discharge valves on the pump and feed lines from the water supply
tank

22. ENSURE THE TOQURE WRENCH IS ZEROED!!!
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Calculations:

Using the information collected, calculate how much head the pump can generate.
Show your math and units. Also calculate the GPM of the pump.
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Questions:

1. Explain why there is a lantern ring

2. What type of impeller is in the end suction

3. How do you cut new packing

4. How do you determine if the packing gland is tight enough

5. Explain the steps used to start the end suction centrifugal pump

AUXILIARY MACHINE II: LAB BOOK

30



Goulds Model 3196 CrossSectional

496 228 1|38 3708 360F 108

3% 361A

370 U‘L______,

e
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Parts List Model 3196 STX .

Ref # Part Name
100 Casing
101 Impeller
107 Gland - Packed Box
108 Frame Adapter
1138 Plug - Oil Fill
122 Shaft - Less Sleeve
126 Shaft Sleeve .
134 - Bearing Housing
136 Bearing Locknut
168A Radial Bearing
184 Seal Chamber/Swffing Box Cover
228 Bearing Frame
241 Frame Foot
248 Oil Thrower
351 Casing Gasket
353 Gland Stud
355 Gland Stud Nut
358 Plug - Casing Drain '
360C Gasket - Thrust End Cover '
360F Gasket Frame-to-Adapter
370 Bolt - Adapter to Case
3708 Bolt - Frame-to-adapter
370C Clamp Bolt - Bearing Housing
370D Jack Bolt - Bearing Housing
370E Bolt - Frame Foot to Frame
418 Jack Bolt- Adapter to Case
423 Jam Nut - Bearing Housing Jack Bolt
4238 Hex Nut - Swffing Box Cover to Adapter
529 . Lockwasher - Frame Foot-to-Bearing Frame |
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Duplex Double Acting Reciprocating Pump

Learning Objectives:

K3
<

R3
L3

OICEW- A4.3 Preparation, operation, fault detection, and measures to prevent damage for
auxiliary prime movers and associated systems

OICEW- C2.3 Dismantling, adjustment, and reassembling of machinery and equipment
OICEW- C2.4 The use of appropriate specialized tools

OICEW- 8.2B Demonstrate proficiency in reciprocating pump maintenance

Read and follow written instructions

Read and understand a blueprint

Properly handle basic hand tools

Operate a pump, monitoring suction, discharge pressures, and power requirements
Disassemble and reassemble a duplex, double acting reciprocating pump, set the steam
admission valves properly, prove the correct settings by actual operation in a closed circuit
system

USCG STCW Standards:

Plan reflects proper sequence of actions, is complete, and conforms to the requirements of
manufacturer’s instructions and ship’s procedures

Dismantling, examination and measurement, assessment of wear or deterioration, re-fitting
and clearance checks, and replacement/adjustment of seals is successful and conducted
according to plan

Actions taken are correctly and completely described

Required steps taken are verified by assessor utilizing sample checklist as a guide

No safety violations are observed

Student’s Name: Date:

Instructor’s Name: Date:
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Preliminary:

1. Read the complete lab handout

2. Close the steam chest inlet (in our case compressed air) and air supply valve (at bulkhead)

3. Complete lock-out, tag-out procedures to the steam chest inlet, air supply valve, the water
suction and discharge valves. (Ensure all paperwork is filled out, signed, and dated!!)

4. Stop until instructor has approved the lock-out, tag-out Instructor

5. Visually inspect the pump and drain the steam end and the water end (use the 1/2” drain
valves attached underneath the pump end)

6. Make room on the workbench for parts

Disassembly:

1. Remove the steam cylinder head (ref# 2, 15/16” box end wrench), and carefully remove
the steam head gasket

2. Remove the water cylinder head (ref# 59, 15/16” box end wrench), and carefully remove
the pump head gasket

Note: You will have water leakage here. Try to contain the water in the drip pan

3. Remove the four 1 - 7/16” nuts that hold the force chamber in place (ref#65,1-7/16”
socket). Then remove the force chamber and the force chamber rubber gasket

Note: You will have water leakage here. Try to contain the water in the drip pan
4. Remove the discharge valve plate (ref# 62) and the discharge valve plate gasket
Note: DO NOT REMOVE THE SUCTION VALVES

Stop: At this point the students will disassemble all four discharge valves:
+ Unscrewing counter-clockwise (CCW) the valve guard (ref# 85)
Remove the discharge valve spring (ref# 87)

Remove the valve rotator (ref# 84a)

Remove the valve disc (ref# 84)

Instructor will now explain the operation

Q1

. Reassemble all four discharge valves and tighten them hand tight
. Remove the steam chest cover (ref# 19, 1 - 1/4” box end wrench) and gasket

[©)

STOP: The instructor will go over the operation of the Duplex Double Acting Reciprocating
Pump
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7. Remove the two valve rod head pins (ref# 571)
8. Lift and remove the steam chest (ref# 18)

STOP: Notice that the “D” slide valves are NOT symmetrical. The longer end must face the
steam cylinder head. If these are reinstalled incorrectly, you will not be able to set the “D”

9. Remove the “D” slide valves

Notice how the underside is cutaway to allow the flow of the exhaust steam. Due to the
machined face, the “D” slide valves must be set on their side.

Note: There is no need to remove the “D” slide valve plate (seat)

10. Loosen the piston rod spool jam nuts (ref# 3411, (2) 1 - 3/8” open end wrenches on each
side of the spool piece)

Note: If the shafts don’t separate, use a 3/4” combination wrench on the steam side and a
13/16” wrench on the water side

11. Loosen the water end and steam end packing nuts (13/16” wrench)

12. Unscrew the water end rod (ref# 332) from the crosshead (ref# 34), then unscrew the
crosshead from the steam piston rod (ref# 33)

13. Remove the two locknuts (ref# 332) from the piston rods

14. Thread the piston removal tool (threaded rod) into the tapped hole in the steam piston
(ref# 7)

15. Remove the steam piston and rod assembly and then set the assembly aside

16. Thread the piston removal tool (threaded rod) into the tapped hole in the water piston
(ref#t 69)

17. Remove the water piston and rod assembly and then set the assembly aside

18. Measure the diameter of the water and steam piston cylinder and record the readings

Water Piston Diameter:

Steam Piston Diameter:

Note: We will not be pulling the packing out of this pump

Reassembly:
1. Using a lint free rag, wipe out the cylinder liners (steam end and water end) with a rag.
Spray a little WD 40 into the steam end.
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2. Start the steam piston in the liner. Attach the ring compressor around the steam piston
and using a wooden handle lightly tap on the piston head until the rings are completely
in the cylinder.

BE EXTREMELY CAREFUL HANDLING THE RING COMPRESSOR AS THE EDGES
ARE VERY SHARP!

DO NOT STRIKE THE PISTON HEAD WITH A HAMMER AS THIS WILL BREAK THE
RINGS!

3. Rethread the locknut (ref# 34211) and the crosshead (ref# 34) back onto the steam rod.
Screw the threads until it reaches the middle of the crosshead.

4. DO NOT lubricate the water end

5. Reinstall the water piston by pushing and twisting lightly, then using a 1” socket and a
speed wrench, thread the water rod into the crosshead until it touches the steam rod in the
middle of the crosshead.

6. Tighten the locknuts agains the crosshead (Two 1 - 3/8” open end wrenches)

Note: Do not over tighten

7. FINGER TIGHTEN the steam packing gland nuts

Install the steam chest gasket

9. Reinstall both “D” slide valves with the long end pointing toward the steam cylinder
head

10. Reinstall the steam chest with the short end of the lost motion nut (ref# 56) pointing down
into the ears of the “D” slide valves

11. Reinstall the steam cylinder head and tighten the bolts to 50 ft-1bs in the following
crossing pattern

Qo

Steam Cylinder Head
6 4
g O - ;
O 1 o
-
O
O O
8 2
(] =) 10
3 5

Tighten in a crossing pattern to 50 ft-1bs
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12. Center the pistons and “D” slide valves

13. Remove the water side packing nuts

14. Move the packing gland towards the spool piece

15. Push the water piston up against the water cylinder head

Notice the mark on the rod at the packing gland

16. Push the water piston through its complete stroke towards the steam end
17. Measure from the mark to the stuffing box face, record this reading

Stroke:

18. Take your number and divide it by 2 to find the center of the stroke and mark it

19. Move the piston to this location

20. Repeat the same procedure for the other piston

21. Center the steam chest and make it snug by tightening two nuts with pipe spacers and flat
washers (ref page#)

22. Center the “D” slide valves over the steam ports and adjust for lost motion

23. Reinstall the valve rod head pins (ref# 571)

24. Carefully remove the two nuts and pipe spacers that were holding the steam chest in
place

25. Reinstall the steam chest cover gasket and steam chest cover

26. Tighten the four cover nuts in a crossing pattern to 50 ft-1bs

27. Reinstall the water cylinder head and tighten the eight bolts in a crossing pattern to 50 ft-
Ibs

Liquid Cylinder Head
6 4
O O
8 1 7
w] = o
(@]
2
O O
3 5

Tighten in a crossing pattern to 50 ft-lbs

28. Reinstall the discharge valve plate gasket and the discharge valve plate (ref# 62)
29. Reinstall the force chamber (ref# 65) and tighten the bolts in a crossing pattern to 50 ft-1bs
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30. Offset one piston
To Simplify the Timing Procedure:

Close the steam valve and the water side valves

Lock-out, Tag-out at this time

Center the piston (this will give you the stroke, which is (L))
Plumb the rocker arm

Square the “D” slide valves over the ports

Equalize for Lost Motion

Move one piston off center

NOTE: If there is not enough Lost Motion, the pistons will “short stroke”. If there is too much
Lost Motion, the pistons will “long stroke” and strike the heads

REMEMBER: A Duplex double acting pump has five ports:

K3
<
K3
o<

2
<

Two admission ports
Two exhaust ports
One main exhaust port

Ready the Pump for Operation:

1.

Al

Remove the lock-out, tag-out (Ensure the paperwork is signed and dated)

Connect the water tank to the suction and discharge lines

Connect the compressed air from the wall

Close and open the cushioning chamber valve (notice the difference in discharge pressure)
ENSURE THE TOQURE WRENCH IS ZEROED!!!
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Calculation:

Solve the following problem for GPM as determine by the Instructor:
Remember the following for a Reciprocating Pump:

GPM = LANE/231

GPM = Gallons per minute

L = Length of stroke

A = Area of the water piston in square inches: (0.7854 X D/2)

N = Number of (working) strokes per minute
E = Efficiency of the pump: (For lab purpose use 92%)

To ensure that the “N” is the proper number, remember the following:

Simplex Single Acting: N /2 Duplex Single Acting: N

Simplex Double Acting: N Duplex Double Acting: N X 2
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Questions:

1. Describe a simplex pump

2. What are “D” slide valves as used on a reciprocating duplex pump?

3. What do the numbers 8 X 4 X 10 mean in relation to a reciprocating pump?

4. How do you equalize for lost motion?

5. List several reasons why a simplex or duplex reciprocating pump may fail to provide a
normal amount of water.
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Two Stage Reciprocating Quincy Air Compressor

Learning Objectives:

K3
<

OICEW - A4.1 Basic construction and operation principles of an air compressor

OICEW - A4.3 Preparation, operation, fault detection and measures to prevent damage for
auxiliary prime movers and associated systems

OICEW - C2.3 Dismantling, adjustment, and reassembling of machinery and equipment
OICEW - C2.4 The use of appropriate specialized tools

OICEW - 5-1D Demonstrate proficiency in starting an air compressor

OICEW - 5-1E Demonstrate proficiency in shutting down an air compressor

Read and follow written instructions

Read and understand a blueprint

Properly handle basic hand tools

Operate a pump, monitoring suction, discharge pressures, and power requirements
Disassemble and reassemble a two stage reciprocating air compressor. Run the air
compressor to demonstrate correct operation.

