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A. PURPOSE 
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The purpose of this special test is to validate the proposed model and input 
assumptions for quantifying capability margin for valves susceptible to 
pressure locking. Specifically, testing will be performed on a Borg Warner 
valve to verify: 

• the model for estimating MOV presssure lock pullout forces •· 
• bonnet ability to retain pressure when upstream presssure source is 

removed 
• . bonnet pressure response to temperature changes 

The MOV for this special test is a Borg Warner valve. This procedure 
provides the test requirements, procedures, and equipment to be used. 

B. REFERENCES 

1. Generic Letter 95-07, Pressure Locking and Thermal Binding 
2. ComEd Quality Assurance Program 

C. TEST EQUIPMENT AND INSTRUMENTATION 

1. All instrumentation, measuring, and test equipment used in the 
performance of this test program should be calibrated in accordance with 
ComEd's Quality Assurance Program 

2. Measurement Equipment is listed in Table 1 
3. Thrust, torque, motor power, and motor current shall be monitored 
4. Upstream, downst~eam, and bonnet pressure and temperature should be 

recorqed as specified herein 
5. Teledyne Quick Stem Sensor 
6. Hydro-pump capable of generating 2000 psi 
7. Miscellaneous valves and fittings 

D. PRECAUTIONS 

1. Standard safe work practices shall be followed when working around high 
pressure and electrical test equipment. 



• 

• 

SPECIAL TEST PROCEDURE 
PRESSURE LOCKING 

Revision 0 
11/28/95 

Page 4of16 

E. REQUIREMENTS AND PROCEDURES 

Table 2 specifies the testing to be performed and the test sequence. This 
test sequence and requriements may be modified during the special test. 
Sections may be added or omitted based on testing results at the discretion 
of the test engineer. New or revised test sequences should be added to 
Table 2. .a 

'. 
1. Pre-Test Preparation 

a. Record valve and actuator nameplate data into the test datasheets 
(Appendix A-8) 

b. The required measurements and associated instruments to be­
installed are listed in Table 1 

· c. The data acquisition method will consist of the VOTES system, motor 
power monitor (if required), associated support equipment and_ cables. 

d. - Pressures and temperatures will be recorded manually or 
electronically. 

e. Prior to any testing or stroking of the valve, actuator switches. shall be 
set as follows: 
1) The open limit switch shall be set to prevent back-seating of the 

valve · 
2} The open torque switch should be bypassed a· minimum of 25% of· 

the open travel d.istance. 
f. Calibration of the VOTES Force Sensor and/or Teledyne 

Quick Stem Sensor shall be documented on Appendix A1. 

·2. Static Break-in Test ,. 

Verify that the valve has been stroked a minimum of 15 strokes open and 
15 strokes closed. If not, cycle valve until the specified strokes are 
achieved. 

. 3. LLRT Test 

An LLRT Leakage Rate Test shall be performed at specified torque switch 
settings in both directions to verify seat leakage requirements in 
accordance wit,h approved station procedures. This testing will be 
documented in Appendix A2 . 
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4. Differential Pressure Test to Determine Valve Factor 

a. With the valve open fill the specimen with water . 
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b. With the valve unpressurized, stroke test specimen open and then 
closed at the lower torque switch setting and record test data. 

c. Pres!:iurize upstream disk side per Table 2. 
d. Vent '(jownstream disk side to atmosphere. '.; 
e. Open the valve , record diagnostic test data, and record upstream 

pressure. 
f. With the valve unpressurized, stroke test specimen closed and record 

test data io Appendix A3. 
g. Perform valve factor calculation as described in Appendix A3 and 

record results. 

5. Bonnet Pressure Response 

a. ,With the valve open fill the specimen with water. 
b. Wiih the valve unpressurized and setup per Table 2, stroke test 

specimen open and then closed and record test data. 
c. With downstream disk side vented to atmosphere pressurize upstream 

disk side to the pressure indicated in Table 2 for this test. 
d. Vent upstream disk side to atmosphere and record bonnet pressure as 

a function of time in Appendix A4. 

6. Pressur~ Lock Test 

a. With the valve open fill the specimen with water such thar all air 
pockets are vented and bonnet is filled solid with water. 

b. With the valve unpressurized and setup per Table 2, stroke test 
·specimen open and then closed and record test data. 

c. Press.urize bonnet to the pressure indicated in Table 2 for this test· 
d. Vent downstream and upstream disk side to atmosphere. : 
e. Record bonnet pressure and open/close the valve while recording 

·diagnostic test data in Appendix AS. 
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7. Bonnet Pressure Response to Temperature Changes 
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a. With the valve open fill the specimen with water such that all air 
pockets are vented and bonnet is filled solid with water. 

b. With the valve unpressurized and setup per Table 2, stroke test 
specimen open and then closed and record test data. 

c. Pressurize bonnet to the pressure indicated in Table 2 for this test. 
d. ,:Heat bonnet to maximum achievable temperature. 
e. Monitor and record fluid temperature and bonnet pressure until stable. 

Record results in Appendix A6. 

8. Thermal Binding Response to Temperature Changes 

a. With the valve open fill the specimen with water. 
· b. With the valve unpressurized, stroke test specimen open, closed and 

open at the lower torque switch setting and record test data. 
c. With the upstream and downstream disk sides vented to atmosphere 

heat valve body and bonnet to temperature indicated in Table 2 for 
this test. 

d. Close valve and record test and temperature data. Temperatures will 
be recorded. at various locations on the valve body to' e.stablish overall 
temperature. 

e. When valve has cooled to room temperature open valve and record 
diagnostic test and temperature data in Appendix A7. 

F. RESULTS/ACCEPTANCE CRITERIA 

The results of this test will be usE?d as technical input for evaluations.and 
calculations to resolve/assess the pressure locking issue. This test has no 
acceptance criteria. 

G. DATA SHEETS 

Appendix A provides Data Sheets for recording the results of. the testing. 
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TABLE 1 
MEASUREMENT EQUIPMENT AND TOLERANCES 

Measurement Parameter Device Name QA/Serial# 

\ 

Pressure Gage Upstream Disk /I :5/JC/Z.CI.,::.( 

Side /llt/ I I I /Y/ff/(( 

Pressure Gage Down'stream . A sit c tlurl 
Side _, rr- /t I /l?l/ /I( 

Pressure Gaqe Bonnet 
, 

/l-1 JT(i;Jr;"f, />1 fr,Q (jC) g 
Temperature Gaqe Bonnet. · Oi11 r.{,1f -
Stem Torque Teledyne Quick · 

;VCJ 1.J t:, Stem Sensor 
Stem Torque ' · Liberty , VTC .Ti~ 'i' d 6/Z. · 
Stem Thrust Teledyne Quick 

Stem Sensor 
A)(.:t'IJL-

Stem Thrust (Verification) Liberty, C-Clamp ,]7'09f5J 61Z 

Motor Power Liberty; MPM :r-00407(:, 

Motor Current Liberty, MPM I I Cr"J ~·7(,. 
Motor Voltage .. Liberty, MPM I 0-0 tf.<.· 7 G 
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Calibration 
Date/Due Date 

12/3/t,j/cor .. re;,r 

N/1/'1:7 /7":;,r _ 
Tf~I 

11~/3/r~/ ;i.c-ff51 
;,;1./J}c;s.:./ J"'·ST/l·sr · 

f><JCJrJG TC~/ 

i)tf!J~ I a /'tc 
. /)i: .e1AJ(., re 5~.,.... 

'· 

· If!'-
l/'f (, .. 

//•u 
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TABLE 2 
. TESTING SEQUENCE AND NUMBERING {TY 

Proce ~~~ Test Title 
Secti. n11 

i . I!> ~-1.A11'- /.I IE;JC/l 7'f"/(2.o) 

F.4N/iv/21 Differential pressure test to quantify disk friction factor at 200 psi /!JoNM'7 

F.4 '1.2- Differential pressure test .to quantify disk friction factor at 500 psi 
F.4 ZJ Differential pressure test to quantify disk friction factor at 800 psi 

F.5. Bonnet- Pressure Response at 500 psi and lower torque switch settinq 
F.5 Bonnet Pressure Response at 1000 psi and lower torque switch setting 
F.5 26 Bonnet Pressure Response at 500 psi and higher torque switch setting 
F.5 Bonnet Pressure Response at 1000 psi and higher torque switch setting 

F.6 tf ~/;g Pressure Lock Un-wedging at 200 psi and lower torque. switch settinq 
F.6 i So Pre~sure Lock ·un-wedging at 400 psi and lower torque switch setting 
F.6 :;z Pressure Lock Un-wedqinq at 700 psi and lower torque switch setting 
F.6 ~f Pressure Lock Un-wedging at 1000 psi and lower torque switch setting 

F.7 Bonnet pressure start at 0 psig. Temperature start at ambient. Torque 
· switch at higher setting 

F.7 Bonnet pressure start at 50 psig. Temp.erature start at ambient. Torque 
switch at higher setting .' 

F.7 Bonnet pressure start at 100 psig: Temperature start at ambient. 
Torque switch at higher setting 

F.8 Valve body temperature maximum approximately 212 °F 
F.8 Valve body temperature maximum approximately 350 °F 

'. 

" 

12) 
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VFS CALIBRATION FEILD DATA SHEET 

VALVE TAG NUMBER: .Bo~GUJ/ 

VOTES SYSTEM QA NO.: c77'ff16-/.!3/2 

CALIBRATOR LOCATION: THREADED UN-THREADED SLOTTED 

• 
VOTES SYSTEM SERIAL .NO.: 

CAL DUE DATE: ,;/'16. 
TRANSITION 

d78'7Y/J3K 

11 /28/9 
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DESCRIPTION: Vorl':S 5r'~T.Cn] l-<JI r-H . cp> S. ti)S.5 <:::!'9l.l&e/J TC!> t.-UI r.-'f C?. - c ~/l fr7,P · zt /c.oo.S-

(j.}1/ II- ,J1$~fS/ 6R. /3,FSL vs t:P ,r=o,,e cJ /J t. I ,O.c.' /l T/o;W o,<..:u .. SI 

NEW EFFECTIVE STEM DIA. /, /~4 CB3-100 LENGTH: ..3 / It AMP PROBE SETTING: ...< t/ ~o,lj 

ANTI-ROTATION DEVICE: yes c~ 

CALIBRATION TABLE 

RUN Test Number VOTES CAL CLAMP TSS MAX RSQ CFA BFSL BFSL STEM 
N SENS DEV. PRE- THRUST SENS % TEMP 

NO. NO. TENSION CHG (F) 
READING 

I --- Ji))/:/ #//! . ;/. 0 .3.7C/10 /. 0 ,<..J)/I 4./0 E-.;; -
2 - l'J /I{ ;J/I{ 3.29/C/ /.D ,,<J//{ 4.oc; £-z C). ;i. 4 ·-

.. 

GAIN 

2 

z 
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( C'l<) rcow PJC re ,e 44-!f-9~ '7.0£ c~ /l {_ ;::;> /7_::,- J>u c .,;;. /?& Appendix A2 

LLRT RESULTS DATA SHEET i/z: /-c.o-c.--J /1Jiz;rc,R... /o'1 'J~r.-<123/(. c:7/tl- .2)<fj- i>oc . .:</'tG 
f/ZC55v.1(rC. 6/tCC 0"33.:::io;p,J? C'~L 8/-y . .;- /)c.JG. -;rj'JC:. 

• 
VOTES TSS C14, lbf Cl6, lbf Pullout, Leakage, Comments, Note upstream or downstream test. 
Test# lbf scfpth 

..?. 0 QlC)CjD-Z, ;J3:<4/ 7''i>63 - . Lt I' s-f r(2.a ,i...-, 7 l/ s, b flS Id. /'Yi //,.:; ~·crH 
-

2t1 I I 0 7662 12.. tJg 378/ i 0, r;-5c.J:H l/fsf-Y'f!:!q;-? J . , L..j !? , b fS / d 

)._ t./ /, 0 76 6 2_ I J- b3 ?f 378/ < O~t/5CRI Vpw11r;.l>'&<r#?1 t/§":6 1s;J 

)_. s J.,O 2.2.43'if' :J..4%,Z6 76/1.. · < O;t/scPit DcN<-•'1.sl~eq-__.., 
1 

4r;-, b psi J 

OJs- 2.o ~ ::<4-3 8 2..4- 2f 2 b 7 l:.1-< 5-b 5<:/-""/1 U_f]~treq/>/ , 4-S-. (, .. 
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DIFFERENTIAL PRESSURE TEST RESULTS DATA SHEET. 

C16 
Thrust 

Test I lbf 
# 

12 J3;;J.-1-/ 

/9 Z543c 

2.o 2St;z< 

Z/ Z~11z. 

22.. 2.5477 

13 2!43ro 

2<6 UY7:79 

~Cf :rB74S-

1 Valve Factor = 

Pullout Upstream Downstream 010 Open 
Thrust, Disk Side Disk Side Thrust, Run 

lbf Pressure_, Pressure, lbf. Thrust, 
psi psi lbf 

-

7?>63. - - ~- t'G1 
·Z /o() 

017 ~B5B -~ 0 /S43 .. 

,,:.. 100 
/84/ 70"'3 ~k-G- {) 

/lo<tG .:loO 0 258/ S-4-o 

13S"5s J/.-6-0 0 :5 42.1- 535' 

/04?.o · 7:30 0 9902 S55 
6CJ5. 

/3330 760 C) /l/c//t:;" .§"''?- ? 

J"g7<t9 S30 0 /fo;i,S- 1 of; 
.f'C l) 1.7f-f/c,~ 

O I 0 - Run Load + [ Upstr~am Pressure x : (I ~)2 l 
. . 

