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1. Summary / Conclusion

1.1 This report describes the testing and analysis performed to qualify the Crosby
IMF-2 Solenoid Pilot Valve for Class 1E service in accordance with IEEE Stand-
ard 323-1974 and the reference documents of Paragraph 2 (below). The Crosby
IMF-2 Solenoid Pilot Valve design, as exemplified by the test specimens, met
all the qualification requirements of the test plan (T-16361, Revision No. 5).

1.2 Based upon the evaluation of the results and the pertineet specification re-
quirements, Crosby concludes that the IMF-2 SPV is capable of performing its
required safety functions of opening and closing or remaining in the open posi-
tion upon electrical signal command:

1.2.1 In an abnormal environnental condition bounded by:

Area 1 Temperature Pressure R.H. Steam Time

Phase 1 340 F -2 to + 45 psig 100% R.H. 3 hours
Phase 2 320 -2 to + 45 psig 100% R.H. 3-6 hours
Phase 3 250 -0 to 25 psig 100% R.H. 6-24 hours
Phase 4 200 -0 to 20 psig 100% R.H. 1-100 days

,
v

With a total integrated radiation dosage (normal plus LOCA) of 3 x 10
rads (gamma).

1.2.2 When:

1.2.2.1 The SPV is either intermittenly or continuously energized with
an applied voltage that is at or between 105 Vdc (minimum) to
138 Vdc (maximum).

1.2.2.2 A minimum of 88 psid pneumatic (Air /N ) supply pressure is con-
2

currently applied at the solenoid pilot valve when it is ener-
gized.

1.2.3 Af ter the SPV has been subject to:

1.2.3.1 500 cycles applied in a normal continuous environmental condi-
tion of 135 with a relative humidity ranging between 40 to 55
percent and a static ambient pressure that may range between
minus (-) 0.5 to plus (+) 2.0 pnig.

1. 2. 3. 2 An operating btse and/or safe shutdown earthquake yielding dy-
namic seismic coefficients at the safety relief valve inlet

which is equal to or less than:

) Horizontal / Longitudinal Vertical
,

OBE 4.5g 3.0g
SSE 6.5g 4.5g
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1. Summary / Conclusion (Continued)

1.2 (Continued)

1.2.4 Providing the SPV has:

1.2.4.1 Been properly operated wichin its design parameters under the
normal environmental conditions, properly installed end main-
tained and periodically tested.

1.2.4.2 Not exceeded a five (5) year actual in-service time frame under
normal operating conditions.

1.3 The Crosby 1MF-2 Solenoid Pilot Valve can be used as a replacement for the
Crosby CVG-01 Solenoid Pilot Valve used on safety relief valves designated as
G.E. MPL No's B21F013, B22F013, B21F041, B21F047 and B21F051.

2. Reference

2.1 Crosby Data Sheet DS-C-66181, Revision B, (Appendix 9).

) 2.2 Crosby Data Sheet DS-C-66274, Revision C, (Appendix 9).

2.3 Crosby Quality Assurance Plan QAP-3325, Revision 0, (Appendix 10).

2.4 Crosby Quality Assurance Plan QAP-3328, Revision 1, (Appendix 10).

2.5 Crosby Assembly and Test Procedure T-16362, Revision 4, (Appendix 11).

2.6 Crosby Qualification Test Procedure T-16361, Revision 5, (Appendix 12).

3. Specimen Identification

3.1 The two (2) Crosby 1MF-2 Solenoid Pilot Valves (SPV's) were identified as
units 66181-006 and 66181-007. Both units were assembled and tested to Crosby
Procedure T-16362 (Assembly and Test Data are included in this report as
Appendix 1).

4. Initial Reference Frame Test

Upon successful completion of all production tests, each test specimen (SPV) was
subjected to the following reference frame test.

4.1 Electrical Characteristic Test

Each test specimen (SPV) was mounted to an air valve (slave) assembly then to
a static stand test block to perform an electrical characteristic test (Para- |f-

l ,S graph 4.1 of Crosby Procedure T-16361). '

j

- . .. -
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4. Initifal Reference Frame Test (Continued)

4.1 Electrical Characteristic Test (Continued)

4.1.1 Electrical characteristic test results appear in Appendix 2. No ancma-
lies or deviations from required procedures occurred.

4.2 Operability Test

Each test specimen (SPV) with an attached air valve (slave) assembly was
mounted to a test SRV actuator and subjected to a five (5) cycle operability
test (Paragraph 4.2 of Crosby Procedure T-16361).

4.2.1 Operability test results appear in Appendix 2. No ancmalies or devia-
tions from required procedures occurred. -

4.3 System Leakage Test

Upon successful completion of the operability test with both test specimens
(SPV's) still attached to the test SRV actuator a system leakage test was

( performed (Paragraph 4.3 of Crosby Procedure T-16361).