USCG STCW Standards:

Plan reflects proper sequence of actions, is complete, and conforms to the requirements of
manufacturer’s instructions and ship’s procedures

Dismantling, examination and measurement, assessment of wear or deterioration, re-fitting
and clearance checks, and replacement/adjustment of seals is successful and conducted
according to plan

Actions taken are correctly and completely described

Required steps taken are verified by assessor utilizing sample checklist as a guide

No safety violations are observed

Student’s Name: Date:

Instructor’s Name: Date:
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Preliminary:

1. Read the complete lab handout

2. Isolate the electrical power, simulation air, and discharge valve

3. Complete lock-out, tag-out procedures to the electrical power, simulation air, and
discharge valve. (Ensure all paperwork is filled out, signed, and dated!!)

Stop until instructor has approved the lock-out, tag-out Instructor
Remove the belt guard from the flywheel

Visually inspect the compressor

Make room on the cart for parts

NG

YOU WILL BE REMOVING THE L.P. AND H.P. VALVE ASSEMBLIES!!

Disassembly:

1. Remove and set aside the air intake manifold (ref# 9, 5/8” box end wrench), with the air
intake filter (ref# 11), and the air intake flange gasket (ref# 7) as a complete assembly

2. Remove the discharge pipe flange (ref# 10, 5/8” box end wrench)

3. Remove and set aside the unloader and crankcase vent tubing lines

If necessary, use the correct wrench (flare nut), but the lines should be hand tight!

4. Remove the High Pressure (H.P.) suction valve unloader assembly (ref# 24, 18” angle pipe

wrench)

Then remove the H.P. unloader piston assembly (ref# 15) and the unloader pin (ref# 6)

Remove the H.P. suction valve hold down screw (ref# 14, manufacturer’s special wrench)

Take out the valve plate (ref# 23) completely

Remove the valve plate cover (ref# 23), bolts (ref# 17, 5/8” wrench), and the valve plate

cover gasket (ref# 21)

9. Remove the valve retainer (reff# 7), the valve platform (ref# 5), the H.P. suction valve
assembly (ref# 2), and the copper gasket (ref# 25)

10. Completely remove the hold down bolt from the valve plate cover (ref# 22) on the H.P.
discharge valve assembly

11. Remove the H.P. discharge valve plate cover (ref# 22) and gasket (ref# 21)

12. Remove the H.P. discharge valve retainer (ref# 8, using a magnet)

13. Remove the discharge valve assembly (ref# 19) and the copper gasket (ref# 25)

14. Repeat the above steps for the front Low Pressure (L.P.) suction valves

PN oD

Do not remove the L.P. discharge plate with the lifting eye!!!

15. Loosen and remove all the head bolts (using a 1/2” box end wrench, 3/4” box end
wrench, and a 1/2” 12 point socket with 1/2” drive)
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NOTE: There are 18 head bolts total. The intercooler bolts are longer than the head bolts. Use
the cardboard cutout to place the bolts in.

16. Remove the compressor head (ref# 1, using the chain hoist)
17. Carefully remove the cylinder head gasket (ref# 2) and the intercooler gasket (ref# 5)

STOP: At this point the Instructor will show the unloader assembly operation, by using the
cutaway model. The Instructor will also go over the flow of air through the compressor head
from intake through discharge:

A. Suction into the L.P. cylinder

B. Discharge from the L.P. cylinder to intercooler inlet

C. Intercooler discharge to the suction of the H.P. cylinder

D. Discharge of the H.P. cylinder to air receiver

Reassembly:

1. Install the three (threaded rod) alignment studs (one in the intercooler and two in the
head)

Reinstall the head gasket (ref# 2) and the intercooler gasket (ref# 5)

Reinstall the cylinder head (ref# 1, using the chain hoist)

Thread in all head bolts and intercooler bolts

Remove the alignment studs and install the final three bolts

Hand tighten all head bolts

Torque the head bolts in the correct pattern to 40 ft-1bs then to 65 ft-1bs

N ®DN

NOTE: On the bolts that cannot be reached by the conventional torque wrench, use the
“special torque wrench” and set the torque wrench for 40 ft-1bs then 65 ft-1bs

8. Install H.P. suction and discharge valve copper gaskets (ref# 13)

9. Install the discharge valve assembly (ref# 3) and the discharge valve retainer (ref# 4)

10. Install the suction valve assembly (ref# 2), the valve platform (ref# 5), and the valve
retainer (ref# 7)

DO NOT INSTALL UNLOADER PIN YET!!!

11. Reinstall the suction and discharge valve cover gaskets

12. Tighten valve cover hold down bolts (ref# 17) to 15 ft-1bs then 30 ft-1bs (using a crossing
pattern)

13. Install the suction valve hold down screw (ref# 14) and the discharge valve hold down
screw (ref# 11)
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14
15
16
17

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

. Tighten suction valve hold down screw to 50 ft-1bs (using special manufacturers tool)
. Tighten the discharge valve hold down screw to 50 ft-1bs

. Tighten the locknut until it is snug

. Install the unloader pin (ref# 6)

Install unloader assembly gasket (ref# 13)

Install unloader piston assembly (ref# 15)

Install the unloader assembly (ref# 24)

Snug up the unloader assembly (18” angle pipe wrench). DO NOT OVER TIGHTEN!
Repeat the above steps for the L.P. suction and discharge valves

Reconnect the crankcase breather and the unloader tubing lines

Reinstall the air filter manifold assembly (ref# 9)

Torque the bolts in a crossing pattern to 40 ft-1bs

Reinstall the discharge pipe flange

Torque the bolts in a crossing pattern to 40 ft-1bs

Ready the Compressor for Operation:

1.

2
3.
4

Remove the lock-out, tag-out (ensure the paperwork is signed and dated)

. Reinstall the belt guard

Check the oil level

. ENSURE THE TORQUE WRENCHES ARE ZEROED!!!

When running, observe the load (amps) with the compressor unloaded and then loaded.

Unloaded (amps): Loaded (amps):
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Questions:

1. To obtain maximum efficiency, two stage air compressors are usually

2. Explain the air flow through the heads from suction to discharge?

3. For what is the intercooler used?

4. How does the H.P. and L.P. valves operate?

5. How does the unloader work?
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HEAD ASSEMBLY NO. 7382UU-003
(FOR LOADLESS COMPRESSOR)

~
-
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HEAD ASSEMBLY NO. 7382UU-003

Yukie SR/ ERECR TS eevevan -~ -
FEET  gEENR  EEghs ae (£ 8

- -_-‘-._-_----.-_-.--._'.---—-uu. rmMamveen -
.

TEutuUEN

i g ] if i !iltiltlllilliiii!il!jlu !!l!lil!!ll!liii] E)
i i i

si v
!i

fees
i
i
hd
i
i
i
§

:
i
i

5&;;?5 |
7

ggg

i¥§]
H
:‘s

BN OMOE BT 88

it
:

XINTTX e
TURE X 110007
’.':HI.I 1HwT
BT BN, 704 TV X Tt

JHOGASER SOPOUE VWUE I DOT POLMOS [0 Tredassy
CEPRLDON PaET
TUAHVACM - UHLGATE R (0% STNE-TIC LLPICATLD WK PRGPWATE ESTER b
NS R Y SOCTON

) mas PART ALY -
al: R LR T
ASSEMALY - SOCTON

2
£
£

() om URSOALER BODY ASHIMILY
(L WL GASeLT
" TR0 | UNLOACER PETON

womr TGP AL B08 TS AMCCAPSCREWS 3 MY DOLTPATTENS EVEMLY B Pl M A BLT 10 TORGLE
m TET O T RTINS VAR RO e L
THOIN AND CROUE YR T COVER PLATT SCROWS FTLM 1T BUORE TGN Al 1% e
— I STREWS TR 11 A0 TN Y
I

"

AUXILIARY MACHINE II: LAB BOOK

53



AUXILIARY MACHINE II: LAB BOOK

54



Pneumatic Control Lab

Learning Objectives:

+ OICEW - C2.7 The interpretation of piping, hydraulic, and pneumatic diagrams
+ Construct pneumatic systems on a pneumatic simulator

+ Operate pneumatic systems and demonstrate proper operation

Student’s Name: Date:

Instructor’s Name: Date:
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Introduction:

The lab will consist of drawing a circuit or circuits on a computer simulator. The student will
then transfer the circuit to a drawing, consisting of the systems symbols and then assembling
the circuits on the pneumatic test stand. The instructor will review each circuit symbol as it is
applied to the circuit on the simulator, the circuit drawing and pneumatic units will be
reviewed before the circuit is connected on the test stand.

Care must be taken when installing and removing the tubing from the fitting. You need to
push down on the plastic ring on the fitting and pull up on the tubing to remove it. You only
need to push tubing into the fitting to have it connect.

Some common rules or agreement is made for the symbols of valves:

« Every switched position is represented by one square

¢ The number of squares indicates the number of possible positions it can be switched in

¢ The pressure and return lines are drawn to the square that represents its normal (non-
operated) position

* By shifting the corresponding square, we get different possible positions

* Lines in the square indicate the ways of flow within the valve

+ Arrows represent the direction of flow

* The way of operation is drawn using symbols as well

Automation Studio:

¢ Turn on computer

+ Open desk top icon

+ Open the pneumatic library on the left-hand side

+ Open the + and the manual for the components will appear

+ Click on the + next to the listed component’s name

+ Example: +Compressor and Power Units
+ Pressure sources
+ Universal fixed displacement

+ Enlarge the work area to 150%

¢ Grab the correct component and drop in to the work area

+ When the component has a dotted line around it, you can rotate the component using the
rotate buttons with the quick bar at the top. Put all the components on the page and
position them.

+ Connect lines to the components as directed on the lab page by placing the mouse over the
red dot, then left click and drag to the component you are connecting to

+ To delete a component - Highlight then right click then select delete

+ Under directional valves, you can either make your own or select one that is already there
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2

<

24
<

2

3

P>

To make your own - Select a valve place in the work area, then double click on the
valve....The valve properties will appear; then select what is needed

Once the system is together and operating-Go to simulation-select normal. Now the
simulation will run

To exit-Go to simulation and select stop

AUXILIARY MACHINE II: LAB BOOK

57



NVIT3INDSVH m .._
IATWA WO

z1
-m:ixuﬂl%"%‘!.
'HX3 21

.HT.JA.I.(

H3LSAS HX3 ASVI uxXnv #SC

Q Shm 3378 "ON3

g\v 0a s 3183

S

L3NNI m uJ

NIV

ok

@%9&9 g\.