. . ir ( )2 . . 
Upstream Pressure x ~ .J..445 ,l'cD 

. · 4 /o.~6 144~~ 

Open 
Valve 

Factor1 

o. 14-? 

o.1s1 

o. 174-

o. ,i4-

6, 3.<7 

Comments 

5r1rnc -41 T~S ;;f.O 

· /)? · 76sr LJ 7 -r".JY z-. o 

P.c;,~A.,.. rc.rr /9 

ra_P.... e>c,.Ni>rr10;0J.N& 

. _8/95 
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7 Csi "1Crri.'. :i>cJ1'7~P.OcJ5 {)/' rt:sr.:;, 
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DIFFERENTIAL PRESSURE TEST RESULTS DATA SHEET 

C16 Pullout Upstream Downstream 010 Op~n 
Thrust Tl1rust 1 Disk Side Disk Side Thrust, Run 

Test I lbf lbf Pressure, Pressure, lbf Thrust, 
# psi psi lbf 

30 .)BS-C>-0 147~~ .s-40 ·o JS-767 436 
·-

31 .:Z'/37~- /5Cf6b )4·6 0 73 I I 1-3.:Z 

3A. ;;icr44r.:, 111:i b .;?oS- 0 1;:l5 7 500 

33 ;J.Cf B</3 // dl 9-1 46-s- <5 /3~21 i/,2 (p 

~4- ;?. °I Z.,4 s- - 44'6 1/6'3°/ 17~ 0 /4-s-73. 

3~_, :Z.C/714- /3</)7 1::;-0 0 J31f.2'tJ s-;i $ 

3b .) <f 3 ti'/ /01'7 r./ ~o sso h8~3 c/c;c; 

37 bl-13 SIY 71 o:J,,, 0 5(J.) q 59C; t./J'1 
.l'' t pj.lfr,~-

1 • 0 I 0 - Run Load + [Upstream Pressure X ~ (I ~)2 l 
Valve factor = 

Upstreari1 Pressure x re (.J..A45) 
2 

,l.'cl.J 
. 4 /0 ~6 /J/,!/~' 

Open 
Valve 

Fa.ctor1 

,35{ 

, 360 

. 3+S-. 

., 1 ~c/ 

,37~ 

.J7J 

IS9 

, .i:J'i 

Comments 

.. 

1 I .'95 
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CcNvf>1r;r,..11,,..;C. _5T,e.01l.<J ~l".~FC~'P?CP 

fl<.JGJt.. ro n11s r.csr {.pp) 
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DIFFERENTIAL PRESSURE TEST RESULTS DATA SHEET 

C16 
Thrust 

Test I lbf 
# 

.JCJ d 8Cf(,{:, 

31 9- 9D t;(:, 

'-.:-er 7'31~ 

6b )/7:2.2-

17 "?177'2.. 

to 3)1.J.2 

69 31g73 

7o 3XJ6'l 

1 Valve Factor = 

Pullout Upstream Downstream 010 Open 
Thrust, Disk Side Disk Side. Thrust, Run· 

lbf Pressure, Pressure, lbf Thrust, 
psi psi lbf 

c;5-t/C) () S-S-0 l'/FJJ./ 1./79 

Id- t, B? CJ s-~o I .J ;;iv; '/'/7 

16757 --670 6/0 /7SS3 3SlJ 

:J.2474/ 
D. ::2. 0 9-) 6'/?;s. - '7.~ ~.,,. ~At.hi.~ )25 , ,, :; M/ 

7' 1 I 

12/J. b 0 I 1<3 &e6·G 653 

.:?4~-; 3 0 3?0 .. /J<iJ'34- 614 
,-

;?-'f414 0 413 13'1.2~ 6;<3 

~.53-Vb 0 ·S7S- /?>>fG 5.S-7 

.f'{ 6 1.Jf-1/r, ~ -

0 I 0 - Run Land +[ U pstrcnm P rcssurc x ~ (I~) 2] 

JT- ( )2 
Upstream Pressure x - .}..445 ,11ct 

. 11 /o .s.a6 e/1/~:> 

Open 
Valve 

Factor1 
· 

-J:?~ 

,..J(p/ 

• 4-:<.S 

. ~Jt/'I 

r ·3 L/ 7 
p3<;s 1 

.40S-

• 090 

Comments 

.... ·• 

9,95 
Page11of16 
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PR.ES LOCKING SPECIAL TEST PROCEDURE 
Revision 0 
DIFFERENTIAL PRESSURE TEST RESULTS DATA SHEET 

C16 Pullout Upstream Downstream 010 Open 
Thrust Thrust, Disk Side Di.sk Side Thrust, Run 

Test J lbf lbf Pres.sure, Pressure, lbf · Thrust, 
# psi· psi lbf 

71 3i7~/ 27S4S- {') 610 ...?0603 {3?5 

11I64- ip?/DZ. z__ 0 
20/77 

'9C/ 6/D 8fitt1J .. 
. 11/<J<v" < 

/0-0 /(;/of )CJ7.2~ ·o S7?f. r;)t; 3 . z s-: 71-8 

' 

.. 

-

'· 

1 Valve Factor = 

.i'C 6 ;.7f-lfc,:,­

o IO - Run Load + [ Upslccam Pressure x ~ (I »)2
] 

. Jr( ·.)2 
Ups-trcani Pressure x - -J-445 ,ec & 

. ' ' 4 /~ .316 . 14-1/•>' 

Open. 
Valve 

Factor1 

'4.13 

. 4-c~ 

-/Lsr 

Comments 

... 

No Goo[) 

Page 11 of 16 
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BONNET PRESSURE RESPONSE RESULTS DATA SHEET 
VOTES Test#: ,J... 5"" C16 Thrust: ;1.'1?;2 6 

Bonnet Pressure, 
Time Psig 

0 ')Oq 

·~o o /, 503 

;;.:op 5L"0 2 

-~:oq )C9 { . 

q ;(t}CJ )~O 

r-, cP CJ 
~. . 

so& 

6'00 ' l/9/ 

7;00 L/7f5 
• ~ ·-'.7 - - -- ..... --- - ---

0 13?5 
' /;C9CJ °I j 95. 

2/ (f} CJ //~-

3:t!J 0 710 

'-i ,' o D 700 
<;:6'0 <6 °; 2_ 

6 /c..'72> <?S 3 

·1;00 . r <6- 7 5 
'3"; oo '6 6 7 

C;,1 00 g;-q 

/O~O 0 ti' So . 

' 
..___.:_..-. i:·· rj .---~--· ---i 

11/28/95 
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BONNET PRESSURE RESPONSE RESULTS DATA SHEET 
VOTES Test#: C16 Thrust: -----

Bonnet Pressure, 
Time Psig 

\\JP 641-
t2~ 00 035 

t~', oO 321 

1-4~ 00 f)7-b 

\$"" ~ 0 0 @{L 
, 'l' ·...,.,/ :/ - ~ I// / ./ 7 

' 

11 /28/95 
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BONNET PRESSURE RESPONSE RESULTS DATA SHEET 
VOTES Test#: C16 Thrust: ------

Bonnet Pressure, 
Time Psig 

' 

.. 

~.-. 

.. 

11/28/95 
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BONNET PRESSURE RESPONSE RESULTS DATA SHEET 
VOTES Test#: C16 Thrust: ------

Bonnet Pressure, 
Time Psig 

. ' 

.. 

I 

11/28/95 
Page 12 of 16 
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Test Description VOTES MPM Title C16 
.. 