4.3.1 System Leakage Test Results

Both test specimens (66181-006 and 66181-007) showed no visible signs
of leakage in both the fully opened and closed postifons for the test
duration of ten (10) minutes. No anomalies or deviations f rom required
procedures occurred.

5. Thermal Aging

Both test specimens (SPV's) with attached air valve (slave) assemblies were mounted
to a standard production actuator manifold assembly and installed in a forced air
circulation oven for the thermal aging test (Paragraph 5 of Crosby Procedure
T-16361). The test specimens were aged at 329 F for 99.8 hours and at 344 F for
28.2 hours. (Equivalent to 100 hours at 343 F). (Aging record and justification
appear in Appendix 4).

6. Post Thermal Aging Reference Frame Test

The reference frame test of Paragraph 4 was repeated for each of the test speci-
mens (SPV's).

6.1 Electrical characteristic test results appear in Appendix 2. No anomalies
; or deviations from required procedures occurred.

'.s

s_) 6.2 Operability test results appear in Appendix 2. No anomalies or deviations
from required procedures occurred.

I

1
1
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6. Post Thermal Aging Reference Frame Test (Contint'ed)

6.3 System Leakage Test Results

Test specimen (SPV) 66181-006 had slight visible leakage observed through the
Sty-cast potting (fill-hole) in the open position but sealed off after
approximately five (5) minutes. There was no visible leakage in the open posi-
tion for the remaining duration of the test. In the closed position slight
visible leakage was observed at the pilot vent hole which sealed off after
approximately five (5) minutes. No visible leakage for the remaining duration
of the test.

Test specimen (SPV) 66181-007 had slight visible leakage observed through the
Sty-cast potting (fill-hole) for the test duration of ten (10) minutes. Zero
(0) scem was recorded on a thermal mass flow meter. In the closed position,
slight visible leakage was observed at the pilot vent hole which sealed off
af ter approximately five (5) minutes. No visible leakage for the remaining
duration of the test.

Note: The leakage had no effect on the operation of the test specimens
(SPV's).

7. Mechanical Aging

Each test specimen (SPV) and air valve (slave) assembly was mounted to a test SRV
actuator on a test simulator providing the equivalent 250 psi SRV load of Paragraph
6.1 of Crosby Procedure T-16361 and subjected to a normal room ambient mechanical
aging test. (Paragraph 6 of Crosby Procedure T-16361). (See Appendix 5 for Dia-
gram of Mechanical Aging Test Fixture).

Note: The air valve (slave) units were changed after seventy (70) cycles due to air
valve (slave) body vent hole leaks. The test was resumed with the test specimens
(SPV's) functioning successfully.

8. Post Mechnical Aging Reference Frame Test

The reference frame test of Paragraph 4 was repeated for each of the test specimens
(SPV's).

8.1 Electrical characteristic test results appear in /ppendix 2. No anomalies or
deviations from required procedures occurred.

( 8.2 Operability test results appear in Appendix 2. No anomalies or deviations
from required procedures occurred.

o
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8. Post Mechanical Aging Reference Frame Test (Continued)
>

8.3 System Leakage Test Results
.

Test specimen (SPV) 66181-006 had slight visible leakage observed through the
pilot vent hole in the open position for the ten (10) mintre duration of the
test. Zero (0) seem was recorded on a thermal mass flow meter. There was no
visible leakage observed in the closed position for the duration of ten (10)
minutes.

Test specimen 66181-007 had slight visible leakage observed through the pilot .

vent hole and Sty-cast potting (fill-hole) in both the fully opened and closed -

positions for the test duration of ten (10) minutes. Zero (0) seem was record-
ed on a thermal mass flow meter in both the open and closed positions.

Note: The leakage had no effect on the operation of the test specimens
(SPV's).

.

9. Radiation Aging

{} Both test specimens, 66181-006 and 66181-001, were packaged and shipped to a sub-
contractor f or the purpose of radiation aging. The test sp9cimens (SPV's) were
subjected to a cummulative total radiation does of 3.0 x 10 rads (air equivalent
gamna). A copy of the letter of Certification is included in this report and
appears in Appendix 8.

Visual inspection upon return of the test specimens (SPV's) indicated a slight
discoloration of the Sty-cast potting which was the only apparent external change
in the units due to the radiation.

'
.

10. Post Radiation Aging Reference Frame Test

The reference frame test of Paragraph 4=was repeated for each of the test specimens
(SPV's).

10.1 Electrical characteristic test results appear in Appendix 2. No anomalies or-
deviations from required procedures occurred.

10.2 Operability test results appear in Appendix 2. No anomalies or deviations
from required procedures occurred.

10.3 System Leakage Test Results

Test specimen (SPV) 66181-006 had no visible leakage in either the fully
opened or closed positions for the test duration of ten (10) minutes.