03 335
-no P

L

5

13"WI u “

Gisdp2
03 3as
2-94v
311830

Wm

dNIAVR

SAS HX HV3LS
oillicre
avad dVid

Wv3Ls
a33W

SO
STI0JLINDD

dvid
1071d 311837

p=—

oahew 311830
anoa dnaxouw

Woa3SaAKOSI

AOLYINKWIS
Wv3LS LSNVHX3

ANVITIXNY ‘Bisdce

-—

(

58

AUXILIARY MACHINE II: LAB BOOK



N3ISAS MYALS 03308 ¥ "ISHVHXT ‘Avimny

59

AUXILIARY MACHINE II: LAB BOOK



‘ INSTALLATION, OPERATING,
m LESLIE | ANTENANCE INSTRUCTIONS 20/1.5.2.1

CONTROLS, INC.
TANS Tabsan Ouien. Towm o Pilee 30600

STEM LENGTH ADJUSTMENT AND PROPORTIONAL BAND
PILOT CONTROLLERS

PDAP 'ADJUSTABLE PROPORTIONAL BAND TYPE

ADJUSTMENT PROCEDURE When adjustments have bean proparly made, the prc-
portional bands noled in Table will be chtalned when

Supply 20-22 psig operaling peessure to the pilot con- the siidars are set the approdmate distances apan as

volier. Tum adjusting nut 10 compress adusting spring shown,

10 set upper diaphvagm against its 1cp kit stop. If pos-

sible, remove fuld pressure from top of dapheagm, ¥ I Mex. | wn,
nol compress spring sulSciently 10 overcome fiuld pees- o m m ::
sure and move diapivagm (o stop. sec | rec | res Apjros Datarce
Adust sliders 13/16" apart as shown In sketch below. so800 | S0 | 1720 | 46 182" . 2’
Move propordional band nut upward on adjusting pin 800 | 2528 | e8 YT -2
thread sufficiently 10 keep nut from lcuching blade 570 ¢ .| o8 | 28 12027 . 2.3
speing duing stem length adustment. Loosen ac{usting ) 6 59 122 . YV
pin set screw and tum adjusting pin either up or down
until plot ar output is 0 psig then tuen adjusting pin
- downward loward piol body until pliot alr output
increases feom 010 21 psig. Lock s&t screw. Tum pro-
porional band nut down against blade spdng Lntil ail
culput prassure decreases fhom 21 1o 18 psig.
With pin in stem hole to keep stem from turning, lcasen
sel screw and tum adjusting pin upward away from pilct
body approximately 1-1/4 tums. Lock sat screw.
Ajusting Sprimg
Stes Nole Juseing Mut
Positi ? slid 4 —
of & ars for ?
-ut/bl:d:“lﬂﬂm adjustaent. e e A - —-w
— ! |
Adjusting Pin Set Screv . _51idar
Proportional Band Nut
~Adj. Xaobh
Dlade Spring
slides
Nozzle Disc Dlephrags 4
d o Pl
S —— i < -

. PRUNTED W USA 452 2.00C
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- INSTALLATION, OPERATING,
NBlLESLE |, romumon crenamme,

12950 Twom Ove, Sampe Miorice 70437

20/1.5.2.2

STEM LENGTH ADJUSTMENT AND PROPORTIONAL BAND

PILOT CONTROLLERS

PRAP ADJUSTABLE PROPORTIONAL BANK TYPE

ADJUSTMENT PROCEDURE ; i

Supply 20-22 psig operating pressure to the pilot con-
troller. With output connecsion plugged, turm adjusting

outpul prassure increases from 0 to 3 psig. With pin in
stemn hole to keep slam from luining, loasen sot scrow

and tum adjusting pin upward away from pdct body
appreadimately 1-1/4 tuns. Lock Set scrow.

When adjustmects have been peoperly made, the pro-
ponticnal bands ncled In table wil bo oblained when
the sliders ave set the approximate cistances apan as

shown,
Adjust sliders 13/16* aparn as shown in skeich below.
Move proportionad bank nut upward on adest in gin Max. |Min.
. thread sufficiently to keep nut from touching biade Conte. | Prop. | Prop.
spring during stem length adjustment. Locsen adjust- Pilot |Press |Band |Band | Approx, Distance
Ing pin set screw and tum adjusting pin either up o Range| PSIG |PSIQ |PSIG | Between Silders
down until plot air cutput is 21 psig. Then lum adush
Ing pin dowrward toward plot body until pilol alr output soe0d s0 [1720| 46 | g .2ae
decreases from 21 10 O psig. Lock sel screw. Tuen pro- 800 |2s5-28 | 68 12 -2
portional bank nul down against blade spring unlii ak

$70 § 35 | 35 1-332° - 2.3/4°

- \ 70 | 26 | 89| 1.2

R —
O O
o kow< W ) o ok

ahn
L Potain of shiers tor ) , A
Slam Hole Mt
AT -
. A
Adussiog P Sul Berew g 17170
Moooriony Bang Nt l
,!.-1 Agj. ¥inod
e
MMI
Note Ote Opreagn || €. G A

L e --::\_:; o Coun
Sugoly Corn

SRNTED R URBA 115 T

2.3¢
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Tyre PDAP/PRAP CoNSTANT PRESSURE CONTROL
PiLot wiTH ADJUSTABLE PROPORTIONAL BAND

Types PDAP and PRAP

Type PDAP and PRAP Pressue Piots have been
Gaveloped to meet the need for adjustable
proportional bands in pressure control sysiems
requinng a nugged controlier thet Is not susceptibie to
wear, shock and minor system disturbances.

HOW IT OPERATES

Controlled pressure is applied 10 the top side of 2
Spring opposed diaphragm. Vardations iIn controlled
pressure produce stem motion and nozde disc
positions which are proportionate 1o the pressure
change. The nazzle disc position controls the bleed
rate of operating ar to atmosphers. Since a fixed
metering oifice is used in the air supply and in sedes
with the vardable bleed crifice, the Intermedate or
output pressure s a function of the nozzie disc
position. The preumstic pocion of the PRAP Plot
operatas with a reversa acting nozzde valve o
produce reverse sction.

The amount of stem movement per psi of controlled
pressure change (adjusting spring and biade spring)
and upper diaphragm area. The diaphragm area and
adjusting spring rate are fixed, The stem assembly is
fited with 3 Dlade speing which has an adjustable
speing rate. The acjustment of the blade spring rate
provides the means of manusity satting the
proportional band.

Prassure controling stations having time lags In
responss o ad changes becausa of system Iners,
ong distances between elements in the control loop,
long impulse lines or other reasons, tend 1o cycia of
are unstable,

Stable control is obtained in these Instaliations by
using a controlier with proportional band which can
be adjusted until stability is achieved. Types PDA or
PRA Prossure Pilots or narrow propertional band
controllers usually are unsulable for this typa of
opplication,

PDAP and PRAP Prassure Fllots are also avalable for
applicotions requiring valve positioners, volume
boosting or other relays of receiver controdlers with
various modes of control. Both types may be used as
controllers or ransmitters.
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Justing Nut
Locknut
Adjusting ?in
Mjesting Pia e Serev f 1L s1ider
Proporticsal Basd Nut 'J
3lade Spring - o
Slider - H .
Nozzle Disc Diaphrags H

lg? .\ '

PDAP

Figurs 10. Aqustabie Propordonal Bana Plot i ek
Adjusting Pis

Adjuating Pin Set Jorew
Progorticnal Band Nut

Blade Spring —

3lider /

%ozzle Disc Dupanp/ 3

Adjusting Spring

Mjssting Nut
Locknut

/lu«r

1

~Adj. Kach

Page &
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|40

51
51

PILOT CONTROLLERS, AIR ACTUATED, TYPES PDAP-1, RANGE 5-70 & 50-800
WITH ADJUSTABLE PROPORTIONAL BAND

@ 2T ARNANLIRITEE

PILOT CONTROULERS, AR ACTUATED

TYPES PDAP.1, RANGE 5-70 & £0.800

APPROX. NET WT, WITH ACCESSORIES 14 LB. 8.4 k)

6-1/8 .

~__ [155.6mm)

Page 18
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PILOT CONTROLLERS, AR ACTUATED, TYPES PDAP-1, RANGE 5-70 & 50-800

WITH ADJUSTABLE PROPORTIONAL BAND

PLLASL GIVL 1 TP, PANT SAME ARD PART REFERINCT Sl R | ROM ASLE S110W.
SR PART MEMSLA OALY DO LOGAIE MAT S% DRRAWI

WAWEN ORDERANG PARTS,

e R R

et bt e

B

358RaE IS

e st
]

114“'111.‘"! LEs ks

i
|
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""ltq‘l L i el & Rl o
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Ll

ASTM A Ge 20

ASME B-28 Avoy 356 OTS
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S
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_ASTMB.211 201772004
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Cammyorcie)

i

i

~n e

! 1 o 4 T

TESE PARTS SHLLD BE O MAD, PLUR RICTIMMDADE D A PRI W OWTMONA NG 048 (ouwaa(N L
MOTE T - CONSISTS OF MOXILE DL, SETARNG B, AND D0t M
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PILOT CONTROLLERS, AIR ACTUATED, TYPES PRAP-1, RANGE .70 & 50-800
WITH ADJUSTABLE PROPORTIONAL BAND

TYPE PRAP.Y, RANGE 5-70 AND 50-800
wmm“mmv-_-um-nn-—xm
R S AR WCARBAR GALY TO LOGATE PARI 98
: QY | RIE NS . TACH RANK
st AR uaTRAL MATImEL SPEC.
- war 53 $3-200
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¢ ) Owiwge — U . 2
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2| Sl Codionn Pt AEMA IO N [l “ws w5
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LESLIE CLASS DLO(S)-2
CAGE-RETAINED TRIM
CONTROL VALVES
ANSI 125-300 CLASS

Page B1
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CLASS DLO(S)-2 CAGE-RETAINED TRIM CONTROL VALVES

Leslie’s Class DLO(S)-2 cage-retained control
vaives are designed foe gencral purpose control of
clean, dirty, visoous or commosive Iquids, as wel 25 low
10 medium pressune, clean or dirty steam and gas ser-
vice.
| The coge-retained seat design efiminates the need
| o use of any threaded internal parts insuing ease of
IMSENIENANcH and pans raplacemant avan akar years
in ComMosive service. Top entry design also permits
2asy access 0 al nternal parts for inspection or
maintenance without removal of tha valve from the

Body Matarials

Class DLOIS)-2 control valves are
avsiabie in several body materials to han-
dic a wide variety of applications.
Standard body materals incude cast iron,
carbon s30af (DLOS-2), and 315 stainless
steel (DLOS-2). Other materials are avail-
stile on requast,

Tight Shwt-Off

Seat material
cheices include 316
stainless stool seats
with Stelite* alloy hard-
facing providing ANSI
Class [V or V shut-off,
316 stoinless steed
Cptional. An optionat
316 stainkess steel saat
with a PTFE insent pro-
vices ANSI Class V)
bubbia-tight shut-off
and Class IV metal-to.
matal back-up.

DESIGN FEATURES

pipsiine. Tha DLO-Z class also fealures the highest
Cv capadity of any comparable single seated valve in
tha industry providing maximum flows and minimum
pressure losses.