Test# Thrust, 
lbf 

~~~\(. \t>-( 42 -- 3l,153 

?~s5v~ Lol'(:-\~ ~3 
\ 1...-(..-C) s--

32,c32. i 1~'2.IO AM 

s;,~,ic..\ 'EY( 44 \\ :41 ~uV\ 3\113 \ 

SATlc \Es-r 4S \ l: S"I f\M I <0 1 102 

S·H·f-ic T~s+- 4b 12. ~1c9 f.""1 
/(". &StJ 

5 ·f-v~ ·~1 'c· 
_ .......... 

I c:> .s;-.f- t../ 7 /"l ,'I c./ f /vf. I b 1 <"cs-? 
f.e C>S /c:c. K 

j) 
(c.c,c fcGT 4~ 

tc,W 1--S~ /6 ~09 . /! [ e:.r5 0 x' F Ja:>JX;.t 

S/Ar;r... 

57~//(. 7u·-r 4q {.,.Ci.:J 7)/ I~ (:SCJ 
Lew I.SS 

//2£ S)u/J f: le>c,C.. /C,/{ -50 
PL -'91 

/(v 7Df3 4,rr_. 1~i 

ST/Jr/ c1.. /.'/ .2 

.!/-/ 
n:sr · 

/l,S07 5111. II C 17~~ Let:vt.Jo: T-> S 

Pt't .. ~ t c.c '' 
..., 

{u::.)( 71·.s ( __; z_ 
t:'-'C0 rs~ 

/i(t..'.35u~c u..JvJ ?t.O ;'5( /6 'i' 5</r' 

) /-c:. J I 'e. Tcsd- i; s )./41./ IC f-?-1-
//,t/tO. I.' 20 /'.:'.., I .... ,.~ TY> 

fl:l'J.5 t<x t<:. 

16 3 6 { '."11: ( 5_s,.,a. c.. l('C,i( 0-r .!.-¢- ~CCU nJ 
H:c,() •'<; 

• 
09 Bonnet Pullout 

Thrust, Pressure, Motor 
lbf psi Power, kW 

lib. 
l'-7,.S\3. . 0 ;:, tt/ll J !,f --.. .., ,,-rJ 

'7 r 

Z.S.4b r 205 4.197 

1113Sr 0 2 .<ol' 

--,, L.<O l 6 . (;48 

7 r;rs;r 0 /, b 3 

?~o? 0 /, ..; 6( 

/5".AJb '3 .;?O'J .;<.~-b 

785"7 0 /,~I 

'10 'Jf;lfo l/ & ::z.. ?. OR 

'170 7 d /.SS-

J670-5° 636 1-.__q;-

'g/D y. 0 /,t:;3 

1._9!39) ~ <J4- 4. 77 

Pullout 
Torque, 

lbf 

\b2.4 

'2.'S l. 9 
lb~,5 

Z.~t1. t 
70,g 

-7), ~ 

77. 0 

/4'b.~ 

7'1. 3 

;Jo:l.L . 
7.S-. b 

~bJ.9 

?1.1 

)_ 7°!'' 

19,o 
Page 13of16 · 
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Comments 

T5S ,_ ;z, 

loiJK/!- T5 TO I 

7sS =-/ 

;?-.5.S =/ 

73"5 -:./ 

TST.: I 

r.ss.,,, L 

/55 =I 

/Ss =/ 

7>-5-:= I 
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11/28/95PRESSURE LOCK TEST RESULTS DATA SHEET 

Test Description VOTES MPM Title C16 
Test fl Tl1rust, 

. lbf 

.sr1mc.rr,1 
_:·> /)/ (i (_ n-:5-r - 5.5-.. Li.WC,::. rs} /64.S-b 

t'tzt':> tc-< J.: 

F~:i~.s (:cc I( - .6b l.<. r.u ~; r-. g; ~ 
/t/O 'l· I L:6T / o:;;c p-:.'l 

5r4r1c., -

oT/1 nc · T.e5T w /Jocv JJ51 
!)?J l<:.ot<.J r-5 ~ 

l_.I:"66S-/CJOO 

' >rnr«-

72 1110.11 r<.> s 
JJS-~I _:;,r/Jnc.. re.~ r .-'l~rt.e JJP 

5T/117L-
~;1( 

73 /Y/C <r /'"'!-$ 3/67D ~I!) - Tcsr -'ltCtJl 12,1? -/..UU 
/t:.t~ tl/C J:. 

31~ 70 J>.ecss rtsr 74 u,.,....; If/Elf rs· 
l<XK .:200 ./SIC 

1~s act{ 

B,..,,s5 Loe le ks .J.- 7> ,11i, If rs5 
31'1~ a· 

...=? C'C> PJI (. 

51rtrh""c. 7 {; JI :c;3q#"'1 3)'822 
JA:t!.S (CC I(' 

.~~ Lock ~f 77 J11l1t rss 
3~017 -; ,·a '"SI(., 

-· 
/'lf!e ~~ L<C (' 

f.£t.s s t.c.ck n·~r- 7?J 
l//t.H rs.s 3:i.. It 'B -?c:·'CJ /':./(. 

,- :;r/Jr>C. 

71 
J/lt.'J rs~ 

3/t7/ 

1 
5TJJr/C 1£"5/ 

f'-''C:;~ (CC,(" - I/It ol/- r5> 
3/Sbc;i . p.l.;'tsS (cc1c J £c,,- '8'0 1h'-CJ ,1S/{, 

p,us!J Loe( 

'Po<.ess lOCI( rc~·r <g I ,HI~~ TS'S 
3197 I :,} CIO .P!.t 

09 Bonnet 
Tlirust, Pressure, 

lbf psi 

766-75 0 

41~7~ Cf IC( 

-S-0.)~. 'jS-o 

/{; 70.S- C) 

17:102. CJ 

:< 761-'J 2tJ8 

:2. 'if 2. I./ J .,_;() 13 

:J~:~ ~.I.Jr,,-v ., 17 

3390& 37'/ 

3cf·t.o4- 46.Z 

17'14'7 0 

40/7/ 46/ 

2as-40 ,;; 17' 

Pullout 
Motor 

Power, kW 

//.!7-11" 

9.7·7 

/-<¢ 

'). ~ 1 

r::i'·S-S-

, . 1 '1 

Y.<OlJ 

,.,,10 

le 1,lp 

it' I·;., 

;)_I?~ 

:1 "\1 

1. ~~ 

Pullout 
Torque, 

lbf 

74·? 

4.27.3 

49, !l 

/t8.0 

/6¢.4 

,.:<7/, z 

277.~ 

/7/,3 

3f3.3 

344.o 

/{.CJ, 9 

~/0, b 

;)/(/, <g 

11 /2 I~ _, 

Page 13 of 16 
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Comments 

kiss U)l/01...C t//Jf.,VC /.INl>C. 

I{ 
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11/28/95PRESSURE LOCI\ TEST RESULTS DATA SHEET · Appendix A5 

Test Description 

r>"1,. .. 1{.'•· r 
5i7J-rr c Tcsr e:-.,r(,-cl 

' 

'. /),Rr550,eL /ccr 

VOTES MPM Title C1 G 
Thrust, 
' lbf 

09 Bonnet Pullout Pullout 
Test# 

' -?;7 

/IZl.!.S I.a r;: 
1/161.1- r-35 

/l'V ;></{. 

P,,t:l. :> f> £IX.~ 

111G11 ns 
.!>"D /SU 

.>r11rrc., 
Jt1£// rsS 

..... 
S-'f'//n<-

Thrust, Pressure, Motor Torque, Comments 
lbf psi Power, kW lbf 

JJ. 41 T 17-?oo 0 2.·~7 )70 .. ~ 

3::?3J8 

31~;(.o &l::z87/. s+ 3.v!S" 
1~~~~·r--~~~,-"---~~~-~~~+-~~~~~~~~--l 

317.A~ &.. t, 4 /t, 7. '8 
~e:;,~trtJUv pvc...W.>r.llr/J>"/ 

I 7CJ ..SC:.0 -?.IV J:> />C,P,K I 5:S'CVC'N t. .jJ 

.0 
//7, 6 // 
-:b J: •j;,L , ;2uo ~S/.b 

').I L/1 

lfrc,r( rss 3 / 9 ::;,-/ I 7.S-1- / 0 167. 8 r11~llP?"'1c. 
.ft:i::.r ," .. ::::'I jJ/~j>/A){_ 

Sr/YrtC.. 

Lc:.w T-ss /7:59:< '[5'oco 

II 

r'CC5S Let: C 

Lac..J 1.55 
S2P,''f><·· 

If 

/73'14- ~7o3s 

/7691 ::l6J~~ 

0 77. 0 

3. 9_;- ;;59,3 

/s.s ';./ 
f'~( - .h/.C/nc.·lf'Y - S//f//C. 

I/ 
& .,-/. . .,..,.,.,I­

~.~-,J:.'.-./~d 



PRESSU '.::f<ING SPECIAL TEST PROCEDURE 
l~evision 0 
·11/28/95PRESSURE LOCK TEST RESULTS DATA SHEET 

Test Description VOTES MPM Title C16 
Test# Thrust, 

' 
lbf 

l !>r~1 n c.. crz l""" r-:- "J J/393 5Tltne- Tf-;;,/ 

' 
j)• 

.•. 

' 

• 
09 Bonnet 

Thrust, Pressure, 
lbf psi 

gS---J-1 0 

' 

'• ' 

~~\ . 

Pullout 
Motor 

Power, kW 

/,// ; 

.. 

Pullout 
Torque, 

lbf 

'f5'c,s-

Page13of16 
Appendix AS 

Comments 

' 
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PRESSURE LOCKING SPECIAL TEST PROCEDURE 
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11 /28/95 
Page 14of16 
Appendix A6 

PRESSURE RESPONSE TO TEMPERATURE DATA SHEET 

VOTES Test#: 6. (J C16 Thrust: 3 1, 32 7 
> 

, 09 Thrust: : 
1 fv , V't/ <I 

7 

.. I Bonnet Pressure, Bonnet '.£mperature, °F 
Time Psig Cv-ls ;de 1 ·./·ey11P< I · 

J.o /J -..C.-,_, ;J 

(/ I ·5 (, /, 1'.. ·5~4 
-

//~'~oO 
. c;o 62.2... sc;. 7 

)5 1,cOO ' '13 61,cf' (;t;, 8" 

/7/ 30 77 6 §", '{ 71, I 
.. ).&! roo I r:; '-/ 6&-. 0 77, 2... 

:21.'JO I l 3 7tJ I t../ ~). 7 
',25:v0 I J... s 73, b ~-;,LI 

' 

27:30 13 I 77, L/. I 
j 7'/, ( 
I 

}cJ/oCJ (c:;O 
. I 

?f-o, <2 I ( i, ~ 

}2; 3 D /~ 6 •· 84 0 '03, 3 

.1S / o o I . 1er 87.6 /;'7, s--' 
'37·' 3o 2.o 7 · qo,4 /II. I 

4-<J: 00 Z33 C/3r 8 /1S.) 
.. 

I I 9 7.4 42:20 z C;.f' //8.3 

4S-:o o 3Dt- qq, B /L2. 1-

4-7:30 I 3£/-7 I 103, 2 /ZS. 7 
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PRESSURE LOCKING SPECIAL TEST PROCEDURE 
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11/28/95 
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PRESSURE RESPONSE TO TEMPERATURE DATA SHEET 

VOTES Test#: __ _;;_j_C? __ C16 Thrust: 3i 3,2] 

09 Thrust: _ _,_/i...._& ....... 0a_9_,__ __ 

Bonnet Pressure, El9nQet Te~rature, °F 
Time Psig ov 1 "" · '"' /JJJv -rof . Ft.."V I~ 

so :o C) 4u0 I 10.r. 4'- Jig.¢ 

52:30 4'8 4~ /oA.O i~Z,Z 

§5'.'0(J 
, 

5" 78 //0. u '13J.4-

~ 7.' 3cJ I (o 87 I //Z. 0 /38. 1., 

.. roo : o u 80(9 //.).f- 11-1.4 

02: 3 () q46 //C/, 2- 144.'f 

05": 0 0 /084- I 122. o 147. I 

6 7: J 0 

]O:<'.Jo I I 
7Z:3o 

7S: oo 

7 7.' 3 0 

Bo: o o I 
f32:3o I 
ss- -'<.:i o 

87: 3o 



' 

PRESSURE LOCKING SPECIAL TEST PROCEDURE 
Revision 0 

PRESSURE RESPONSE TO TEMPERATURE DATA SHEET 

VOTES Test#: 8?f --=---- C16 Thrust: 3;<.;(6 7 

09 Thrust: _-£/.......:3:....</_.?_·-r.._ __ 

11 /28/95 .. 
Page 14of16 
Appendix A6 

Bonnet Pressure, I Bonnet 1 emP,erature, °F 
0u-rs-1Pe.. 1-NrtS~,4 ... 

Time Psig -rof' Fc...v fD 

o/s t e~ 

oo:cro '56 6S-.o 64.o 

Jc:>: 0-0 . --xl. I * ?t.o h4-

I 
. 

,;lo: c,,v CS' 3'. 7~ 67- 7 
.. .:<6.:oo '7,,,1 I 7.J-.4 7.,;;. 7 

3o;O-O '76 7q.,2 77~. I 

3::? t ~o 
l·~~ /vv I Wo 7'J.S-

3~(c-o /o ;z. EO. 8-" . "ff/ :1 

37,· 50 /os- I ~.4 cg 3,,s-

4o.·ao I · /o Cf "'83. "8 g.s-,,r. 

4):30 
.. I // 3 I <ts. 8 .g7,C 

1'5-.'0V /IC I '83' . 9'0. z. 

1]: 30 I .//'71 88'.~ 70.9 

.5""0.'0-o /~ ;J. I <?o, Z c;,;?. C:. 

s-;;:30 !2fo I 1.:i. Cj/j-,,;;), 

o-s.1 o<:J 130 '13. ::i.. 9_s-_ .9 



PRESSURE LOCKING SPECIAL TEST PROCEDURE 
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PRESSURE RESPONSE TO TEMPERATURE DATA SHEET 

VOTES Test#: 1 $ C16 Thrust: 32. lb/ 

09 Thrust: /1J }Cf J 

11/28/95 
Page 14 of 16 
Appendix A6 

Bonnet Pressure, Bonnet Temperature, °F 
Time Psig c:>u j"$ J p .c:: /,,UTL.€N/IL. 

. 0'-'P'I -rnl' rllJIP 

57.' 30 /33 C/-¢. 4- C-/7$ 

6 o.: 0-0 I 31 . 95. {, '78'. '8" 

l.'u-:J { 3 c IH 9&.<6 /oo. I 

/I o_s-,· u--c_.,, 145- 17. 6 /0/,.2._ 

/,'CJ?> 30 /1-r; 978 lo~.4 

/,'JO,' cJ-O IF/ crz;. z_ . /03, .s--
. /,' fj. :3o J S-4/- 9 25, g JcJ4-. 7 

·Ii /..5----l cro / ..:;-<;, 9'1-1- /cJ~-' '6' 

// 17 / .30 I 0 o /001 2 to? .. I 

I ;10,:00 I '7 _<;"" I ol.D /08.4 

1:12l30 (iO IDZJ) l(b,() 

I ; 2 Si oo / 7 c::; ./o~.o I/ I? °! 
l I -

l; 21 ··so I g I I o4 :z uz..G. 
I; 30;00 lB7 l O~, 2. · 113,l 

1.- 3z.:so IC) 4 (Db, 4 (IS'.D 

/ ,: 35; oo Jo I itJ7,Lf I I t.O 
('. 3 ·1 ;3o 2D~ 108,0 1(7.1 
\: 4o : o o .l ~ C) i l l) ID \ (g, 4 -
t '. 42·:30 2ris l \ \I 0 \ \\;-r I 

! ! 



• 

PRESSURE LOCKING SPECIAL TEST PROCEDURE 
Revision 0 

PRESSURE RESPONSE TO TEMPERATURE DATA SHEET 

VOTES Test#: 'SC:-0 , C 16 Thrust: 3 :Z LG I 

. 09 Thrust: / 1> i1 7 

?()5 
11/28/95 

Page 14of16 
Appendix A6 

Bonnet Pressure, Bonnet Temperature, °F 
Time Psig o-.Jts1 i>6 tt.l>(t1C 

\ ~ 1S:; oo 233 i \Z, 6 !Zo,9 

4g· ~~\v·o l ; ( Jt> . \~t\(6~~-:::::. '2.45 ll3,{ l'2.'"2--3 

(: So: oD '24q \ \ 4 10 (22.,~ 

l: 57: 30 250 1\5,D { "2-31 Co 

I; SS.' oo 24'2 l I [p,o 12'4.S" 
. Ii' 51/ 3D 274- ( V7, o 125,8 

l;ODioD '2.. ~ l 1\8,z 11-1,1 

2:0Zc'30 ;72l/ 1 /CJ, 7 ;3·~,. '5 
2:os:oo ·3c; 7 IJ. /, 2- IJ;7, 2 
?._.;07/30 . L/05 /:23 13> 
2: f 0 ,·OD 470 /J_ c; 137.7 

2~1i 
(Jf 11:1 Cl )) 

,Y11;5r 71 ~ l<J- Y.G IL/2, I 
·1~ / ( 6) 3 IJ- c;, I I /t{)r3 

I 

J ,' / J,·30 ·7e; 7 l 3 I I l( /l/ 5,3 

J ,' :l_& 77 y /? ·1 g 7 I 
It/ 7,8" 

J~J_,,r30 <(?' ~ ~ 13 b I {;J /l/9, 7 



:.> 

l;J /:; 
PRESSURE LOCKING SPECIAL TEST PROCEDURE 
Revision 0 

11/28/95 . 
Page 14 of 16 
Appendix A6 

• PRESSURE RESPONSE TO TEMPERATURE DATA SHEET 

VOTES Test#: ---- C 16 Thrust: 3..i J..0 7 

0 9 Thrust: ------=;-'· '8'-'-l_,_1-4-1---

Bonnet Pressure, .Jc.. Bonnet Temperature, °F 
Time Psig PI T//1713 Tl •. ;; P re P'I f 

~.'44: ct:> 7/ ) 77: D I 73,4-

;I,' -f. {, / 30 ./S- 17/, 1 J 76.4. 

;</+Cf~· cro /J1t5~£.D - -
' 

;?,' S/.' 30 />?t'S:JL-D - -
;? : Sf.'C!V 9{-; /?f,,~ /1f·l9 

;< : 5 {,,' 3 (.') ;as J 'if,)_ 75 /~7 b 

,7 ,' s-r ,' cro !IS' I '54 f::, /1'o. 3 
1-·, 

3,' {:Jj,' 3p /,;< 7 1~4--C. /92·~ 

3:03:0-0 I 3'6 )~& -1- ;74.y; 

3,· CJ!;-/ 3() . 1.>-1 ) 1J 7, b /Cj{,.'3 

3,· o-o :.o-o / 70 I 81. '6 !'17- d.... 

3; /O,' 30 114-- /Cf J,O 2 o/. O 

3 ,' 13: c-a ;i ,;)_1- /9(,.b ;:;oJ. a 

3 .' /.J.' 3 0 ;20 :2 J?<..1-' ;;iob. O 

,3; J ?f .' oO 3c9 JC/'/, b ;io g-, o 

3;.J.o~ 3o 562 ,;2() ;;, ...<. .2 //, 0 . 

....... 
j)t>-'L'.f /J;i(... f,,-

f',i'<~~£L Th 
Qt::;,,,.;,,J Cl C/J" 



• 

PRESSURE LOCKING.SPECIAL TEST PROCEDURE 
Revision 0 

PRESSURE RESPONSE TO TEMPERATURE DATA SHEET 

VOTES Test#: C16 Thrust: 3J.J.b 7 -----
09 Thrust: _......_!_'6_11_7'-----

P3 I 
11/28/95 

Page 14.of 16 
Appendix AS 

Bonnet Pressure, Bonnet Temperature, °F 
iBctJWc,r , ,o F~un> rN'1/7 Time ---: 

Psig 

3:23:cr0 4-3 I 

3: ,2S-.' 30 _:;-J.+ 

3/ ~ °6 .' O'"O 6/S-
, 

3,' 30: 30 72C/ 

s: 31 / crO ;;<..< < 
~ .. 3 b ,' 30 />115~t:v 

3: 3'l:V0 32.cJ 

3:41: ~o 3C// 

3.' 1- 3.'o-o /JJt.>5CV 

3.' 4.J-: 30 540 

3; 1- 'g,'0-0 6~1 

3: !J-o,· 30 /6 c; 

3 ,· S-3: oO I c; 3 

3: !:;- !;,~,, 3 0 ). 2 7j 

3 : S-'6 ,' c70 .).7(:, 

rein 

