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an engine with a “like for like” replacement (same model, 
HP and speed if available) – otherwise a current emissions 
certified product must be installed into the application. In 
simple terms - if you increase the horsepower or kW of the 
engine – you may then have to use a new engine to meet the 
current emissions Tier level requirement. 

As indicated in Figure PW-3, for land-drilling engines great-
er than 750 hp, new emissions regulations went into effect 
in 2001, 2006 and 2011, with another change scheduled for 
2015. Even this rule of thumb can get complicated as local 
agencies may override the “grandfather” clause or region-
al laws may require “Best Available Control Technology” 
(BACT). When a BACT is determined, factors such as energy 
consumption, total source emission, regional environmen-
tal impact, and economic costs are taken into account and 
require any equipment used in that governing bodies area 
of responsibility meet the most stringent current standard. 
Places within the continental US that may require BACT are 
the States of California and Wyoming - amongst others. 

Consult with your engine manufacturer to determine the 
laws and regulations in effect for the region of the world you 
are working in, or wish to relocate equipment into.

Engine installation 
1. Mounting: All engines should have solid, vibration-free, 

mounting. Installation of box-base type engines with 
full-length supports is desirable. Shims or other 
precision methods should be used to avoid uneven 
support and distortion of the engine structure;

2. Leveling: Engines should be as level as possible. Install 
shims when necessary (preferably stainless steel);

3. Alignment: The alignment of the engine with the driven 

equipment should comply with the recommendations of 
both engine and driven equipment manufacturers. 
Before aligning, both engine flywheel and flywheel 
housing, as well as the driven equipment, should be 
checked for run-out resulting from handling or service. 
Alignment may be maintained with shear blocks or 
dowel pins;

Parallel (or bore) misalignment occurs when the center-
lines of the driven equipment and the engine(s) are par-
allel but not in the same plane as shown above.

4. Flexible Coupling and Drum or open-type Air Clutches: 
During initial installation of driven equipment, shafts 
and hubs should be aligned to the flywheel before 
installing coupling or clutch. Proper alignment 
procedure considers angular, parallel and runout 
(Figure PW-4). Extreme caution must be exercised to 
prevent thrust loading of the engine crankshaft. This 
and misalignment can result in severe damage to the 
engine. Most flexible couplings will tolerate only a 
minimum of misalignment. Refer to the manufacturer’s 
specifications for maximum limits;

Face runout refers to the distance the face of the hub is 
out of perpendicular to the shaft centerline as shown in 
Figure PW-5.

Angular or face misalignment occurs when the center-
lines of driven equipment and the engine(s) are not par-
allel as shown Figure PW-6.

5. Sheaves, bearings and clutch shafts: Drive pulleys 
should be mounted as close to the engine as possible. 
This places the load near the clutch main bearing and 
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Figure PW-4:  Parallel or bore misalignment occurs 
when the cdenterlines of the driven equipment and the 

engine(s) are parallel but not in the same plane.

Figure PW-5:  Face runout is the distance that the face of 
the hub is out of perpendicular to the shaft centerline.
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tends to reduce the overhang load on the bearings. 
Heavy tools should not be used to drive sheaves or 
similar equipment on the clutch shafts. Such procedure 
can damage bearings and cause difficulty in the removal 
of sheaves. Caution should be exercised in installing 
excessively large diameter or heavy-drive pulleys. The 
recommendations of the manufacturer for such 
installation should be carefully followed. Excessive force 
should not be used to drive sheaves or similar 
equipment on the clutch shafts. Such procedure can 
damage bearings and cause difficulty in the removal of 
sheaves. Taper bushing type is best;

Bore runout refers to the distance the driving bore of a 
hub is out of parallel with the shaft centerline as shown 
Figure PW-7.

6. Engine exhaust: Each engine exhaust system should be 
of sufficient size so that back pressure at the engines 
does not exceed manufacturer’s recommendation. It is 
desirable to include in the exhaust piping a short 
section of flexible tubing or expansion bellows for 
vibration isolation, thermal expansion, and ease of 
alignment on installation. Exhaust piping should be 
independently supported to prevent damage to the 
engine. Care should be exercised to prevent welding 
slag or any foreign material from entering the engine 
during installation. Do not connect exhaust from several 
engines to a common header. All exhaust systems 
should be protected against water entry and a suitable 
trap and drain provided to prevent condensate from 
returning to the engine;

7. Protection against weather: Proper protection against 
weather should be provided during storage or 
installation. For storage longer than a few days, use the 
protection materials and methods recommended by the 
engine manufacturer. Engines should not be stored with 
the cooling system in a dry condition as this promotes 

rust and deterioration of seals. The cooling system 
should be flushed, filled, circulated and stored with a 
sufficient solution of clean water, antifreeze, and rust 
inhibitor;

8. Engine cooling system: Only clean water, soft or 
treated, should be used in the engine cooling system. 
Do not use chemically-softened water. The use of 
corrosion inhibitors should be added every 250 hours (1 
month) of operation;

Permanent antifreeze contains a rust inhibitor which 
deteriorates in a short period of time and must be re-
placed at regular intervals. Some antifreeze has no rust 
inhibitor. Provide and mark suitable system drains. Un-
less anti- freeze is to be used, drain complete system in-
cluding air intercoolers and intercooler circulating lines 
in cold weather. All water system piping should comply 
with engine builder’s size recommendations. The  top 
tank of the radiator, or the expansion tank when using 
heat exchangers, should always be the highest point in 
the system and always higher than the cylinder heads 
with no high point air traps.

