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Introduction

This manual provides information for the correct safety, installation, mounting, plumbing,
operation, maintenance, repair, and troubleshooting of the Darley ZSM pump system. Please
thoroughly read and follow these instructions before putting the system in service. Doing so
will ensure optimal performance and long life of your equipped apparatus.

The manual is divided into 5 sections plus an appendix. Each section details the operation,
installation, mounting, plumbing, safety, use, and maintenance of the ZSM pump system. The
appendix includes supplementary information.
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Section 1

Definition of Symbols and Immediate Safety
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IMPORTANT

Throughout this manual will find Caution, Warning and Danger symbols.
Please pay close attention to these symbols as they are for your safety.

A DANGER | Signifies an imminently hazardous situation that
could result in death or serious injury.

AWARNING| AN WARNING - Sjgnifies a potentially hazardous
situation that could result in death or serious injury.

ACAUTION| _ Signifies a potentially hazardous situation that
might result in minor or moderate injury.

CAUTION | Signifies a potentially hazardous situation that
might result in property damage.

Ignoring any of these identified hazards is not recommended. W.S.
Darley does not advise such actions or take responsibility for the
actions of any operator of this unit.
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SAFETY

Always read safety instructions indicated by any of the above symbols.

AWARNING

1)
2)

Open and close valves slowly.
Be prepared for high nozzle reactions — open nozzle slowly.

AWARNING

1)

2)
3)
4)
5)
6)

Do not exceed system rated pressure of 250 PSI, capacity of 3500 GPM or impeller speed
of 3500 RPM. If assistance is needed in determining engine speed to impeller speed
correlation, contact W.S. Darley Customer Service.

Observe local regulations on the use of hearing protection.

Use only hoses with pressure rating higher than their intended use.

Remove all pressure from hoses before disconnecting.

Shutdown and depressurize completely before attempting maintenance.

Use of wheel chocks or blocks is required.

AWARNING

Relay pumping is acceptable as long as system rated pressures are not exceeded.
Receiving pump should be equipped with sufficient safety relief type devices, such as
Suction Relief Valves and/or Discharge Relief Valves. Failure to follow this
recommendation could result in phenomena such as water hammer and system
pressure spikes. Such occurrences can cause severe personnel injury and severe
equipment damage.

AWARNING

Great care must be taken in the layout of pump systems drivelines. Interference and
driveline vibration must be considered. A sufficiently experienced installer with
knowledge of driveline considerations, proper layout and recommended guidelines
should be utilized as well as a proper CAD system for technically precise layouts.
Installation of said drivelines should not occur until a proper analysis is performed by
either said drafter or W.S. Darley. Darley utilizes and can distribute the Allison Driveline
Analysis program which they use for said analysis, along with an instruction for use.

Failure to do said layout and analysis could result in severe injury and damage to
equipment, including items not furnished by Darley, including but not limited to: drive
tubes, hanger bearings, u-joint crosses, gears, rear differentials, and main truck
transmissions.
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Exposed rotating drive-shafts should be guarded.

Use safety rings around drive tubes especially near connecting u-joint crosses. Such
safety rings would be sufficiently attached to the chassis frame and sufficiently strong
enough to prevent a broken u-joint assembly from allowing a driveline to slide out from
underneath the truck at high speeds while still rotating, causing severe personnel injury.
Said safety rings would be larger than the drive tube OD and provide enough clearance
for dynamic non-rotational movement of the drivelines through loaded and unloaded
conditions, driving operations and where chassis flex may occur.
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Section 2

General Information and Operations
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10.

11.

12.

13.

14.
15.
16.

17.
18.

19.

20.

21.

SUMMARY OF THINGS TO REMEMBER

Always shift pump clutches with engine clutch disengaged.
Do not clash clutch gears when shifting.

Close booster valves, drain valves, cooling line and third stage discharge valve before
attempting to prime the pump.

Always keep primer shut-off valve closed, except while priming.
Re-open and close primer valve to re-prime or eliminate trapped air from suction line.

Always drive a midship mounted split-shaft pump with truck transmission in the gear
recommended by the chassis manufacturer.

Never run the pump without water in it except momentarily while priming.
Accelerate and retard speed of engine gradually.
Watch the engine temperature, and start the cooling water at the first signs of overheating.

Keep good gaskets in suction hoses, and handle carefully to avoid damage to coupling
threads.

Air leakage into suction lines is the most frequent source of trouble when pumping from a
suction lift (draft).

Always use a suction strainer when pumping from draft, and a hydrant strainer when pumping
from a hydrant.

Foreign matter in impellers is a result of failure to use adequate strainers and is a common
source of trouble.

Drain pump immediately after each run. This is especially critical in freezing conditions.
Do not run the pump long with discharge completely shut off.

Do not close a “Shutoff” nozzle when pumping with motor throttle wide open, unless relief valve
or pressure regulator is set for the correct pressure.

Keep the pump gear case filled with oil to the level of the oil level plug/dipstick.

Check oil level in the pump transmission after every 25 hours of operation or 3 months, and
changed it after every 50 hours of operation or 6 months.

In such equipped transmissions, once the oil is drained, remove the strainer screen oil sump
fitting and thoroughly cleanse in a parts washer or with isopropyl alcohol, ensuring any debris
is washed away.

If pump is equipped with a Darley plastallic (injection) packing shaft seal, check the drip rate
frequently, and adjust according to the packing adjustment instruction, as required. The drip
rate may vary between 5 and 60 drops per minute.

Work all suction and discharge valves often to ensure free and easy operation.
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GENERAL OPERATIONS
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WARNING: DO NOT USE THIS PUMP FOR HOSE TESTING
OPERATING THE ENGINE

After the pump has been primed, the engine speed should be increased gradually -- never jerk
throttle wide open. Likewise, the engine speed should be decreased gradually when shutting down.

Watch the pump pressure gage and open throttle only enough to give the desired pressure. The
pressure may rise high enough to burst the discharge hose, when using small nozzles, if the engine
is given full throttle (except pumps equipped with pressure regulators set for desired pressure).

Never run engine at high speeds except when pump is primed and ready to discharge water.

COOLING THE ENGINE

NFPA 1901 requires that a supplementary heat exchanger cooling system be provided. On most
models, this heat exchanger is an integral part of the pump, and the installation of two hoses from
the engine cooling system to the pump is all that is required.

On some models an external heat exchanger must be used. In that case two hoses from the engine
cooling system and two lines from the pump will run to the heat exchanger.

The cooling line should not be opened until pressure develops in the pump, and pump should never
be operated under heavy loads prolonged without an adequate supply of cooling water flowing.

Coolant temperatures should never be allowed to exceed 200° F while pumping and 180° F is
usually taken as a safe operating temperature.

Always shut off cooling line when through pumping.

SUCTION STRAINERS

A large suction strainer, which will prevent the passage of a body larger than the pump impeller
ports, must always be used on the free end of the suction line when pumping from draft.

The small hydrant strainer must always be inserted in the suction manifold of pump, when pumping
from hydrants and at all other times except when maximum capacity is required from draft.

Failure to use a strainer at all times when pumping will cause serious trouble by clogging the pump
because, even in water mains, foreign matter is invariably present, and will be drawn into pump by
the high velocity of the water entering.

SUCTION LINE

The suction line of a fire pump can be the source of more operating difficulties than all the rest of
the pump when working with a suction lift. Faults in the suction line which cause trouble in
operation are as follows:

AIR LEAKS:

A small amount of air, expanding in the vacuum of the suction line, displaces a considerable volume
of water which subtracts from the capacity that the pump is able to deliver, making the priming
difficult or causing the pump to lose its prime. Therefore, it is absolutely essential to keep the
suction line and the suction side of pump casing air tight at all time when drafting water.
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Air leakage into pump while operating is usually indicated by a rattling sound in pump casing,
miniature explosions in stream issuing from the nozzle, or by losing of prime when operating at very
low capacities.

The usual cause of leaky suction lines is carelessness in handling of suction hose. Bruising of hose
threads by bumping against hard surfaces or sand in the coupling often prevents tightening of the
joints up against the gaskets. The hose gaskets are often defective and are sometimes lost without
being noticed by the operator.

INSUFFEICIENT SUBMERGENCE:

The free end of suction hose must be submerged to a sufficient depth to prevent the entrance of air
that may be sucked down from the surface of the water to a considerable depth when operating at
large capacities.

Entrance of air into suction lines in this manner is indicated by a small whirlpool, or vortex, on the
surface of the water over the end of the hose.

A minimum submergence of 4 times the hose diameter to the upper holes in suction strainer is
recommended where full capacity of pump is required. Where sufficient submergence is not
possible, a board or sheet of metal laid over end of suction line will keep air from entering.

SUCTION LINE ENTRANCE TOO CLOSE TO BOTTOM:

If the end of suction line is laid on the bottom of the source of supply, a part of the suction opening
will be shut off; and if the bottom is soft, the hose will suck itself down into the earth closing more of
the opening and loosening sand and mud to be carried into the pump.

The suction entrance should be suspended a foot or more above the bottom, or if this is not
possible, it should be laid on a board or piece of sheet metal. A rope tied to the suction strainer is a
convenient means of holding it off the bottom.

OBSTRUCTION OF SUCTION STRAINER BY FOREIGN MATTER:

The high velocity of water entering the suction line will carry loose foreign bodies in against the
strainer from a considerable distance. Therefore, all weeds and refuse should be removed from
close proximity of the suction entrance.

SUCTION LINE TOO SMALL OR TOO LONG:

The flow of water into the pump is opposed by the frictional resistance in the suction line. This
friction loss must be added to the height of the pump above the water (static lift) to determine the
“total lift” of the pump. When all of the vacuum in the pump (atmospheric pressure) is consumed in
raising water through this total life, then the limit of capacity has been reached. This capacity can
be increased only by decreasing total lift. If the static lift cannot be reduced, then the friction loss
must be reduced by using a shorter or larger suction hose.

The rated capacity of the pump is guaranteed for a static lift of 10 feet for ratings up to 1500 gpm,
with 20 feet of recommended suction hose at 2000 feet. To increase the capacity without reducing
the static lift, or to increase lift without sacrificing capacity, requires larger suction hose.

An excessively long suction line is a handicap to any pump, for besides reducing capacity through
the added friction lose, it retards priming and it produces a detrimental effect known as “cavitation”.
This means a separation of the water column in the pump suction, or void spaces, produced by the
inertia of the heavy mass of water in the line resisting sudden change in the velocity when the pump
starts to deliver or when discharge valves are opened or closed. This phenomenon reduces
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capacity further, and usually sets up a vibratory motion and “water hammer” as the water surges in
and out of the void spaces.

When operating with a long suction line, the driving engine should be accelerated gradually, the
discharge gates opened gradually, and the capacities of the pump should be held down to within
the range of smooth performance.

AIR TRAP IN SUCTION LINE:

If the suction line is laid so that part of it is higher than any other part that is nearer to the pump, as
when hose is laid over a high bridge rail, an air trap is formed at the highest part of the hose from
which the air cannot be sucked out by the primer. This trapped air is expanded and carried into the
pump with the first rush of water causing the pump to immediately lose its prime.