;<a;<. b J 

~O/ •cg--

,;203. 8' 

.::< or; -").. 

,;(/..J.4-

-

,::;>/G.'6 

,;;?/( -1- . 

---
~/ '$. g-

.;2;< J. 1-

;;2;{ /, 4-

,l~co. L 

;i )0, 1 

rJ33 

p:/f3 

7 IS"' 

;<I 7 

:;:<o 

;; ;;i. :::<. . 

-
~23 

c>73CJ 

-

-733 

:; 36 

;?3 75 

z,40 

2·1c:J. 

;J. 4.S-

-

,. 

Pt~~'t'//5 cP 
i!f,c,./i;,vtT/),eL.•J~ · 
/711r..'<..N(,,j 6/;'VC 

j)CC< tOiSC () 

JSo,,..;,V.c l ,?.,?{ ~ 



•• 

PRESSURE LOCKING SPECIAL TEST PROCEDURE 
Revision 0 

PRESSURE RESPONSE TO TEMPERATURE DATA SHEET 

VOTES Test#: C 16 Thrust: 3 ;i. ..i 6 7 -----

09 Thrust: _ _._l--"'~'-'-1_,_1_._7 __ _ 

11/28/95 
Page 14 of 16 
Appendix A6 

Bonnet Pressure, 
Time ' Psig 

I Bonnet Ter:1perature, °F 
fJG,,v/o) c. r rt v 11> . 

Tr. ""1 t' 'IC tVI p 

/:ov: 30 332 .:135"' ;247 

f- .!..CJ3 : UC> -f-09 ~37,;;, -2--19 

1-'0- 1 30 ~ -~ . .!J- :2 3 .;; ~ 'f, -< ;isz. 

4 I 0 s- '0-0 < I . 6 =< ~ .-;). 4 I, tf dl.5.3' 

1:10:30 I 1i I ~+7 _-; ..5- 7 

+~ 13:uo 114 ,;lt<i'. ' .,2 .S'f) 

' 
1: is-: Jo ,) 32 ~s-/ .2CO 

f: I~' : CIO 2- ~ <.. .;/6-.:< . -1- .:?6 z 

i-.' ;J..CJ .' 30 31 <i' ,,253. ~ 264 

f:·15,'60 150 ..l .:,-4 , -1- .26C 

1·.' ;J.,S-: 3 6 .5 .;J. ~ ;.)5£. 4 -268 

" 

1.' ;i.. '?: CrO l~f ~ ( .;.6 ,;?7o 

f.' :30 .' 30 ~I;;.. o)tl.-< ..:2 7-< 
.. 

f ,' '5 3 ." CFO ;<+(;, ,;; 70. b .:l 71-

1-; ~.:>: 3 0 .;) ~-. .s- ;J73.4 I .;:; 76 

f.' 3~;cr0 3 3 '1 .;i. 75- -277 



PRESSURE LOCKING SPECIAL TEST PROCEDURE. 
Revision 0 

PRESSURE RESPONSE TO TEMPERATURE DATA SHEET 

VOTES Test#: 1$ <3 -----'---- C 16 Thrust: 3;;? ;l{; 7 

09 Thrust: __ l-"S_,_/~q ....... z __ _ 

10·-r 

11 /28/95 
Page 14 of 16 
Appendix A6 

Bonnet Pressure, 
Psig 

Bonnet Temperature, °F 
lh::..i;,,v 'i-[ n-, ~ • r (..iJ' o r L,..,, /' 

1.' 40.1 30 .2 77 

-f.' 13: ov 

/ ?:2 ..2 71 

1154-

;237 ;.? 13. 2 

.273.(, 

5.,.o.>:cro .2 71.4 

s.· 0~-: 30 

5+7 .2 /t, . ' 

S,' 10: 'Ro ·-fl2 I ;::;77, 1- ,) 9/ 

yo4 

I .2 79 . b 



'. 

PRESSURE LOCKING SPECIAL TEST PROCEDURE 
Revision 0 

PRESSURE RESPONSE TO TEMPERATURE DATA SHEET 

VOTES Test#: Low rs~ C16 Thrust: µ/[! 

P() 10 

11/28/95 
• Page 14 of 16 

AppendixA6 

09 Thrust: tJ la J,;v1r11fL wrJ! 'rt.ml' /o3 ~i=· 

------Bonnet Pressure, 
- Time Psig 

a·o:o-0 37 

14 .' vv 4-0 

. 20: 00 -"o 
L.S:oo 1\ 

6o:cro f;2 
.. 

35:00 '14-
.• 

40,-0-0 4b 

45'.' ov 4Pf 

§O:co S-3 

5S.100 ttfS' 

60: c--0 (,q 

/,' 0 .§'/ C/() <j z LJe_ 

/' /0,'oO cro 
// f_?:od /v7 

/.')...o;o-o f 'JI 

/,I ~ s-..1 0-0 I 7.1. la.!=. 

Bonnet TemBerature, °F 
FLl..'I fr. jJ . 'f.5T£tl'JP1 ':7 

I-~ T&rnl . 

6$--;3 /D3gF 

67,1 /o.2 

(,7.,8 \ 01..2 

'8. 3 \ i \. B 
6 '}, j 1~4. .2. 

;o, b /4CJ 

71.J- 14-'1 

J;;. B /S1-.2 

74-~ 170 

lt,Cf 177· (J 
-

79, 'if /*ff<"j. 4 

~z.7 11~-. t5 

~3.9 /q<tJ,4 

-?{, ,4- 201.g 

3~, 7 ;io~--; C 

q /, '1 '· ~OC/. 0 

~i, D 6'f>, ~ 

7,.4-7/,2.... 

7~ 

~ 
7../-., 

76,0 

77. '3 

go.4 

'ill. 6 

~24 

<(f.b. 

q7fj 

-

71,6 

7/, b 

7-<-b 
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PRESSURE LOCKING SPECIAL TEST PROCEDURE 
Revision 0 

PRESSURE RESPONSE TO TEMPERATURE DATA SHEET 

VOTES Test#: /.ow T55 C 16 Thrust: --"-AJ_,_/1'-'-t __ _ 

09 Thrust: -~,y'-Lf~z! __ _ 

?d If 
11/28/95 

Page 14 of 16 
AppendixA6 

Bonnet Pressure, Bonnet TempE ·rature, °F 't//V AJ,! 
dl3k Time Psig FLtJ10 rerryp vl'STI! Tr/17? 

/! 3oroo f 1c;f 13;.!7- ,?. /0. c& Ns 
I.' 35"/oO ;;?12 1s-. 8 . ;?/3.2.. .5'/.4-

-

/,'40.'0D. 3'G I 911.+ rJ IS-,' 'j;<.6 

/'4~~/oO ]'4S- /0-0~ 3. ;;?17.4- q3,4-

/' .ro.-ov 394- /u.<. ~ J IC/ ,4- 11/b.0 

/,, ss-.r co 4-4- 3 lo4. 3 2z1_ z 9t,,t:, 

].' t:JO' ov 
.-

1-88 /O~, ~ 223. 0 97.8 

2-·os:ou 6 3 J /0'8',0 ..:<..24. 0 93./;, 

z : /tJ .· 0 0 S~-i /10. d 22~.2 /00. -6 

2 : /J_' 0 (} ~sg 112,0 228.o lcl .2 

-z .· Zo: 0 <) {poC) 113.8 2Z.9, s 102,2 

2 :zs-:'Do b2(; l ls: S" 1-.29,2 
\02.c 

( ...... .., ·r-
I '-'.AJ G 

2 ; 3o : () a- (o 43 l \•/ ..... 1L 229,~ \OO.o 

2: 31; t' oo ('1-, 3 i l9 ,€.> 23 \ 't) loo!o 

2 ~ 4 0 : oc ~S4 120, s 152.4 l 02 .. 2. 

2~ 45: DO 7Zo \ Z2. ,3 233.8 l D2.2 

,.,, So\eio 
~. . . 772 \ 23 .9 23S ,1 lo~ .4 
1~SSlo.O 

'$-' C.b /.:< s-;4- ,;; 37 0 ;04. 6 
-3 ~ oo ·: oO. 

v/v 
jkd 

~tj. 

~b-' 

£;3". 

'89, 

87r 
crz. 
~ 

9S-. 

?l.S 

98. 

99, 

~ 
iC·o 

9b 
97 

Ycs . 
98 
99. 

CA I 

-



PRESSURE LOCKING SPECIAL TEST PROCEDURE 
Revision 0 

THERMAL BINDING TEST RESULTS DATA SHEET 

Bor::met Temperature. 
Valve Body Temperature 

T>re- heating test data 

Votes Test# · 6'3 

1/16.H TcmP 

Post Cooling test data · 

· Votes Test # ~ 64-
09 1~qq5 

11/28/95 
Page 15of16 
Appendix A? 

09 /tao& 
C16' J;;?. .:l 64- C16 ~ 3/C/73 

Bonnet Temperature 
Valve Body Temperature 

$c53 °F 
2(17· .. r-. 

Pte heating test data · 
. J/:'{f</ 
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PRESSURE LOCKING SPECIAL TEST PROCEDURE 
Revision o 

VALVE DATA SHEET 

Valve 

Type <5,,.,r£ f r~.£.X c....:J,;"PC£:\ -
Vendor Roflr.. U)A&:>,,.J[,e 

Size /O /N~H 
Model No. 777~0 ;a' 

Mean Seat Diameter /0. /'/9 /,,CiAJ£Jl 5C/!T .!J/./l /CJ,473 our£~ 
Stem Diameter · /.; /NCH" 

Actuator. 

Type :5/>/~ 

Vendor L /,rn /re RCJc.1.C:. 

Size 0 
Model No. o/µ :Sf\bbObA 
Serial No L.01003 
OAR .3/.//. 
Sprinq Pack No. 017 

Motor 

Type ¥!1 v Tµ~.;Jn-1c...:> GAfS 8 fRA""F P.S°f 
Vendor ~E:LIAL)u::' 
·Motor Ratinq ;l..::,-/"T· ~A 5T/fRT s- .R <.) ,,,J 

Model No. -
RPM /700 
Voltaqe 460 

,. 

Motor Power (AC/DC) AC 
; 

-
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Borg Warner Valve 
Pressure Locking Thermal Binding Test Notes 

12/04/95 Test Setup 

The Borg Warner valve was received from the stand 
fabricator and is shown in figure 1. The stand was 
designed such that the valve could be rotated about the 
center of gravity to remove air from the valve bonnet. 
The instrument maintenance department calibrated and 
installed the test equipment as shown ~n-figure 2. Two 
holes were drilled and tapped into the bonnet to accept 
a thermowell/temperature meter and a pressure 
transducer/indicator. This pressure transducer was 
input into the VOTES system spare channel to obtain 
bonnet pressure traces. 

' 

A high pressure air/water accumulato.r was used to pump 
high pressure water into either the upstream or 
downstream side of the valve. · The accumulator would 
supply a constant water pressure during unseating of 
the valve. · 

Data Acquisition 

The VOTES· and MPM systems were used as data acquisition 
. de~ices for the test. The VOTES system was used to 
monitor stem thrust, switch actuation, spare channel 
bonnet pressure and motor current. The MPM system was 
used to monitor motor voltage parameters. The Borg 
Warner valve ~tern (threads) were ~achined to the minor 
diameter for approximately 3 in~hes in stem ·1~ngth. In 
this area a Teledyne QSS was mounted and connected to 
the VOTES system. This QSS was then calibrated using a 
Liberty C-Clamp on the machined section of stem. 
Because the QSS is a linear device a best.fit straight 
line was used to fit the calibration data. 

A calibration was performed at a high valve torque 
switch setting of 2.0. Two calibrations were performed 
which were within 0.24 percent of each other. 

Conditioning 'strokes 

After performance of the calibration the valve was 
stroked approximately 15 times in accordance with the 
procedure. These strokes were performed without data 
acquisition. 



12/05/95 Local leak rate testing 

A Local Leak Rate Test (LLRT) was performed in 
accordance with procedural step E.3 after initial 
differential pressure testing. This LLRT testing was 
performed in accordance with plant procedures with a 
test pressure of 45.6 psig. Initial results on the 
upstream side of the valve indicated leakage rates of 
11.5 scfh at a TSS of 2.0 and 10.5 scfh at a TSS of 
1.0. On the downstream side of the valve the indicated 
leakage rates were zero or the test equipment acc-ura~y 
of 0. 4 scfh. Based on these results- -the·- upstream side 
of the valve was retested at a TSS of 2.0 and leakage 
rates were 3.5 scfh. It is believed that leakage path 
e~isted outside the valve during the original upstream 
leakrate' tests. 

Bonnet Pressure Response 

In accordance with test section E.5 a bonnet 
depressurization test was performed .. The valve was set 
at a TSS of 2.0 to run this test. The bonnet was 
pressurized through the upstream seat to a ~ressure of 
ap~roximately 500 psig and th~ up~tream and downstream 
sides of the valve were depressurized. The bonnet 
depressurization rate at approximately 500 psig was 

.approximately 1 psi per minute and at approx~matelY 940 
psi. ~he depressurization rate was approximately 10 psi 
per minute decreasing to 7 psi per minute at 
approximately 820 psig. It should be noted that the 
packing area remained dry during this test. It should 
also be noted that the packing leak off line was capped 

~ duripg all of the testing. · 

12/05/95 Differenti?l pressure testing 
12/06/95 

Differential pressure tests were started on the 
upstream side of the valve at a TSS of 2.0. Tests 19 
through 23 were performed at differential· pressures of 
100, 200, 450,,. and 730 with valve factors ranging from 
0.143 to 0.114. It was decided to run some 
conditioning differential pressure tests and 
approximately eight unmonitored tests were performed at 
a differential pressure of approximately 600 psig. 
Differential pressure.test 28 and 29 were performed 
with valve factors of 0.24 and 0.32. Differential 
pressure tests 30 through 35 were performed at various 
pressures between 200 and 500 r.sid and valve factors 
ranged between 0.34 and 0.37. 'Based on this it was 
believed that the valve factor had stabilized. 
Differential pressure test 36 w~s performed by 
pressurizing on the downstream side of the valve and at 
a dp of 550 a valve factor of 0.16 was achieved. Based 



• 
on this low valve factor numerous unmonitored 
conditioning dp tests were performed. This raised the 
valve factor to 0.361 on test 39. It was believed that 
the valve factor had stabilized on both seats of the 
valve. 

Pressure locking testing 

Pressure locking data acquisition started with static 
test 42 and pressure lock test 43 at a TSS of 2.0. 
After this test the TSS was lowered to 1.0 and static 
tests 45 through 47 were run. Tests 48 through 56 were 
performed alternating between static. and pressure lock 
with bonnet pressures rariging between 200 and 900 psig. 

Pressure response to temperature 

During this test the valve was set up with high 
.temperature heating coils placed around the center of 
the valve body around where the disk seats are such · 
that the center of the valve could be heated. During 
this test the temperature was monitored and recorded 
both on the outside of the bonnet and the inside water 
temperature. The bonnet internal pressure was also 
recorded. The valve was tipped 'to remove ali the air 
from the bonnet.as water was run· into the valve. VOTES 
test 60 was run at a TSS of 2.0 prior to this test. 
The bonnet pressure started at 93 psig prior to the 
heating coils being energized; During this test each 
of the heating coils were fully energized and·remained 
energized throughout the heatup process (labeled high 
