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The primary object of the Anvil Points Oil Shale Research 
Center TECHNICAL HEH.ORANOllr-'l is to adv~fr authorized personnel
employed by the Participating Parties that various 
activities are in progress or that certain significant data 
have been obtained within the Research Center. 

These TECHNICAL ~·1Er·10RANDA have been prepared to provide rapid, 
on-the-spot reporting of research currently in progress at 
Anvil Points. The conclusions drawn by project personnel 
are tentative and may be subject to change as work progresses. 
The TECHNICAL HEr-10RANDA have not been edited in detail. 

(1) r10bil Oil Corporation, Project r1anager 

Humble Oil and Refining Company

Continental Oil Company

Pan American Petroleum Corporation 

Phillips Petroleum Company

Sinclair Research, Inc. 
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RETORT 	 NO. 3 RECYCLE BLOtvER OVERHAUL 
DECEMBER 16 - 2~, 1966 

I. 	 INTRODUCTION 

On December 23 the recycle blower was shut down because of 
excessive vibration and noise. During the period from December 
16 to 23 inclusive, a complete overhaul was performed. The 
purpose of this memorandum will be to document the condition of 
the blower, and the various mechanical work required to recondition 
the unit in order to facilitate any future maintenance work. 
The unit is a Spencer Blower designated as a 72"-4 Bearing-Out 
Board Turbo Compressor, Catalog No. 80700 as described in drawing 
rJo. 2A-12507. 

II. 	 INSPECTION DURING DISASSEL1BLY 

A. 	 The Motor or High Pressure End 

The motor or high pressure end utilizes a single row radial 
ball 	bearing (FAFNIR-322WS) secured to the shaft between a 
shoulder and lock nut with lock washer. The outer race of 
this 	bearing floats in the bearing housing providing free 
axial movement in either direction for temperature expansion 
or shaft adjustment. It was found, that the shaft l ocking 
tab on 	the lock washer had sheared, and the lock nut had 
spun 	l oose as far as the bearing housing cap would allow. 
Prior experience indicates that this probably occurred just 
as the 	blower was shut down since contact between the lock 
nut and the bearing housing cap rotates the lock nut causing 
it to loosen further and forcibly jam against the cover 
plate. Intense heat is generated in less than a minute. 
No evidence of extreme heat was found in this instance. 

Inspection of the shaft, (picture I attache& clearly showed 
two significant facts. (Note~ Some machining of the surface 
had been performed before the picture was taken). 

1. 	 The shaft directly under the bearing inner race 
had suffered severe cavitation. The diameter of 
the shaft could not be accurately measured because 
of the rough orange-peel surface but was approximate I} 
1/32 inch smaller than the bearing bore. The surface 
tapered towards the lock nut and the bearing could 
easily be rocked on the shaft. 

2. 	 A smooth portion of the shaft approximately 
5/16 inch wide extended from the shaft shoulder 
to the cavitated area indicating that the bearing 
had not been seated against the shaft shoulder 
during prior operation. 
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It is believed that the method of shaft failure was 
a combination of improperly locked bearing and 
excessive clearance on the shaft which allowed a 
pumping action to take place with the lubricant. 
The high radial loads and pumping action resulted in 
shaft cavitation. 

B. The Low Pressure or Thrust End 

The low pressure or thrust end of the blower incorporates a 
tandum bearing arrangement consisting of a spherical ground 
single row radial ball bearing (FAFNIR P 3l6WS) and a single ro 
thrust ball bearing (FAFNIR 73l6PW). The radial bearing is 
locked in the bearing housing between a housing shoulder and a 
thrust cap used as a housing cover. (See Drawing attached). 

The housing bore is larger than the thrust bearing outer race, 
and thrust is transmitted from the shaft shoulder through a 
1/4 inch thick washer to the inner race of the thrust bearing; 
to the outer race of the radial bearing, and to the thrust cap. 
A lock nut and lock washer are used to secure the shaft to the 
tandum bearings and to preload the thrust bearing. 

During disassembly it was discovered that the 1/4 inch thick 
washer had been installed between the thrust bearing and radial 
bearing. The net effect of such an error was to render the 
thrust bearing useless. It served only as a spacer on the 
shaft and all thrust was carried by the radial bearing. 
Picture 2 attached is a view of the thrust end of the shaft 
which clearly shows the markings impressed on the shaft by the 
incor rect assembly. 

Inspection of the radial bearing located at the thrust end 
of the blower revealed the bearing was at the point of 
incipient failure with several very rough spots encountered 
during each revolution of the bearing. During all operation 
prior to this overhaul the thrust bearing housing operated 
with an external temperature of approximately 130 to 140 F. 
Operating temperatures subsequent to the overhaul have been 
approximately 40 to 500 lower indicating a significantly 
improved condition. 

c. Blower Internals 

Blower internals were found to be uniformly coated with a 
layer of shale oil and black matter approximately 1/32 inch 
thick. The suction scroll section was filled with a j e llied 
mixture of water and oil to a depth of 15 1/2 i nches. Each 
successive stage of the blower was filled with a simila r 
mixture, however the depth decreased in each stage and was 
only 1 to 2 inches deep in the final stage. 