If suction line cannot be laid so that it slopes all the way from pump to water, it can still be primed
easily by simply allowing the primer to continue to function until all the trapped air in the hose has
been carried into the pump and picked up by the primer.
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TESTING FOR AIR LEAKS

Tests for leakage should be made with the suction hose attached and capped, discharge gate
open, and all other openings closed tightly.

Run electric priming pump with primer shut-off valve open, until 22" of Hg is shown on the gage.
The vacuum should hold for no more than 10” of drop in 5 minutes before satisfactory performance
of pump can be expected.

If excessive leakage of air occurs, the source of leaks can be located by shutting off primer motor,
with vacuum at its highest point, and listening for the hiss of air.

In the absence of a vacuum gage, the vacuum in pump may be judged by closing suction opening
with the flat of hand or a rubber pad.

Water or air pressure may be applied to pump casing to test for air leakage if more convenient. DO
NOT pressurize with air beyond 10 PSI

SOURCE OF WATER SUPPLY

Water may be drafted from a pond, lake, stream, cistern, stock tank, or well; but whatever the
source, the static lift must not exceed 20 feet from the center of the pump to the surface of the
water and a lift not exceeding 10 feet is recommended. The source of supply should be reasonably
clear and free from foreign matter. It is recommended that all water holes, which may be needed
for fire protection, be deepened if necessary and kept free from weeds and refuse. In many fire
protection areas, cisterns or reservoirs are built and allowed to fill up with rain water to be used in
emergencies.

PUMPING IN COLD WEATHER

The first insurance against cold weather trouble is to keep fire apparatus stored in heated quarters.
All water must be eliminated from pump casing and primer line between periods of operations.

When setting up for pumping, unnecessary delays should be avoided by having thoroughly trained
pump operators. Be sure that primer and booster lines are kept closed until ready for use. Having
discharge lines ready so that pump may be started as soon as it have become primed. Do not stop
flow of water through the pump until ready to drain and return to the station.

Engine Coolant from the engine circulated through the heater jacket in pump casing prevents all
ordinary freezing troubles.

WHEN FINISHED PUMPING

Drain water out of pump casing immediately. (Drain valve is located at lowest point in pump casing,
and usually accessible from underneath operators panel.)

Don't forget to close all drain cocks after all water has been drained out. Trouble in priming will
follow on the next run if this is forgotten.

Shut off cooling line to make pump ready for priming again.

If pump transmission is equipped with a transmission cooler it must be drained also. If the master
drain is located below the cooler outlets it can be connected to the master drain, if not, two separate
drains must be connected to the transmission cooler. Failure to drain transmission cooler may
result in water in the gearcase if water in the cooling coil freezes.
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If pump is equipped with a heat exchanger, drain heat exchanger using gravity and vacuum drain
on all trucks as follows: Close all open lines and drain cocks. Open cooler valve and open air vent
at top or drain cock at bottom of heat exchanger depending on model. With the pump air-tight,
open primer with engine running for about a minute and then close primer. Drain pump of water
which was deposited when heat exchanger and lines were being drained.

Pump not often used for fire service should be inspected and run periodically to ensure that they will
be in readiness for an emergency.

PUMPING SALT WATER

The pump should be flushed out with fresh water immediately after pumping salt water to prevent
excessive rusting. (Except pumps which are built of special materials, such as bronze, to resist the
corrosive action of the brine.)

When measuring sea water with a Pitot Gage, capacities shown in Table No. 2 should be
discounted approximately 1 1/2% to determine the correct capacity.

A centrifugal pump will show 3% higher pressure and require 3% more power when handling sea
water than when handling fresh water if operated at the same speed and capacity.

TESTING OF EQUIPMENT FOR PRACTICE

It frequently happens that operators of fire apparatus, who are not thoroughly familiar with its
operations, become confused under the stress of emergency and neglect some little detail that may
cause trouble or delay in getting the equipment into operation. Therefore, we urge that practice
tests be conducted repeatedly until operators are thoroughly trained. More than one person in the
department should be a competent operator.

Practice should include pumping from low lifts, high lifts with short and long suction lines, with
suction line elevated to form an air trap, and from hydrants, at large and small capacities.

It is important to note the effects of air leaks in hose, insufficient submergence and restriction of
suction line. (Suction line can be restricted by placing a can or other strong closure around the
suction strainer).

NEVER BREAK OR RESTRICT SUCTION OR ALLOW AIR TO ENTER SUCTION LINE WHILE
ENGINE IS OPERATING WITH THROTTLE OPEN. This will release the load and allow engine to
run away.

Do not allow personnel to hold a large nozzle while working at high pressures for serious accidents
may result if hose breaks loose.

MEASURING PUMP PERFORMANCE

Pump performance is measured by the quantity of water it can deliver per minute against a certain
pressure called “Total Head” or “Net Pump Pressure”, as it is usually termed in fire pump testing.

The net pump pressure is the sum of the pump discharge pressure, as shown on the pressure gage
with which the pump is regularly equipped, and the total suction lift converted to equivalent pounds
per square inch. If pump is operating from a hydrant, the net pump pressure is the discharge
pressure less the incoming pressure from hydrant measured at the suction entrance of pump.

Capacity of fire pump is measured in gallons per minute. The usual method of measurement is to
determine the pressure of the jet of water leaving a given size of nozzle by means of a “Pitot Gage”
from which the capacity is computed mathematically.
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A Pitot Gage consists of a small tube adapted to a point directly into the hose nozzle from the
center of the issuing stream, the other end of the tube being connected to an accurate pressure
gage.

The nozzle jet drives straight into the Pitot tube and converts the velocity of the jet to pressure
which is an accurate measure of velocity of the water as it leaves the nozzle. The tip of the Pitot
tube should be one-half the diameter of the nozzle away from nozzle tip while taking reading. Table
No. 2 gives nozzle capacities for various Pitot Gage readings.

If a Pilot gage is not available approximate pump capacities can be determined by reference to
Table No.3
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ACCEPTANCE TESTS

Acceptance tests require continuous tests of three hours duration: 2 hours at 100% rated capacity
and 150 PSI net pump pressure; one-half hour at 70% capacity and 200 PSI; one-half hour at 50%
capacity and 250 PSI; and a spurt test at 100% capacity and 165 PSI.

Table No. 1 shows recommended set-ups and gage readings for rating tests.

To adjust nozzle pressure for the correct capacity, while maintaining the correct pump pressure, it is
necessary to make simultaneous adjustments of engine throttle and the discharge gate valve,
partially closing the latter until just the right discharge resistance is built up.

ENGINES

A fire pump imposes heavy loads on the engine that drives it, sometimes absorbing all of the power
the engine is capable of delivering at full throttle. Continuous pumping gives the engine no time to
rest. Therefore, a new engine and pump unit must be thoroughly broken-in before it is required to
deliver prolonged maximum pump performance.

We recommend a minimum break in period of 20 hours at light pumping loads, with occasional
spurt tests and interruptions. Temperature and lubrication should be checked during this period.

Engine manufacturers’ power ratings usually show maximum performance of a selected, factory
adjusted engine, operating without fan, generator, muffler or other accessories, and corrected for
“ideal” conditions, i.e. sea level barometer (29.92” of mercury) 60°F and high humidity. Therefore,
the actual power delivered by an average truck mounted engine is considerably lower than the
manufacturers’ rating, and allowances must be made in predicting pump performance.

EFFECTS OF ATMOSPHERIC CONDITIONS
ON ENGINE AND PUMP PERFORMANCE

Each one inch of drop in Barometric pressure or each 1000 feet of elevation of the pumping site
reduces engine power approximately 3 1/2% for engines not equipped with a turbo charger.

Each 12°rise in temperature above 60° F of carburetor intake air reduces engine power
approximately 1%.

Lowering of humidity reduces power slightly.

Each one inch drop in Barometric pressure or each 1000 feet of elevation reduces the maximum
possible static lift of a pump approximately one foot.

Temperature of the water supply affects the attainable suction lift of a pump. The effect is slight at
low water temperatures but becomes increasingly detrimental as the temperature rises.

A 10° rise from 70°F will subtract about 1/2 foot from the maximum attainable suction lift, while an
equal rise from 100°F will reduce the lift at least 1 1/2 feet.

Temperature is an important consideration when pumping from a test pit where the water is heated
by recirculation.

IF FURTHER INFORMATION IS NEEDED, CALL W.S. DARLEY & CO. AT
CHIPPEWA FALLS, WI. AT 800-634-7812 or 715-726-2650
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DEFINITIONS, OPERATING
CHARACTERISTICS OF PUMPS,
AND CONVERSION FACTORS
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NFPA 1901 TABLES
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TABLE NO. 1

NFPA 1901 TEST
Class A
TEST Recom- Min. Min. Min. Net Disch. Suction
No. GPM mended Nozzle Disch. Pump Lines Hose
Nozzles Press. PSI | Press. PSI | Press. PSI
250 GPM Fire Pump
1 250 (), 17 72 143 150
2 175 (1),7/8” 62 194 200 , , .
3 125 (1),3/4” 56 244 250 (1), 50 207 of' 3
4 250 (), 1” 72 158 165
350 GPM Fire Pump
1 350 (1), 1-1/4” 58 144 150
2 245 (H, 17 69 195 200 , , ,
3 175 (1),7/8” 62 245 250 (1), 50 207 of 4
4 350 (1), 1-1/4” 58 159 165
500 GPM Fire Pump
1 500 (1), 1-1/2" 57 143 150 (1), 50°
2 350 (1), 1-1/4" 58 194 200 , "
3 250 (1), 1" 72 245 250 20°01 4
4 500 (1), 1-1/2" 57 158 165
750 GPM Fire Pump
(1), 1-3/4" 68
1 750 or 142 150 (2), 50°
(2), 1-1/4" 66
2 525 (1), 1-172" 62 193 200 or , "
3 375 | (1), 1-1/4" 66 244 250 2,100 | 20 of4-1/2
(1), 1-3/4" 68
4 750 or 157 165 Siamesed
(2), 1-1/4" 66
1000 GPM Fire Pump
(1), 2" 71
1 1000 or 142 150 (2), 50'
(2), 1-1/2" 57
(1), 1-3/4" 60
2 700 or 193 200 or , .
@), 1-14" | 58 20°0f5
3 500 (1), 1-1/2" 57 244 250 (3), 100
(1), 2" 71
4 1000 or 157 165 Siamesed
(2), 1-1/2" 57

Min. discharge pressures listed above are for pumps operating with full 10’ static suction lift. These
pressures must be increased by 1 PSI for each 2.3 ft. less than 10” of lift.
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TABLE NO. 1

