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‘ CURRENT SITUATION e

IN ORDER TO BETTER UNDERSTAND THE PROBLEM, WE SHOULD EXPLAIN THE
FUNCTION AND THE OPERATING VARIABLES OF THE HIGH PRESSURE CIRCULATION

PUMP.
- HIGH PRESSURE CIRCULATION PUMP
RRRCATOR PANEL
TEe SECONDARY SEA. ““:fgnm
SEAL CAVITY PRESS. WATER OUT
‘ pei > 250
1
1
HEAT EXCHANGER
1200 PS - MAX PRESS DISCHARGE
578 DEGREES - MAX TEMP B H;E:Pwm
SUCTION - HP. DRUM HP. EVAPORATOR
RECOVERY STEAM
GENERATOR

CLOSED COOLING WATER OUT ' ‘ CLOSED COOLNG WATER N

HIGH PRESSURE CIRCULATION PUMP MECHANICAL SEAL
| sEcoNDARY SEAL

WATER OUT ORNG
STATIONARY FACE SECONDARY SEAL
ke WATER IN
ROTATING FACE THE PUMP IS SEALED BY A COMPLEX
: PRIMARY AND SECONDARY MECHANICAL
O-RNG SEAL DESIGN WHICH IS CONTAINED IN
. sprnas @] A COMMON HOUSING. THE TWO JOHN
i CRANE MECHANICAL SEALS ARE COOLED
1 a AND LUBRICATED BY TWO DIFFERENT
o g METHODS.
1 | PRIMARY SEAL
|5 %\ L@ STATIONARY FACE | |12 ™ WATERIN
& N\ O ROTATING FACE N
7
=N '8;“&';‘5& //i, PRIMARY SEAL
r
- 7 WATER OUT
///5 % SEAL FAILURE DETECTION
=
%& % PRIMARY SEAL - PRESSURE INSIDE SECONDARY
Q. CAVITY EXCEEDS 250 psi.
SHAFT SECONDARY SEAL - WATER LEAKING AROUND
SLEEVE THE PUMP SHAFT TO ATMOSPHERE.
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THE MECHANICAL SEAL FAILURES WERE STRATIFIED BY SEAL TYPE.

HP CIRC PUMP MECHANICAL SEAL FAILURES
1-1-87 THRU 6-1-89°
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PRIMARY SECONDARY

CONCLUSION: 79 % OF THE MECHANICAL SEAL FAILURES ARE CAUSED BY THE PRIMARY SEAL.
* NOTE: DATA PRIOR TO 1987 WAS INSUFFICIENT TO DETERMINE WHICH SEAL FAILED.

IN ORDER FOR THE PRIMARY SEAL TO FAIL, WATER MUST PASS FROM THE PRIMARY CAVITY
TO THE SECONDARY CAVITY. WHEN THIS OCCURS, THE PRESSURE IN THE SECONDARY

CAVITY INCREASES.
LEAK PATH LEAK PATH

PRIMARY

SEAL’:EAK m

: \ | FROMHEAT
\ EXCHANGER
: % x ; CARBON FACE = : &
'CARBON § % e » % TOHEAT
FACE EXCHANGER
: FAILUR o / /
(o]
P %
HAFT /
NOTE: HISTORICAL DATA LEEVE
WAS INSUFFICIENT TO —n waTER
DISTINGUISH BETWEEN LEAK PATH LEAK PATH
THE TWO FAILURES. AROUND Aot PSS e
PROBLEM STATEMENT

HIGH PRESSURE CIRCULATION PUMP PRIMARY MECHANICAL SEAL O-RING/CARBON FACE
FAILURES AT PUTNAM PLANT HAVE CAUSED 15 UNIT OUTAGES DURING THE PERIOD 01/01/87
TO 06/01/89.

TARGET: HIGH PRESSURE CIRCULATION PUMP PRIMARY MECHANICAL SEAL TO LAST FROM
OVERHAUL TO OVERHAUL (15,000 HOURS).

. THIS TARGET WILL SATISFY OUR CUSTOMER'S NEEDS OF
METHODOLOGY: SUPPLYING POWER ON DEMAND AT VARYING LOADS.
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LET'S START BY DETERMINING THE FAILURE MODE.
A WEIBULL ANALYSIS WAS PERFORMED ON THE FALURES.