Two point stam guiding providaes rigid plug guiding
and makes those vales aspecially suitad for control-
ing dirty iquids or stoam

Through-bolted tonnet on cast steel and stainiess
stoad valves, In liou of bonnet studs, mokes volve see-
VICINg casy, aven after many yoars of service in coro-
Se omvdrenengnts.

Two Point Stem Guiding
The heavy duty stem is guided ot

; % top and bottom of the bonnat by

two guide bushings. Uriike singie
point guiding. this method minimizes
trim wodr and seat leakage caused
by phug dedlection and vibration.
Stem guiding also elminates any
possibilRy of pumping of fuid as can
happen with past guided globe
valves by eliminating the bushing
cavity where media con becoma
vapped then pumped through the
paciing. :

End Connections

DLO-2 Series vaives
are avaladle in ANSI 1254
250¢#, and (DLOS-2) serfes
In 150# and 300# class
body ratings. Choica of
standard end connections
Inciudie threadad, socket
wedd, butt wold and raised
face flanged. DN flange
ena connections optional.

STELUTC @ o mppeend Yodimes o Sioody Owon Sieiee, e
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Instrument Control Lab

The objective of this lab is to set up and operate a three loop Leslie pilot control pressure
control system. This system utilizes the simulation of the Kennedy’s auxiliary exhaust
system.

Learning Objectives:

+ Function and setting of regulating valves

+ Function, operation, and adjustment of diaphragm operated process control valves

» Function, operation, and setup of direct and reverse acting pilot control valves

» Function of direct and reverse controller action in a process loop

* Comparison of ON/OFF control and an automatic process control utilizing proportional
band in a process system

DY

R

Student’s Name: Date:

Instructor’s Name: Date:

AUXILIARY MACHINE II: LAB BOOK

71



Introduction:

This lab involves the set up operation of a pressure controlled process loop, utilizing
the Leslie pilot control valves and diaphragm operated valves. The unit we will be using is a
simulation of the Kennedy’s auxiliary exhaust system, which is made up of three separate
loops controlling one system. They consist of one Leslie pressure direct adjustable
proportional (PDAP) control valve, two Leslie reverse adjustable proportional (PRAP) pilot
control valves, two Leslie class DLO, and one Masonelian diaphragm control valve. Each
system will be set up separately and then combined to operate as one.

To better understand the construction of the Leslie pilot control valve, we will dismantle and
put back together several Leslie pilot control units.

As you look through this lab, you will find pages from Leslie controls installation, operating,
and maintenance instruction manuals. This is done to assist you in better understanding the
operation and functions of this equipment.

Terminology and Definition:

On/Off Control: The simple action of operating a switch or valve to turn a source off and on. A
simple example is boiler water. Turn the heat on and when the water boils, turn the heat off.

Automatic Process Control: As a system becomes more complex and demanding, controls were
designed to control the system around a particular parameter. This control action that
governs loop controllers includes three modes: proportional, integral, and derivative better
known as PID. Because we are only dealing with proportional band in this lab, we will only
review its function.

Proportional Control Mode: The most basic control mode, which produces an output signal
from a controller, the value which is proportional to the amount of deviation or difference
between the measured variable and the set-point.

Proportional control action responds to the size and sign of the deviation. For each
value of deviation, there is a specific valve opening. If the process is below the set-point the
valve will open, as the process goes above the set-point the valve will close. The actual
relationship between a given deviation value and its corresponding valve opening depends
on what valve opening can supply the right amount of control media to maintain process set-
point, and the proportional band setting of the controller. The control action is governed by
the amount of proportional and setting we have. If we have a narrow proportional setting, a
small process change causes a large valve movement. If there is a wide setting, it will take a
large process change to have a small valve movement.
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Rule of thumb is that the wider the proportional band, the smaller the change in valve
position for any given change in process variable

Proportional action continues to operate the valves until the process reaches the
desired value, or set-point. If the proportional band is adjusted narrower than the setting,
which gives a steady performance, it could cause an unstable control operation.

Proportional Band: The range of change or range of deviation, in percent of scale, that
corresponds to the full range of valve opening.

Off Set: Condition found in proportional only controller. It is the difference or “off set”
between desired set point and the actual process value.

A disadvantage of a proportional mode system is that there is a fixed relationship between
the value of the process variable and the position of the valve. That is there is only one
position of the valve for any given value of the controlled variable, regardless of the process
load. So whenever there is a load change, the system will respond and proportional action
will work to try to bring the process to a set point. However, as proportional action works to
reduce the deviation, it cannot eliminate it completely. (Off Set) - The size of the off set can be
reduced by making the proportional band narrow, but this may result in an unstable control
operation. A proportional band of zero produces a two-position or on-off control.

Control Valve Action: Direct and Reverse: The control valve acts directly with a change in the
process, that is if the process is too high, the dump valve opens and the supply closes; and if
the process is low the supply valve opens, and dump valve closes. As in most cases all of the
valves fail closed for this reason. The controller is designed to operate the process valve as
required by the use of the controller action.

Example: If the pressure gets too high, we want the dump valve to open. This is direct acting.
As the process increases, we want the controller output to increase. In the opposite, if the
process pressure drops, we want the make-up valves to open. This is reverse acting. As the
process decreases, we want the controller output to increase.

Diaphragm Operated Control Valve: This is a cage-retained trim control valve with a diaphragm
operated mounted on top. Reference the later pages showing the valve assembly and the
valve and trim assembly.
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Leslie Pilot Control Valve and Proportional Control: We will be using two types of controller, a
pressure direct acting adjustable proportional, “PDAP,” and a pressure reverse acting
adjustable proportional, “PRAP”.

The movement of the measuring diaphragm is governed by a range spring and an adjusting
spring, whose forces are in opposition. The adjusting spring serves as the set point
adjustment. Motion of the measuring diaphragm is transmitted to the stem and blade spring
through a yield spring, which allows for over travel of the diaphragm unit after the stem is in
contact with the blade spring.

Proportional response adjustment is provided by the blade spring whose effective length can
be changed by positioning the two spring support blocks. By adjusting the proportional
blade spring, more or less movement of the diaphragm is required for a given change in
output pressure.

ADJUSTMENT OF THE PILOT CONTROLS

Utilizing the schematic drawing;:

1. Ensure all valves are closed

2. Connect the air supply lines to both stand inlet. Open the supply pressure valve to the pilot
controls, valve #1

Adjust the regulator to 20 psig

3. Open the air supply valves to the pilot controls, valves #2, 3, & 4

4. Check the supply gauges on the controls read 20 psig

5. Set the stem length and the proportional band on all three pilot controls

6. Open the sensing line for the engine bleed steam and 150 psi steam makeup valves #9 &
#10

7. Check the position of the process control valves, the makeup and steam valves should be
open and the dump valve closed

8. Notice the control output; they should read 20 psig and 0 psig accordingly

We will now set each of the Control Systems, one at a time. This is done to ensure each
system functions properly by itself.

SETTING OF THE BLEED CONTROL SYSTEM

1. Open the system air supply valve #5 and inlet to the bleed steam makeup valve #6
2. Adjust the supply air regulator to 45 psig

3. Check to ensure the exhaust valve #13 is closed
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Note: The pressure in the main tank will increase and steady out at a pressure equal to the
setting of the bleed pilot control

4. Check the reading on the main system pressure tank (we want this system to operate
between 30 to 40 psig

Note: Adjusting the set-point adjusting nut will allow increasing or decreasing of the system
pressure. Check that the bleed valve opens when the pressure drops below 30 psig and closes
above 40 psig.

5. Adjust the proportional band nut, checking the output pressure gauge changes as you
make an adjustment

Note: To check the operation of the system, you can open valve #8 to supply air to the system
and valve #12 to exhaust the system. These valves allow you to simulate a system change
without the system operating.

SETTING OF THE DUMP CONTROL SYSTEM

1. Shut the bleed control valve #6

2. Open the exhaust valve #13

3. Set the operation of the dump valve controls by opening the pilot sensing valve #11

Note: The system pressure, by adjusting valve #8 we can increase system pressure

4. Adjust the valve so pressure is above 35 psig (the control valve should open)
5. Close valve #8

Note: As pressure drops notice the valve closes as it drops below 35 psig
Adjust the control set point to operate the valve at 35 psig

Check setting by operation of valve #8
Adjusting the set-point adjusting nut will allow the setting of the system pressure

O S NS

Check that the dump valve opens when the pressure increases above 35 psig and closes

below 35 psig

10. Adjust the proportional band nut checking the output pressure gauge changes as you
make an adjustment

11. Open the bleed control valve #6 and check the operation with both systems operating

12. Adjust the proportional band on each or either system as needed

13. Close valves #6, 8, & 12
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SETTING OF THE 150 LB CONTROL SYSTEM

As you were setting up and testing the bleed make up and dump systems, you may
have noticed the movement of the makeup valve. This valve is set to open when the system
pressure drops below the makeup capabilities of the bleed valve. We will set this system to
operate if system pressure drops to 30 psig.
Open valve #7 and close valve #13
Check system pressure
Open valve #12 to drop the pressure below 30 psig as you observe the control valve open
Adjust the set-point so the valve opens at 30 psig
Operate valves #8 and #12 to simulate the system pressure change
Adjust the proportional band nuts checking the output pressure gauge changes as you
make an adjustment

S kL=

Check the operation of the complete system by opening valves #6 & 13. By using valve #8 &
#12, system pressure changes and valve operation can be observed.
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Fhaid Power Educational Foundaticn Axn Inroducticn 0 Pocarratics

Pneumatics Problem #4
Application:
Parts are accumulating on a conveyor belt and waiting to be released and
transferred to the next phase of assembly. Technicians at multiple stations need to
control the gate release mechanism to have parts sent to therr assembly station.
To be able to design and assemble an “OR” logic circuit.
Circuit Problem:

Using the given compoanexts and layout, design a schematic crrauit which will
operate one spring return cylinder from any one of three identical valves.

o~ Design and draw schematic diagram. " Approved: _____
Connect components to match schematic diagram.
Operate and explam circwit o msguctor. Approved:
Lavout of Components Needed:

Part 2 Compomtbaaizm oy
1 2-possticn, sprmg offter, 3-way valve 3
2 saatie vaive 2
3 push buttcn oAl | 3

—3__1Suglk sctng, sengretom cybnder ]|

N
NOTE: ACTUATORS MAY ALRZADYEE
ASSEMBLED ON A VALVE
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=hic Powssr Bdsecanional By vl gem - pen et om D e
£ 0IC Fower paucationdl roungaaon An Introducton o Pocumatics

Solution for
Pneumatics Problem #4

Schematic Diagram for Circuit Problem

VAT

/\/\l" ‘L/

VARV

\_/AN\_A\__/

MY
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Fhuid Power Educational Foundation Az roducticn © Poeamancs

Pneumatics Problem #6

A tion:

A gravel yard has a single conveyor that can transport gravel o two different
loading docks. In order to shift the out feed of the conveyor to the altemnate loading
dock the operator must push a button. As a safety precaution, the conveyor will
always be beld in the last shified position.

Objective:

To be able 0 design and assembie an “FULL MEMORY™ circuit.

Cigenit Probleni:

Using the given components and layout, design a schematic circuit that requires the
operator to push one of two buttons that in tam shifts a detented, two position;

four-way valve. The valve is air-pilotad in both directions and operates a double
acting cylmder.

