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A motor frame is generally rigid, but if you place it on an uneven 
base when bolted down, it can and will twist. The result of this 
is vibration, rubbing of the seal area in the bearing housing, 

uneven air-gaps and problems.
‘We just put it on the floor and start it up’ – is sometimes heard and 

quite often done. Typically, this is how combined units are installed 
and the user will say but the motor compressor unit is on a common 
base. The user does not realise how this assumption can result in 
serious electric motor problems and failure.

It has been said that the major causes of electric motor failure 
are mechanical, and the ‘primary cause’ is often a poor job of instal-
lation – especially that the base support is too weak or too flexible. 
Foundation design and machinery installation require more care than 
is sometimes practised.

A machine user, if plagued by unexplained bearing failure, high 
vibration or shaft breakages, can generally assume that the fault lies 
with poor design and construction of the support structure – founda-
tion, base plate and installation. A poorly designed or badly made 
motor base, or one that the motor has not properly mounted, too, 
would lead to premature motor failure.

Coplanar base

Motors generally have four mounting points of attachment to the 
supporting structure – base plate or foundation. All the fixing points 
must be ‘coplanar’ − that is they must all lie in a single flat plane. We 
know that three points will automatically form a flat plane, but not 
four. If the four points are not on the same plane when the hold down 
bolts are tightened, the motor frame, or base plate, will distort; the 
result will be overstress or misalignment.

That is the reason motor vibration problems can be quickly diag-
nosed by simply loosening one foot bolt at a time and observing the 
effect on vibration. If the problem disappears the mounting was not 
right. This can also be checked prior to running the motor, or machine, 
by tightening all the hold down bolts − then loosening them one at a 
time and checking with a feeler gauge if the foot has lifted. Only one 
hold down bolt must be loose at the time of checking.

Grouting

Grouting is important as it increases the rigidity of the base − and it 
is relatively inexpensive. If grouting is properly done, it:
o Acts as a stiffener
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When installing and commissioning a motor, certain aspects are often forgotten.

o Anchors sole plates
o Acts as a vibration dampener
o Acts as an infinitely adjustable shim between base plate and 

concrete

Grouting should be finished as shown without stress points which 
will break.

Figure 1: Grout edge finish.

Figure 2: Common type of motor sole plate installation (not shown is the 
base plate anchor hold down bolts).

Forms must be carefully placed to prevent leakage of free flowing 
grouts.

Importance of grout

Firstly, this thin layer of cement which is poured and tamped in be-
tween the steelwork and the concrete foundation block and around 
the motor base during installation acts as a stiffener. This reduces 
resonance and vibration. Secondly, grout anchors base or sole plates 
so they cannot shift. Grout is not necessary where the base plates and 
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support structure are manufactured in steel. It this case, bolts, shims 
and dowels, if correctly designed and installed, will fix the structure 
together so there is no movement, vibration and resonance.

Thirdly, the grout acts as an effective vibration damper by placing 
a rigid mass in full contact with the steel work in the machine base.

Finally, grout acts as an infinitely adjustable shim, providing per-
fectly flat contact and smooth contact with the machine base. Steel 
base plates cannot make good contact being placed and bolted down 
directly on a concrete foundation. Figure 3 shows an unacceptable 
form of grouting.

Figure 3: Grouting and support blocks in this example are very poor.

Dynamic loading

• The base plate may be strong enough to carry the static load but 
the support structure may twist under dynamic conditions

• It must be remembered that it is not only the static or operating 
load that must be considered but the starting torque or twisting 
mode – this could be two and a half or three times the operating 
load condition during starting. (DOL starting and high starting     
torque motors)

Hold down bolts

You need to ensure that the bolts are strong enough to hold the mo-
tor under dynamic load conditions. Sometimes bolts are machined 
smaller (undercut) to enable the motor to be shifted for alignment 
– but this weakens the bolts and care must be taken to ensure that 
the undercut bolt is strong enough. Dynamic load/ starting conditions 
must be considered.

Abbreviations 

Figure 4: Machined down bolt shank to accommodate alignment.

Use reasonable sized washers particularly when a slotted or larger 
hole than the bolt diameter is used. Small bolt diameters used with 
thin washers will result in the washer being pulled into the hole in the 
foot of the motor. Using bolts that are too small in diameter results 
in the area of the head in contact with the washer and motor foot is 
dramatically reduced.

Figure 5: Comparison in using a smaller size bolt in place of the correct size.