NFPA 1901 TEST
Class A
TEST Recom- Min. Min. Min. Net Disch. Suction
No. GPM mended Nozzle Disch. Pump Lines Hose
Nozzles Press. PSI | Press. PSI | Press. PSI
1250 GPM Fire Pump
(1), 2-1/4" 69
1 1250 or 143 150 (3), 50°
(2), 1-1/2" 88
(1), 2" 55
2 875 or 194 200 or
(2), 1-3/8" 61 20" of 6"
3 625 (1), 1-1/2" 88 245 250 (3), 100
2-1/4"
4 1250 or 69 158 165 (16)‘”20,
(2), 1-1/2" 88 ’
Siamesed
1500 GPM Fire Pump
(2), 1-3/4” 63
1 1500 or 142 150 (3), 50° 20’ of
(3), 1-1/2” 57
2 1050 |27 o 78 194 200 or 6” Min
(), 1-1/2” 62
(1), 1-3/4” (3), 100
3 750 or 68 245 250 and of
2), 1-1/4? 66 (1), 50° (2) 20’ of
(2), 1-3/4” 63
4 1500 or 157 165 Siamesed 6” Max
(3), 1-1/2” 57

Min. discharge pressures listed above are for pumps operating with full 10’ static suction lift. These
pressures must be increased by 1 PSI for each 2.3 ft. less than 10” of lift.
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TABLE NO. 1

NFPA 1901 TEST
Class A
TEST Recom- Min. Min. Min. Net Disch. Suction
No. GPM mended Nozzle Disch. Pump Lines Hose
Nozzles Press. PSI | Press. PSI | Press. PSI
1750 GPM Fire Pump
1 1750 |P»27 o %S 143 150 ), 50°
(3), 1-1/2” 76
), ;5/8 61
2 1225 2), 1-1/2” 84 194 200 or
or , .
3), 1-1/4” 79 (2) 207 of 6
3 grs |27 o O 245 250 (4), 100’
(2), 1-3/8” 61
(2), 2 55
4 1750 or 158 165
(3), 1-1/2” 76
2000 GPM Fire Pump
(2), 2 71
1 2000 or 147 150 4), 50°
4),1-1/27 57
(2), 1-3/4” 50
2 1400 or 199 200 or
(3), 1-1/2” 49 (2)20° of 6"
(1), 27 71
3 1000 or 249 250 4), 100
(), 1-1/2” 57
(2),27 71
4 2000 or 163 165
4),1-1/2” 57
2250 GPM Fire Pump
, (2 Groups)
1 2250 (2), 2-1/4 56 144 150 3). 100
2 1575 (2), 1-3/4” 76 196 200 Siamesed 207 of 8
3 1125 2), 1-1/2” 72 246 250
4 2250 (2), 2-1/4” 56 153 165

Min. discharge pressures listed above are for pumps operating with full 10’ static suction lift. These
pressures must be increased by 1 PSI for each 2.3 ft. less than 10” of lift.
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TABLE NO. 1

NFPA 1901 TEST
Class A
TEST Recom- Min. Min. Min. Net Disch. Suction
No. GPM mended Nozzle Disch. Pump Lines Hose
Nozzles Press. PSI | Press. PSI | Press. PSI
2500 GPM Fire Pump
1 2500 | (2),2-1/4” 69 144 150 | (2Groups)
’ (3), 100’
2 1750 (2),2” 55 195 200 Siamesed 20" of &
3 1250 2), 1-1/2” 88 246 250 ©
4 2500 (2), 2-1/4” 69 159 165
3000 GPM Fire Pump
. (2 Groups)
1 3000 (), 2-1/2 65 146 150 (3). 100°
2 2100 2),2” 78 196 200 Siamesed , "
3 1500 (2), 1-3/4” 68 247 250 (2) 20 of 8
4 3000 (2), 2-1/2” 65 161 165
3000 GPM Industrial Fire Pump
» (2 Groups)
1 3000 (2),2-1/2 65 96 100 (3). 100°
2 2100 2),2” 78 146 150 Siamesed | (2) 20” of 8”
3 1500 (2), 1-3/4” 68 197 200
3500 GPM Industrial Fire Pump
(2),2-1/2” (2 Groups)
1 3500 and 45 95 100 (3). 100°
(1), 2-1/4” 44 Siamesed
2 2450 (2), 2-1/4” 67 146 150 & (2) 20’ of 87
. (2)-50°
3 1750 (2),2 55 197 200 Siamesed

Min. discharge pressures listed above are for pumps operating with full 10’ static suction lift. These
pressures must be increased by 1 PSI for each 2.3 ft. less than 10” of lift.

IF FURTHER INFORMATION IS NEEDED, CALL W.S. DARLEY & CO. AT
CHIPPEWA FALLS, WI. AT 800-634-7812 or 715-726-2650
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TABLE NO. 2
DISCHARGE FROM SMOOTH BORE NOZZLE
Pressures measured by Pitot gage.

Nozzle

Pressure 1/4 3/8 1/2 5/8 3/4 718 1 11/8 114 13/8 11/2 1518 13/4 2 21/4 212
PSI GALLONS PER MINUTE DELIVERED
5 4 9 16 26 37 50 66 84 103 125 149 175 203 266 337 415
6 4 10 18 28 41 55 72 92 113 137 163 192 223 292 369 455
7 4 11 19 30 44 59 78 99 122 148 176 207 241 315 399 491
8 5 11 21 32 47 64 84 106 131 158 188 222 257 336 427 525
9 5 12 22 34 50 67 89 112 139 168 200 235 273 357 452 557
10 6 13 23 36 53 71 93 118 146 177 211 248 288 376 477 587
12 6 15 25 40 58 78 102 130 160 194 231 271 315 412 522 643
14 7 15 27 43 63 84 110 140 173 210 249 293 340 445 564 695
16 7 16 29 46 67 90 118 150 185 224 267 313 364 475 603 743
18 7 17 31 49 71 95 125 159 196 237 283 332 386 504 640 788
20 8 18 33 51 75 101 132 167 206 250 298 350 407 532 674 830
22 8 19 34 54 79 105 139 175 216 263 313 367 427 557 707 871
24 8 20 36 56 82 110 145 183 226 275 327 384 446 582 739 909
26 9 21 37 59 85 115 151 191 235 286 340 400 464 606 769 947
28 9 21 39 61 89 119 157 198 244 297 353 415 481 629 799 982
30 10 22 40 63 92 123 162 205 253 307 365 429 498 651 826 1017
32 10 23 41 65 95 127 167 212 261 317 377 443 514 673 854 1050
34 11 23 43 67 98 131 172 218 269 327 389 457 530 693 880 1082
36 11 24 44 69 100 135 177 224 277 336 400 470 546 713 905 1114
38 11 25 45 71 103 138 182 231 285 345 411 483 561 733 930 1144
40 11 26 46 73 106 142 187 237 292 354 422 496 575 752 954 1174
42 11 26 a7 74 109 146 192 243 299 363 432 508 589 770 978 1203
44 12 27 49 76 111 149 196 248 306 372 442 520 603 788 1000 | 1231
46 12 28 50 78 114 152 200 254 313 380 452 531 617 806 1021 | 1259
48 12 28 51 80 116 156 205 259 320 388 462 543 630 824 1043 | 1286
50 13 29 52 81 118 159 209 265 326 396 472 554 643 841 1065 | 1313
52 13 29 53 83 121 162 213 270 333 404 481 565 656 857 1087 | 1339
54 13 30 54 84 123 165 217 275 339 412 490 576 668 873 1108 | 1364
56 13 30 56 86 125 168 221 280 345 419 499 586 680 889 1129 | 1389
58 13 31 56 87 128 171 225 285 351 426 508 596 692 905 1149 | 1414
60 14 31 57 89 130 174 229 290 357 434 517 607 704 920 1168 | 1437
62 14 32 58 90 132 177 233 295 363 441 525 617 716 936 1187 | 1462
64 14 32 59 92 134 180 237 299 369 448 533 627 727 951 1206 | 1485
66 14 33 60 93 136 182 240 304 375 455 542 636 738 965 1224 | 1508
68 14 33 60 95 138 185 244 308 381 462 550 646 750 980 1242 | 1531
70 15 34 61 96 140 188 247 313 386 469 558 655 761 994 1260 | 1553
72 15 34 62 97 142 191 251 318 391 475 566 665 771 1008 | 1278 | 1575
74 15 35 63 99 144 193 254 322 397 482 574 674 782 1023 | 1296 | 1597
76 15 35 64 100 146 196 258 326 402 488 582 683 792 1036 | 1313 | 1618
78 15 36 65 101 148 198 261 330 407 494 589 692 803 1050 | 1330 | 1639
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TABLE NO. 2
DISCHARGE FROM SMOOTH BORE NOZZLE

Pressures measured by Pitot gage.

Nozzle

Pre:S“r 14 38 12 58 34 78 1 118 114 138 112 158 134 2 214 212
PSI GALLONS PER MINUTE DELIVERED
80 16 36 66 103 150 201 264 335 413 500 596 700 813 1063 | 1347 | 1660
82 16 37 66 104 152 204 268 339 418 507 604 709 823 1076 | 1364 | 1681
84 16 37 67 105 154 206 271 343 423 513 611 718 833 1089 1380 1701
86 16 37 68 107 155 208 274 347 428 519 618 726 843 1102 | 1396 | 1721
88 16 38 69 108 157 211 277 351 433 525 626 735 853 1115 1412 1741
90 17 39 70 109 159 213 280 355 438 531 633 743 862 1128 | 1429 | 1761
92 17 39 70 110 161 215 283 359 443 537 640 751 872 1140 1445 1780
94 17 39 71 111 162 218 286 363 447 543 647 759 881 1152 1460 1800
96 17 40 72 113 164 220 289 367 452 549 654 767 890 1164 1476 1819
98 17 40 73 114 166 223 292 370 456 554 660 775 900 1176 | 1491 | 1838
100 18 41 73 115 168 225 295 374 461 560 667 783 909 1189 | 1506 | 1856
105 18 42 75 118 172 230 303 383 473 574 683 803 932 1218 | 1542 | 1902
110 19 43 77 121 176 236 310 392 484 588 699 822 954 1247 1579 1947
115 19 43 79 123 180 241 317 401 495 600 715 840 975 1275 1615 1991
120 19 44 80 126 183 246 324 410 505 613 730 858 996 1303 1649 | 2033
125 20 45 82 129 187 251 331 418 516 626 745 876 1016 | 1329 | 1683 | 2075
130 20 46 84 131 191 256 337 427 526 638 760 893 1036 | 1356 | 1717 | 2116
135 21 a7 85 134 195 262 343 435 536 650 775 910 1056 | 1382 | 1750 | 2157
140 21 48 87 136 198 266 350 443 546 662 789 927 1076 | 1407 | 1780 | 2196
145 21 49 88 139 202 271 356 450 556 674 803 944 1095 | 1432 | 1812 | 2235
150 22 50 90 141 205 275 362 458 565 686 817 960 1114 | 1456 | 1843 | 2273
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TABLE NO. 3
Approximate Discharge Flow From Different Nozzles
At the end of Fifty Feet of Average, 2 1/2”
Rubber Lined Fire Hose, for Various
Pump Pressures with Discharge

Valve Wide Open
PUMP SIZE OF NOZZLE & GALLONS PER MINUTE
PRESSURE 3/4 718 1 11/8 11/4 13/8 11/2
LBS
30 90 119 153 187 217 250 282
40 103 137 177 216 253 290 327
50 115 153 198 242 284 325 367
60 126 168 216 265 311 357 402
70 136 182 234 287 337 385 435
80 145 194 250 308 361 414 465
90 154 206 265 325 383 437 492
100 162 217 280 343 405 462 520
110 171 228 295 360 425 485 549
120 179 239 307 377 444 510 572
130 186 249 318 392 462 530 596
140 193 258 330 407 480 549 618
150 200 267 341 421 497 567
175 215 288 374 455 538
200 230 309 395 486
225 243 328 420
250 257 345

This table is offered as an aide in testing pump performance where facilities for accurate measurement of
capacity are not available. The capacities given above are conservative, and will not vary more than 5% from
actual capacities with any of the standard hose that might be used.
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TABLE NO. 4

Pump or Hydrant Pressure required to give
Effective Nozzle Pressure through various
Lengths of Rubber Lined Hose.