heat input test). After cooling of the valve a similar 
test was run with the same setup and VOTES test 88. 
The only difference with this test is that the he~tup 
was slower. The heating coils were cycled on and off 
while constantly increasing the heat setpoint. The. 
results of the~e two tests .matched very closely 
relative to pressure increase versus temperature. 
During this second test, the pressure was bleed off as 
it approached approximately 900 psig. After bleed off 
the heatup continued. As can be seen by later testing 
it is believed that not all the air was removed from 
the bonnet during both of these tests. 



Test Summary and Conclusions 

Differential Pressure Testing 

The first set of DP tests were run at 100 to 700 psid on the 
upstream side of the valve and indicated a valve factor in the 
range of 0.13 to 0.17. In an effort to increase the valve factor 
an unmonitored set of ten dp tests were performed at 
approximately 600 psid. The valve factor slowly increased to 
approximately 0.37. Differential pressure tests were then run on 
the downstream side of the valve and initial testing· indicated a 

·valve factor of 0 .. 16. In an effort to increase the valve factor 
an unmonitored set of ten dp tests were performed at 
approximately 600 psid. The valve factor slowly increased to 
approximately 0.40. This testing indicates that static testing 
does not increase-the initially very low val~e factor but rather 
high load differential pressure testing was needed to increase 
the valve factor. The· valve factor appeared to become stable in 
the range of 0.37 to 0.41. 

Pressure Locking Test 

Initial pressure locking tests at a TSS of 1 ~nd bonnet pressures 
between 200 and 700 psict· indicated that the model f6r prediction 
of pullout thrust· was under predicting by approximately 3100 lbs. 
Pressure locking tests at a TSS of 2 indicated that the model for 
prediction of pullout thrust was under predicting by 
approximately 3500 lbs. In an effort to resolve this discrepancy 
a test was performed in which the downstream side of the valve 
was pressurized to approximately 500 psid and then vented and a 
pressure lock test was performed with 0 pressure in the bonnet. 
This test indicated that there was an increase in the pullout 
thrust of 3628 lbs at a TSS of 2 and 3132 lbs at a TSS of 1. 
Therefore, it appeared that when the bonnet was pressurized 
through the upstream or downstream side of the valve a set in the 
disk was created which added to the pullout thrust. This set was 
measured in two subsequent tests to be 3628 lbs at a TSS of 2 and 
3132 lbs at a_TSS of 1. During the last two pressure lock tests 
at a.TSS of l·and bonnet pressures of 557 and 504 the pullout 
thrust was under predicted by 2667 and 3377 lbs which are both 
very close to the set at a TSS of 1. The comparison of testing 
results (pressure locking forces) to model predictions is 
summarized in DOC ID#DG96-000078. 

Bonnet ~ressure Response Test 

The valve was closed with a static seating thrust of 
approximately 30000 lbs. The bonnet was pressurized through the 
upstream seat to approximately 500 psig and the upstream and 
downstream sides of the valve were vented. The bonnet 



depressurization rate at this pressure was approxim~tely l psig 
per minute. The valve was then opened and pressurized to 
approximately 1000 psig and the valve was closed with a similar 
seating thrust. Bonnet pressure after seating was 940 psig where 
this test was started. The depressurization rate started at 10 
psig per minute decreasing to 7-8 psig per minute at 820 psig. 

Bonnet Pressure Response to Temperature 

During the ·first two temperature tests, pressure vs temperature 
results were identical with the only difference between the two 
tests·being the rate of heat input. The-setup for this test 
consisted of utilizing three large heating coils which were 
wrapped around the lower center section of the valve body. These 
coils could be set to achieve a saturated metal tempera.ture or 
tould be constantly energ~zed.· The valve was then wrapped in 
thermal blankets and these were tie wrapped to the valve body. 
The first test was run with all the heating coils energized (high 
heat input) and the pressurization rate is shown in the attached 
charts. ·This test was run for approximately 65 minutes with a 
pressure increase from 90 to 1000 psig and a pressurization rate 
of 0.5 to 40 psig/degree F. The second test was run with the 
heating coils cycling on and off (low heat rate input) and the· 
pressurization rate is shown in the attached. charts. This test 
was run for approximately 140 minutes with a pressure inc.rease 
frpm 90 to 800 psig with a similar pressurization, r~te.· 

The last pressure response to temperature test· was performed by 
heating up only one side of the valve. The only other difference 
during this test is the valve was shook while trying to remove 
air from the bonnet. Based on the pressurization rate shown in 
the attached charts, it is believed that all the air was not 
re~oved from the previous two tests~ This test w~s run for 
approximately 175 minutes with a pressure increase from 
approf{imately 40 to 800 psig and pressurization rate of 1 to 23 
psig/degree F·. 

Thermal Binding Test 

The setup for this test consisted of utilizing three large 
heating coils which were wrapped around the lower center section 
of the valve body. These coils could be set to achieve a 
saturated metal temperature or could be constantly energized. 
The valve was then wrapped in thermal blankets and these were tieu 
wrapped to the valve body. Temperatures were measured on the 
valve body in the bonnet area using a temperature probe and the 
internal wa~er temperature was measured using the bonnet 
temperature thermowell. After heating of the valve body to an 
average temperature of 156 F a static VOTES test was performed 
which indicated a final seating thrust of 32264 lbs and a pullout 
thrust of 16008 lbs. After overnight cooling of the valve to an 
average valve body temperature .of 74.5 F another VOTES test was 



• 

• 

• 

performed. This test indicated a static pullout thrust of 18995 
lbs with static seating thrust remaining constant within 0.9 
percent. Therefore, there was approximately a 19 percent in 
pullout thrust with a delta temperature of approximately 80 F. 

The second test was performed similar to the first, however, the 
valve body was heated to an average temperature of 295 F~ A 
VOTES test was performed at this point but th~ results were 
discarded due to heat up of the thrust sensor. The valve was 
cooled to an average body temperature of 73.5 F. A VOTES test 
was performed and the pullout thrust was 24244 lbs. A subsequent 
static VOTES test was performed as a baseline and the pullout 
thrust was 17541 with a static seating thrust of 31951 lbs. 
Between these two tests static seating remained within 1.9 
percent. Therefore, there was approximately a 3ff percent. 
increase in pullout thrust with a de·1 ta temperature of 
approximately 220 F. 

Flex of Valve Disk 

·~ . ,. 

Thi~ test was performed (although not part of the procedure) to 
determine at what pressure the disk would deflect an.ct allow 
pressure to enter the bonnet. The valve was closed with, a TSS of 
2.D. With the bonnet pressure at zero psigj the upstream side of 
the disk was pumped up slowly until an increase in bonnet 
pressure was observed. An increase in bonnet pressure. was , 
observed slightly above 550 psid and pr~ssure did not· increase' 
rapidly .until .above approximately 600 psig. · 

,. 
During the test the downstream side of the valve was pumped up to 
pressurize the bonnet.. It was found that the bonnet could not be · 
pressuized·to,greater than approximate!~ 620 psig. If the bonnet 
was pressurized .to 1000 psig .throi.+gh the downstre~m side disk,. 
when the downstream side was depressurized the bonnet follo~ed 
until approxtmat~ly 620 at which point the downstream side disk 
sealed. and held pressure. ·This information indicates ·that there 
is·a maximum pressure which could be trapped in the bonnet under 
a sudden depressurization event. A calculation was:performed 
utilizing a flat plate model to determine the point at which the 

· disk would flex or rather at what point the seating force ~ould 
become zero. This calculation indicated a force of 574 psig 
indicating a good correlation between the calculational model and 
the test. This calculation is attached. 

. l,I 
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12/07/95 

Thermal binding test 

The first thermal binding test was performed at the end 
of this day such that .the valve could cool overnight. 
The valve was wrapped in thermal blankets such that the 
temperature of the whole valve was fairly constant. 
Static test 63 was performed after the valve was heated 
to an internal bonnet temperature of 152 F and an 
external valve body temperature of 160 F. After 
cooling the valve to an internal bonnet temperature of 
77 F and valve body temperature of 72 F another static 
test 64 was run. During this, test the static pullout 
thrust increased from 16008 lbs to 18995 lbs with 
static seating remaining constant within 0.9 percent. 
Results of this test indicate that static pullout 
increased approximately 19 percent with a delta 
temperature of approximately 80 F. 

Additional differential pressur.e tests were performed 
during VOTES, tests 66 through 71 where the valve was 
pressurized from the downstream side. The differential 
pressures ranged from approximately 200 to 600 psid and 
valve factors range from 0.34 to 0.41. 

Additional pressure locking and associated static tests 
were performed during.VOTES tests 72 throci~h 85 where 
the bonnet pressure ranged between 50 and 500 psid at a 
TSS of .2 . .0. 

The pressure locking test results to this point have 
been indicating that the measured pressuie locking 
force is approximately 2000 lbs above the predicted 
va1ue at a TSS of 1.0 and approximately 4000 lbs above 
the predicted value at a TSS of 2.0. Because of this 
VOTES tests 86 through 94 were run to check what was 
believed to be a memory effect. "so a static test was 
performed with the valve completely depressurized'. 

·Next with a bonnet pressure of zero the downstream side 
of the valve was pressurized to 500 psid and then 
depressurized. Another static test was performed and 
this test indicated an increase in static pullout 
forces approximately equal to the in6rease in actual 
pullout forces versus the predicted values. 

... 
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12/08/95 

Disk deflection test 

This .test was ,performed to determine at what pressure 
the disk would deflect and allow pressure to enter the 
bonnet. The valve was closed with a TSS of 2.0. With 
the bonnet pressure at zero psig the upstream side nf 
the disk was pumped up slowly until an increase in 
bonnet pressure was observed. An increase in ponnet 
pressure was observed slightly above 550 psid and 
pressure did not increase rapidly until above 
approximately 600 psig. 

During the test the downstream side of the valve was 
pressurized to pressurize the bonnet. It was found 