Design and draw schematic diagram. Approved: _______

Cormect components to match schematic diagram.
Operate and explain circuit to instructor. Approved:

yout )

I
“

2-positicn, sovng offset, 3.way vaive

2-posInon, detsated, 4wy valve

push BOmOe SCTRK0T

T PUOT AR

‘A&ble!

Component Description Qe
2
1
2
2
4

doubie actmg cylmder

NOTE: ACTUATORS MAY ALREADY BE
ASSEMBLED ON A VALVE.
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Solution for
Pneumatics Problem #6
Schematic Diagram for Circuit Problem
|
= ,
AW/

- o

. > )

. ¢

|}
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Pneumatics Problem #8
Tbcnnchmcheadofaprecmongrmdermodstocommomlymmmovcra

cyhndaheadanﬁcebungﬁmsbedl‘hespeedof:bemhmbemnedm

both directions.

( !!;jecﬁve:
To be able to design and assemble an “AUTOMATIC CAM CYCLING” circuit.
Circ H

Using the given components and layout, design a schematic circuit that
automatically cycles the continnous reciprocation of a cylinder. Limit valves

located ot the full extension and retraction of the cylinder are mechanically (cam)

operated. Flow control valves are located so that they control the exhaust flow
leaving the cylinder, Mebygovunmgthespeedofthoopu&on.’l‘hecycbis
stattedmdatoppedbyshfhngammallyopa:hdvahe. ‘
Design and draw schematic diagram. Approved: ____
Connwtoouponén!stnnnlchschcmaﬁcdiagmm.

mwm . -I m.- I I 3 A !. ..,'

Componesnt Description

2-position, spring offset, 3-way valve

2-position, 3-way valve

2-position, deteated, £-way valve
flow coatrol valve .

air pilot actuator

manual actaator

mechanical actuator

uuo.u:.un-g

—N—NN-NS

NOTE: ACTUATORS MAY ALREADY
 BE ASSEMBLED ON A VALVE.
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Pneumatics Problem #8

Schematic Diagram for Circuit Problem

MYTYEO!
’Yﬁ" YEO

ha
ha

N
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Schematic Symbols for Directional Valves

A directional valve 1s a valve that directs the flow of air in one with or another. It
doesn't throttle or meter the arflow, and 1t doesn't change the pressure of the air It
Just changes the direction of the arflow in some way. The ANSI symbol for
directional valves are the maost complicated of all the fluid power symbols, but some
of the most important, so let us start with directional valves, see how the symbol
system works. A typical directional valve symbol 1s made up of three parts:

MM/

A )
4 2 ¥

Left Actuator Valve Action Right Actuator

The actuators are the devices or methods that cause the valve to shuft from one
position to another. The valve action refers to the combinations of positions and
flow paths which the valve offers.

Position Boxes

Every valve provides two or more usable positions, each position providing one or
more flow paths For example, the familiar single solenoid spring retum valve
provides two usable positions, one position occurring when the solenoid 1s in
command of the valve, the other position occurning when the spring is in command
of the valve. The ANSI symbol for a directional valve s built around a series of
boxes or rectangles, one box for each usable position of the valve

A 2-Position valve 1s shown by two boxes

A 3-Position valve is shown by three boxes
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Most air moves are either 2-position or 3-position valves, but it would be possible Lo
have an unusual valve with four or five of even six positions. In any case, there
would be a box to represent each position of the valve

Valve Ports
Every valve port, which appears on the outside of the valve, 1s supposed to be

shown on the svmbol But the ports are shown on only one of the boxes, the box that
represents the flow paths that exast at the start of the machme cvcle. Scme examples

are
1
A 2-position 2-port valve
I
|
A 2-position 3-port valve
[ |
[N |
A 3-position 4-port valve
||

Flow Paths

Each box contamns a group of lmes that represent the flow paths the valve provides
when it 1s m that positon. If a port 1s blocked. we show that by the symbol !
If two ports are connected and air can flow. this is shown by a linc drawn between

the two ports
1 1
11
T
& !

[n the example above. the left box shows the conditions that exust at the start of the
cycle Port 113 blocked, and port 2 is blocked When the valve 1s shifted, the flow
condition shown in the night hand box exasts. Port 1 1s open to port 2.

2

5

AUXILIARY MACHINE II: LAB BOOK 84



Find Power Edecatzonal Foundation latrodection %o Poesmatics

Functional Types of Directional Control Valves

One method of classifying a directional control valve is by the flow paths that are
set up 1n 1ts various operating conditions. Important factors to be considered are the
number of mdividual ports, the number of flow paths the valve 1s designed for and
mnternal connection of ports with the movable part

Two-Way Directional Valve

A two-way directional valve consists of two ports connected to each other with
passages, which are connected and disconnected. In one extreme spool position. port
A 15 open to port B, the flow path through the valve 1s open. In the other extreme,

the large diameter of the spool closes the path between A and B; the flow path 1s
blocked. A two-way directional valve gives an on-off function

Flow Path Open Flow Path Closed

4
.
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Find Power Edncatenal Fesadation Intodaction to Peeumitics
Three-Way Dircectional Valve

A three-way directional valve consists of three ports connected through passages
within a valve body that are shown here as port A, port P and port EX. If part A s
connected to an actuator, port P to a source of pressure and port EX 1s open to
exhaust, the valve will control the flow of air to (and exhaust from) Port A

The function of this valve 18 to pressunze and exhaust one actuator port. When the
spool of a three-wav valve is in one extreme position. the pressure passage 1s
connected with the actuator passage. When in the other extreme posttion, the spool
connects the actuator passage with the exhaust passage.
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Four-Way Directional Valve

Perhaps the most common directional valve in simple pneumatic systems consists of
pressure port. two actuator ports and one or more exhaust ports. These valves are
known as four-way valves since they have four distinct flow paths or *ways" within
the valve body

A common application of four-ported four-way directional valve 1s to cause
reversible motion of a cylinder or motor. To perform this function. spool connects
the pressure port with one actuator port At the same time, the spool connects the
other actuator port with the exhaust port. This 1s a four-ported four-way valve

Passage A Passage B
' |
v \J Spoel

Presiure Fxhane
Passage Passage
A B
L L
]
P Ex
A B \ B
p Bx P Bx
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Five-Port / Four-Way Directional Valve

Four-way valves are also available with five external ports, one pressure port. two
actuator ports, and two exhaust ports. Such valves provide the same basic control of
flow paths as the four-ported version. but have ndividual exhaust ports. In the flud
power field this is referred to as a "five-ported, four-way valve.” Thus type of valve
brings all flow paths to indivadual extermal ports. The pressure port is connected to
system pressure after a regulator. Actuator ports are connected to inlet and outlet
ports of a ¢y linder or motor. Each exhaust port serves an actuator port

3-Parted, 1-Wiay Vahe

= =

10
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The direction in which arr flows during a normal operaning cycle 1s shown by
puttmg arrowheads at the ends of the flow paths next to the ports where the air will

come out,
°_L 4 Example #1 - At the start of the cycle. the flow path
T from port | to port 2 1s blocked. When the valve
nT 1 shifts, flow is from port 1 to port 2
Example #2 - At the start of the cvcle, the flow path
E | L from port | to port 2 1s blocked. When the valve
-+ shifts, port 1 1s opened to port 2, but during some
1" part of the cycle air flows from port 1 to port 2, and

during another part of the cycle aur flows from port
2to port 1.

Typical Symbols for Valve Actions
Two- Position Valves

4-Way, S-port
Dual Pressure L /"l
Common h 4 - -
Exthaust

: + ﬂ 2-Way, Blocked T+ 2-Way, Open at
- - at start of cycle F start of cycle
1
3-Way, Blocked ﬁ 3-Way, Open at
_-# E at start of cycle T A start of cycle
B 7 e T Hpr Distributor
F— '/ \ (Diverter)
, X 4Way, 4-port 4-Way, 5-Port
~ Single Inkt (/2] Single nlet Dual
- Exhausts

.“

1
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Miscellaneous Valve Symbols

Check Valve -

—O—

S

e
5]
Wl

Shuttle Valve -

®
B

L)

"
'
'

“
'

- -

y
e

Pulse Valve

Fixed Restriction or onfice -

Flow Control Valve -

Allows flow 1in one duection, but blocks flow
in the other direcuon. In this example flow
can go from right to left, but now flow left to
nght 1s blocked

Restricts flow in both directions.

Adjustable Restriction - Restniets flow in both directions.

(also called speed control valve) allows
free flow 1n one direction but restricts flow n
the other dircction. In this example free flow
is from night to left. restricted flow from left

to right.

In this example, frec flow is from left to nght
Restricted flow is from nght to left.

A three-port valve with two mnlets and one
outlet. In this example ports 1 and 2 arc
inlets, port 3 the outlet. If pressure is applied
to port |, it will appear out poet 3, but will not
back-flow out port 2.

If pressure 1s apphed to port 2, it will appear
out port 3 but will not back-flow out port 1.

When the pressures are removed from ports |
and 2, port 3 will exhaust back out one of the
two mlet ports, but it may exhaust out either
of them.

A valve that allows the mutial supplv of air it
recerves to pass through 1t just for a few
milliseconds (pulse), then remams closed
until the supply pressure 1s exhausted.

15
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Symbols for Valve Actuators

The symbols for the valve actuators are drawn next to the end of the valve boxes

L ]

ML/

] L) )

The rule is that each actuator 1s drawn next to the box that exasts when that actuator
15 in command. In the drawing above, when the spring has control of the valve. the
flow paths n the left hand box. When the solenoid (the nght hand actuator) is in
command, the flow paths in the nght hand box exist

There are a series of standard symbols for actuators. These symbols may be drawn
on either end of the valve withowt altening ther meaning

NES"“‘*- Composi ators

If two actuator symbols are drawn side by

Manual side, this means that exther one can cause the
valve to actuate

Push Button £

'& Lever Either the ar pilot OR the spring can cause the
i valve to move
Gl Mechanical
AL Typical Actuator Combinations
(A Solenoid vV
|
- o Aur Pilot
Air Pilot 2-Position. Double pilot, detented
(Alternate)

Detent éq

-~ 3-Posiion. Double pilot, sprmg centered

IR
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T™WO

THREE

TIIREE

FOUR

FLOW

SHUTTLE

PULSE

Summary Explanation of Valve Terminology

Way Valve, Normally Closed:
Flow 15 from inlet to outlet when the valve s actuated.
Fluid in outlet line 1s trapped when the valve 15 deactivated

Way Valve, Nommally Closed:
Flow 1s from mlet to outlet when the valve 15 actuated
On deactivation of valve, outlet line 1s vented to atmosphere.

Way Valve, Normally Open:

Flow 15 from inlet to outlet m the deactrvated valve condition.
Acmation of the valve stops flow from inlet to outlet, the outlet is then
exhausted.

Way Valve

From mlet, flow 1s diverted to one of the outlets. outlet port that 1s not
active 1s vented to atmosphere.

Valve can be either spring retam of two-position type.

Control Valve:
Allows free flow in one direction and controlled adjustable flow rate m
the other direction.

