High Vibration Failure: H2 Recycle 14,000 HP 9000
RPM Centrifugal Compressor Innovative Repair

Introduction

The Refinery Hydrocracker Recycle Compressor K-100 experienced a sudden jump in radial
bearing vibration of its recycle compressor from 1.5 mills to 5.7 mills, which is practically
above shutdown limit in 2014-2015. The steam turbine driven recycle compressor was
installed in year 2000 and had been fairly reliable apart from shaft DGS seal failures. The plant
engineering and management studied the various possible causes and reached the conclusion
that it is a real; not false vibration. However, they did not want to shut down the unit until
reaching new trip level due to high daily plant shutdown losses of USD 2.00 Million.

Machinery consultant was requested to study the vibration causes by performing a field
inspection and attending meetings with technical personnel. He recommended a shutdown
as the levels were far too high to sustain with high speed machinery at 8000 to 9000 rpm
speed range. The consultant looked at safety first: it is not recommended to use a run to
failure philosophy as large mechanical or plant damage may occur with such high power, high
speed machines, and unsafe condition of Hydrogen gas at 2250 psig. The analysis led to
several possibilities for the vibration including mostly external components such as Bearing
pad failure, bearing housing bolting looseness, coupling bolt failure, coupling hub looseness,
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coupling spool crack, broken shim pack, or secondary dry gas seal face damage. Internal
possibility is primarily a foreign object in rotor, or cracked impeller.

During overhaul at the repair shop the compressor cast iron diaphragm labyrinths were
found to have severe damage due to liquid erosion and cracks from high turbulence vibration.
No spare bundle was available. The failed components were non-weldable; this meant that
the refinery must wait 3 months for new castings with USD 2.00 Million per day.
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High Vibration Failure Mechanisms Found:

1. Foreign Object found in second stage impeller was causing very high unbalance. It was a
heavy wire mesh, of about 80-gram weight, broken off from the suction piping strainer.

2. Radial Drive-End bearing had fretted pads under shaft due to the high vibration over
several months, but this is a secondary damage which amplifies vibration more.

An innovation repair was proposed: New Labyrinth Carrier insert to be fabricated at shop
and installed after machining of all cracked, thin x-section of diaphragms. The design process
was difficult taking about two weeks of development since the dimensions and attachment
methods were limited. The new part shown below was designed to eliminate the weakness
of OEM design, resist all forms of liquid erosion, and provide higher efficiency compared to
original.
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Machine repair was completed in June-2015 and resulting radial vibration in service became
a maximum of 0.70 mills radial vibration amplitude on all channels up to December-2015.
Performance was highest recorded since installation according to Reliability unit. Savings was
approximately 3 months’ x USD 2.00 MM per day = USD 180.0 MM.

Conclusion:

The Compressor is still operating smoothly in year 2020 after five years with no failures
recorded. The new Diaphragms were received from manufacturer but not installed yet. In this
case, the root cause of failure was plant-designed mesh-strainers of poor mechanical design.

Drive End Compressor Radial Bearings: Fretting Wear Under the Lower Pads
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Damaged Cracked Diaphragm Labyrinth Holders; Cast Iron Not Safely Repairable

First Design Proposal New Part to attach to Diffuser Casing

Hydrocracker K-100 Compressor Diaphragm Labyrinth Repair Insert

|-—2\ 0 mm—-|
Design Notes

1- Drawing is full proportional drawing fo give
exact size of parts with respect to each other

2- Existing damaged diaphragm is made of cast
iron, with severs damage to lsbyrinth groove
holder. Welding s possible but correst quality

elding of cast ion is difficull process not Full dimensions wil be added
welding s upon completion of MSSO
deemed available locally. Hazard of cracking. pre-mackiing

2- Existing diaphragm metal stock thickness
poorly designed, insufficient width to aliow ‘&4 mm
machining and inserting new fongue-groove o
acoept new modfied aluminum labyrinihs