An inspection of the compressor impellers and deflector 
plates revealed that the suction side of the No. 3 impeller 
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was rubbing on its adjacent di f fuser plate. VJhile no 
significant damage had occurred, bright metal had been 
exposed over an arc length of approximately 8 inches on 
each piece. 

Six impellers were found in the compressor as the low pressure 
impeller had beeh previously remove d . All impellers and 
diffuser plates were found in proper installation sequence 
as shmr7n on the manufacturer I s drawing. 

The spacer rings had been installed in a sequence which 
differed from the manufacturer's drawing . A comparison is 
as follows ~ 

Spacer Ring Size - High Pressure To Suction 

Blower Sequence - 9 1/2 " , 10 1/4", 9 3/4", 10 3/4", 9 3/4", 
11 3/4" 

Drawing Sequence - 9 1/2t', 9 3/4 " ,9 3/4",10 1/4",10 3/4 " , 
11 3/4 11 

III. ASSENBLY 

A. The Compressor Shaft 

The compressor shaft was rebuilt. All cavitated metal was 
removed by machining and the surface was built up by welding. 
A low hydrogen rod, Hobart No. 7018 was used. Weld meta l 
was applied slowly, one bead wide over the axial length of 
the defect, with welds staggered approximately 1800 apa r t . 
A dial gauge located at the center of the shaft wa s used to 
observe and compensate for shaft distortion during welding . 

The shaft surface was then machined for a zero clearance 
press fit with the bearing race. 

B. All Compressor Bearings 

Al l compressor bearings were replaced with new direct replace
ments. The tandum thrust bearing was installed as per the 
manufacturer's design. 

C . Blower Internals 

Blower internals were steam cleaned, and all dents, bends, 
o r distortions were corrected. 

Two assembly procedures were used. The first consis t e d o f 
an attempt to reassemble the blower in the same sequence and 
parts location as existed prior to the overhaul. This method 
proved unsatisfactory since the impeller clearance a fter 
assembly was inadequate for safe operation. 
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A second assembly technique was used after detailed 
discussions with the manufacturer and the O'Brien Machinery 
Company who refurbished the compressor for Retort No. 3 use. 
This technique consisted of a rea~sembly 6f the unit in the 
same sequence except that parts were interchanged or modif i ed 
in order to control the i~peller clearance. 

Three 1 1/2 ton hydraulic jacks were used to compress t he 
compressor internals. Heasurements were taken to insure 
complete compaction of the parts before and after caulking 
each diffuser plate. 

Prior to releasing jacks on each diffuser p late, t he e xtremes 
of the impeller clearance were determined, and the impeller 
fixed at the mid-point. Impeller bolting was torqued to 
125 to 150 ft-lb. 

Where the total impeller clearance was less than 7/8 inch 
a modification was made to correct the condition. I n one 
instance the spacer ring width was increased by 1/2 i nch , 
and in another instance the sequence of spacer rings was 
reversed. 

A tabulation of assembly sequence and dinensions is a s 
f ollet-/s: 

TABLE 1 

IMPELLER DIFFUSER RING 

High Pres s Size Size ~hdth 

6 4 3/4 11 4 1/4" 9 1/211 

5 4 3/4'1 4 1/2" 10 1/4" 

4 5'1 4 1/2" 10 1/4" (Ring width increased 1/2" ) 

3 5 " 4 3/4" 10 3/4" 

2 5 11 5" 11 3/4 11 (Note 1) 

1 5 1/2" 5 3/8 " 9 3/4" 


Suction Scroll 26 1/2" (Size reduced by 3/4" ) 

(l )position of rings 1 and 2 interchanged. 
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TABLE 2 

IMPELLER AND STAGE DIMENSIONS 

Impeller-Shaft Total St age 
Impe ller Shoulder Cleara nce 

6 (HP) 71 19/32 " 1 3/16 " 

5 60 1/4 " 15/16" 

4 49 1/16 " 1 " 

3 37 9/32 " 1 1/ 16 " 

2 25 1/4 " 7/8 " 

1 (LP ) 12 7/16 " 1 1/2 11 


In o rder to ameliorate the builduo of oil and water i n the 
compressor, drain and steaming lines were installed i n the 
bottom of all comoartments. 

I V. 	 SUMMARY 

A. 	 Several defects existed in the Spencer Compre s sor 
which would have ultimately resu l ted in more d ras t i c 
failures than the one exoerienced. 

B. 	 All bearings are now ooerating normal ly a s evidenced 
by the quieter and cooler operating conditions wi thin 
the housings. 

C. 	 Impeller-diffuser clearances are now more un i form 
than before. In addition the overall clearance or 
shaft adjustment is now larger. 

D. 	 The compressor shaft has approx imate ly 0.00 4 i nch 
r un out at the center. This is e ssentially t he s ame 
as existed prior to rebuilding and exceeds des irable 
tolerances for run out. Because of this, the comor essor 
will run with a fair amount of vibration which cannot 
be eliminated without extensive and tedious dynami c 
balancing. Bearing life will be reduced somewhat, 
however the equipment should definitely meet our s e rvic e 
requirements during the project and no sudden be aring 
fai lures are anticipated. 
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PICTURE NO. 1 


M01'OR END OF' SHAF'I' 

THRUST END OF SHAFT 
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