that the bonnet could not be pressurized to greater 
than approximately 620 psig.'. If the bonnet was · 
pressurized to 1000 psig when the downstream side was 
depressurized the bonnet followed until approximately 
620 at which point the downstream side disk sealed and 
held pressur€. This test was performed again, however, 
the downstream side of the valve was depressurized very 
rapidly. The results were the same regardless of 
depressurization rate: 

Thermal binding· test 

The second thermal binding test was performed similar. 
to the first with the exception of a higher 
temperature. Static test 89 and 90 were performed 
after the valve was heated to an internal bonnet 
temperature of 303 F and an external valve body 
temperature of 287 F. After cooling the valve to an 
internal bonnet temperature of 75 F and valve body 
temperature of 72 F another static test 91 was run. 
Review of tests 89 .and 90 indicated that the thrust 
values were affected by the high temperature of the 
valve which .heated the stern and affected-the sensor 
thrust output. Therefore, after test 91 was performed 
static test 92 was performed to compare data. Between 
tests 91 and 92 the static ptillout thrust increased 
from 17541 lbs to 24244.lbs with static seating 
remaining constant within 1.9 percent. Results of this 
test indicate that static pullout increased 
approximately 38 percent with a delta temperature of 
approximately 220 F, 

Pres~ure response to temperature test 

A final test was performed in which the heating coils 
were moved to the downstream side of the valve 
(independent of which side) and placed around the pipe 
flanges. Only the downstream flanges were insulated to 
prevent heat loss. During this test the valve was 
closed at a TSS of 1.0 and a water solid condition in 
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the bonnet at a starting pressure of 37 psig. The 
difference between this test and the previous two 
pressure response to temperature tests is that the 
valve was shook while tipped on its side and during 
this process of shaking, air could be seen exiting the 
discharge hose. This shaking was continued until no 
air could be seen exiting the discharge hose. Water at 
a temperature of approximately 100 F was injected into 
the downstream side of the valve and the heating coils 
were turned on. Temperature and pressure were 
monitored and recorded in the bonnet and temperatures 
were recorded on th~ downstream flange, center bottom 
and upstream side of the valve body. During·this test 
two heating coils were operating and after 
approximately 20 minutes into the test one of the 
remaining two coils stopped functioning. 
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Borg Warner valve, Point at which disk flexes 

This Mathcad Program is designed to calculate the estimated flexing point for a valve disk. This 
calculational methodology accounts for wedge stiffness. This calculation methodology was prepared 
similar to Braidwood Calculation 95-158. References numbers are changed. 

INPUTS: 

Load Value 

Load Value 
Disk Thickness 
Seat Radius 
Hub Radius 
Hub Length 
Seat Angle 
Poisson's Ratio (disk) 
Mod. of Elast. (disk) 
Force of Packing 
Static Seating Force 

Open Valve Factor 
Stem Diameter 

q := IOOOOOO·psi 

!bf 
w := 1000000·-

t := 1.5-in 
a :=5.168·in 
b :=3.158·in 
L =0.156·in 
theta:= S·deg 
v :=.3 

in 

E = 27.6· I0
6
·psi . 

. Fp = 600· lbf 
Fs = 32000·1bf 

VF =:.37 

D stem = 1 .5- in 

PRESSURE FORCE CALCULATIONS 

Coefficient of friction between disk and seat: 

mu = VF-~( theta) 
I - VF· sin( theta) 

Valve Data Sheet 
Valve Data Sheet 
Valve Data Sheet 
Valve Data Sheet 
Valve Data Sheet 
Typical of Stainless Steel 
Attachment 

Avg of Seating High TSS 

Valve Testing Avg. 
Valve Data Sheet 

(Reference 2 ) 

mu =0.381 

Disk Stiffness Constants (Reference 1 Table 24, Reference 3) 

E·(t)3 
D - D = 8.53· 106 -!bf in 

12-(1-/) 

E 
G----

2·(1 ;-v) 
G = l.062· 10

7 
·psi 
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Geometry Factors: (Reference 1, Table 24) 

C 2 :=~[1-(;t(1+2·m(~))] 

c 3 =;t~ [[ (;)' + 1 H~l + (;)'- 1 j. 

C 8 :=L[1 + v+ (1- v)·(~)
2

] 
2 ·· a · 

c 9 = ;[ 1;' 1n(~) + 1 ~ ' [ 1 _ (;)']] 

L3 =•'~[[ (~)' + 1] 1n(;) + (~)'- 1 j 

Lg =; [ l;' 1n(~) + 
1 ~'[1- (~)']] 

L 11 = 6~ r 1 , • (; r _ 5 (; r- . (; n, + ( ~ r H ~ l 1 

Moment (Reference 1, Table 24, Case 2L) 

· - q· a
2 I c 9 ( 2 2) l 

Mrb =--·l---· a - b - L 17 
C 8 2·a·b 

q { 2 2) 
Qb =--·\a - b 

2·b 

c 2 =0.06469 

c 3 =0.00762 

c 8 =0.78069 

c 9 =0.26264 

L l I =.0.00079 

L 17 = 0.05923 

'Mrb =:-2.581·106 ·lbf 

Q b = 2.65·.106 • I.bf 
lil 

Deflection due to pressure and bending: (Reference 1, Table 24, Case 2L) 

2 3 ( 4) a a a 
Yb =M b·-·C2+Qb·-·C3- q·- ·L11 

q .r D D D 
y bq =-0.2619 ·in 

'· 
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Deflection due to pressure and shear stress: (Reference 1, Table 25, Case 2L) 

Ksa :=-0.3·[ 2.in(~)- 1 + (;rJ Ksa =-D.10155 

Ysq·---­
t·G 

Total Deflection due to pressure forces: 

y sq = -D.1804 ·in 

Yq:=ybq+Ysq Yq"'-D.4423·in 

Deflection due to seat contact force and shear stress (per lbf/in.): (Reference 1, Table 25, 
Cas13 1 L) 

y :=-l· L2·(~)·ln~~)·wal 
SW t·O y SW =-{).1918 ·in 

Deflection due to seat contact force and bending (per lbf/in.): 

Ybw =-[ (w;') H (~~)[ ('~ 9)- L9 ]-[ (~) C 3] •L3 l 
(Reference 1, Table 24, 
Case 1L) 

y bw = -D.375.'.in 

Total deflection due to seat contact force : 

y W : = y bw + y SW y w = -0.566 ·in 
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Borg-Warner 1 O" 300# Class Gate Valve 
Measured vs Predicted Pressure Forces 
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Borg-Warner 1 O" 300# Class Gate Valve 

Deviation in Unseating Load vs Bonnet Pressure 
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Memorandum 
In Reference 
Refer to DOC ID # 0096-000078 

Date: January 16, 1996 

To: R C. Bedford (Braidwood) W. R. Cote {Braidwood) 
B. K. Smith (Byron) H. L. Mulderink (Dresden) 
B. S. Westphal (LaSalle) L. D. Pool (LaSalle) 
B. Gebhardt (Quad Cities) R. .Mika (Zion) 
S. Raborn (Zion) S. A Korn 

Subject: Pressure Locking I The~ Binding Test Data 

ComEd· 

N. B. Stremmel (Byron) 
· J. G. O'Neill (Dresden) 

I. R Arnold (Qµad Cities) 
G. C. Lauber (Zion) 
I. Garza 

.:';\ 

The purpose of this memorandum is to provide a summary of the initial results from pressure lpcking 
and thermal binding testing that. has been performed at ComEd Stations. A formal report .. 
documenting the. final test results and analyzing test valve-performance against pressure locking and 
thermal binding model predictions will be issued early in 1996. · · 

This testing was performed on a 10" Crane 900# Class gate valve, a 4" Westinghouse 2500# Class 
gate valve, and a 10" Borg.:. warner 300# Class gate valve. The Crane valve was tested at the Quad 
Cities Station training building; the Westinghouse and Borg-Warner valves were tested.at the 
Braidwood Station training building and warehouse facilities. 

Attachment 1 provides the bonnet depressurization test results for the subject valves. Attachment 2 
· compares the measured pressure locking _loads to the ComEd MathCad model for predicting 

pressure locking unseating load. The MathCad pressure locking calcuJation models and Excel 
spreadsheets with test results for these. valves are available on the NODWORLD/SYS network drive 
in the PRESLOCK directory. Attachment 3 provides the thermally-induced, bonnet pressurization 
rates forthe test valves. Excel spreadsheets containing this data are also contained in the 
PRESLOCK directory. Attachment 4 provides the results of thermal binding tests. 

If you have any questions concerning this memorandum or its attachments, please call me at 
Downers Grove extension 3S24 . 

. ~57~ 
Brian b. Bunte 
MOY Program Lead 
Commonwealth Edison Company 

Attachments 

A Unicom Company 

/, 



AITACBMENT 1 

BONNET DEPRESSURIZATION RATE DATA 

Valve Torque Initial Maximum Initial Depressurization 
Switch Settin aosin Thrust Rate si/min 

Crane 10" I 63805lbf 45 si/min 

use 4" I 13816 lbf 
Westin ouse 4" 1 13804 lbf 

2 19869lbf 
2 24826lbf 
4;. 24826lbf 

.-~' 
h 
:(:' 

• 
A Unicom Company 



Valve Test TSS 
# 

Crane 10" 6 1 
Crane 10" 7 1 
Crane 10" 9 1 
Crane 10" 10 1 
Crane 10" 13 1 
Crane 10" .14 1 
Crane 10" 15 1 
Crane 10" 34 2.5 
Crane 10" 35 2.5 
Crane 10" 38 2.5 
Crane 10" 39 ·2.5 
Crane 10" 42 2.5 
Crane 10" 43 2.5 
Crane 10" 46 2.5 
Crane 10" · ·47 2.5 
Crane 10" . 50 2.5 
West. 4" 30 2 

• 
West. 4" 31 2 
West. 4" 33 2 
West. 4" 35 2 
West. 4" 37 2 
West. 4" 39 2 
West. 4" 42 2 
West. 4" 44 2 

Borg-W. 10" 43 2 
Borp;-W. 10" 48 1 
Borg~W. 1 O" 50 1 
Borg-W. 10" 52 1 
Borp;-W. 10" 54 1 . 
Borp;-W. 10" 56 1 
Borg-W. 1 O" 74 2 
Borg-W. 10" 75 2 
Borg-W. 10" 77 2 
Borg-W. 10" 78 2 
Borg-W. 1 O" 80 2 
Borg-W. 1 O" 81 2 
Borg-W. 1 O" 83 2 
Borg-W. 10" 84 2 
Borg-W. 10" 86 2 
Borg-W. 10" 95 1 
Borg-W. 10" 96 1 
Borg-W. 10" 97 1 

A Unicom Company 

AITACHMENT2 

MathCad Model Predictions versus 
Pressure Locking Unseating Loads 

Static Bonnet Predicted 
Unseating Pressure Increase 

Thrust 
25000 650 5103 
25000 850 7213 
26000 1040 9421 
26000 1040 9922 
28000 1195 19462 
28000 1375 22974 
28000 1375 23126 
38000 655 . 6243 
38000 655 5142 
37500 1055 13164 
37500 1055 13065 
40000 1365 30028 
40000 1165 . 30428 
40000 1575 32231 
40000 1575 31931 
40000 1775 37749 

1450 496 1537.6 
1450 514 1593.4 

900 1000 . 3100 
900 1000 3100 

50 1500 4650 
50 1500 4650 

-400 2000 6200 
-400 2000 6200 

Measured 
Increase 

4539 
8191 

11500 
12140 
22140 
25480 
25480 
5796 
5796 

13870 
13870 
29190 
24913 
33680' 
33680 
37950 

1555 
1538 
3007 
2990 
4775 
4672 
5989 
6126 

16935 205 5691 Lr.' • 8532 
7882 209 5802 7386 
7782 402 11160 13004 
7906 630 17489 18799 
7882 694 19265 20514 
5023 919 25511 36849 

17477 .208 6225 10167 
.. 17477 213 ·6375 10765 

17751 391 11703 
.. 

16155 
17751 402 12032 16853 
17949 467 13977 22172 
17949 219 6555 10591 
17700 110 3292 7757 
17700 55 1646 5171 
17352 0 0 3628 
8000 0 0 3132 
8000 557 16671 19035 
8000 504 15085 18189 

Percent 
Conservatism Notes 
(Non-Cons.) 

-2% 6 
4% 6 
8% 6 
9% 6 
10% 
9% 
8% 
-1% 6 
2% 6 
2% 6 
2%. 6 
-2% 

-14% 5 
4% 
4% 
1% 3,4 . 
-1% 
2% 
2% 
3% 
-3% 
0% '· 

4% 
1% 
4% 1 
19% 1 
16% 1 
23% '. 1 
23% 1 

-164% 1,2 
-2% 1 
-'5% 1 
-5% 1 
-7% 1 

-26% 1,2 
-2% 1 
-5% 1 
0% ;· 1 
0% 3 
0% 3 
9% 1 
0% 1 
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ATIACHMENT l (continued) 

NOTES: 

1. The percent conservatism values are calculated after a "memory effect" of 3100 lbf (at TS S= 1) 
or 3500 lbf (at TSS=2) is added to the calculated pressure locking increase. Testing indicated 
that the process of applying and then relieving pressure against one side of the closed valve was 
sufficient to cause the unseating force to increase by these amounts, even when no pressure was 
captured in the valve bonnet. This effect was only noted for the Borg-Warner test valve. 

2. When bonnet pressure significantly exceeds the pressure class rating of the test valve, the 
pressure locking calculation methodology appears to become non-conservative. 

