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crankshaft  cam, as in a large diesel en-
gine (see Figure 4). 

For the drilling industry, the 

problem with this design is that few 
have managed to design a crank-
shaft  where bearings can be installed 

anywhere other than at the crankshaft  
ends. Consequently, most pumps cur-
rently available have crankshaft s un-
supported close to the middle cam. 
With the middle area of the crank-
shaft  unsupported, crankshaft  failure 
is inevitable.

Bearing types can amplify or re-
duce the loads exerted on a fl exing 
crankshaft . If the bearing is a straight 
roller or taper bearing, the crankshaft  
is restricted, which causes a stress 
concentration problem where the 
crankshaft  meets the bearing. Th is 
concentrated load creates cracks and 
sometimes shearing of the shaft  ex-
actly at the edge of the bearings.

A triplex pump with a large load 
acting on the middle of the crank-
shaft  of approximately 120,000 lbs 
and a typical distance of about 30 
in from middle cam to either main 
bearing will exert a bending moment 
of 300,000 lb-ft  on the crankshaft  
adjacent to the main bearing. If the 
bearing is not spherical, the bending 
moment where the shaft  meets the 
bearing will coincide with the point 
on the shaft  that the crank can no 
longer bend because it is restricted by 
the fi xed bearing, which creates huge 
stress concentration. Th at load comes 
and goes cyclically every revolution of 
the pump. If the pump is rotating at 
100 rpm or strokes, then in one week 
of drilling the crank will experience 
one million cycles of 300,000 lb-ft  
eff ectively switching on and off . 

A spherical bearing solves this 

Figure 5. Spherical bearing

Figure 6a.  New crankshaft—assembled and no welds

Figure 6b.  New crankshaft—assembled and not welded

Figure 4. Conventional industrial crankshaft
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problem and will not contribute to 
crankshaft  failure. Spherical bearings 
allow the crankshaft  to have a wave 
and fl ex without restraining the shaft  
and giving rise to stress concentration 
or shear (see Figure 5).

Another symptom of crankshaft  
defl ection or bending is abnormal 
main gear wear patterns. Th e high 
unsupported load in the middle of 
the crankshaft  eff ectively bows the 
shaft  and consequently the bull gear 
is moved off  alignment, and a strange 
wear pattern may appear on the gears. 
Although this is an undesirable occur-
rence, it is of little importance com-
pared with crankshaft  failure. It does 
explain abnormal wear on a pump 
used continuously at high pressure.

Th e case for welding or casting a 
crankshaft  is arguable. While the cast 
crankshaft  is strong and sometimes 
quite reliable, it is easy for casting 
anomalies like porosity and inclu-
sions to be undetectable in inspec-
tion. Welded crankshaft s always have 
a problem with the weld of the cams 
so close to a large diameter change, 
which can create stress concentration-
induced problems. One way of avoid-
ing both these problems is to have a 
modular crankshaft , which is assem-
bled and disassembled without any 
welding or the need for subsequent 
heat-treating during manufacturing. 
All the crank components would be 
assembled from high quality forged 
parts that will last longer in any ap-
plication and are unlikely to ever fail 
under normal or extreme conditions 
so long as the crankshaft  is supported 
properly. (Figure 6 shows close bear-
ing proximity to cams and spherical 
bearings.)

A pump that addresses these issues 
may be the solution. A quadraplex has 
minimal bending moments due to the 
close proximity of the main bearings 
to every cam (see Figure 7). A fully 

assembled crankshaft  is the best and 
only way to install multiple bearings 
close to the cams. Even though there is 
minimal fl exure in this design, spheri-
cal bearings eliminate stress concen-
tration or point loading. With cam to 
bearing distances no more than 10 in, 
the bending moment on a quadraplex 
crankshaft  will be one quarter that of 
the triplex or fi ve cylinder pump.

In an environment where few ad-
vances have been made in mud pump 
technology in the last 50 years, de-
signers in the mud pump sector of the 
drilling industry can develop work-
able solutions to the problems and 
limitations inherent in triplex pumps. 

Th e future of mud pump design 
will involve a solution to excessive 
crankshaft  bending moments and ad-
dress other needed areas of improve-
ment, including piston speed, module 
replacement in the fi eld, quality of 
discharge pressure and smoothness 
of fl ow—all combined with ease of 
transportation.
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whitestarpump.com.

Figure 7a.  Quadraplex pump arrangement
Small Distance between Connecting Rod & Main Bearings

Figure 7b.  Quadraplex pump arrangement