O
V
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10. Post Radiation Aging Reference Frame Test (Continued)

10.3 System Leakage Test Results (Continued)

Test specimen (SPV) 66181-007 had slight visible leakage observed through the
pilot vent hole in the open position for the test duration of ten (10) minutes.,

Zero (0) seem was recorded on a thermal mass flow meter. No visible leakage
was observed in the closed position for the test duration of ten (10) minutes.
Note: The leakage had no effect on the operation of the test specimen (SPV).

11. Negative Pressure Test

The negative pressure test required by the equipment specification was not performed.
See Appendix 13 for justification.

12. Environmental Test (LOCA)

Each test specimen (SPV) was tested separately in a LOCA chamber in a controlled
saturated steam environment to the test profile of Figure 1 of Crosby Procedure

_
T-16361. (See Appendix 5 for diagram of LOCA test loop). Test specimen (SPV)

p 66181-006 was tested in the deenergized position with a 90 psi differential,between
h the supply air (N2) and the test chamber and a supply voltage of 105 vde for the

periodic cycling except when a higher voltage was required. Test speciment 66181-
007 was tested in the constantly energized position with a 90 psi differential and a
supply voltage of 138 vdc. Except for the periodic cycling, the test specimen (SPV)
remained energized throughout the test after completing the six (6) cycles of the
first hour of the first 340 F peak.

Pilot valve operation and environmental conditions were monitored over the entire
duration of the test (Paragraph 8.3 of Crosby Procedure T-16361).
The test specimens (SPV's) remained operable throughout all testing. The actual
sequence of test events appear in the test LOCA curve plots of Appendix 3. Refer
to Appendix 14 for a justification of the limited range of the LOCA test chamber
relative to the required ramp rate.

Note: The testing of test specimen (SPV) 66181-007 was interrupted at the twenty-
seven (27) hour mark due to failure of the power test cable female electrical con-
nector (Cannon model number CVA6R145-25N, supplied by utility)* mated with the SPV
connector. The failed connector was removed. In order to continue testing, the
leadwires to the test specimen (SPV) were potted directly to the SPV male electrical
connecter with Sty-cast epoxy compound. The testing was resumed from the point of
interruption af ter a twenty-two (22) hour delay. The test specimen (SPV) performed
successfully for the duration of the test without any further problems.

*This four (4) pin female test connector was provided by LaSalle (utility) for test
purposes only and did not necessarily represent the installed connector configura-
tion. In any case, this four (4) pin connector is unique to the LaSalle Stations.
The two (2) pin connector specified for other plants (G.E. MPL No's B21F013,
B22F013, B21F041, E27F047, and B21F051) has a proven qualification history (e.g.,
Wyle Report No. 44220-2).
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12. Environmental Test (LOCA) (Continued)

Test specimen 66181-006 was tested with the lead wires potted (Sty-cast) directly
to the SPV male electrical connector to avoid a possible repeat failure of the
female electrical connector. The test specimen (SPV) performed successfully for the
entire duration of the test.

13. Post Environmental (LOCA) Reference Frame Test

The reference frume test of Paragraph 4 was repeated for each of the test specimens
(SPV's).

13.1 Electrical characteristic test results appear in Appendix 2. No anomalies or
deviations from required procedures occurred.

13.2 Operability test results appear in Appendix 2. No anomalies or deviations
f rom required procedures occurred.

13.3 System Leakage Test Results

O( ,) Test specimen (SPV) 66181-006 exhibited visible leakage in the SPV open posi-
tion at the top-cover-to-pilot body interface, through the electrical connec-
tor potting (Sty-cas.t) and through the fill hole Sty-cast potting. There
was a pressure drop of five (5) psi from a one (1) gallon accumulator over a
period of ten (10) minutes. In the closed position there was no visible leak-
age observed for the ten (10) minute duration of the test.

Note: For volumetric equivalent of pneumatic leakage, see Appendix 15.

The leakage test was repeated on test specimen (SPV) 66181-006 with the leak-
age observed at the same locations in the open position. There was a pressure
drop of thirteen (13) psi from a one (1) gallon accumulator over a period of

ten (10) minutes. In the closed position there was no visible leakage observed
for the ten (10) minute duration of the test.

Test specimen 66181-007 exhibited no visible leakage in either the fully opened
or closed positions for the ten (10) minute duration of the test.

Note: The leakage of SPV 66181-006 had no effect on the ability of the test
specimen (SPV) to open and close a SRV actuator. As there was no evidence of
steam in-leakage at disassembly inspection (14.1.2, below) this post LOCA Icak-

| age is considered to be very minor pneumatic leakage past the sleeve gasket,
which, even if assumed to exist at LOCA conditions, would not affect SPV per-

; formance, either electrically or mechanically. Even system supply air (N )
2

[ pressurization of the solenoid coil chamber would cause only a tolerable posi-
tive dif ferential relative to LOCA environmental pressure.7_s,

b
|

|
|

|
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14. Disassembly Inspection

Upon completion of all testing, both test specimens (SPV's) were completely dis-
assembled and photographed. The photographs appear in this report as Appendix 16.