Size of Hose 1 11/2 2 21/2
Size of Nozzle v4 | 38| 12| 58| 58 |34a]3a|7e]| 1 J1ual1z|1ya| 112
Nozzle Length of
Press | Hose PUMP OR HYDRANT PRESSURE - PSI
40 100 | 45 | 43 |48 | 60 | 42 | 50 | 44 |46 | 51| 64 | 88 | 51 62
200 | 49 |46 [ 56 | 79 | 43 | 60 | 47 | 52 | 60 | 86 | 130 | 59 78
400 | 58 | 51| 73 {118 | 46 | 79 | 53 [ 62 | 79 | 129 | 212 | 75 110
600 | 67 [ 57 | 89 | 158 [ 50 | 99 | 59 | 74 | 97 | 172 92 143
800 | 76 | 62 [106 [ 196 | 53 | 119 65 | 85 | 116 | 215 108 | 176
1000 | 85 | 68 [ 122 235 | 56 | 138 | 72 | 96 | 134 | 258 124 | 208
1500 | 108 | 72 | 142 64 [187 ] 87 118181 165
2000 | 130 | 96 | 204 72 | 226 | 103 | 151 | 227 205
60 100| 67 [ 64 [ 72| 89 | 63 [ 73| 65 | 69 | 75 | 95 | 132 | 76 92
200 | 74 | 68 | 84 | 117 | 65 | 86 | 70 | 78 | 89 | 126 | 196 | 88 115
400 | 87 | 76 | 107 [ 173 | 69 | 112 ] 79 [ 94 [ 116 188 111 | 161
600 | 101 | 85 [131] 231 | 74 | 138 | 88 |111]143| 250 135 | 208
800 | 114 | 93 [ 153 79 [164] 98 | 127|170 158
1000 | 127 [ 101 | 178 83 | 190 | 107 | 143 | 197 182
1500 | 161 | 122 | 237 95 [155] 130 | 184 | 264
2000 | 195 | 142 106 153 | 225
80 100| 88 [ 85 [ 96 [ 117 | 83 [ 99 | 87 | 92 | 99 | 126 | 175 | 101 | 103
200 | 97 [ 91 [112] 154 [ 86 |117| 93 [103]115] 167 116 | 154
400 | 115 [ 102 | 143 [ 228 | 92 | 154 | 105 | 125 | 148 | 249 147
600 | 132 | 112 | 174 98 [ 191 [ 117 | 147 | 181 178
800 | 150 | 123 | 206 104 | 228 | 129 | 167 [ 214 209
1000 | 167 | 134 | 238 110 141 | 191 | 247
1500 | 211 | 161 125 171 | 245
2000 | 254 | 188 140 201
100 100 | 111 {107 [ 120 | 146 | 104 | 123 | 108 | 115 | 125 | 157 126 | 152
200 | 122 | 113 {139 | 192 | 108 | 145 | 116 | 128 | 150 | 209 146 | 190
400 | 143 | 127 | 177 | 284 | 115 | 190 | 130 [ 154 | 200 184
600 | 165 | 140 | 217 123 | 235 | 145 | 180 | 250 223
800 | 186 | 154 | 256 131 159 | 206
1000 | 208 | 167 138 174 | 232
1500 | 262 | 200 157 211
2000 234 175 253
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TABLE NO. 5
REACH OF FIRE STREAMS

Size of

Nozzle 4" (38 | 12| 58 | 34t | 7et | 1 114 1-1/2v

NOZZLE

PRESSURE EFFECTIVE VERTICAL REACH - Feet
40 30| 35| 40 50| 59| 62| 64| 65 69
60 35| 40| 45 60| 74 77| 79| 84 87
80 38| 42| 48 65/ 81| 85/ 89| 94 96
100 40 44| 50 68| 84| 89| 94| 100{ 102

NOZZLE

PRESSURE MAXIMUM VERTICAL REACH - Feet
40 60| 65| 70 75| 78| 79| 80| 80 80
60 70| 75| 85 95| 105| 106| 108| 110{ 110
80 78 83| 95| 105| 117| 125 132 140 140
100 80| 88| 100| 110{ 122| 135| 145| 155 155

NOZZLE

PRESSURE EFFECTIVE HORIZONTAL REACH - Feet
40 20| 25| 30 40| 44| 50| 55| 62 66
60 25| 32| 37 50| 54| 61| 67| 75 80
80 28| 35| 40 57| 62| 70| 76| 84 88
100 30 37| 42 60| 66| 76/ 84| 93 95

NOZZLE

PRESSURE MAXIMUM HORIZONTAL REACH - Feet
40 65/ 80 90| 100{ 108| 120| 125| 138 140
60 80| 95| 95| 120| 127| 142| 156| 176/ 183
80 90| 105 105| 135| 143| 160| 175/ 201| 210
100 95| 110 110| 140| 153| 180| 205| 215 223

1
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TABLE NO. 6
Friction Loss in Fire Hose
Loss in PSI per 100 Feet of Hose

SIZE HOSE |LINEN HOSE BEST RUBER LINED
HOSE
G.P.M. 112 2 J212]| 34 1 1172 2 | 212 3 312 | (2)-2112
10 10 135 35 05.1
15 22 29.0 7.2 10 03
20 36 50.0 123 17 o4
25 55 75.0 185 26| 06
30 80 19 105.0 26.0 36| 09
40 130[ 32 180.0 44.0 6.1 15
50| 200] 49 16 67.0 93| 23
60 280] 70| 22 96.0 135 33
70 370 90 31 131.0 17.0[4.3
80| 470 115/ 38 171.0 230 56
90| 59.0] 145/ 50 217.0 290 70
100] 720 175 59 268.0 330 84
120 250 83 386.0 470[ 117
140 340 11.0 620 160 5.2 2.0 0.9 1.4
160 430[ 14.0 780 200[ 6.6 2.6 12 1.9
180 530 17.7 970 250 83 3.2 15 2.3
200 63.0] 215 121.0] 306 10.1 3.9 18 2.8
220 146.0 12.0 4.6 2.1 33
240 173.0 14.1 5.4 25 39
260 204.0 16.4 6.3 2.9 45
280 237.0 187 7.2 3.3 5.2
300 272.0 21.2 8.2 3.7 59
320 23.8 93 42 6.6
340 26.9 105 4.7 7.4
360 30.0 115 52 83
380 33.0 12.8 5.8 9.2
400 36.2 141 6.3 10.1
425 40.8[15..7 7.0 11.3
450 45.2 175 7.9 125
475 50.0 193 8.7 138
500 55.0 212 95 152
525 232 105 16.6
550 252 114 18.1
575 275 124 19.6
600 299 134 21.2
650 345 155 248
700 395 177 283
750 450 201 322
800 505 22.7 36.2
850 56.5| 254 40.7
900 630 282 45.2
1000 765 34.3 55.0
Losses in rough walled, rubber hose may be 50% higher than values given above.
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Friction Loss in 15-year-old Steel Pipe

TABLE NO. 7

Loss in PSI per 100 Feet of Pipe

PIPE SIZE 8| a4 | 38| 12 34 1 114 | 112 2 2112 3 4 6
G.P.M.
1 52.0 12.0f 28 0.9
2 45.0( 10.0 3.2 4.0
5 55.01 18.0 45 14 0.4
10 64.0 16.0 5.0 1.3 0.6
15 135.0 34.0 11.0 2.7 13 0.5
20 59.0 18.0 4.7 22 0.8
25 89.0 27.0 7.1 34 1.2
30 125.0 39.0 10.0 4.7 1.7 0.6
35 51.0 13.0 6.3 2.2 0.7
40 66.0 17.0 8.0 29 0.9
45 82.0 21.0 10.0 3.6 1.2
50 99.0 26.0 12.0 4.3 1.4 0.6
60 140.0 38.0 17.0 6.1 2.0 0.8
70 49.0 23.0 8.0 2.7 11
80 63.0 29.0 10.0 3.4 15
90 78.0 36.0 13.0 4.3 1.8
100 96.0 44.0 15.0 5.1 22 05
125 144.0 66.0 24.0 7.8 33| 038
150 93.0 33.0 11.0 46| 11
175 125.0 44.0 15.0 6.1f 15
200 56.0 19.0 78/ 1.9
250 84.0 28.0] 12.0f 29
300 114.0 40.0f 16.0f 40| 0.6
350 53.0] 22.0f 54 08
400 68.0f 28.0] 6.9 1.0
450 84.0] 35.0, 86 1.2
500 102.0| 42.0f 10.0( 1.4 0.4
600 60.0| 15.0] 21 0.6
800 25.0( 35 1
1000 370 5.2 13
1500 11.0 2.7
2000 19.0 4.7
2500 29.0 7.1
3000 10
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TABLE NO. 8
Resistance of Fittings
Equivalent Lengths of Straight Pipe - Feet

PIPE SIZE 2] 34 | 1 [1usa] 112 2 2172 3 4 5 6 8
Gate Valve 04| o6 08 1.1 1.4 1.8 2.2 2.8 41 53] 6.7 94
Global Valve 30 45| 60 85 10.5 140| 170/ 220{ 32.0{ 420 53.0| 750
Angle Valve 1.4 20 27 38 48 6.3 79| 105 145 185 23.0] 33.0
Std. Elbow 11| 15[ 2.0 28 35 4.7 5.8 75| 11.0[ 14.0[ 180| 24.0
45 Elbow 06| 08| 10 14 1.6 2.1 2.5 31 42 52| 63| 85
Long Sweep 05 08| 10 14 1.7 2.3 2.8 37 5.3 70 9.0 125
El Str Run Tee
Std. Tee Thru 21| 29| 39 55 6.9 91| 116 148 210 27.0| 34.0| 49.0
Side Outlet
SuddenEnlarg 18] 25| 32| 42 5.0 6.5 75 95| 13.0( 16.0[ 19.0] 25.0
or contraction
Entrance to 10 13| 16 22 2.6 33 3.9 4.9 6.5 8.2| 10.0| 13.0
Pipe
TABLE NO. 9
To Convert Pounds per Square Inch to
Feet Elevation of Water
2.308ft head = 1.0 psi
1ft head = .433psi
Feet 5 10 [ 15 [ 20 25 30 35 40 45 50 60 70 | 80 | 90
Pounds 2.2 43 | 65 | 87 11 13 15 17 20 22 26 30 | 35 | 39
Feet 100 120 | 130 | 140 | 150 160 170 180 | 190 | 200 | 220 | 240 | 260 | 280
Pounds 43 52 | 56 | 61 65 69 74 78 82 87 95 | 104 | 113 | 121
Feet 300 320 | 340 | 360 | 380 400 425 450 | 475 | 500 | 525 | 550 | 600 | 700
Pounds 130 139 | 147 | 156 | 165 173 184 195 | 206 | 217 | 227 | 238 | 260 | 303
Table NO. 10
American National Fire Hose Connection Screw Thread - NH
Size of Hose 4-Mar 1 11/2 21/2 3 31/2 4 41/2 5 6 8
Thr’ds per inch 8 8 9 7.5 6 6 4 4 4 4 4
Thr 0.75-8 1.5-9 2.5-7.5 5-4 8-4
Desii;]dation i 18NH | 0 i 3-6NH | 35-6NH | 44NH | 45-4NH [ 7 | 6-4NH | 0
Max. O.D. Male 1.375 1.375 1.99 3.0686 3.6239 4.2439 5.0109 5.7609 6.26 7.025 9.05
Ref. NFPA 1963
Underwriters Nozzle Tip Thread: 2.1875 O.D. - 12 threads per inch.
IF FURTHER INFORMATION IS NEEDED, CALL W.S. DARLEY & CO. AT
CHIPPEWA FALLS, WI. AT 800-634-7812 or 715-726-2650
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Important

AWARNING

Rotating shafts can be dangerous. Clothes, skin, hair, hands, etc.
can become snagged or tangled, causing serious injury or death.
DO NOT work on a drive shaft or pump when the engine is running
and without the wheels chocked.