9. Cooling air: Engines should be oriented to take 
advantage of prevailing winds. Suction or blower fans 
should be used as best suited to conditions. When 
engines are installed inside buildings, sufficient 
openings should be provided for the intake and exhaust 
of cooling air. Any danger of recirculating the cooling air 
should be eliminated by the use of ducts. Where 
thermally actuated cooling water control valves are 
used, the capillary tubing should be as short as practical 
in order to prevent interference from outside 
temperature sources. Exhaust stacks, crank-case 
breathers and other sources of oily vapors should be 
vented to prevent build-up on radiator cores and the 
contamination of dry-type air cleaners;
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Figure PW-7:  Bore runout refers to the distance the driving 
bore of a hub is out of parallel with the shaft cdenterline.

Figure PW-6:  Angular or face misalignment occurs when the 
centerlines of driven equipment and the engine(s) are not parallel.
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10. Fuel system: When installing fuel piping, all foreign 
material should be removed from lines before they are 
connected to the engine. Lines of adequate size should 
be installed and adherence to safety codes should be 
observed. Adequate strainers and liquid traps should be 
provided in the fuel system. Day tanks are 
recommended for diesel engines. It is desirable to 
include a section of flexible tubing for vibration 
isolation. Non-restricting shut-off valves should be 
provided in the fuel lines immediately adjacent to the 
engine. Gas regulators, their orifices and springs should 
comply with the engine builder’s recommendations;

11. Battery starting systems: The battery should be 
installed in a clean, cool, ventilated, accessible, and 
vibration-free location, which is as close to the starting 
motor as practicable. Before installation, the battery 
should be checked for correct polarity. Cable size must 
be adequate to prevent excess voltage drop;

12. Air and gas starters: Gas starters must have sealed 
pinions so that gas cannot enter engine flywheel 
housing. Where gas starters are used, exhaust gas 
should be piped a safe distance from the engine. Air 
starters should have a lubricator. The air receiver should 
be drained daily to keep water from entering the starter;

13. Control equipment: Consideration should be given to 
the use of engine temperature control equipment and to 
the use of safety devices such as low oil pressure and 
high water temperature cutoffs. Such devices should be 
operable and not blocked out;

14. Transporting, loading and unloading: Engines can suffer 
twisted frames or other harm from careless handling. 
During loading and unloading operations, adequate 
tools for skidding, or non-crushing slings should be 
used to prevent such damage. Lifting by winch lines 
hooked around the engines is not recommended. Lifting 
eyes on engines and generators are for installation only 
and should not be used to lift a complete package. 
Jacking or pushing against the vibration damper or 
flywheel can cause severe damage. Always check 
runout after moving engine to new location. Do not use 
steel bands, load binding straps or chains across the 
engine crankshaft or PTO shaft when hauling engines;

15. Fire and explosion hazards: Consideration should be 
given to the elimination of all possible sources of fires 
and explosions, particularly in hazardous locations.

Engine operations

Engine starting
Before starting the engine do a walk-around inspection look-
ing for and correct any of these conditions:
• Any type of leaks (coolant, lube or fuel). If leaking is 

suspected, check the fluid levels more often than 
recommended until the leak is found or fixed, or until 
the suspicion of a leak is proved to be unwarranted;

• Loose or deteriorated parts;
• Drive belts;
• Guards in the proper place;
• Ensure that the areas around the rotating parts are 

clear;
• Low fluid levels;
• Air cleaner service indicator;
• Loose/damaged electrical connections.

Cold weather starting 
Starting fluid is required for temperatures below 0 °C (32 
°F). The use of other optional cold starting aids is recom-
mended for temperatures below -18 °C (0 °F); 

Heaters 
• Oil pan immersion heaters are not recommended for 

heating the lube oil. To ensure the compatibility of the 
components, only use equipment that is recommended 
by the manufacturer; 

• Startability will be improved at temperatures below 12 
°C (55 °F) with a starting aid. A jacket water heater 
may be needed and/or the crankcase oil may need to be 
warmed; 

• A jacket water heater is available as an option for 
starting in temperatures as low as 0 °C (32 °F). The 
jacket water heater can maintain the water temperature 
at approximately 32 °C (90 °F). The heated water will 
help to keep the oil in the engine block warm enough to 
flow when the engine is started; 
o Note: The fluid that is heated must be continuously 

circulated. This will help to prevent localized 
overheating of the fluid; 

• When No. 2 diesel fuel is used, a fuel heater will 
maintain the temperature of the fuel above the cloud 
point. Fuel line insulation will help to maintain the fuel 
temperature. 

Air starting motor 
The maximum air pressure for starting must not exceed 
1,030 kPa (150 psi). To start the engine at colder tempera-
tures, the following conditions may be necessary:  
• Maximum air pressure for the starting motor; 
• An additional volume of air. 
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