3. Tests 86 and 95 were performed to quantify the "memory effect" for the Borg-Warner valve. 
These tests were performed like a pressure locking test in that high pressure (- 600 psig) was put 
against one side of the valve disk and then bled off. However, any pressure that entered the 
valve bonnet was relieved prior to· the opening stroke. 

4. The AC motor for the test valve stalled during this test and the valve did not fully unseat. Test 
data suggests that open valve motion was initiated prior to the stall. ·Consequently, the meastlred · 
increase due to pressure locking is believed to be correct. 

5. The pressure data for this test is questionable and is being, evaluated at this time'. 

6. The upstream and downstream preSsure during these tests was approximately 350 psig. This 
was done to approximate the LPCI and I.PCS injection valve pressure conditions which could 
exist in the event of a LOCA · 

A Unicom Company 



Valve 

Westinghouse 4" 

Borg-Warner 10" 

Borg-Warner 10" 

Borg-Wam.er·lO" 

• 
A Unicom Company 

ATTACHMENT 3 

BONNET PRESSURIZATION RA TE 
DUE TO BONNET TEMPERATURE RISE. 

Torque IDitial Maximum Initial Final 
Switch Pres. & Oosing Pressurizatioa Pressu~tion 

Setting Temp. Thrust Rate (psi I °F) Rate (osi I °F) 

2 102 psig 20041 lbf 0.5 psi I °F 2.0 psi/ °F 
78.5 °F 

2 93 psig 
,. 

31327 lbf 0.5 psi I °F 50 psi I °F 
61 °F .. 

2 86 psig 32267lbf 0.75 psi I °F 40 psi I °F 
64 °F 

'2 37 psig 32267 lbf 1.0 psi I °F 37psi/°F 
65 °F 

Final 
Pres. & 
Temp. 

201.7 psig 
263 °F 

1084 psig. 
,147 °F 
885 psig 
150 °F 

826 psig 
125 °F 



ATIACHMENT 4 

THERMAL BINDING TEST RESULTS 

Valve Torque Static Temperature Measured Increase in 
Switch Unseating Decrease (°F) Unseating Load Due to 
Settin2 Load Thermal Bindin2 

Westini;thouse 4" 2 1909lbf lOO°F 330 lbf 
Borg-Warner 10" 2 16008lbf 88 °F 2987lbf 
Borg-Warner 10" 2 17541 lbf' 215 °F 6703 lbf 

• 

A Unicom Company 
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Attachment 5 

ComEd Response to NRC Request for Additional Information 
on ComEd Pressure Locking Testing 



• 

• 

Pressure Locking Test Valve (10" Crane Valve) 

This Mathcad Program is designed to calculate the estimated openning force under pressure locking 
scenarios for flex-wedge gate valves using a calculational methodology that accounts for wedge 
stiffness resisting pressure locking forces. 

INPUTS: 

Bonnet Pressure 
Upstream Pressure 
Downstream Pressure 

Disk Thickness 
Seat Radius 
Hub Radius 
Hub Length 
Seat Angle 
·Poisson's Ratio (disk) 
Mod. of Elast. (disk) 

Static Pullout Force 
(Test 37) 

Pbonnet := 1775·psi 

Pup :=O·psi 

p down :=O·psi 

t := 2.1875·in 
a :=4.36·in 
b := l.25·in 
L :='l.625·in 
theta:= S·deg 
v :-.::: .3 

E := 27.6· 106·psi 

F po : = 35000· lbf 

Disk/Seat Friction Coef .. mu:= .28 
Stem Diameter D stem:= l.8'75·in 

PRESSURE FORCE CALCULATIONS 

Average DP across disks: 

·- Pup+Pdown 
DPavg .- p bonnet~ -~--

2 

Disk Stiffness Constants (Reference 1, Table 24) 

D := E·(t)3 

12· (1 - v2) 
E 

G:=---
2·(1 +v) 

DPavg = 1.775• 103 -psi 

D = 2.646• 10
7 

·!bf.in 

G = 1.062· 10
7 

-psi 



• Geometry Factors: (Reference 1, Table 24) 

C2:=±{1-(~t(1+2·m(~))] c 2 =0.178 

c 3 := 4~a{[ (~f + l ]-m(~) + (~f- 1 l 
C 8 :=±{ 1 + v+ (1- v)·(~rl . c 8 =0.679 

c 9 =0.279 

L9 :=~·[I; v·m(~) +I~ v-[ 1 _ (~f ll L9 =O 

L 11 = ~ [ I+4·(I)'- s-(~)'- 4·(~)'[ 2+ (~)}(~)] L 11 =0.007 

L 17 =0.153 

Moment . (Reference 1, Table 24, Case 2L) 

M ._ -DPavg·8
2 

[ C 9 ( 2 b2) L ] 
rb · ·· · --· 8 - - · 17 

. <;:8 2·8·b 

Q ._ DP8vg ·( 2 b2) b·---· 8 -
2·b 

Q b = 1.239• 104 .J~f 
m 

Deflection due to pressure and bending: (Reference 1, Table 24, Case 2L) 

82 83 DP8vg·84 
-4 

Yb :=Mro·-·C 2 + Q b·-·C 3 - ·L 11 Ybq =-8.275•10 •in 
q D D ·. D 

• 



• 

• 

Deflection due to pressure and shear stress: (Reference 1, Table 25, Case 2L) 

K88 :=-o.3-[ 2.1n(~)- 1 + (;rJ K88 =--0.474 

2 K88·DPavg·a 
Ysq:=--t·G--

Deflection due to hub stretch (from center of hub to disk): 

P force:= 3.1416· (a2
- b2)·DPavg 

p force L 
y stretch : = ·--

3. l 416· b2 (2·E) 

Total Deflection due to pressure forces: 

y q :=y bq + y sq - y stretc'h 

-4 
y sq =-6.891•10 •in 

Deflection due to seat contact force and shear stress (per lbf/in.): (Reference 1, Table 25, 
Case 1L) 

y :=-r l.2·(;)·1n(~)-a 
sw t·G 

(per lbf/in) 

-'7 in 
y"" =-2.815•10 . (l:f 

Deflection due to seat contact force and ·bending (per lbf/in.): (Reference 1, Table 24, 
Case 1L) 

-'7 in 
y b = -4.595• 10 ·--Ybw =-(~)[(~ 2 )-[ (•·~ 9)- L 9 ]-[ (~)·c i] +L 3] 

(per lbf/in) 8 . w (l!f) 

Deflection du.e td hub compression (per lbf/in), (from center of hub to disk): 

._ 2·a·n L 
y - ·--

compr. 3.1416·b2 (2·E) 
(per lbf/in) 

Total deflection due to seat contact force (per lbf//in.): 

Yw :=ybw+Y sw-Y compr 

(per lbf/in) 

. -'7 in 
y COIDpr = 1.643• JO • (1~1 

-'7 in 
y w = -9.053· 10 ·--

( •:) 
Seat Contact Force for which deflection is equal previously calculated deflection 
from pressure forces: 

y 
F s :=2·n·a·-9. 

Yw 
F s = 6.355• 10

4 
•lbf 



UNSEATING FORCES 

F packing Is included In measured static pullout Force 

F ·- n D lp 
piston · -4 · stem · bonnet 

F v~ :=n·a
2
·sin(theta)-(2·Pbonnet- Pup- P down) 

F preslock := 2·F 8·(mu·cos(theta)- sin( theta)) 

F total : = -F piston + F vert + F preslock + F po 

F total = 7.295• 104 ·lbf 

F piston =4.90l•lct •lbf. 

F Vert = 1.848• 10
4 

•lbf 

F preslock = 2.438• 10
4 

•lbf 

F pressure : = F total - -F po F pressure= 3.795• 104 •lbf 

.• 



Attachment 6 

ComEd Response to NRC Request for Additional Information 
on ComEd Pressure Locking Testing 



• 

• 

Pressure Locking Test Valve (4" Westinghouse Valve) 

· This Mathcad Program is designed to calculate the estimated openning force under pressure locking 
scenarios for flex-wedge gate valves using a calculational methodology that accounts for wedge 
stiffness resisting pressure locking forces. 

INPUTS: 

Bonnet Pressure 
Upstream Pressure 
Downstream Pressure 

Disk Thickness 
Seat Radius 
Hub Radius 
Hub Length 
Seat Angle 
Poisson's Ratio (disk) 
Mod. of Elast. (disk) 

Static Pullout Force 
(Test 37) 

Disk/Seat Friction Coef. 
Stem Diameter 

p borinet : = 1000· psi 

Pup :=O·psi 

p down·:=O·psi 

t := l.02·in 
a := l.986·in 
b := l.056·in 
L :='.6·in 
theta:= 7·deg 
v:=.3 

E := 27.6· 106·psi 

F po :=O·lbf 

mu:= .13 
D stem:= l.25·in 

PRESSURE FORCE CALCULATIONS 

Average DP acro'ss disks: 

Pup+P down 
DP avg : = p bonnet - ----''---2--

Disk Stiffness Constants (Reference 1, Table 24) 
3 

D :=. E·(t) 

12.(1-v2) ,: 
E 

G:=---
2·(l+v) 

DP avg = I •I 03 -psi 

D = 2.682• 106 •lbf.iti' 



• 

• 

• 

Geomeby Factors: (Reference 1, Table 24) 

c 2 :=~{1- (~t(1+2·m(~))] 

c 3 := 4~8{[ (~r + 1 }m(~) + (~r- 1] 

C 8:=~{1 + v+ (1- v)·(~f l 
c 9 :=;{ 1; v·m(~) + 1~v{1- (;rJl 
L 3 = 4~.{[ (;)' + 1 }m(;) + (;)'- 1] 

8 l+v 8 1-v 8 [ ( ) [ ( )2]] L9 :=;· -2-·m; +-4-· 1- ; 

L 11 = ~ [ 1+4 (;)'- s-(;)'- 4-(;)':[ 2 + (;)'H~)] 

L 17 :=~{1- l~v{1-(~f]-(;t[1+(l+v)-m(~)]] 
Moment (Reference 11 Table 24, Case 2L) 

M. ·- -DP8vg·8
2 

[. C 9 ( 2 b2) L ] rb .- · --· 8 - - 17 
Cg 2·8·b · _ 

c 2 =0.09. 

c 3 =0.012 

c 8 =0.749 

c 9 =0.285 

L 11 =0.002 

L 17 =0.081 

Mrb =-585.782 •lbf 

Deflection due to pressure and bending: {Reference 1, Table 24, Case 2L) 

8
2 

8
3 

DP8vg·8
4 -s Yb :=Mro·-·C2+Qb·-·C3- D ·L11 Ybq=-3.834•10 •in 

q · D D 



• 

• 

Deflection due to pressure and shear stress: (Reference 1, Table 25, Case 2L) 

Ksa :=-o.3-[ 2·ln(~)-. + (;rJ Ksa =--0.164. 

2 K 88·DPavg·a 
y ·------sq.- t·G 

Deflection due to hub stretch (from center of hub to disk): 

P force:= 3.1416: (a2 - b
2)·DPavg 

p force L 
y stretch :=---

3.1416·b2 (2·E) 

Total Deflection due to pressure forces: 

y q :=ybq+ y sq- y stretch 

y sq =-5.967•10_, ·in 

P force = 8.888· l <f •lbf 

y stretch =2.758•10_, ·in 

-4 y q = -1.256• 10 •in 

Deflection due to seat contact force and shear stress (per lbf/in.): (Reference 1, Table 25, 
Case 1L) 

· · · y :=-[ 1.2· (;),in(~)·a] 
sw t·G 

(per lbf/in) · 

Deflection due to seat contact force and bending (per lbf/in.): · 

Ybw :=-(~)·[(~ 2)-[ ("~ 9)-L9 ]-[(~)·c 3 ]+L3] 
(per lbf/in) · 8 . 

y SW =-1.39-10"'"'7 

(Reference 1, Table 24, 
Case 1L) 

in ·--(}:) 

. ...., in 
Yb =-1.203•10 ·--

w (}:) 

Deflection due to hub compression (per lbf/in), (from center of hub to disk): 

._ 2·a·n L 
y r·- ·--

comp 3.1416·b2 (2·E). 
(per lbf/jn) 

Total deflection due to seat contact force (per lbf//in.): 

Y w :=y bw+ Y sw- Y compr 

(per lbf/in) 

-s in 
y compr = 3.872• IO • (~I 

...., in 
y =-2.981·10 ·--

w (}:) 

Seat Cqntact Force for which deflection is equal previously calculated deflection 
from pressure forces: 

F s :=2·n·a-~ 
. Yw 

F s = 5.257· Iif ·lbf 



• 

• 

• 

UNSEATING FORCES 

F pac1c1ng Is included in measured static pullout Force 

F ·- 11 D 2 p 
piston · -4" stem · bonnet 

F vert :=n·a
2
·sin(theta)-(2·P bonnet-Pup- P down) 

F preslock := 2·F 8·(~u·cos(theta)- sin( theta)) 

F total : = -F piston + F vert + F preslock + F po 

F total = 1.868• I a3 •lbf 

F piston = l.227• la3 ·lbf 

F Vert = 3.02· I 03 •lbf 

F preslock = 75.J·lbf 

F =O•lbf po 

F pressure :=F total--F po F pressure= 1.868• 103 •lbf 



• 

• 

• 

Attachment 7 

ComEd Response to NRC Request for Additional Information 
on ComEd Pressure Locking Testing 



• Pressure Locking Test Valve (10" Borg-Warner Valve) 

This Mathcad Program is designed to calculate the estimated openning force under pressure locking 
scenarios for flex-wedge gate wives using a calculational methodology that accounts for wedge 
stiffness resisting pressure locking forces. 

INPUTS: 

Bonnet Pressure 
Upstream Pressure 
Downstream Pressure 

Disk Thickness 
Seat Radius 
Hub Radius 
Hub Length 
Seat Angle 
Poisson's Ratio (disk) 
Mod. of Elast. (disk) 

Static Pullout Force 
(Test 37) 

Open Valve Factor 
Stem Diameter 

p bonnet : = 100-psi 

Pup :=O·psi 

p down :=O·psi 

t :=. l.S·in 
a :=S.168·in 
b :=3.158·in 
L :='.IS6·in 
theta:= S·deg 
v:=.3 

E :=27.6· I06·psi 

F J!O : = 9948· lbf 
<:::~ 

. VF:=.41 
D stem:= l.S·in 

PRESSURE FORCE CALCULATIONS 

Coefficient of friction between disk and seat: 

mu : = VF. cos( theta) 
1 ""'." VF· sin( theta) 

. Average DP across disks: 

Pup+P down 
DPavg := Pbonnet- ---­

. 2 

(Reference 3) 

Disk Stiffness Constants (Reference 1, Table 24) 

· E·(t)3 
D ·- _ _..;.. __ 

.- 12· (1 - v2) 
E 

G:=---
2·( 1 + v) 

mu =0.424 

DPavg = 100 -psi 

D = 8.53• l 06 ·lbf. in 

. 7 
G = 1.062•10 -psi 



Geometry Factors: (Reference 1, Table 24) 

c 2:=±{1- (~t(1+2·ln(~)) l 

c 3 := 4~a-[[ (~r + l lln(~) + (~r- l l 
C 8:=~{1 + v+ (1- v)·(~rl 

b l+v a 1-v b [ ( ) [ ( )2]] C 9 :=;-· -2-·ln b +-4-· 1 - ;-

L3 := 4~a{[ (;f +-l }m(;) + (;f- 1 l 
a [ 1 + v (a) 1 - v [ (a)

2
]] L9 :=;· -2-·ln; +-4-· 1- ; 

, L II = ~ [I+ 4 (;)'- 5·(;)'- 4·(;)'-[ 2 + (;r]·m(~) l 
L 17 =H 1- 1 ~·{I -(;f]-(;n I +(I +•)·hl(~) ]] 

Moment (Reference 1, Table 24, Case 2L) 

M . ·- -DPavg·a2 
[ C 9 ( 2 b2) L ] rb·- ·--·a- - 17 

· Cg 2·a·b 

Q 
._ DPavg ( ~2 b2) 

b·---· a -2·b ' 

c 2 =0.065 

c 3 =0.608 

c 8 =0.781 

c 9 =0.263 