AWARNING

Great care must be taken in the layout of pump systems drivelines. Interference and
driveline vibration must be considered. A sufficiently experienced installer with
knowledge of driveline considerations, proper layout and recommended guidelines
should be utilized as well as a proper CAD system for technically precise layouts.
Installation of said drivelines should not occur until a proper analysis is performed by
either said drafter or W.S. Darley. Darley utilizes and can distribute the Allison Driveline
Analysis program which they use for said analysis, along with an instruction for use.

Failure to do said layout and analysis could result in severe injury and damage to
equipment, including items not furnished by Darley, including but not limited to: drive
tubes, hanger bearings, u-joint crosses, gears, rear differentials, and main truck
transmissions.

‘ &
AWARNING] EAUR

Exposed rotating drive-shafts should be guarded.

Use safety rings around drive tubes. Especially near connecting u-joint crosses. Such
safety rings would be sufficiently attached to the chassis frame and sufficiently strong
enough to prevent a broken u-joint assembly from allowing a driveline to slide out from
underneath the truck at high speeds while still rotating, causing severe personnel injury.
Said safety rings would be larger than the drive tube OD and provide enough clearance
for dynamic non-rotational movement of the drivelines through loaded and unloaded
conditions, driving operations and where chassis flex may occur.

U-Joints:
- Universal joints must always be installed in pairs to transmit uniform rotary motion.

- The operating angles of each universal joint in the pair should be as close to equal as
possible.

- The input and output shafts of each universal joint pair may be either parallel, or so
located that the centerline of each shaft intersects the midpoint of the shaft connecting
each universal joint (intersecting angles).

o This arrangement may be required if the coupling shaft between pump and chassis
transmission is relatively short, or the engine is mounted with its driveshaft
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horizontal. Refer to attached drawing DGM1301 for examples of parallel shaft and
intersecting angle installations.

See the appendix of this portion of the manual for the
Spicer Driveline Installation Guide (J3311-1-DSSP)

PARALLEL SHAFTS
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PUMP CAN BE OFFSET TO SIDE
WITHIN ANGLE LIMITS

*MOTE: ALLOW FOR SPRING COMPRESSION
WHEN SETTING ANGLES SO0
OPERATING ANGLES ARE WITHIN
LIMITS

B ey

IT 7 — .7 | 7 —— (——"
J o= p——

ﬁ—f—
2 K_

\ . R
\_/ NTERSECTING ANGLES J

/ VEI={[VEZ—VET) 2]+ VST
VEA=VEZ |:E.>""UI AXLE IF REQUIRE |::
TERANSMISSION AND PUMFP MUST
MOT BE OFFSET FROM
ONE ANOTHER
o
i ]
HORIZONTAL Tr b‘ﬁ_r J—
mas €\ —+ E@3 T DETAIL
\"'?T
<h=<B

[ANGLES VST, VW51, V32 RELATIVE TO HORIZONTAL) DGMI300 (LT40) 4-23-92

Prepared by: JAF Rev. 0
Approved by: RJG Date: 03/05/2013
Rev. Date:

Revised by:
1201052.doc




Driveline and Mounting:

Determine the best location for the pump in your chassis. Allow adequate room for pump
maintenance and repair.

Place the pump/cross-member assembly on the chassis frame at the desired location. Be
sure to set the suction manifold and transmission support brackets at a position allowing the
best possible operating angle and driveline performance. This can be done by drilling frame
rail mounting holes in a manner to rotate the entire pump/transmission assembly at an angle;
up and down positioning is important.

Measure the vertical angle between the truck transmission shaft centerline and chassis frame
(often 4°).

Suspend the pump so that the pump driveshaft centerline is as close as possible to being
inline and parallel to the truck transmission tail shaft centerline. Example: If the truck
transmission is at 4° with horizontal, the pump driveshaft should also be set at 4° with
horizontal. This will insure that even if the transmission and pump are offset from each other,
the universal joint operating angles will be equal.

Check to confirm that the pump shatft is parallel to the transmission tail shaft and be sure to
match rear differential operating angle according to attached Spicer driveline installation
manual.
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Place suction manifold mounting brackets into position as shown on detail drawing DGM2902
(see next page) and securely clamp against side of frames. Attach brackets to the suction
extensions with pipe U-bolts.
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One of the two suction manifold brackets must be free t

o pivot as seen in drawing DGM1302.

Choose one side of the frame or the other for the location of the pivot, the opposite must be

rigidly secured with (2) 5/8” fasteners.

Drill holes through the side frames and attach the mounting brackets. Note both mounting
brackets are designed to permit truck frame flex without imposing stress on pump extensions.

No. DESCRPTION PART No. |OTY. I_HI DESCRIPT -:;;E‘HS”)NIS DATE JCHG RO Jerra-
| |BRACKET - & PIPE U-BOLT FOR VIG MTS 4040800 | | |- ] I ]
2 |BRACKET 8" PIPE U-BOLT FOR VIB MTS 4040900 |
3 | HHCS LB25-01 x 3050, GRS 5400085 2
4 [MOUNT - RESILIENT 4121804 | 2
5 |NUT-.63NC, FLNGD LOCK, DEFOAM 5403515 | 4
6 |U-BOLT - 8" PIPE 4406813 |
T [WASHER - SPECIAL, SNUBSING 3603331 | 4
FROVIDE 25 MINIMUM CLEARANCE -
BETWEEN SUCTION ARM AND
FRAME FLANGE
i Q £25 13 FT-LB
ol 80 B2 =1 i
4_|5i { HJ 5.09
LAy T v +
e od PR
o ;_’_;'53 1 210 220 F1-18 wax
— L - &, b'/ z
250 ] | —— 1.50 <
16.38 315 i
2.25 MINIMUM @
AVOID DRILLING WITHIN
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NEVER DRILL INTO FRAME FLANGE
Mooty waar e ceeater _serer
—i2) @2ii3e r@ 656) DRILL ON ASSEMBLY DGHi307 B
C / DE 5 ] ; ARP EDG 1ngH oo me e froLceancc ] £ WS, Darle 1
2-’8 nC EHAD B H,‘ﬁrm. LOLM:E[SCR[# [MILL IMETER] D_Lgfi;l;?:t gliis"fls-u -cpwm&ncl:au
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TEE BRACKET MUST BE FREE TO PIVOT 5/8-1INC X 1 3/4 GRADE 5 CAP SCREW
TIGHTEN PRIMARY NUT HAND TIGHT 5/8NC CRADE 8 FLANGED LOCKNUT
WHILE HOLDING PRIMARY NUT STATIONARY TORQUE TO 110 FT.LB
TIGHTEN JAM NUT TO 75-100 FT.LB.
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Reference drawing DZM0001, DZM0002, 4032600, 4032700, 4421804 and 3603931 for
transmission mounting assembly utilizing rubber isolation mounts to adapt to customer
supplied cross member. DZM0001 details the optional rubber isolation mounting system to
further reduce pump and pump transmission created vibration related stress to the frame rail
and driveline.

NO. DESCRIPTION PART NO. |aTY nEVISIONS

1| BRAGKET - FRONT, MEGATRANS 4032600

2 |BRACKET - REAR, MEGATRANS 4032700

3 [HHCS- 82511 x 150, GRS 5400080

4 |HHCS -.825-11 x 3.60, GRS 5400085

5 |MOUNT - RESILIENT 4421800

8 |NUT-FLANGED TOF LOCK 5403407

7 |WASHER - FLAT, 518, STEEL 2803805

8 |WASHER - SPECIAL SNUBBING 3803012

CUSTOMER SUPPLIED
MOUNTING BRACKET

UTILIZING THE SLOTS
IN THIS BRACKET

CUSTOMER SUPPLIE]
MOUNTING BRACKET -
TG BE FASTENED TO THE
TOP OF THE ISOLATOR -
ONCE ASSEMBLED

~

NOTE:
1) 4421800 1S SHOWN REPRESENTATIONAL
FORMAT, THIS PART IS ACTUALLY
COMPRISED OF (2) PIECES.

Srocras 1
W.5. Darlei® Co.
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REVISIONS
L TR DESCRIPTION DATE CHG NO. |APPRD
|
1 | |
| | ]
I
| |
| I Lo b H I
| |
L— 4.00
MODEL NAME MDL CREATED SHEET
[ 4032700 [ o30310 | 11 | A
- I INCH o] o rarT O ITOLERANCE W.S. Darley & Co.
REMOVE SHARP EDG E}:: [MILLIMETER] @.a. AEXI\[I:CI)E':ED ITASCA_IL - CHIPFEWA FALLS, WI
MATERIAL DESCRIPTION MATERIAL NO. | PATTERN NO. -ggnt_ E?c BRACKET - REAR, MEGATRANS
- anctes e+ JVYIBRATION ISOLATOR
DRN___RIG 25-Feb-13

THIS DESIGN IS THE PROFERTY OF e DATE
W.S. DARLEY AND CO. - UNAUTHORIZED e e el DO NOT SCALE PRINT  JEEEE n o6 4032700
REPRODUCTION IS PROHIBITED [TRCD SCALE o
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REVISIONS

LTR] DESCRIPTION | DATE | CHG NO. |*PPr D)
Snubbing
Washer (2] PIECE ASSEMBLY
Side

a0 — -
Su

NOTES:
) A PURPLE AND WHITE DOT SHOULD BE PRESENT ON THE PART SURFACE.
MODEL NAME MDL CREATED SHEET
4421804 r3apreolo o/ [ A
: I X INCH e et reiete)  oLn PART NO. RO FRANCE %1.‘::'\ ws Darfe & Co_
REMOVE SHARP EDGES [MILLIMETER] @g JLxeeer _ITASCA, 1L - cr-lyppsm FALLS, Wl
MATERIAL DESCRIPTION: MATER 1AL KO.| PATTERN no. so w03 QMOUNT - RESTLIENT
NEOPRENE - BARRY CONTROLS 22003-15 ancies w10 JBARRY CONTROLS 22003-15
DRN_ WAH c R 7
THIS DESIGN 15 THE PROPERTY OF - paTeE | 3APRZ010
E’tEmEEEEESMME ggm-auyég'uon IED ?q&,,%é"]jﬂggsqéﬁg DO NOT SCALE PRINT 1;23 S SCALE T 4421804

IMPORTANT: These rubber isolators are a two piece design. The loading on these isolation mounts is
cantilevered in this application (i.e. the center of gravity of the transmission and pump assembly is not directly
above the centerline of the rubber isolators, it is offset), therefore the snubbing washer (see 3603931 on the next
page) should be on the core/bushing side of the rubber isolator (see below images). Therefore the snubbing
washer should be on top of the smaller rubber section of the isolator, not the ring portion. So, for this application
the stack-up from top to bottom should be as follows: bolt head, snubbing washer, core/bushing side of isolator,
transmission mount bracket, ring portion of isolator, customer supplied cross member, nut or lock nut. Torsional
loading should never be placed on the ring portion of the isolator.