3 Final design chosen is shown adjacent
However with this design, due Lo large overhung
mass. plus shearing force from 100 psid

diferential pressure, use of Aluminum alioy at
25000 psi tensik yield is nol acceptable. Cnly Countersunk
Stailess
suitable material is a high strength stainless — Steel Machine
steel alloy AISI410 or Precipitation Hardened SCTEWS, Size:
Note 1: Apply 5mm
grades 17-4 or 17-5 PH S8, with 80,000 psi and 0.002 inch diameter,
above tensiie rating thick layer of length 21 mm
White Can be
4- To minimize eontact with shaft to labyrinths Permatex timmed from
the labyrinth diameteral clearance to shaft will durng longer length
assembly, on stock. Note:
be 1.50 x normal design, for this stage only full face 304,316 55
Also. lips of teeth will be thinner compared lo Note 2. Apply not
Loclite to acceptable
standard design screw
5 Metal & removed from labyrinth without threads, but
) first clean
weakening structure, in able to reduce mass hole and
Normal vibration energy due o turbulent flow, soew treads
before using
leads to excitation and possible fatigue Acetone
Blue: Existing
Reduced mass minmizes vibratonal deflection 2% Stage N
Daghiam Refinery K-100 Compressor Diaphragm Labyrinth Repair Insert
Machined Out on Material’ Stainless Steel
[} AISI-410 Alloy
By Addudrakman Adffowaiter €SB, May 29.2015
3 | G | TR =
= a1 | | 10F 1
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Final Design is much Improved: New Insert Labyrinth Holder

Hydrocracker K-100 Diaphragm Labyrinth Repair Insert

'
of $S Insert 3087

|
of $8 Insert 218,50

Design Notes. Print OUT Drawing as 11 17 INCh $ize drawing for Machine Shop, I Fult Cofor
1- Drawing is propartional drawing to give aparoxmate size of parts with respect to each ather.

2 Existing damaged diaphragm is masde of castiran, “ith severs damage 1o labyrinth gracve holder. Weldng
i possible but correct quality weiding of cast iran is diffeull process not deemed avalable locally. Hazard of
cracking

2. Existing diaphragm metal siock thickness poorty designed, insufiient widih 1o allow machining and
sEring New longhe-greore 1 accept new medified aluminum labynnihs.

3. Final design chosen is shawn adjecent, However with this design, due fo large overbung mass, plus
shearing force from 100 psid differantial pressure, use of Aluminum allsy at 25 000 psi tansile yield is not
acceptabke. Only suitable material s a high strength stainkess steel alloy AISI-410 o AISI420 or Ntonic-50,
with 50,000 psi and above tensie rating and mas hardness HRC 22

4 Gastin insert fom Belzon Metal Epaxy 1111 cured ot 210 DegF in cven. Secand Qpton: Fabrisatzd
Aluminum ldyrinth mads localy

5- Dua to reduction in siza and cuerhang with minimum machining repair at MSS0. we do rot nead to add

&ry weight reduetion with metal ramaval, to SS insert. it is a said piese in final design

Machining & Assembly Notes:

1- The drawing abous shows two parts, ona is S Insert, and sscond is Labyrint fram Aluminum,

- After manufacturng the SS insert with #s taper, then the Cast Iron disphragm s machined with identical

taper on inside diameter

3- MRU-2 Check that Diaphragm holeer top haff and bottam half, exert a 000 or almost erush, onta the split

line of Labyrinth seal

3- MRU-2: Whan assembiing this into machine, apply Parmatax siicona Ight layer 0.002 inch

thick orly on SS insert fiangs face and contactwith Cast Iron diaphragm taper. Apply fhis cnly on final

assembly and crush with top cover to compress the eaating. No silican an Aluminum pece of undsr it

Materials:

1- Stainless Steel AISI410
Max Hardness HRG-22 or
Nitronic-50
2- Aluminum Alloy or
Eelzona Supermetal-1111

Refinery K-100 Gompressor Diaphragm Labyrinth Repair Insart-Final
Approved Design

By Abdwdiakman ALRAWOIfer CSD, June-4-2015

T T

New Finished Insert Installed in Diaphragm
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Detail Picture: Part is Made of AlISI-410 Stainless Steel
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