Valve:
Allows flow from either mput to the output

Valve:
A unitized valve that converts a continuous supply of ar into an outlet

pulse of ar and then remans closed until the supply pressure 1s
exhausted
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HOW TO READ SYMBOLS IN A HYDRAULIC SCHEMATIC

Introduction

Accurale dagrams of hydraulic crcuits are essantal 1o the
man who mest repair them The diagram shows how the
components wil inleract It shows he fiedd technician how
works, what each compenen! shodd be doing and whera the
oil should be going $0 that he can diagnose and repair the
syste=

The purpese of thes section is %0 show you how % find your
way around SChRmatc creull disgrams

Circuit Diagrams
There are two types of circuat dagrams

1 Cutaway Ciroat Diagrams show the imemal constrection
of the components as well as the flow paths By using
colors, shades or varicus patterns in the lines and
passages, they are able 10 show many different
conadicns of fow and pressure Cutaway disgrams take
consiceradly longar 10 produce because of their
complexty

2 Schematc Circust Diagrams the “shorthane” sysiem of
the industry. are usualy preferred for troudiashooting A
schematic clagram is made up of simple geometric
symbols for the components and their controls and
connecions

Symbol Systems

There are several systems of symbols used when making
schamatic dagrams Thay are as lollows

1 'S O =Intematcnal Stanciards Organization

A N S | = Amercan Naticnal Standasds Institue

A S A = Amercan Standards Associstion

J | € =Jomt ladustry Conderence

A combination of these symbols are Shown in this section
There are dilerences Detween the symbols dut there is

encugh smilgnty so that f you understand the symdols in this
SOC20N you will B ADM %0 inderpret cthor symbols as woll

Using Schematic Symbols
Reservoirs
VINTED AESEAVOR PRESSURZED RESERVOR
T10L88 710080

A rectangle with the top removed represents a vanted
reserveir A reciangle with the 1op in place represents a

PresSuTied resenvo
PRESSURCED RESEAVOR  PRESSURIZED RESERVOR
TI0LC 1oL
Thete are other schematic diagrams that show a shghtly
Gifecent version ¢f a pressuized reservoir, but the sy=bols
are similas and easly recognized An oval with a shoet ine on

10p Of 2 rectangle with Curved Sies represents 3 resanvor
that is pressurized

RETURN LINE ABOVE
THE OL LEVEL OE

Lines connected 10 the resernvor usualy are drawn from the
100, regardiess of where the actul connection is

L

SUCTION UNE OR RETURN LINE
BELOW ThE OK LEVEL NOSF

If the hydraulic line terminates below the fluid level, it &
crawn 2l the way to the dotiom of the symbdol

Revaes 11 ¥ PersednUSA
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L |

—
RESERVOR WITH SUCTION LINE ATTACHED AT THE BOTTOM
71080
A hrydraghc ine coenected 10 the bottom of the resenvoir may
e deawe from the Dottom of the symbol il Ihe bottom
cornection = essontal %o the systems operation

L= -

/

Tanm

I the pump Iniet muet de charged or 1leded with a pesiive
head of ol above the indel port, we would position the
reservoir symbol above the pump symbol, and draw the
suction ing out of Ihe botlom of e reservolr symbol

Every vebicle or Sysiem reservolr has at least two hydraulic
nes connected 10 1, 3nd S0me may have many moce Often
the components that are connected to the reservoir are
spreac i over the schematic Rather than having a iot of
condeng Maes al over the schemalc, & is castomary 1o draw
InSvidual resarvoir symbols close 10 the components The
reservoir is usaally the only component symbol pictured rmons
an oece

Lines, Tubes and Hoses

A Mydraulc ine, tube hose or any conductor that carmies the
B0 DEwWeen COMPENEnss i shown a3 3 kne

I

A working line, such as an inkel pressure or return, i $30mn
% 3 soid Wne

—

OIL FLOWE ONE WAY ONLY e
THLEX
O CAN FLOW EITHER WaY

Working ncs with amows show Grection of Sow

T
Rilot or control kHes are broken into king dashes

TIoLss
Dram liows lor inakage ol are Drokan o shon dashes

{ S ity

A llaxible line is shown a8 35 21¢ between two Jois and s
always represented by a solid ing

T

! 1
— - e

Cuita clten you will 584 an enclosure outling that indicates
that there are several symbols that make up a component
assambly such as a vahve of 2 vaive stack The enclosute
oullne 3ppears hke 3 box ang is brokan with dashes on 2
*0es

Aeviend 1156 PrrdacmUSA
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Crossing or Joining Lines

LINES THAT ARE NOT CONNECTED
TN 00k, T
The shortest distance botwaen two components that are

connect is a straght Ime There are lines thal cross other
ings but 270 not connected There are several ways 10 Show

crossing hnes

lmcm mclaon-cml
| l 1)

Lings that 278 CONMECIC are shown with 3 3ot that represents
the connection or shown as a tee connection The dot
conNecHon is the most commonly used when crawing
schemalic diagians

Pump Symbols

Q. @

FILED DISPLACENENT
TTuN bar ¥

There are many basic pump designs A simple fixed
dsplacement pump S shown as 3 orcle with 3 biack Fangle
that is porting cutwards The black tiangle is like an amow
head and points i te direction that the o will flow If the
PURD 8 rEversibie of esignad 10 pump In aither drection, it
will have two black triangles in & and they will be opposite
cach cther

3000-5

VARABLE DSPACENENT PRESIURE COMPENSATED
TioLes 7haT

A vanabie dispacement pump $ designased by Stawing an
rrow theough the pump symbol at 45 degrees To indicate a
vanable dpiacement pressure compensated pump, & smal
box with an urow in i will De added 1 the side of the pump
symdol

/

PEDAL OR TREADLE
LEVER CONTROLLED CONTROLLED
sy oW

¥ the pumg i contioled Dy @ lever or a pedal, 1 wil be shown
on the side ol the pump

o

PUMP WITH DRIVE SHAFT mmmum

TIEW mu.
A @' shah is shown as two shor paraliel Ines extending
from e side of the pump i & curved amow is shown on the
drve shatt, £ wil iIngicate e Sraction of rotason

Revised 1196 Pretedn USA
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Hydraulic Motor Symbols
I—' REVERSSLE WOTOR
NCNREVERSIBLE MOTOR
TN TN

Hydeaehic motor Symbole ar¢ Grcies with black triangles, but
CPPOSN0 @ pump Ihe teangics poim mward 10 show the molor
s & recover of oll Oae wiangle is usad In a nonreversibie
molor and two triangles are used for 2 reversdie motor

D

had ¥
A simple schemalic dlagram 15 shown with 3 hydeaulic motor
CoNNECNd 10 @ hydrauhc pump
Cylinder Symbols
RECTANGLE /ﬁ!
Tl

A cyfinder symbol is 2 simple rectangle representing the
barsed The piston and rod are repeesentad by a 106 1hat is
insened mio the reclangle The symbol can be drawn in any
poskion

TN

TN
i the cyfinder & single acting Bare is only one port shown on
the symdol The port Is shown on the end of the cynder that
receives pressurized fluid and the opposite end of the
cyinder is Jell open A double acting cylinder symbol has both
ends closed and has two podts on e symbol

DOUBLE ROD END CYUINOER
AR

A doubie rod end cylinder has a rod axiending Irom sach end
of the rectangle

11,

SINGLE OO END
FOUED CUSHION BOTH ENDS Tt
|

z.___.

SINGLE ROD END ADJUSTARLE

CUSHION ROD END ONLY Pa0L2E
Some cylisders have cushions buit into them The cushica
Siows down the movement of the piston as it nears e end of
iz stroke Cylinder cushions are shown as a smaller
rectangie on the piston I the cushica has an adustable
cdifice, a slanted arrow is drawn a1 45 degrees across the
symbel

|

Revignd 11.9¢ Protec o US A
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Pressure Control Symbols

The basic symbol is & square [which s called an envelope)
wih exterral port CoNNeCTns and an armow ingide 10 show
the cil passage and direction of flow Usually this type of
valve cperates by dalancing the of pressure against & sprng.
$0 3 $pring is shown oa one si2e of the symbol and a piket

pressure ne on the othet sde
Normally Closed
ARROW OFFSET ARROW ALIGNID
FROM PORTS WITH PORTS
nLEY i
B OR[N -
SPRING s |
' H
|
CUTLET WENTALLY VISUALRE SQUARE
NORMALLY CLOSED MOVING TOWARD SPRING
TI2088 AN

A normaly closed valve, such as 3 relal or sequence vaive,
8 shown with e arrow offset Som the ports and toward the
plot pressute line side of the square The spring hoics the
vahve closed until the pilot line of pressure i greater Dan the
spang pressure Mentally vissalkze a build up of pressure n
the plot line and the square moving over, cCompressing the
spring The od can now flow theough the valve

Normally Open
MLET oz .
mw 3 UNT i l i E
OUTLET !
EORRALLY OPER MENTALLY VISUALIZE SOUARE
a0 TIM8E

A sormaly 0pen vaive i Shown wih the arow comeciing the
two ports It closes when pressure overcomes sprng force
Mentally visualize a Dusld up of pressure in the piiot line and
the squire moving over, compressing the speing  The oll fow
through the vaie is now blocked

8000-7

Relief Valve
\\‘ ILJM vaLve

A relief valve is shown as 8 normaily closed symdol
connected between the pressure ine and the reservair The
flow GIrection arrow poins awdy Mom the pressure ine pont
2ad toward the reservor This shows very graphically how &
relie! valve operates Whnan pressure in the system
overcomes the valve spring, flow i from the pressure kne
Froogh the relsl valve 10 % reservor

Pressure Reducing Valve

HGH PRESSURE INLET

o ‘»IM

- — I

REDUCED OUTLET PAESSUSE T

A pressure reducing valve is shown as 2 normally open
symbdol in 2 pressure ine This vaive works cpposse of a
refat valve, since it sanses outlet pressute versus inlet
pressure As e outlet pressure bullds, 1 works aganst a
predetermined sprng force As Tho $pring 1orca is overcoma,
fow through ™e vave is modulated o shut off

Revised 1154 PamenUS2
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2000-8
Sequence Valve

SUPPLY UNE

iy L f"u_:’
WP 5w

L) L] "

The normally clesed symbol is also used for a sequence
vave Tha inlet pon is connacted 10 3 primary Cylinder and
the outiet port to the sacondary oyiindet Ine When e pision
i the primary cylinder reaches the ead of i1S stroke, the
pressure in e supply fne ncreases The sequence valve is
also connected %2 the sepply Ine and alo leels the Increase
in pressure As pressure increases, the square and
cirectional flow armow meves over, connecting the et and
outie! ports allowng fluid 1o flow 1o the secondary Cylinder

Directional Control Symbols

Simplified Symbols
One Way Valve

NO FLOW

r————

N

A simpie ball check valve 5 shown When ol pressure is
exarted on e left side of the bal, Be bal i forced into the V
and no of can fow past it When o pressuse i appiied 10 he
right side of the bad, the dall moves away from the V and oil
can flow past it

By Pass Valve

Tiausc
A by pass valve is shown as 3 0% way valve with 3 spdng on
e ball end of the symbol This shows that & pressenzed fow

wil D8 neCcessary Y0 overcome e spang ‘oece and allow flow
around the bel

Composite Symbols
One Way Valves
i--\
I
- I & Row
— H— S L
=~ 1 -
oW | MENTALLY VESUALTE A BURD
! P OF PRESSURE ON THE
T | FGHT SIDE OF THE vALVE
ONF WAY VALVE SHOWN IN
THE CLOSED POSITION 7T3LEA