Shimming

There are times when shimming is necessary and the shims used 
should be properly manufactured and installed. Commercial shims 
and shim materials which are uniform in thickness and dimensions 
are available. Refreshment cans and scraps of metal do not make good 
shims. Ideally, shims should cover the same area as the motor foot.

Install a motor with care, monitor the operating conditions 
– and the motor will operate for its expected service life.

DOL  – Direct On Line
VFD  – Variable Frequency Drive

Smaller bolt
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Figure 6: Example of poor shimming using scrap metal.

Motor foundation check list:
o Vibration means trouble, examine the base plate, motor alignment 

first and the motor itself last
o Check for dowels at all the separable joints in the assembly
o Check all shims (no gaps). Shims should be the size of the foot 

of the machine (motor)
o Hold down bolts, all in place and tight
o Remember adjustable braces are usually out of adjustment
o Do not assume the floor is solid. A solid base on a shaky floor is 

trouble
o Watch for distortion from overhung loads
o Expect twisting or distortion if welding is intermittent
o Look for any additional welding after installation as this could 

have caused distortion
o Box sections are generally stronger than beams or channels 

provided they are not split on one side
o A drive base made in one piece is generally better than one made 

in several sections; deep bases are generally better than shallow 
ones

o Look for stiffeners or gussets near mounting holes
o For maximum stiffness support braces should be directly beneath 

the motor or load

Earthing (grounding)

Electrical systems are haunted by evil spirits and if a motor is not prop-
erly grounded the motor could be a candidate for transient surges.
The grounding circuit:

Conductor

• Should not fuse under fault conditions
• Be mechanically rugged
• Have a low resistance
• Concrete and reinforcing are not earth points
• Base plates cannot be considered as earth points

Connector

• Have amp carrying capacity at lease as great and the conductor
• Be able to withstand repeated faults
• Not deteriorate with age
• Note: 2 Ohm connection resistance with a fault of 250 A would 

mean a 500 V drop across the connection

• Earth onto earth terminals and these must not be through the 
fixing bolts

• Earth (ground) effectively
• Surge protection

Surge protection

• Surge protection is recommended
• Surge protection should be fitted at the motor if possible in the 

terminal box
• Surge protection is very dependent on a good grounding (earth-

ing) system
• Note if the motor is feed from a VFD system there is a danger that 

the surge protection unit cannot handle the harmonics generated 
by the drive system and the supplier of the surge protection and 
the drive unit should be consulted. Surge protection should be 
fitter in front of the VFD unit, if required

• It should also be noted that VFD unit can cause partial discharges 
in a motor which could drastically reduce motor insulation life [1, 
2]

Figure 7: Not the way to earth a motor.

Commissioning 

Before powering up the motor on site the following checks should 
be carried out:
• Motor must be securely bolted down; but when bolting down 

check for ‘soft footing’ between the motor and the base plate
• Coupling clearances must be correct; if the motor is fitted with 

sleeve-type bearings, the rotor shaft is central in the bearings
• Alignment (clock gauges or preferably laser alignment)
• Motor must be running free
• Bearings must be greased, for sleeve bearings with oil lubrication, 

there must be sufficient oil in the bearings or system – lubrication 
must be the correct type and grade. If a force-fed or circulating 
oil system is used, it must be fully operational prior to starting.
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• Check that oil rings are free and in place - if these are fitted
• Insulation resistance stator
• If bearings are insulated, check bearing insulation
• Motor earth connection
• Cable connections - including earthing; and if surge protection is 

fitted, check connections and earthing of surge arrestors
• Temperature sensor connections and test winding and bearings
• Space heaters - if fitted
• If the motor is designed and supplied with pedestal bearings 

alignment and clearance are critical and must be checked. The 
air gap between the rotor and stator must be checked as bolting 
the motor frame down could alter the air gap which could cause 
vibration and other problems. The air gap should always be 
checked in pedestal machine and large motor where provision 
has been made to do so after installation

• Run the motor uncoupled and check the current, vibration, bear-
ing oil rings and lubrication system

• Couple the motor and run checking current and starting time
• Check and measure vibration
• Check and record operating current, voltage and motor conditions 

(temperatures and vibration)
• Set protection to the correct operating conditions and motor 

specifications

These values must be checked against the repairer or manufacturers 
test report.

Conclusion

It is important to install the motor with care and monitor the opera-
tion conditions if the motor is to operate for the expected service life.
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