{HRSG2 HPCP MECH. SEAL FAILURE.

GY'HPCP MECH. SEAL FATLURE
KERRAS [ o 25 @ W5 B ¥ 8 ¢ 1
ALL HPCP MECH. SEAL FAILURES
% T RANK REGRESSION |
”n
]
»
®
=
Bé -
b g
%é :
s p
Pl CL (*L) = 1592.195
2 SF (B)= 5924302
\ 2= 9743178 :
R 1 10 100 1000 10000 100000 | @ /N ol

CONCLUSION: WEIBULL INDICATES THE FAILURE MODE IS INFANT MORTALITY.

INFANT MORTALITY MODE INDICATES YOU ARE EXPERIENCING THE FAILURES BECAUSE OF
DESIGN, ASSEMBLY OR QUALITY CONTROL DEFICIENCY (MATERIAL).

LET'S USE THE INFAN ALITY CATEC 0
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ANALYSIS

DESIGN
\ A DESIGN OF EXPERIMENT WAS
A1 LOSSOF O-RING FUNCTIONAUTY DEVELOPED TO DETERMINE IF TEMP-

\ HIGH PRESSURE

ERATURE AND WATER CHEMISTRY
ARE ROOT CAUSES FOR LOSS OF
O-RING FUNCTIONALITY.

BECAUSE OF THE OPERATING
CONSTRAINTS OF THE BOILER
IN TERMS OF TEMPERATURE,
PRESSURE, WATER CHEMISTRY
AND AVAILABILITY, A VESSEL
HAD TO BE CONSTRUCTED

FOR THE EXPERIMENT.

ORIV DMENSIONAL TESTNO.. CONTROL:  ENVIRONMENT-AIR  TEMPERATURE - AMBIENT

ofll o oncomeNsovALTESTNG. i | EXPERMENT:  ENVIRONMENT - BOILER WATER
o e TEMPERATURE - 200, 300, 400, 500,

EXPERIMENT:
ENVIRONMENT - CONDENSATE
TEMPERATURE - 200, 300, 400,

500, & 600
degrees F
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TO UNDERSTAND IF TEMPERATURE, CHEMISTRY, AND/OR THE INTERACTION BETWEEN TEMPERATURE AND WATER
CHEMISTRY IS THE CAUSE OF THE RADIAL DIAMETER DISTORTION, WE NEED TO PERFORM A 2-WAY ANOVA.

STEPS IN 2-WAY ANOVA WITH REPETITION |..
| b

- TO TEST IF TEMP & WATER CHEM HAVE AN EFFECT ON RADIAL DIAMETER OF VITON O-RINGS.

ANOVA TABLE (TWO-WAY WITH REPETITION) EQUAL OBSERVATION PER CELL
SOURCE 8§ a 3 3
Factor A (TEMP) 0.00135 4 0.0003375 125
~ H [ Eagtor B (CHEM) 0.0011§ 1 0.0011500 426
" H | interaction (AxB) 000052 4 0.0001300 48
‘Y| Error 0.00008 30 0.0000027
Total 0.0031 39