L l,7 =0.059 

·Mrb =-'-258.064 •lbf 

Q b = 264.966 ... bf 
ID 

Deflection due to pressure and bending: (Reference 1, Table 24, Case 2L) 

a2 a3 DPavg·a4 

Ybq:=Mro·-·C2+Qb·-·C3- ·L11 · D D D 



Deflection due to pressure and shear stress: (Reference 1, Table 25, Case 2L) 

K 58 :=-0.3·[2·m(~)- l+ (~fl 

y sq:= 

2 K 58·DPavg·a 

t·G 

Deflection due to hub stretch (from center of hub to disk): 

P force:= 3.1416· (a2
- b2)·DPavg 

Prorce L 
y stretch : = ·--

3.1416· b2 (2·E) 

Total Deflection due to pressure forces: 

y q :=y bq + y sq - y stretch 

K
58 

=-0.108 

y sq = -1.804• IO~ •in 

P force= 5.258• lct •lbf 

y stretch =4.742•10-'7 ·in 

y q =-4.471•10__, ·in 

Deflection due to seat contact force and shear stress (per lbflin.): (Reference 1, Table 25, 
·case 1L) 

y :=-rl.2·(~)-m(~)·a·] 
sw t·G . 

(per lbflin) · 

-'7 in 
y sw =-1.918•10 •(I:) 

Deflection due to seat contact force and bending (per lbflin.): (Reference 1, Table 24, 
Case 1L) 

' -'7 in 
Ybw =-J.745•10 • (~J 

DefleCtion due to hub compression (per lbflin), (from center of hub to disk): 

2·a·n L 
y compr := . 2 (2·E) 

(per lbflin) 3.1416·b 

Total deflection due to seat contact force (per lbf/lin.): 

Y w :=ybw+ Y sw- Y compr 

(per lbflin) 

-'7 in 
y = -5.693· l 0 . ·--

w ' (1:) 
Seat Contact Force for which deflection is equal previously calculated deflection 
from pressure forces: 

F s :=2·n·a· y q 
Yw 

F s = 2.55• l 03 ·lbf 



• 

• 

UNSEATING FORCES 

F packing is included In measured static pullout Force 

F ·- 1t D 2 p 
Piston . - -· stem . bonnet . 4 

F vert := 1t·a2·sin(theta)-(2·Pbonnet ~pup-:- p down) 

F preslock :=2·F 8·(mu·cos(theta)- sin(theta)) 

F total : = -F piston + F vert + F preslock + F po 

F total = 1.294• 104 •lbf 

. F pressure : = F total - -F po 

F piston= 176.715 ·lbf 

3 
F preslock = I. 707 • IO . • lbf 

F po = 9.948• 103 ·lbf 



• 

• 
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Crane Pressure Locking Test Data 

Pressures . Thrust Measurements 
Test# Test TSS Pump Reactor Bonnet Final 09 thrust 010 thrust Run thrust Corr Stat 

Type 09 thrust 
1 Static 1 0 0 0 0 24680 
2 Static 1 0 0 0 0 24584 
3 Static 1 0 0 0 0 24888 

.4 Static 1 350 350 350 . 350 23583 
5 Static 1 350 350 350 350 24383 
6 PL 1 350 355 650 400 30103 25000 
7 ·PL 1 360 350 850 400 32213 25000 
8 Static 1 325 440 335 400 25288 
9 Static f 390 340 1040 430 35421 .. 26000 
10 PL 1 330 340 1040 400 35922 26000 
11 PL 1 330 340 345 340 26090 
12 Static 1 0 0 0 0 27791 
13 PL 1 0 0 1195 0 47462 28000 
14 PL 1 .0 0 1375 0 50974 28000 
15 PL 1 0 0 1375 0 51126 28000 
16 Hydro DP 1 1440 0 1425 0 33512 · 17359 1102 
17 Hydro DP 1 1470 0 1475 0 . 31107 18362 905 
18 Hydro DP 1 1015 0 1000 0 30103 13246 1003 
19 Hydro DP 1 990 0 995 0 30905 12651 1102 
20 Hydro DP t 1030 0 1015 0 32209 14950 1606 
21 Hydro DP 1 1010 0 975 0 31707 14549 1003 
22 Static 1 0 0 0 0 ' 28696 

• 23 Static 1 .0 0 0 0 28893 
24 Static· 2.5 0. 0 0 0 29199 
25 Static 2.5 0 0 0 0 35520 .. 
26 Hydro DP 2.5 1010 0 995 0 15050 .1204 
27 Hydro DP 2.5 980 0 965 0 15051 1204 
28 Hydro DP 2.5 1480 0 1485 0 22455 1104. 
29 Hydro DP 2.5 1490 0 1465 0 22374 1104 
30 Static 2.5 0 0 0 0 39229 1405 
31 Static 2.5 0 0 0 0 36821 301 
32 Static 2.5 335 340. 345 350 37223 301 

'33 Static 2.5 360 340 335 350 38528 201 
34 PL 2.5 330 350 655 340 44243 401 38000 
35 PL 2.5 330 340 655 370 43142 401 38000 
36 Static 

.. 
2.5 340 360 345 '400 36819 301 

37 Static 2.5 330 340 315 350 37923 301 
38 PL 2.5 350 370 1055 380 50664 201 37500 
39 PL 2.5 370 350 1055 380 50565 602 37500 
40 Static 2.5 330 330 335 340 37323 401 
41 Static 2.5 0 0 0 0 40834 1304 
42 PL 2.5 0 0 1365 :0 70028 3813 40000 
43 PL 2.5 0 0 1165 0 70428 502 40000 
44 Static 2.5 0 0 0 0 39627 502 
45 Static 2.5 0 0 0 0 40130 1404 
46 PL 2.5 0 0 1575 0 72231 1304 40000 
47 PL 2.5 0 0 1575 0 71931 1003 40000 

•• 48 Static 2.5 0 0 0 0 40128 401 
49 Static 2.5 0 0 0 0 40831 
50 PL 2.5 0 0 1775 0 77749 40000 



Crane Pressure Locking Test Data 

meas PL calc PL calc 09 
Test# thrust thrust thrust VF 

=>E+vert+P L> 
1 
2 
3 
4 
5 
6 5103 4539 29539 
7 7213 8191 33191 
8 
9 9421 11500 37500 

10 9922 12140 38140 
11 . 
12 
13 19462 22140 50140 
14 22974 25480 53480 
15 23126 25480 53480 
16 0.24 
17 0.24 
18 

.. 
0.25 

19 0.24 
20 0.27 
21 0.28 
22 

• 23 
24 
25 
26 0.28 
27 0.29 
28 .. 0.29 
29 0.29 
30 
31 
32 
33 
34 6243 5796 43796 
35 5142 5796 43796 
36 
37 
38 13164 13870 51370 
39 13065 -13870 51370 
40 
41 
42 30028 29190 69190 
43 30428 
44 
45 
46 32231 33680 73680 
47 31931 33680 73680 
48. 
49 
50 37749 37950 77950 



• 

• 

• 
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Westinghouse Pressure Locking Test Data 

Test# Test TSS Pressures Measured Thrust Values 
Type Pump Reador Bonnet Final C16 09 010 Run Corr Sta 

09 
1 Static 1.5 0 0 0 0 
2 Static 1.5 0 0 0 0 
3 Static 1.5 0 0 0 0 
4 Static 1.5 0 0 0 0 
5 Static 1.5 0 0 0 0 
6 DP 1.5 460 0 460 0 15050 3167 2430 1517 
7 DP 1.5 480 0 480 0 15665 2904 2359 1508 
8 DP 1.5 980 0 980 0 15699 3378 2640 1482 
9 DP 1.5 1590 0 1590 0 15548 3501 2675 1590 
10 Static 1.5 0 0 0 0 15497 
11 Static 1 0 0 0 0 13820 
12 DP 1 1590 0 1590 0 15548 3501 2552 1590 
13 DP 2 1880 0 1880 0 13751 3500 . 2429 1581 
14 Static 2 0 - 0 0 0 
15 Static 2 0 0 0 0 
16 PL 2 0 o, 0 0 
17 Static 2 0 0 0 0 
18 Static 2 0 0 0 0 20101 1952 
19 DP 2 505 0 505 ·o 19717 2751 2189 1582 
20 DP 2 1020 0 1020 0 19914 2870. 2342 1650 
21 DP 2 1496 0 1496 0 19900 3091 2428 1604 
22 DP 2 1944 0 1944 0 19949 3125 2377 1634 
23 ·DP 2 1880 0 1880 0 20047 3108 2529 1694 
24 DP 2 1596 0 1596 0 20112 2852 2359 1694 
25 DP 2 1068 0 1068 0 19946 ·2410 2070 1670 
26 Static 2 0 0 0 0 20031 1900 
27 Static 2 0 0 0 0 20129 1866 
28 Static 2 500 500 500 500 20179 1441 _.,P .. 

29 Static· 2 500 500 500 500 20080 1458 .... ~;f'~,,.; 

30 PL 2 0 0 496 0 20096 3005 
... 

1450 / 

31 PL 2 0 0 . 514 O· 19879 . 2988 1450 
32 Static 2 1000 1000 1000 1000 19962 896 
33 PL 2 0 0 1000 0 20029 3907 900 
34 Static 2 998 998 998 998 19962 930 
35 PL 2 0 0 1000 0 · 19984 3890 900 
36 Static 2 1500 1500 1500 1500 19697 104 
37 PL 2 0 0 1500 0 20077 4825 50 
38 Static 2 1500 1500 1500 1500 20094 17 
39 PL 2 0 0 1500 0 20059 4722 50 
40 Static 2 2000 2000 2000 2000 na na na na na 
41 Static 2 . 2000 2000 2000 2000 19677 -346 
42 PL 2 0 0 2000 0 20323 5589 -400 
43 Static 2 2000 2000 2000 2000 19976 -536 
44 PL 2 0 0 2000 ·o 20158 5726 -400 
45 Static 2 1500 1500 1500 1500 20041 17 
46 DP 2 1515 0 1515 0 20058 2699 2019 1742 

• 
47 DP 2 1564 0 1564 0 20291 3192 2240 1756 



Westinghouse Pressure Locking Test Data 

• 
Test# meas PU calc PL I calc 09 

thrust I thrust I thrust VF 
'vert+PL 

1 
2 
3 
4 
5 ., .. 
6 thrust data questionable 
7 thrust data questionable 
8 thrust data questionable 
9 thrust data questionable 
10 
11 
12 0.148015 
13 0.135577 
14 
15 
16 ' 
17 
18 
19 0.196239 
20 0.153944 
21 0.143634 

• 
22 0.130014 
23 0.135018 
24 0.132798 
25 0.129394 
26 
27 
28 
29 
30 1555 1537.6 2987.6 
31 1538 1593.4 3043.4 
32 
33 3007 3100 4000 
34 
35 2990 . 3100 4000 
36 
37 4775 4650 4700 
38 
39 4672 4650. 4700 
40 
41 
42 5989 6200 5800 
43 
44 6126 6200 5800 
45 
46 0.113908 

• 
47 0.124138 



• 
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Borg-Warner Pressure Locking Test Data 

Test# Test . TSS Pressures Thrust Measurements 
!Type Pump Reacto r Bonnet Final C16 09 010 Open Corr Sta 

Run 09 
18 Static 2 23241 7863 
19 DP 2 100 100 25430 7863 1543 617 
20 DP 2 100 100 25825 7663 1841 600 
21 DP 2 200 0 200 0 2587 540 
22 DP 2 450 0 450 0 5424 535 
23 DP 2 '· 730 0 730 0 9902 555 
24 Static 1 12638 3781 

-·r 25 Static 2 24;'326 7612 
28 DP 2· 760 0 760 0 14475 605 
29 DP 2 530 530 28945 18799 14025 406 
30 DP 2 540 540 28550 14722 15767 435 
31 DP 2 245. 245 29395 15966 7311 482 
32 DP 2 285 285 29446 1412& 8257 500 
33 DP 2 455 455 29843 11291 13529 426 
34 DP 2 475 475 29245 11539 14573 448 
35 DP 2 450 450 29794 13927 13828 528 
36 DP 2 550 550 29344 10494 6863 499 
37 DP 2 505 505 29344 9102 9599 439 
38 DP 2 550 550 28966 9549 14821 479 
39 DP 2 520 520 29096 12683 15269 447 
42 Static· 2. 31783 16513 
43 PL 2 205 32032 25467 

.. 
16935 

44 Static 2 31731 17357 
45 Static 1 16162 7261 
46 Static 1 16659 7509 
47 Static 1 16859 7907 
48 PL 1 209 16809 15268 7882 
49 Static 1 16659 7857 
50 PL 1 402 16708 20786 7782 
51 Static 1 16807 7707 
52 PL 1 630 16958 26705 7906 
53 Static . 1 16460 8105 
54 PL 1 694 16361 28395 7881.5 
55 Static 1 16956 7658 
56 PL 1 919 16709 41872 5023 
58 Static · 1 15665 5023 
59 DP 2 510 510 9845 16757 17553 350 
63 Static 2 16008 
64 TB 2 18995 
65 Static 2 17402 
66 DP 2 208 208 6165 525 
67 DP 2 198 198 6066 653 
68 DP 2 370 370 11834 627 
69 DP 2 413 413 13922 623 
70 DP 2 575 575 32069 25506 18346 557 
71 DP 2 610 610 31721 27545 20683 638 
73 Static 2 17202 
74 PL 2 208 27643 17417 
75 PL 2 213 28241 17477 
76 Static 2 17751 
77 PL 2 391 33906 17751 



Borg-Warner Pressure Locking Test Data 

lest# Test TSS Pressures Thrust Measurements 
Type Pump Reador Bonnet Final C16 09 010 Open Corr Sta 

Run 09 
78 PL 2 402 34604 17751 
79 Static 2 17949 
80 PL 2 467 40121 17949 
81 PL 2 219 28540 17949 
82 Static 2 17700 17700 17700 
83 PL 2 110 25457 17700 
84 PL 2 55 22~71 17700 
85 Static 2 17352 
86 PL 2 0 20980 17352 
87 Static 2 18494 
88 Static 2 18197 
91 TB 2 24244 17541 
92 Static 2 17541 
93 Static 1 - 8000 
95 PL 1 0 11132 8000 
96 PL 1 557 27035 8000 
97 PL 1 504 26189 8000 
99 DP 1 607 20177 35 

100 DP 1 578 20325 740 -

• 



Borg-Warner Pressure Locking Test Data 

Test# PL .I calc PL lmeas O calc09 
thrust I thrust I thrust thrust VF Comments 

(PE+vert+PL) 
18 
19 0.131 
20 0.169 
21 0.143 
22 0.151 
23 0.174 
24 
25 I 

28 0.239 
29 0.327 
30 0.359 
31 \ 0.353 
32 0.345 
33 0.364 
34 0.375 
35 ; 0.373 
36 0.159 INITIAL REVERSE FLOW DP TEST 
37 0.237 DP TEST AFTER 6 PRECONDITIONING STROKES 
38 0.332 DP TEST AFTER 12 PRECONDITIONING STROKES 
39 .. 0.361 
42 
43 8532 5690.8 25467 22625.8 
44 
45 " 
46 
47 
48 7386 5801.8 15268 13683.8 
49 
50 13004 11160 20786 18941.5 
51 
52 18799 17489 26705 25394.8 
53 
54 20514 19265 28395 27146.9 
55 ' 

56 36849 25511 41872 30534.4 
58 
59 0.423 
63 
64 16008 Delta T Of 75 F 
65 
66 0.344 
67 0.347 
68 0.382 
69 0.405 
70 0.390 
71 0.413 
73 
74 10167 6225.4 27643 23701.9 
75 10765 6375.1 28241 23851.6 
76 
77 16155 11703 33906 29453.6 



Test# PL . calc PL measO 
thrust thrust thrust 

<PE+vert+PL) 
78 16853 12032 34604 
79 
80 22172 13977 40121 
81 10591 6554.7 28540 
82 
83 7757 3292.3 25457 
84 5171 1646.2 22871 
85 
86 3628 0 20980 
87 
88 
91 
92 
93 
95 3132 0 11132 
96 9035 16671 27035 

97 18189 15085 26189 
99 

100 

,, .. 

~ .. _ ·- .... /' . ) ---....... 

Borg-Warner Pressure Locking Test Data 
\ 
L __ . 

calc09 
thrust VF Comments 

29782.9 

31926.3 Test performed by pressurizing open valve 
24503.7 Test performed by pressurizing open valve 

20992.3 
19346.2 

17352 Test demonstrates "Memory Effect" for 500 psi side load 
Test demonstrates "Memory Effect" is much smaller for 200 ps 

Delta T of 230 F 
. 

8000 
24671 

. 23084.7 
0.417 data suspect, not all line pressure gone 
0.425 