Snubbing Core/Bushing Isolated
|T m ,{/ Washer of Rubber \‘/ Eouipment
| | NN

[ | | } Isolator SN
| |
| |

‘_______-——-" ’ 1| T
1 I
1 I
e 11 1 _
| } & Suppont TR }
pStructure __J| I _
_._f-.-'wnt ng H-:-Ia_'_ Ring / I I
i Portion l l
r ™) Radius “R* of - g
[Prequired) Rubber
b Isolated | Isolator | i
o | I I Snubbing
' Structure AN | l L Washer
I 1
L _ N
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of Rubber
Isolator
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REVISIONS
| DESCRIPTION [ DATE JCHG NO. Jrrrr o]

B2.8

@657 M

"

88— -

woatL HAME MOL CREATED sueET
£03931 13AFR2010 [ /1 [ A
. WS Darley & Co.
ITASCA, L CHIPPEWA FALLS, Wi
WASHER - SPECIAL, SNUBBING
BARRY CONTROLS 9810145-03804

At 3603931

INCH AT oL PART NO

AR AR T
REMOYE SHARP EDGES IMILLIMETER] @_G

MATER AL DESCRIPTION MATERIAL NO_[ PATTERN NO

BARRY CONTROLS 9810145-03804

THIS DESIGN 1S THE PROPERTY OF
DARLEY [ AUTHOR | ZED

EvsIons 1
w.§ ARL| AND UN. BlMENsIOus N
REPRODUCT ION IS PRONIBITED

Tients Tattes woreo | DO NOT SCALE PRINT [

Drill holes through the side frames and attach the mounting brackets. Note, both mounting
brackets are designed to permit truck frame flex without imposing stress on pump extensions.
The bracket must be free to pivot as seen in drawing DGM1302. Choose one side of the
frame or the other for the location of the pivot, the opposite must be rigidly secured with (2)
5/8” fasteners.

Provide adequate support for all piping.

Keep the following points in mind when positioning the pump and constructing the
driveline.

1.

Do not exceed recommended universal joint operating angles. Complementary shaft
angles should be equal and as low as possible.

2. Do not exceed universal joint torque limitations.

3. Do not exceed driveshaft speed/length limitations.

4, Yokes on each end of the drive shaft must usually be in phase. When in phase the
yoke lugs (ears) at each end are in line.

5. Use balanced driveline components to help prevent vibration and to extend the life of
drive yokes and other components related to the drive line.
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Torque the universal joint bearing cap retaining bolts to the following Dana Spicer

Recommendations:

U-BOLT CAP & BOLT
SERIES RECOMMENDED NUT TORQUE SERIES RECOMMENDED BOLT TORQUE
1280 14-17 LB. FT 1650 77-103 LB. FT
1310 14-17 LB. FT 1850 110-147 LB. FT
1330 14-17 LB. FT 1850 110-147 LB. FT
1350 20-24 LB. FT 1910 110-147 LB. FT
1410 20-24 LB. FT 1950 271-362 LB. FT
1480 32-37 LB. FT 2010 102-118 LB. FT
1550 32-37 LB. FT 2050 744- 844 LB. FT
BEARING STRAP 2150 744- 844 LB. FT
SERIES RECOMMENDED BOLT TORQUE 2210 260- 298 LB. FT
1210 13-18 LB. FT BEARING PLATE
1280 13-18 LB. FT SERIES RECOMMENDED BOLT TORQUE
1310 13-18 LB. FT 1610 26-35 LB. FT
1330 13-18 LB. FT 1710 38-48 LB. FT
1350 30-35LB. FT 1760 38-48 LB. FT
1410 30-35 LB. FT 1810 38-48 LB. FT
1480 55-60 LB.FT 1880 60-70 LB.FT
1550 55-60 LB.FT
1610 55-60 LB.FT
New part kits with lockstraps
1710 130-135LB. FT available from Spicer
1760 130-135LB. FT after Spring 1994
1810 130-135 LB. FT SERIES RECOMMEND BOLT TORQUE
1610 17-24 LB. FT
1710 32-42 LB. FT
1760 32-42LB. FT
1810 32-42 LB. FT
1880 50-66 LB. FT

1

WARNING: Bearing strap retaining bolts must NOT be reused!
WARNING: Self-locking bolts must NOT be reused!

Note: The Dana Spicer fastener torque recommendations are per Dana Spicer’s literature # 3119-5

DSD 4/94.
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[\ {}| BEARING © |K© BEARING
STRAP u PLATE

Lubricate universal joint cross using a good quality E.P. (extreme pressure) grease meeting N.L.G.I. E.P. Grade 2
specifications. (Consult your local lubricant source for greases that meet this specification.

PRIMER CONNECTION: For 12/24-volt electrically clutched belt-driven priming pump
installation, see drawings DVC0306 through DVC0309 found in “Section 4 - Pump Detail” of
the “ZSM Installation, Operation, Maintenance, Repair and Troubleshooting Manual’.

ENGINE COOLING/PUMP HEATER: Two tapped openings in the pump suction head are
provided for circulating engine coolant through the heater jacket/heat exchanger to prevent
pump freezing in cold weather and to aid in engine cooling in warm weather. Use no smaller
than a 1/2” heater hose for this connection. See drawing DGS0400.

PUMP SHIFT INSTALLATION: For power shift installation, refer to DGS1100 for automatic
transmission wiring details.
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Safety Precautions

General Safety Information

To prevent injury to yourself and /or damage to the equipment: A

Read carefully all owners manuals, service manuals,
and/or other instructions.

Always follow proper procedures and use proper
tools and safety equipment.

Be sure to receive proper training.

Never work alone while under a vehicle or while re-
pairing or maintaining equipment.

Always use proper components in applications for
which they are approved.

Be sure to assemble components properly.
Never use worn-out or damaged components.

Always block any raised or moving device that may
injure a person working on or under a vehicle.

Never operate the controls of the power take-off or
other driven equipment from any position that could
result in getting caught in the moving machinery.

A WARNING: ROTATING DRIVESHAFTS

Rotating auxiliary driveshafts are dangerous. You can
snag clothes, skin, hair, hands, etc. This can cause
serious injury or death.

Do not go under the vehicle when the engine is run-
ning.

Do not work on or near an exposed shaft when engine
iS running.

Shut off engine before working on power take-off or
driven equipment.

Exposed rotating driveshafts must be guarded.

WARNING: GUARDING AUXILIARY DRIVESHAFTS

We strongly recommend that a power take-off and a directly
mounted pump be used to eliminate the auxiliary driveshaft
whenever possible. If an auxiliary driveshaft is used and re-
mains exposed after installation, it is the responsibility of the
vehicle designer and PTO installer to install a guard.

g WARNING: USING SET SCREWS

Auxiliary driveshafts may be installed with either recessed or
protruding set screws. If you choose a square head set screw,
you should be aware that it will protrude above the hub of the
yoke and may be a point where clothes, skin, hair, hands, etc.
could be snagged. A socket head set screw, which may not
protrude above the hub of the yoke, does not permit the same
amount of torquing as does a square head set screw. Also a
square head set screw, if used with a lock wire, will prevent
loosening of the screw caused by vibration. Regardless of the
choice made with respect to a set screw, an exposed rotating
auxiliary driveshaft must be guarded.

WARNING: THIS SYMBOL WARNS OF POSSIBLE
A PERSONAL INJURY.
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General Information

Introduction

This brochure is intended for:

e Installers who install Spicer driveshafts into an application where the transmission and axle are not in direct line with
each other, causing the driveshaft universal joints to operate at an angle.

e Anyone experiencing vibration problems with their application or their vehicle that driveshaft assembly balancing will not
correct.

e Truck Equipment Distributors who:
e Re-work a chassis to change the wheel base.
e [nstall a midship mounted power take-off or fire pump.
e Mount any other PTO-driven device such as a blower, hydraulic pump, or hydraulic motor.
Universal joint failures, as a rule, are of a progressive nature, which, when they occur, generally accelerate rapidly resulting in a
mass of melted trunnions and bearings.
Some recognizable signs of universal joint deterioration are:
1. Vibrations - Driver should report to maintenance.
2. Universal joint looseness - End play across bearings.
3. Universal joint discoloration due to excessive heat build-up.
4. Inability to purge all four trunnion seals when re-lubing universal joint.
Items 2) thru 4) should be checked at re-lube cycle and, if detected, reported to the maintenance supervisor for investigation.
Experience with universal joint failures has shown that a significant majority are related to lubricating film breakdown. This may
be caused by a lack of lubricant, inadequate lube quality for the application, inadequate initial lubrication, or failure to lubricate

properly and often enough.

Failures which are not the result of lubrication film breakdown are associated with the installation, angles and speeds, and manu-
facturing discrepancies.

Driveshaft failures through torque, fatigue, and bending are associated with overload, excessively high universal joint angles, and
drive shaft lengths excessive for operating speeds.



Installation Techniques

Driveshaft Torque

The following problems are usually a result of torque overloads:
Twisted driveshaft tube
Broken yoke shaft, slip yoke, tube yoke, flange yoke, end yoke

Broken journal cross

How much torque can be generated in your application?

Engine

Trans.

Axle

How to Calculate Torque:
LGT=TxTLGRxTExSRxTCRx C

LGT = Maximum Driveshaft Low Gear Torque SR = Torque Converter Stall Ratio (if applicable)
T = Net Engine Torque or 95% of the Gross Engine Torque TCR = Transfer Case Ratio (if applicable)

w ]
-
<
[1°]
(7]
-
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=3
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=
[—
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TLGR = Transmission Low Gear Ratio (forward)* C = Transfer Gase Efficiency (if applicable, 0.95)

TE = Transmission Efficiency (automatic = 0.8; manual = 0.85)

How to Calculate Wheel Slip:
WST = (.71 x W x RR) / (11.4 x AR)

WST = Wheel Slip Torque Applied to the Driveshaft RR = Tire Rolling Radius (in)

W = Axle Capacity (Ibs) AR = Axle Ratio

For On Road Applications

Relate the lesser of above to Spicer universal joint ratings. If your torque exceeds the Spicer rating for the universal joint used in

your application, switch to a size with a rating compatible to your calculation. However, the series selected cannot be more than
one series below the series called for by the LGT calculation.