= 0 Famer A Lowate J =0 Fomw 8 Laven K « 8 REPETITIONS PER OBLL g windaK
A. Pertorm the F-Test for Factor A
1. Look up the tabie value 10r F o, 4 ) =
" [] 2. Enter the table value on the picture: 769 125
1 3. Test: H, : The factor does nothave aneffecton (MSA = MSe)
& H,: The fector _TEMPERATURE does have an eifect on __Radiel dameser d Vien o-fings (MSA > MSe)
¥ F4abie > Fy , DO NOT REJECT H, . I Fuabie < F, , REJECTH,,.
| pecision
| B. Pertor the F-Testfor Factor 8 l 7 N\ :
: - Lookwping WE MAY VISUALIZE THE RESULTS OF THE ANOVA THROUGH THE FOLLOWING GRAPHS:
1 2. Enterthe §
{3 Test H Water Chemistry Curves Temperature Curves
A
neaesk, || O T v 0.135
200
Condensass
0.13 4 0.13 -
éo.m éonzs 1 o
]
§ 0.12 g 0.12 4
3"'"5' | Soas
: i
o1 0.1 4
0.105
. ; - v 0.105 T Y
200 300 400 500 800
Tamperaars (F) Condencale Water Chemistry Bober Water
FIGURE 1 FIGURE 2
SINCE THE LINES ARE NOT HORIZONTAL, THERE IS A RELATIONSHIP BETWEEN TEMPERATURE
AND RADIAL DIAMETER (FIG. 1) AS WELL AS CHEMISTRY AND RADIAL DIAMETER (FIG. 2).
EVIDENCE OF TEMPERATURE AND CHEMISTRY INTERACTION MAY BE SEEN BY COMPARING
THE LINES IN FIGURE 1 OR 2. SINCE THE LINES ARE NOT PARALLEL, THERE IS AN
EFFECT ON RADIAL DIAMETER WHEN THESE TWO FACTORS ARE TOGETHER.
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ANALYSIS

TO PURSUE LOOKING INTO THE QUALITY CONTROL PROBLEM FURTHER, THE TEAM NEEDED A
NON-DESTRUCTIVE TEST THAT WOULD YIELD SIMILAR RESULTS AS IN THE ELASTICITY TEST.

THE BURGMANN ELASTOMER TEST WAS FOUND TO FULFILL THIS NEED. ,@
do0
o O-RING ELASTOMER TEST ORNG#  |ELASTICITY RESPONSE i
8 ne4 V: VITON 0.0.4378 INCHES n VITON 5
2 P. POLYURETHANE 0.875 - 13126 INCHES =
w4 - E: ETHYLENE PROPYLENE 1825 - 2.125 INCHES 9 VITON e
£ " VITON 2
3 3 3 #0 ETHYLENE PROPYLENE =
:
&2 |2
E 1 - 1 8
a9}
: | |
0 T
z v P E
CATEGORY O-RING
FINDINGS: THE BURGMANN ELASTOMER TEST YIELDED SIMILAR RESULTS AS THE ELASTICITY
TEST PERFORMED EARLIER. O-RING #10 PERFORMS LIKE ETHYLENE PROPYLENE
RATHER THAN VITON. ALL O-RINGS SHOULD HAVE RESPONDED LIKE VITON.
CONCLUSION: POTENTIAL QUALITY CONTROL PROBLEM.
LETS NOW PERFORM THIS TEST ON THE O-RINGS IN OUR STORES INVENTORY.
° O-RING ELASTOMER TEST
5140 142 .
O 4N = 126 V. VITON 0 - 0.4375 INCHES
2120 - P: POLYURETHANE 0.875 - 13125 INCHES
w " E: ETHYLENE PROPYLENE 1.825 - 2.125 INCHES
T 100 -
[+
D -4
g
5 %
x 40 7
w -
g 20 7 13 3
=
< 0 Y
P
CATEGORY
FINDINGS: 16 OF THE 142 O-RINGS RESPONDED LIKE MATERIALS OTHER THAN VITON.
: _,ASAMPLE.FROM. T T B 3 T 3 " B
EACH CATEGORY WAS
| CHEMICALLY TESTED. FLUID COMPATIBILITY TABLE
2 g SELECTED COMPATIBLE TEST COMPATIBILITY RATING
MATERIAL FLUID OlL ACID
é é VITON OIL& ACID SATISFACTORY SATISFACTORY
POLYURETHANE ACID UNSATISFACTORY SATISFACTORY
A é ETHYLENE PROP. OiL SATISFACTORY UNSATISFACTORY

FINDINGS: CHEMICAL ANALYS!IS CORRESPONDED WITH THE BURGMANN CATEGORIES.

SECOND ROOT CAUSE VERIFIED: QUALITY CONTROL PROBLEM - THERE
IS INCONSISTENT O-RING COMPOSITION.