A mote complex one way vaive is now shown  This denctional
control symbol uses 3 multiple envelope (square) Sysiem that
hiss @ separate squase Sor each position Remember all of the
port conmactions are made 1o the envelope Ual shows the
neutral condition of the valve Wilhin sach enveiope are
arrows showing the flow paths when the valve is shified 1
thal position

Two Position Valves
CYLNOER
CONTROL ROD END
PUNP, g \‘
=
sl W | B
AN
CYLINDER .
PISTON END nes

A simple contrel valve has two envelopes (represanting the
spool) 4 1 is 2 two posiicn valve The envelopes show the
flow conditicns whan they are in one position The above
schamatic is showing ™t oil & being suppied o the 10d end
of the cyfinder Il we mentally visuahize the deectonal conteol
valve moved 10 the other postion, It would e as shown
below

=
U W
N

T
Mere, pressutizad oil is baing supplied 10 the piston end of
the cyinder and od lrom the rod end of the cylinde is allowed
1o flow 10 the 1eservor

Reviea 1196 FrrtsonUSA
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Three Position Valves

J
v 7T

OPEN CENTER THALE POSITION VALVE
TIAA
ﬂ
i3 :
et L
CLOSED CENTER THREE POSITION VALVE
nxst

Three costion valves will have 2 centered (neutral) posaion
The cantered Dosmon Can De aMher cpen of closed 10 fow
The open center is usually used with & fxed cisplacement
pump and the closed center is usually used with a vanable
displacersent pumg

Actuating Controls

\ L L
A
THREE POSITION, SOLENOID CONTROLLED
WITH INTERNAL PLOT ASRIST PRESSURE

TI3LE0
Vaive spoois are controlied by levers, pedals, plot oil, electric
solencids, eic , which are called actuating controls These
RCILANNG CONTOS are Shown by Symbois piaces on the ends
of T8 eveICEes
Rae 434372

8000-¢

To show that & valve 18 spring cenlered, 2 spring symeol is
placed at each end of e envelope The above schematic
hows that an elecinzal sokncid and plct pressure assist amn
required 10 overcome speng borce 30 move the vale spodl

Flow Control Symbols
Restrictors

- Y
~ ~

bal ) e

The basic flow control symbel is @ representation of a
resinicior If the resiriclor is adjustadle, 2 slanted arrow IS
deywn across the symbol The restricior could be a special
fe3ng with a small hole in it o a small driled passageway
within a vaive ¥ it is an adjustadle restricticn, 11 coulkd be
Bought of a5 & water fauce! that can be controlied By tuming
®e handie 10 regulate the fiow Restnciors can e appled 1
meler oul, meder in and bleed of tirtuits

oo |

ADJUSTASLE RESTRICTOR RESTRCTOR
PRESSURE COMPENSATED PRESSURE AND
TEMPERATURE COMPENSATED
T T

There are adjustable restriciors that are pressure
compensaled That means Bat the size of the opening in e
restzictor will change with increases and decreases in
pressure A perpenrdicular atrow indicates pressure
compensation I the restrictor has both pressure and
MTOErae COMPENSAToN, The symbol for & thermomaier wil
also be shown

Rewaed 11406 Presed nUSA
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8000-10
Accessories
Filters, strainers and MCat cxchangers are reproseniod as

squares that are luened 45 dagraes and have the port
CONMCION al the comens

A Cotied ne perpandicuar 10 the fow
ing indicates a fiter or straines

N
N

FILTER OR STRANER

TesE

A solic line perpendicular 1o e flow
wits Black triangles pointing out
indicanes a cocler

N

COOLER

RS

The symbol 1oe @ haater is lie the
symbel 1or 3 cooler, except the black

@WWQ
WEATER p——

Two sets of tiangles pointing in and
%t Indicates a temparature control
it

TEMPERATURE
CONTROL UNT

As you can 500, the Dack 1sangles pont in the direction that
the heal is cissipated Or in the case of the control unit, ey
sncw that the heat ¢an De rogutaned

An oval with details mside indicate an accumuletor The
details insice will 1ol you what type of accumulator & is,
speng loaded, gas chirgad, or cthar eatures

The ¢wider ine indicates thete 15 2
separaiir Detwoen e charge and the
0d A hollow taangle indicates gas

GAS CHARGLD

pal ¥

A spning shows that the accumulalor 1§
spmng leaded

7oL
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B000-12
SIMPLE SCHEMATIC

Now that you have completed hycraulic symbols, we have put some of the symbols together i form a simple hydrauic schematic
See ¥ you can fingd your way asound the schematic withou! reading the text foe each valve The text explaing the function of each

vave 1 the hyaraulic system
~
'\ﬂ/ l
=
F<>—-l H_I
f | bl fe—
M P H H(A)
——— —e
A
E@ ,
PLOAT ot
o ~
" C/._ -
il T N +
o-, ol F r-‘ L
e —g — h—& et ""03
2l = Py
bt D e P %‘\Bj
o« 1Pls. |21
L
L~
. @ ‘\c/l @I
TS
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Valve A

This vaive < a throe posiion valve The soool s lever
operaled ang sprng centered R is as open cente valve
Visually place e enveiopes ;a0 the cemer postion and you
will 580 that !he valve will direct of inmo onc end Or Ihe Cther
of cyindes A When the 3pcoi in vaive A o moved oul of e
centered positon, the valves downsheam will recanve no od

Valve B

Valve 8 i sandar 10 vaive A DUl 418 3 10ur pOSBON vave The
fourth pestion 15 3 float posihion and & held Nl Bat positica
with a delend Wah this valve e cynder B can De 0ateng,
rolracied, or placed n the float posmon Visualizes the
envekee K B $00t POSMON in B ief passageway

You will see that oil can continue to flow to $he next valve
downszeam and that the rod in cylinde B could bs peshed
back and forth The oil could move from one end of the
cyfinder 10 ™e other via the vaive Soth ends of te cylinder
are also conmmctad 10 the teturn Ene 10 e resenvor

800013

Valve C

Thes valve i also samiar o valve A bet is designed o control
2 Sngle acting cylinder When you vissalize placng the upper
eavelops in the canier posmion you will see that ol can drain
back 10 the rescrverr from cynder C

Az tho same time, o feom the pemp ¢an Now Troogh valve C
10 ®e nex! vahe

Valve D

Valve D is 3 levar operaled, spring canlered valve and is
designed to control & hydraulic motor Il @ hydtaulc molor
was tuming a flywhee! and the o Sugply and retum were shet
olf abruplly, s would cause damage 10 the hycradiic knes,
e moke, Of whaléver 1 was Thesetore when the
valve supplying the motor is shut off, the mcter should be
able 10 siow cown gracually The canter (neutral) posion of
vaive D will gllow That % happen By leting ol from the outiet
of the molor retum 1o the inket side

As you have seen, this brief informasion is all you need to
raad hydraulic schematics The more you use It, the mace you
will be comfortable using hydraylic schematics as a
troudieshocting guide

Pevieed 1166 Perted nUS A
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800014

Lines and Line Functions

SOLD LUNE
AN UNE
THLSH
— e — — DASHED LNE
PILOT UNE
THLEA
------------ mm
EXMAST OR DRAN
711088

TR
THILE LUNES CROSSING
I T
| LUNES JOINING
T
’ LIOUID DIRECTION
TERMN OF Row
IN GASEQUS CIRECTION
L OF FLOW
e 8
FLEXBLE UNE

Fac sean

COMMON SYMBOLS
Mechanical Devices

— MECHANICAL CONNECTIONS
mmu.nu:csn
TINAG
VARABLE COMPONENT (RUN ARROW
/ THROUGH SYMBOL AT 45 DEGREES

Pumps and Motors

FUIED DSPLACEMENT

Ta5L30

HYDRAULC Puve

PRESSURE COMPENSATED
f VARIABLE DISPLACEMENT Pump

TNAF

FOED DISPLACEMINT
MYDRAULIC PUwmP
(TWO DIRECTIONAL FLOW)

T

Nevines 1138 Prrsedn US A
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BOOO-15
Cylinders

NYDRAULC
FIXED DRSPLACEMENT

e

O
s
:
§

T | |

1ILsP
HYDRAWLIC MOTGR

TTAmA

D
:
|
.
]

NYDRAULIC OSCILLATOR - SINGLE ROD END
10, FIXED CUSHION BOTH ENOS
1AM RES
Reservoirs
I 1
SINGLE ROO END
RESERVOIR Z
CPEN TO ATMOSPERER 00 EN0 OnLY
TRLe raxm
| L
] OFFERENTIAL CYUNDER
) oo
TILAF
Valves
L—L| Ly CHECK VALVE
hal- ¥ 2 \/
navw
Ll s -

2
4
:

D<o

Rac 84302 Revised 114¢ Preted mUSA
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B000-16

b -

SELECTOR VALYES
- - VAL
e T . ) PRESSURE REDUCING VALVE
1 '
——e
v LJ .
- ~ bar ¥
2 POSITION - 2 WAY VALVE
T .
|
e \
NON - ADJUSTABLE RESTRICTOR
+r— TISLEH
/ 2 POSITION - ) WAY YALVE
o
! ADAISTABLE RISTRCTOR
X 2 POSITION - £ WAY VALVE Tes8
nHes
: L1 ' o A N—a
i~ |
.
3 POSITION - & WY VALYE :
D sl TR AC
|
T
44! ~ - s
2 POSITION - & WAY
n
e _—
T T TALVE CAPABLE oF WFRTE
A -
|8 MORIZONTAL LINES DRAWN
1T Tl PARALLEL TO THE ENVELOPE)
HRAC
\M J PRESSURE RELIEF VALVE
|
sk
Rae 854372 Revaied 1194 Pamde USA
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Valve Actuators

Vas
} | PHESSURE COMPENSATED
N
SOLENCID 29U
GTILAL
- PILOT PRESSURE
DETENT RENOTE SUPPLY
ety
bee U
WA > po—
SPANG
TOLE) m
Accessories

FILTER

{l

TLRE

G

/Ene0

TaLF

PUSH PULL LEVER 291180

4

ACCUNULATOR
HYDRO - PREUMATIC

1
D & b b O

Revizec 11,56 PrtsdmUSA
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REVERSING NOTOR

STATION OR TEST PONT

@4
S

o T
O KO

mwl
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ADJUSTMENT OF TORQUE SETTING

HOW TO USE YOUR NEW

TORQUE WRENCH.

A. Baloncing wrench in left hand with
groduotions visible  unlock knurled
hondle by.turning lock nut counters

L. Addechwise Sce Fig 1| K A :
k- '[S_e? onioutgq::)] torque (equited: by

trning knurled hondle to reod exoct
omount on cose graduations! _

Example 86 fr. los,

1. Yorn kawried hondle wntil the zero.
graduction on the beveled odge of
the knurled handle is lined vp with
the vertical mark on the cose, and is
even with the B0 filbs groduation,

_ Turn kowrled hondle clockwise. watil
the & ft.lbs graduotion on the beveled
edge of the handle Is inline Witk 1he
verticol line on the cose.