For Off Road or On-0ff Road Applications

Use Low Gear Torque value only to verify or switch to a size with a rating compatible to your calculation.



Installation Techniques

Common Causes of Vibrations

The three most common causes of driveshaft vibration are: Driveshaft Imbalance, Critical Speed, and Universal Joint Operating
Angles.

Driveshaft Imbalance
Eliminate the potential for balance problems before you undertake any other measures.

A driveshaft on a vehicle usually rotates at a higher rate of speed than the tire. For that reason, like tires, driveshafts should be
balanced.

Any time you build or rework a driveshaft, make sure it is dynamically balanced at, 3000 RPM for Light Duty or 2500 RPM for
Heavy Duty, to the following specifications:

Series Specification

1310, 1330 .375 oz-in total at each end of shaft *

1350, 1410 .500 oz-in total at each end of shaft *

1480 - 1880 1.00 oz-in for each ten pounds of driveshaft weight divided proportionally at each end of shaft
* Passenger Gar, Light Truck, Van, and SUV only. Industrial, Mobile Off-Highway, PTO, etc. same as 1480 - 1880.

Critical Speed

Every driveshaft has a critical speed. Critical speed is the point at which a rotating driveshaft begins to bow off its normal rotating
centerline.

Driveshafts begin to vibrate as they approach critical speed. If they are operated at near critical speed for an extended period, they
often fail. This can damage the vehicle and possibly injure persons nearby.

As a driveshaft fabricator or installer, you are responsible for checking the safe operating speed of any driveshaft you fabricate or
specify into an application. Make sure it will not operate at a speed higher than Spicer’'s recommended safe operating speed. Use
Spicer Calculator (P/N J 3253) to determine safe operating speed.

Checking for a Possible Critical Speed Problem

Here is what you must do to make sure you won’t have a critical speed problem:

* Determine the safe operating speed of the driveshaft you want to use in your application. Insert the tube diameter and
center-to-center installed length of the shaft you want to use into a Spicer Safe Operating Speed Calculator (P/N. J3253).
The calculator will tell you the safe operating speed of the shaft you have chosen.

e Determine the NORMAL and MAXIMUM POSSIBLE operating speed of the driveshaft.
REMEMBER:

e On vehicles with a standard transmission that have a 1:1 direct drive high gear and no overdrive, MAXIMUM POS-
SIBLE driveshaft RPM is the same as the maximum possible ENGINE RPM.

e 0On vehicles that have an overdrive transmission, MAXIMUM POSSIBLE driveshaft RPM is higher than maximum
possible ENGINE RPM.



Installation Techniques

Maximum Possible Driveshaft RPM

To calculate the maximum possible driveshaft RPM in vehicles having an overdrive transmission, divide the maximum possible
engine RPM by the overdrive ratio. (See examples below.)

Example 1:

Max. engine RPM: 2100

Overdrive ratio: .79

2100/.79 = 2658 maximum possible driveshaft RPM

Example 2:

Max. engine RPM 6000

Overdrive ratio: .66

6000/.66 - 9091 maximum possible driveshaft RPM

Compare the maximum possible driveshaft RPM with the safe operating speed determined from the Safe Operating Speed Calcu-
lator. If the maximum possible driveshaft RPM meets or exceeds the safe operating speed determined from the calculator, you
must do whatever is required to raise the critical speed of the driveshaft you have chosen for the application.

Sample Specification:

To specify a driveshaft for the application described in Example 1 above, compare the safe operating speed for the driveshaft se-
lected with the maximum possible driveshaft RPM calculated (2658 RPM). Make sure the safe operating speed of the driveshaft
is greater than 2658 RPM.
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Changing the Safe Operating Speed of a Driveshaft

A driveshaft’s safe operating speed can be raised by increasing its tube diameter or by shortening the installed center-to-center
length of the driveshaft. Changing the installed length of a driveshaft will require the use of multiple driveshafts with center bear-
ings.

Important: The critical speed of an assembly can be affected by driveshaft imbalance, improper universal joint operating angles,
or improperly phased driveshafts. (A properly phased driveshaft has the in-board yokes of the shaft in line with each other.) Each
of the above items will tend to lower the true critical speed from the values shown on the calculator.

Since critical speed can ultimately cause driveshaft failure, it is extremely important to be very precise in all applications.
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Universal Joint Operating Angles

Every Universal Joint that Operates at an Angle Creates a Vibration

Universal joint operating angles are probably the most common causes of driveline vibration in vehicles that have been reworked,
or in vehicles that have had auxiliary equipment installed.
Universal joint operating angles are a primary source of problems contributing to:
* Vibrations
e Reduced universal joint life
e Problems with other drivetrain components that may include:
- Transmission gear failures
- Synchronizer failures
- Differential problems
- Premature seal failures in axles, transmissions, pumps, or blowers
- Premature failure of gears, seals, and shafts in Power Take-Offs

When you rework a chassis or install a new driveshaft in a vehicle, make sure that you follow the basic rules that apply to universal
joint operating angles:

RULE 1: UNIVERSAL JOINT OPERATING ANGLES AT EACH END OF A DRIVESHAFT SHOULD ALWAYS BE AT LEAST 1 DEGREE.
RULE 2: UNIVERSAL JOINT OPERATING ANGLES ON EACH END OF A DRIVESHAFT SHOULD ALWAYS BE EQUAL WITHIN 1 DE-
GREE OF EACH OTHER (ONE HALF DEGREE FOR MOTOR HOMES AND SHAFTS IN FRONT OF TRANSFER CASE OR AUXILIARY
DEVICGE).

RULE 3: FOR VIRTUAL VIBRATION FREE PERFORMANCE, UNIVERSAL JOINT OPERATING ANGLES SHOULD NOT BE LARGER
THAN 3 DEGREES. IF THEY ARE, MAKE SURE THEY DO NOT EXCEED THE MAXIMUM RECOMMENDED ANGLES.

A universal joint operating angle is the angle that occurs at each end of a driveshaft when the output shaft of the transmission and
driveshaft and the input shaft of the axle and driveshaft are not in line. (See Fig 1)

The connecting driveshaft operates with an angle at each universal joint. It is that angle that creates a vibration.

Engine

Trans.

Axle

Figure 1
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Reducing and Canceling Vibration

A key point to remember about universal joint operating angles: To reduce the amount of vibration, the angles on each end of a
driveshaft should always be SMALL.

To cancel an angle vibration, the universal joint operating angles need to be EQUAL within 1 degree at each end of a driveshaft.
On motor home applications and auxiliary transmission installations, the tolerance is 1/2 degree. (See Fig 2)

Axle
Make angles small

Trans.
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Figure 2
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Single Plane and Compound Universal Joint Operating Angles

There are two types of universal joint operating angles: Single Plane and Compound.

Single Plane

Single Plane angles occur when the transmission and axle components are in line when viewed from either the top or side, but
not both.

Determining the universal joint operating angle in an application where the components are in line when viewed from the top, but
not in line when viewed from the side, is as simple as measuring the slope of the components in the side view, and adding or
subtracting those slopes to determine the angle. (See Fig. 3)

These angles should be small and equal within 1 degree.

Legend

Spicer Anglemaster  Spicer
Anglemaster B __Iilke

Bubbletype
protractor A

Axle

Figure 3

The most convenient way to determine universal joint angles in the side view is through the use of a Spicer Anglemaster™ or a
bubble type protractor.

Using an Anglemaster or a bubble protractor, record inclination angles of drivetrain components. Set Anglemaster or protractor
on machined surfaces of engine, transmission, axle, or on machined lugs of transmission and axle yoke(s).

Note: Universal joint angles can change significantly in a loaded situation. Therefore, check vehicle loaded and unloaded to achieve
the accepted angle cancellation.

Example:

Engine-Transmission Output 4°30' Down (1)

Main Driveshaft 7°00’ Down (2)

Input 1st Rear Axle 4°00’ Up (Input Shaft Nose Up) (3)
Output 1st Rear Axle 4°00’ Down (4)

Inter-axle Shaft 7°00° Down (5)

Input 2nd Rear Axle 4°15’ Up (Pinion Shaft Nose Up) (6)

Note: If inclination of driveshaft is opposite connecting component, add angles to obtain the universal joint operating angle.
Anglea=(2) - (1) =7°00 - 4°30" = 2°30’ (2.50°)

(
Angle b = (2) - (3) = 7°00’ - 4°00’ = 3°00’ (3.00°)
Angle ¢ = (5) - (4) = 7°00° - 4°00’ = 3°00’ (3.00°)
Angle d = (5) - (6) = 7°00’ - 4°15' = 2°45' (2.75°)
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Determining the universal joint operating angles on a driveshaft that is straight when viewed from the side and offset when viewed
from the top requires the use of a special chart (See Angle Chart). In this type of application, the centerlines of the connected
components must be parallel when viewed from the top as shown. These angles also should be small and equal within 1 degree.
(See Fig. 4)

Engine

Trans.

Angles in Top View
Figure 4

Measure dimensions "A" and "B" shown in figure 4. Use the instructions in the angle chart below to determine the size of the angle.
Look at the Angle Chart and note that the smaller the offset, the smaller the resultant angle.
To reduce the possibility of vibration, keep any offset between connected points to a minimum.

There are two things you can do to always make sure Single Plane angles are SMALL and EQUAL: Make sure the transmission
and axle are mounted so their centerlines are parallel when viewed from both the side and the top. Make sure the offset between
them is small in both views.
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For Driveshafts Having An Angle in the Top View
14.0°
15.0° 12.0°
12 13.0°
1 xample: (See Fig. 4)
. Measure Dimension "A"
t 2. Determine Dimension "B"
& Using chart, determine angle "x" by
£ finding the intersection point of a
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Compound Angles

Compound universal joint operating angles occur when the transmission and axle are not in line when viewed from BOTH the top
and side. Their centerlines, however, are parallel in both views. (See Fig. 5)

Engine
Trans.
Top View
Parallel Centerlines
Engine
Trans.
Axle
Side View
Parallel Centerlines
Figure 5

When you have a compound angle, you have to calculate the "True Universal Joint Operating Angle" of each universal joint. It is
the True Universal Joint Operating Angle that must meet the three rules shown on page 5.
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True Universal Joint Operating Angle

The True Universal Joint Operating Angle, which must be calculated for each end of the shaft with compound angles, is a combi-
nation of the universal joint operating angle in the top view, as determined from the chart, and the measured universal joint oper-

ating angle in the side view.

To determine the true universal joint operating angle for one end of a shaft, (compound angle C° in the formula shown in Fig. 6)
insert the universal joint operating angle measurement obtained in the side view and the universal joint operating angle obtained

from the chart into the formula.

= | N

_ /_J (2.15"/)A

Angle in Top View (from Chart) SideView

Compound Angle (C°) = T+ 8

T=2.15" (A calculated angle)
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S=25" (The measured angle)

C=./215% +25?
C=\ 10873

C =3.3" (True operating angle)
Figure 6

Do the same for the other end of the shaft. Compare the resultant calculated universal joint operating angle for each end. They
should be EQUAL within 1 degree. If they’re not, the driveshaft will vibrate.