T — i R
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'PROBLEM
‘STATEMENT
frpcr

PRIMARY MECH.
SEAL FAILURE

COOR -
CODED -
COMPOUND -

fvinels :

-, | DESIGNATION

SCALE: 1=NONE
2 = SOMEWHAT
'3 = MODERATE

‘5= EXTREME

WHAT WHO WHEN COMMENTS
{1. DETERMINE WHICH O-RING IS COMPATIBLE G.A. WHITE MARCH 23, 1980 | GO TO PAGE 11
“WITH OUR OPERATING CHARACTERISTICS.
2. IDENTIFY APPROPRIATE VENDOR / COLOR CODE IS NOT AVALABLE
COLOR CODE COMPOUND C.W.TAYLOR MARCH 30, 1990 fmol)nMT:Llls Af.::g;( '::‘Goumgﬁ
OUR NEEDS.
3. CHANGE STORES CARD TO INCLUDE JOHN CRANE WILL BE OUR
- TEMPERATURE SPECIFICATIONS G.A WHITE APRIL 6, 1980
- SINGLE SOURCE VENDOR SINGLE SOURCE VENDOR.
4. CHANGE STORES O-RING NUMBER
| TO SEAL PART NUMBER. G.A. WHITE APRIL 6, 1990 COMPLETED 04/06/90
5. UPDATE PROCEDURES TO REFLECT
, NEW M&S NUMBER. D.L. WOOTEN | APRIL 13, 1990 COMPLETED 04/06/90
REVISE SEAL OVERHAUL PROCEDURE TO
INCLUDE TESTING OF O-RING MATERIAL G.A. WHITE APRIL 13, 1990 COMPLETED 04/06/80
AT TIME OF INSTALLATION.
6. PREVENT STORES FROM ISSUING OR G.A. WHITE MARCH 23, 1990 | COMPLETED 03/23/90
REORDERING THE VITON O-RING.
7. INSTALL NEW O-RING: C.W. TAYLOR
1 HRSG 2 JULY 24, 1990 COMPLETED JULY 12, 1980
1HRSG 1 JULY 24, 1990 COMPLETED JULY 2, 1990
2 HRSG 1 MAY 18, 1890 COMPLETED MAY 25, 1980
2HRSG 2 MAY 18, 1990 COMPLETED APRIL 23,1980
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COUNTERMEASURES

THE ORIGINAL EQUIPMENT MANUFACTURER (OEM) RECOMMENDED ETHYLENE PROPYLENE O-RINGS
A 3-WAY ANOVA WAS PERFORMED TO VALIDATE THE PERFORMANCE OF THE NEW O-RINGS

STEPS IN 3-WAY ANOVA WITH REPETITION

1romﬂrmms,nmamvmvemermcrouo-mncmu DIAMETER. |

ANOVA TABLE (THREE-WAY WITH REPETTTION) EQUAL OBSERVATION PER CELL
e o id

0.000878 4 0.000219
0.000063 1 0.000063

WE MAY VISUALIZE THE RESULTS OF THE ANOVA THROUGH THE FOLLOWING GRAPHS:

Water Chemistry

Viton 0.435 Ethylene Propylene

Boler Wates

0.13 4

-

0.125 -1

o
-
(]
—

0.12

o
b
nN
i .

0.115 -

Radlal Diameter (Inches)
Radial Dlameter (inches)

0.11 ]

0.105
200 400
Temperatwire ( F)

FIGURE 1A - FIGURE 1B

Temperature Curves
Viton P 0.435 Ethylene Propylene

0.13 1
T L T o e @ e =

o
0
]

Radial Diameter (Inchee)
Radial Diameter {inches)
o
R

Water Chemistry
FIGURE 2A FIGURE 2B

FINDINGS: SINCE THE LINES IN FIGURES 1B AND 2B ARE NOT FLAT, WATER CHEMISTRY,
TEMPERATURE AND THE INTERACTION OF THESE VARIABLES MAY HAVE SOME AFFECT
ON THE RADIAL DIAMETER OF ETHYLENE PROPYLENE O-RINGS. HOWEVER, WE CAN SEE
BY COMPARING FIGURE 1A TO 1B AND FIGURE 2A TO 2B THAT ETHYLENE PROPYLENE IS
MORE COMPATIBLE WITH OUR OPERATING CHARACTERISTICS THAN VITON.