3. Léck handle securely by turning
lock nut clock-wise. wrench is now set .

- ot 86 frlbs torque ond is ready lo
we See ig. 2.

C. When setting for metric (KpM), vse

same procedures os setting for fi-1b,

D. Install the proper sockel or oftochment

to the squore drive and opply o nut or
bolt and pull hondle until you feel

ond/or heor wrench click, Releose pull
and wrench aulomatically resets for next
operation.

DO NOT CONTINUE TO PULL AFTER
WRENCH RELEASES. USE SPECIAL
CARE AT LOW TORQUE SETTINGS
THAT PULL STOPS WHEN WRENCH

CLICKS.

CAUTION:

1. o wrench has not been used or hos been
in storage for some lime, operote it
! several limes o! o low lorque selling

~

which permits special internal lubricant:

10 recool interncl working ports,

2. When wrench i3 not in vie, keop odjws?-
ment ot lowest torque setting,

3. Do not turn handle below lowest lorque
selling.

S ———

. Do not continue pulling on the wrench .

ofter presel torque has been reached and |
the wrench hos reloosed. Pressure muyd

" ba taken off the handle and the. wrendh
,wcd,- Joutomaticolly reset. it L

inwing to opply pressure ditee the s
wrénch hdf released, will result In'
domage 1o the port being torqued by |
opplying more than the specified omoent
of torque. .

. Tool is rugged ond designed for shop -

wie, bu! is cho o precision meosuring
nstrument ond should be frected o3
soch

. Cleon wrench by wiping: Do not im- |

mersc in ony type of cleoner which may
cffect speciol high pressuwre lube with |
which the wrench is packed or the

factory.

7. This torgue wrench was calbrated

and tested before leaving the faclory

and is accurale 1o £ 4%. THISISA
PRECISION MEASURING
INSTRUMENT CALIBRATION AND
SERVICING MUST BE DONE ;

REGULARLY AND IS THE OWNERS
'RESPONSIBILITY.

/1
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M
STURTEVART B3 RICHMOAT
P,

DIVESON OF RYESON CORPORATION

; OPERATING INSTRUCTIONS
Micrometer Adjustable Torgue Wrench Series
SDR, SD, & CCM Series
Sturtevant Richmont 1orque wrenchas are designed 8 manufactured 10 meet o axceed ASME B107.14,
GGG-W-685 & 1ISO 6789. This series of wronches are accurate 10 + of - 4% of indicated readng in the 20 to 100%

This ool operates and indicates 1orgue in one direction only as indicated by the arrow on the case (Figure 1)
. The wrench can be used In the reverse drection 1o loosen bolls provided you do NOt excsed the rated capacity of

the wrench. -
The case (Figure 1) is engraved with graduations (main scale) and the aluminum grip with increments (minor

scale). The sum of these two numbers equals the desired torque value, One complete revolution of the rubber grip is

equal to ane graduation on the caso (main scale).
To set desired lorque, rotate the grip lock in the unfock direction untl resistance is felt (Figure 2), grasp the

force pull in the direction of tha amow on the case. Wrench must be kept level and perpandicufar (o the work.
Continue to pull the wrench until the operator hears or feels a click. Stop pulling immediately to prevent over

r~ Mige SCONC Grip Lock
AMojr Scale -\
g s (R | BVee=
c-.oJ ANuminum Geip Fubitrer Celp
Figure 1 Figure 2

. CARE & CLEANING
When the wrench Is not used for any length of time & should be stored with selSngs set of the lowest value
and in & clean dry enviranment. Do Not immerse wrench in any type cloaning fluids.

REPAIR PARTS, SERVICE & CERTIFICATION
Repar parts can be orderad from your local distributor. For v name of 8 distribulor in your area contact the

factory. Soe information on reverse side.
Repar and Corfication, traceable 1o N 1.8 T, of Sturtevant Richmont product is avaiable at the factory by

sending 10 the addrass on the reverse siie

USE OF EXTENSIONS & ADAPTERS
When using an extension or adapter (increasing the affective lengh of the torgue wrench) the output torgue
value will change. To calaudate the new output of the wrench use the following formulac

To=Tw x(L*A)
L
Ta = Torque exsented € end of adaptor Tw = Wrench scale reading
L = Lever length of wrench A = Length of adapter or exiension

A number of variables including the length of the adapter or extension, length of the wrench and variations in
hand position on the wranch will affect the accuracy of the above caloulation.

o CAUTION
-Safety glasses should be worn when using any hand fool
-Be sure altachment end is properly engaged and seated on the fastener.
-Chaaer bars shoud never be used o mcrease Tw leverage
-Do Not exceed the rated torque
-Do Not use 1orgue wrench as & hamimaer
SWrench should be re-cadrated periodically to maintain s acCuracy
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MICRO-ADJUSTING
TORQUE WRENCH

OPERATING INSTRUCTIONS

1. STUDY THIS BOOKLET CAREFULLY BEFORE
ATTEMPTING TO OPERATT THIS WRENCHL

2. NEVER APPLY MOEE TORQUE THAN THE MAX-
IMUM SCALE BEADING.

3 s lmm-damd manul tohien-
g of thieaded isstenes onlg. DO NOT USE 1T AS A
NUT-SREAKER OR FOR ANY OTHER PURPOSE.

4. Overtoqquod o delective fastentrs and sockuls may
suddenly broak. Ratchels o plain drives that ae
mproperly engaged, wom oul, damaged, Or Owtos
Qi) may S o Deegk, TO FREVENT INJUHY, KEIP
PROPER FOOTING AND BALANCE AY ALL TIMES.
DO NOT USE THE WRENCH IN PLACES FROM
WHICH YOU MAY FALL OR SUP, OR ARCUND
ROTATING MACHINERY.

5. This wranch will not pesvent you 10 Apoiying o
A0 Tha) S0« It IS NOE A 106que rriting tool. Loamn
how Gflerord semounts of 10rquo “leel.” 50 you wall
rcduce the possibility ol darmage andlor infury due 10
accidental ovenoquing.

6. APPLY FORCE TO THE GRIF ONLY. DO NOT USE
“CHEATER BARS® (A ploce of pipe placed ovr the
hand geip).

7. There are no userserviceable components inside
U wionch, J ha weanch of msking

anyy sdpeeamants wil oull i he loss of acowacy,
S will voidd the warrarty.

SK Hand Tool Corporation
Chicago, Minols 60632-5969

Mol ADOWS Bustrvion 8008 10 A8 modely xceid 1 dive
ANd e (Mon-tectel) A,
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On all modkels except ¥° dive, the torqua is sdisted by unlock-
Ing &nd tuming the grin. The ameunt of torque & SHown 0N Wo
saparalo micomotor scalos - one in English units, and the other in

On 3" drlve mockds, e irgue Is adjusted by puling back, ang
nn?mmm!homdwbm n
:" tho two viewing windows — one for English settings, the

The wrench is oquipped with & sversilo estchiat hesd o & plan
{non-atcheting) hoad and may b usod in both rght and lelt hand
dimctions. Tho drive hoad accommodaies sockets, (densions,
crowfoot adaplers, and other attachments 10 8 a aultibude of tas-

teners in sutomoltive, arcraft. macine, industrial, and other applca- -

tions, both English and Melric,
Tha inteenal torque control mechanism & mounted on ball beas-

mumnﬁummmmmm_

forgue wiench which Is mone accurale, more consistent, and
stays In calibration longer than ofher lorgue weenches.

Tho wroench housing s made fom prcision drawn sleol which is
hoat tmated for hardnoss and strength, polished, and chrome
plated for corasion protecion and supedorn appearance. On ¥*
and smalier drive size models molded plasiic grip ks contousd to ft
comionably and secwely inlo the hand,

TO SET TORQUE - ALL MODELS EXCEPT %' DRIVE
1. Pl the lock collar back 1o uniock e mechanism,

2, Whilo holding the lock collar in an unlockad position, ban the grip
clockwizo %0 Incroaso the torque, and counterclockwise to
decroase the lorque. Keep tutning until he desised 1orque sod-
Ing Is incicated on the miciometor scale,

3. Lock the setting by releasing the lock collat

Matric Scales™

e
787 Nm
50 ALs o)

Varous modeis and capaciies of wanohos ae Sustrated. Though

"By nocosaly, metric mnmw.‘ 0 ovon numbers, Conge-
Quenty. whon using Motnc ocales, set $o wienoh of reading Glosost
0 desled longe. g : o

TO APPLY TORQUE

1. Altach tho proper socket or othor aftachment 10 the drive, Set Fe
revecsing lovex for the peopor direction of operation.

2. Instrt the sockel of attachment onld the £63aner 1o b 1ore

3. Ulilzing the ratcheting head. you may "spindown” tho fasies...
Wl resistance is flt (radchet head models only)

4. Holding the weench BY THE GRIP ONLY," apply SLOW, AND
STEADY pull unti & momentary reloaso impulen s foll. Roloaso

“IVhen wsing long sockots O CONOENYE CAMSIONS, I W) My T8
Spponed s tho head (only at the hoadl) with andy Regligitle eflects on
A00HBCY.

5. The wianch rmeots sutomaticaly and is seady for Ihe ] Cpors-
on

IMPORTANT SUGGESTIONS

1. Thaoads on bolts, rts anvd other maling
cloan and smoof. A lubricant applicd %o the fusads and undor
the head of bolls wit procuce Mo accurale and consistont

2. Nover forque a fastonor that is alsonady Sghioned. Looson & finst,
then se-lorque 1o the deskod value, The same applios to fasioners
thal wese aocidontally ovenorqued.

Criss-cross manner fies! GO-70% of he Gesved torque, then o the
final Sorgue.

4. DO NOT apply moro Sorgue than the rated capacty of e lorque
wrench. Do not uso @ as o nut-broakor!!
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E e EfAnciie Ongth of extidion - midiumd
along the canteriine of the lonque weench

L e VO et of I wrEnch — conter of
i 10 conder of OO

T(W) — Torgue 36t on Be wiench
U  — Terque appied Ly e exlencion 10 P9
foenot

NOTE:

1. concantzic) sockot cdensions which cdend dimcty
m-‘mm the ads of the drive do not affact the
calbrtion of the Torgue

encugh proseuss 10 operale the wiench, bokd the grip in cne

hand, and put T other hand 00 tho top of the frst kand, never on

the weench body (on ¥ drive models thor is onough Orip aes 10
Loth hands)

CARE AND MAINTENANCE

1. A Torque Weench is & procision instrumwnt and shoulkd bo handied
and slored with care. Do ot theow R around, haenmor with it, or use
¥ 25 o prybar

2. Tho wrenich is lubricalod for Mo and should not be clled. The only
excoption is the ralchol hoad which may be lubricatod & needod
for smocth operalion.

3. The piastic orip is not alfeciod by pelrolounm products, bt may
Lo damaged by cardain ndustrial soivents. IL Mday he cleaned
with & clean cloth wetted In minoral spints or donaiend alcohol,
NEVER IMMERSE THE WAENCH OR ANY PORNION OF 1T IN
ANY LIQUADY

4, All torque wionchae should be perodically checked lor ac-
curacy. This should aiways bo cone after the wianch is subjectod
10 aboomal handiing o steeape.
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