10



Installation Techniques

Eliminating Compound Angle Induced Vibrations

Compound universal joint operating angles are one of the most common causes of driveline vibration. To avoid theses problems,
remember these important points:

*  When setting up an application that requires compound universal joint operating angles, always keep the centerlines of
the transmission and axle parallel in both views.

*  Always keep the offset between their horizontal and vertical centerlines small.

Keep Angles Equal Top View

Engine
Trans.
/A and Offset Small Axle
Side View
Engine
Trans. Less Than 3°
Small Offset
Figure 7

Note: Centerlines of transmission and axle must be parallel in both top and side views to use this method of determining true
universal joint operating angle. Please contact Spicer Driveshaft Engineering if you have an application where the compo-
nents cannot be installed with their centerlines parallel.

If adjustments must be made to the system:

e Install shims between the axle housing and springs to rotate the axle input yoke to change operating angles.
e (Change operating angle on torque arm type suspensions by lengthening or shortening torque arms.
« Raise, lower, or shift side-to-side a pump, blower, or other piece of auxiliary equipment to change operating angles.

Note: It is important to remember to keep the centerlines of two components that are connected by a driveshaft parallel in both
the top and side views, so the operating angles will ALWAYS be equal.

1
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Angle Size

The magnitude of a vibration created by a universal joint operating angle is proportional to the size of the universal joint operating
angle. Spicer Engineers recommend true universal joint operating angles of 3 degrees or less.

Obtain the true universal joint operating angle, as explained above, and if it is greater than 3 degrees, compare it to this chart.

Driveshatt Maximum Interaxle

RPM Operating Angle Parallel Intersecting
5000 3.2° - -
4500 3.7° - -
4000 4.2° 3.8° 3.8°
3500 5.0° 4.4° 4.4°
3000 5.8° 5.1° 4.8°
2500 7.0° 6.0° 4.8°
2000 8.7° 6.0° 4.8°
1500 11.5° 6.0° 4.8°

The angles shown on this chart are the maximum universal joint operating angles recommended by Spicer Engineers and are di-
rectly related to the speed of the driveshaft. Any universal joint operating angle greater than 3 degrees will lower universal joint
life and may cause a vibration. Remember to check maximum safe driveshaft RPM by using the Spicer Safe Operating Speed Cal-
culator.
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Multiple Shaft Installations

Multiple Shaft Set Up Recommendations

In general, multiple shaft installations follow the same guidelines, except there are different recommendations for setting up the
driveline:

* Fora2-shaft application, set up the first coupling shaft (sometimes called a jackshaft) so that the universal joint operating
angle that occurs at the transmission end is 1 to 1-1/2 degrees. (See Fig. 8)

1°t0 1-1/2° 7(
|| True Angle Center
Bearing
Figure 8

e Try to avoid building a compound universal joint operating angle into the first coupling shaft by installing it in line with
the transmission.

e [fit ends up being compound, make sure the true universal joint operating angle, determined by using the information
mentioned earlier, is 1 to 1-1/2 degrees.
Install or tilt the axle so it is mounted on the same angle as the first coupling shaft (the centerlines of the axle and the first coupling
shaft will be parallel).

Note: BY FOLLOWING THIS PROCEDURE, THE UNIVERSAL JOINT OPERATING ANGLE AT EACH END OF THE LAST SHAFT WILL
AUTOMATICALLY BE EQUAL. (See Fig. 9)

13
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True angle , Adjust the axle to be
1°t0 1-1/2 on the same angle

/ as the first shaft
1'

. Center f Z
Bearing -

These angles will
automatically be equal

Figure 9

If there is an offset in the installation of the axle, make sure it does not create too large of a compound universal joint operating
angle. Whenever possible, mount the axle directly in line with the first coupling shaft (when viewed from the top).

Check the actual universal joint operating angle at the rear of the first coupling shaft. If it is less than 1° and the transmission
universal joint operating angle is greater than 1.5°, rotate the end yoke at the center bearing position so that the ears of the yoke
are 90° to the ears of the tube yoke on the transmission end of the coupling shaft. (See Fig. 10) As an alternative, rotate the slip

yoke on the driveshaft 90° if the slip spline has 16 teeth.

On same angle

|

If this angle is
less than 1°, rotate yoke
as shown

Figure 10
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On applications having more than two shafts, mount the first coupling shaft as outlined in the preceding example, and each addi-
tional coupling shaft at a 1 to 1-1/2 degree universal joint operating angle to the previous coupling shaft.

Install or tilt the axle to the same angle as the last fixed coupling shaft so the centerline of the axle and the last fixed coupling shaft
are parallel.

Note: THIS ASSURES THE UNIVERSAL JOINT OPEARTING ANGLE AT EACH END OF THE LAST SHAFT WILL AUTOMATICALLY
BE EQUAL (See Fig. 11).

| 1° to 1-1/2° Angle

Check size
of these angles.
Do not exceed

maximums.

Shaft 2

Mount on same
angle as shaft #2

Figure 11
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Mounting a Midship-Mounted PTO, Pump, or Auxiliary Transmission

When installing a midship-mounted PTO, auxiliary transmission, or midship-mounted pump into the main driveline of a vehicle,
install it at the same angle as the transmission. Keep the offset to a minimum to reduce universal joint operating angles.

Note: Do not make the universal joint operating angle less than 1/2 degree.

Before bolting the device in place, check the universal joint operating angles that occur at each end of the driveshaft. They must
be 1 to 1-1/2 degrees and they must be equal to within 1/2 degree for this type of application.

If the device ends up being installed in direct line with the transmission, with little or no universal joint operating angle on the
joints, raise or lower it so there is enough offset to create the required 1 to 1-1/2 degree universal joint operating angle on each
end of the driveshaft. (See Fig. 12)

1/2° minimum .
1%to 1-1/2° recommended Auxiliary

3% maximum Device
_ Equal within 1/2°
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Install at same angle
and in-line in top view

Figure 12

If there is only one driveshaft between the device and the rear axle, rotate the rear axle (using shims in the appropriate place) so
it is the same angle as the device. This makes the universal joint operating angle at each end of the driveshaft equal (See Fig. 13).
Check the size of the universal joint operating angles to determine if they meet recommendations.

1/2° minimum

1%to0 1-1/2° recommended
3% maximum

Equal within 1/2°

Check size of
[]j]) / these angles
Install at same angle \

and in-line in top view Rotate axle to same
angle as Auxiliary
Device

Figure 13
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If there is more than one driveshaft between the device and the rear axle, install the driveshaft as outlined earlier with a 1 to
1-1/2 degree universal joint operating angle on the input end of each shaft. Then rotate the axle so it is on the same angle as the
last fixed shaft. The universal joint operating angle on each end of the last shaft will automatically be equal. (See Fig. 14)

1/2° minimum
19to 1-1/2° recommended
3% maximum

Equal within 1/2°

1°to 1-1/2° angle minimum

Check these angles.
3°recommended

Install at same angle
and in-line in top view

Mount on same angle /

rotate axle if necessary

Figure 14

Mounting a Remote-Driven Pump, Blower, or Similar Device

Remote mounted-pumps, blowers, or similar devices are usually driven by a side, top, or bottom-mounted PTO and use an aux-
iliary driveshaft.

Many times these devices are mounted to the vehicle frame or cross member. The usual method of mounting, where the driven
device is mounted parallel with the ground without regard to the mounted angle of the PTO, will produce a vibration that may cause
failure of the PTO, pump, blower, or other driven device.

Any remote driven device must be mounted parallel and in line, if possible, with the PTO.

To select the appropriate auxiliary driveshaft for these types of applications, you should consider proper torque, safe operating
speed (which is different than the critical speed for tubular driveshafts), and angularity. (See Maximum Safe Operating Speed Chart
on page 18).

An auxiliary driveshaft must be capable of transmitting the maximum torque and RPM required by the driven equipment. For most

low-torque applications operating at less than 1200 RPM, solid bar-stock constructed driveshafts are adequate. For applications
requiring additional torque or RPMs, tubular shafts should be fabricated.

17
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Maximum Safe Operating Speed

MAXIMUM OPERATING SPEED* BY TUBE SIZE, SOLID SHAFT SIZE, AND LENGTH
*(For speeds over 6000 RPM, contact Spicer Universal Joint Division Engineering)
TUBING MAXIMUM INSTALLED LENGTH (IN INCHES) FOR GIVEN RPM
Diameter Centerline to Genterline of Joints for a Two Joint Assembly
& or
Wall Thickness Centerline of Joint to Centerline of Center Bearing for a Joint and Shaft
W - Welded RPM - Revolutions Per Minute
S - Seamless 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
1.750" x .065" W 82" 67" 58" 52" - - - - - - -
1.250"x .095" S 64" 52" 45" 40" 37" 34" 32 - - - -
2.500" x .083" W 87" 70" 62" 55" 50" 45" 43" 41" 39" 37 35
3.000" x .083" W - - 85" 76" 70" 64" 60" 57" 54" 51" 49
SOLID SHAFT DIAMETER §
750" 42" 35" 30" 27" 25" - - - - - - >§<
812" 44" 36" 31" 28" 26" - - - - - - -cé’ '5
875" 46" 37 32" 29" 27" - - - - - - 2 -§
1.000" 49" 40" 35" 31" 28" - - - - - - §._
1.250" 55" 45" 39" 35" 32 - - - - - - a

To prevent premature wear, auxiliary driveshaft breakage, and possible injury to people or equipment, be aware of the critical
speed of these types of driveshafts. Critical speed, explained earlier in this guide, is different for these solid shaft and small tube
driveshafts.

Refer to the chart above for maximum safe operating speed information on these types of shafts.

If the chart indicates that the critical speed may be a problem, use multiple shafts. Be sure to use support bearings where neces-
sary and set up the true universal joint operating angles as indicated earlier in this guide.
As with all driveshafts, auxiliary driveshafts should be:

»  Carefully installed to minimize vibrations caused by incorrect universal joint operating angles

*  (Capable of absorbing shock loads

e (Capable of changing length as needed

e (Guarded so as to prevent inadvertent entanglement

18
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Special Notes Regarding Auxiliary Driveshafts

A WARNING: Working on or near an auxiliary driveshaft when the engine is running is extremely dangerous and should be avoided.
You can snag clothes, skin, hair, hands, etc. This can cause serious injury or death.

19

Shut off engine before working on power take-off or driven equipment.

Do not go under the vehicle when the engine is running.

Do not engage or disengage driven equipment by hand from under the vehicle when the engine is running.

Fasteners should be properly selected and torqued to the manufacturer’s specifications.

If a setscrew protrudes above the hub of an end yoke, you may want to replace it with a recessed (Allen-type) setscrew.

If you decide that a recessed setscrew does not have enough holding power for your application and you must use a
protruding setscrew, be sure no one can come in contact with the rotating driveshaft or the protruding setscrew.

Exposed rotating driveshafts must be guarded!

Lubricate auxiliary driveshafts according to manufacturer’s specifications.
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