11
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DISTORTION EXPERIMENT RESULTS
ETHYLENE PROPYLENE O-RING DIAMETER

X - 0.1288 —

s = 0.002 1
a n =40

]

l

I

I

I

B

-
o

1
ey
T T 7 T T T ' v

1015 .1055 .1085 .1135 .1175 .1215 .1255 .1285 .1336 .1375 .1415

RADIAL DIAMETER (INCHES)
DATA COLLECTED ON 03/23/90 BY G WHITE

FINDINGS: ALL ETHYLENE PROPYLENE O-RINGS EXCEED THE SPECIFICATION LIMIT.

LET'S SEE HOW THE MECHANICAL SEALS WITH THE ETHYLENE PROPYLENE O-RINGS' ARE
‘PERFORMING RELATIVETO HIST ORICAL DATA :

ZERO-FAILURE TEST
@ 90% CONFIDENCE INTERVAL=> | 938 HOURS

OPERATING HOURS AS OF 8/12/%0

—
10 100
OPERATING HOURS

FINDINGS: A STATISTICALLY SIGNIFICANT IMPROVEMENT HAS BEEN MADE IN THE
PERFORMANCE OF THE MECHANICAL SEALS UTILIZING ETHYLENE PROPYLENE O-RINGS.
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...rank table... set

PR R

<ENTER> to continue ?

... rank table... set

..........

B e 0 et 2 D S s

<ENTER> to continue ?

...rank table... set

B 4 1 D e S

peint x-value order

1l 1 1

2 1 2

3 1 3

5 3 4.011628
6 4 5.023256
8 31 6.047072
9 33 7.070889
10 33 8.094705
11 42 9.118521
12 50 10.14234
13 53 11.16615
14 91 12.18997
peoint x-value order

15 102 13.21379
16 114 14.2376
17 122 15.26142
18 130 16.28523
19 133 17.3090S5
20 157 18.33287
21 161 19.35669
22 169 20.3805
23 247 21.40432
24 253 22.42813
25 259 23.45195
26 302 24.47577
point x-value order

27 308 25.49958
28 310 26.5234
30 356 27 .564
32 405 28.62223
33 412 29.68047
34 417 30.73871
35 421 31.79695
, 36 503 32.85518
37 511 33.91342
38 523 34.97166
39 526 36.0299

2

;;;;;

median rank

...........

7.829977E-03
1.901566E-02
3.020134E-02
4.151709E-02
5.283285E-02
6.428493E-02
7.573701E-02
8.718909E~02
9.864117E-02

.1100933
1215453
.1329974

median rank

---------

«1444495
.1559016
.1673537
.1788058
1902578
.2017099
213162

.2246141
.2360662
.2475183
.2589704

.2704224

-----

median rank
AAAAA344A84483448848044833444A884444A3444844444A34344443444Aaa4ad3a4daaddadaddadaaaaa

.2818745
.2933266
3049664
.3168035
.3286406
.3404777
.3523148
3641519
375989

.3878262
.3996633

s 2
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<ENTER> to continue ?

...rank table...

set

P S e B b

<ENTER> to continue ?

...rank table...

set

R 1 1 1 0 et b b b

<ENTER> to continue ?

...rank table...

set

40 588 37.08814
¥

point x=-value order

41 606 38.14638
42 609 39.20462
43 619 40.26286
44 669 41.32109
45 678 42.37933
46 682 43.43757
47 730 44.4958

48 746 45.55404
50 787 46.63809
51 832 47.72214
52 847 48.80619
53 860 49.89024
point x-value order

54 876 - 50.97429
55 886 52.05833
56 965 53.14238
57 989 54.22643
58 1012 55.31048
59 1323 56.39453
60 1333 57.47858
61 1361 58.56263
62 1688 59.64668
63 1788 60.73072
64 2065 61.81477
66 2567 62.94218
point x=-value order

.4115004

median rank

...............

.4233375
.4351747
.4470118
.4588489
.470686

4825231
.4943602
.5061973
.5183231
.530449

.5425748
.5547006

median rank

------------

.5668265
.5789523
.5910781
.603204

.6153298
.6274556
.6395814
.6517073
.6638331
.6759589
.6880847
.7006955

median rank