14.1 Comments / Observations

14.1.1 Disassembly required prying up top cover and severing the coil lead
wires at the internal joint to the top cover. The coil lead wires
of both units were slightly pulled when removing the top cover.

14.1.2 Both units were completely dry inside indicating no in-leakage.

14.1.3 Residue from dried lubricant (Super-O-Lube) was found in both units on
the top of the nut, the inside diameter of the top cover, and the pilot
body raidal seal bore.

14.1.4 The nut was removed from the sleeve assembly in SPV 66181-006. The
sleeve assembly threads and the mating nut threads were covered, as
expected, with slivers of dried lubricant.

14.1.5 The nut and sleeve assembly removed as one (1) piece in pilot valve
66181-007.

14.1.6 The coil and yoke assembly of both units appeared unchanged except for
slight discoloration. There was a small amount of residue under the
yoke assembly of SPV 66181-006 which was either dried lubricant or the
coil spacer RTV.

| 14.1.7 A small foreign particle was found on the plunger backscat of SPV

| 66181-006 and the seat had a convex appearance to it. The particle
l could have been the cause of pilot leakage. The plunger backseat of

SPV 66181-007 had a concave appearance to it. Both plunger mainseats
had concentric body seat impressions on them.

|

|
|

|

1 o
(_)

I

1
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IMF-2 SOLENOID PILOT VALVE PRODUCTION TEST RESULTS

Serint Number Serial Number
66181-006 66181-CC7

Pre Post Pre Post
ing a ng Po W ng

Electrical Characterintic Test

Temperaturc 72 F 70 F 72 F 70 F
,

Coil Pesistance 720 ohms 752 ohnn 720 ohms 720 ohms

No Annlied Pressure

Pick Up Voltage 61.4 vde 64.1 vde 66.1 vde 60.8 vde

Pick Up Current 84.0 ma 84.7 na 84.1 ma 83.2 ma

Drop out Voltane 7.5 vde 8.7 vde 7.9 vde 6.8 vde

Drop Out Current 10.3 ma 11.6 na '.C.9 ma 9.5 ma

With Appliec Pressure

I
Pick Up Voltarv 56.4 vde 57.5 vde 54.8 vde 55.0 vdc

Pick Un Current 77.0 ma 76.2 na 74.6 ma 75.0 ma

Drop Out Volene 7.5 vde 8.0 vde 8.4 vde 6.4 vde

'

Dron Out Currcni 10.3 ma 10.8 na 11.6 ms 8.8 ma

Serial Number Serial Number Both Pilots

66181-006 66181-007 Together
Onerability Test

_

Minimum Or enine Response Time 0.068 sec. 0.060 sec. 0.058 sec.

Maximum Openine Re.ponse Time 0.070 rec. 0.061 sec. 0.058 sec.

Minimum Closine Repsonse Time 0.332 sec. 0.350 sec. 0.348 sec.

Maxinum Closine Repsonse Time 0.352 sec. 0.351 sec. 0.359 sec.

|
|

I
- _ _. _ _ .- - _ _ - -______________
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TABLE 4

Pilot Valve Assembly and Test Data Sheet

n

Pilot Assembly Serial Number: _b b /[[' d C b
.

J

Inspector
Part Dimension Date and Stamp

Body Seat I.D. .091/.095
,

Seat fielght ,/g j,g g<

C&th 3.f4Plunger Travel .030/.035 efg A-

V(' 'l
'N f

Plunger and Spring Assembly Non-binding Verification4

CROSBY: ()g [ [8
Signed- f Date

I-

Coil Resistance: W1 ohms. Temperature : 71 F

'

Sleeve Assembly to Pilot Body Seal Leakage Test

Test Pressure (200 + 2 psig): M-P3 f lo

Test Duration (5 Minutes): 6-47/A/. c$ fay J

Result s : h. (/. ( . _

CROSBY: 01/Af A [ mfu ot 5ffA
j Signed g Date

ASSDiBLED BY: Nd ff * f8A
Signed Date

$v)I

Sheet 1 of 5
m

. . _ , _ , , , , _ _ _ . . . , , - . , - -- - - - " ' * ' ' " ' ' ' 'O
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TABl.E 4 (Continued)

Pilot Assembly Serial Number: bb[[/~OOb
,

Top Cover to Nut "0"-Ring 1.eakage Test

Test Pressure (10 psig): /() ' 23/(.9
Test Duration (5 Minutes): bN/f//

Results: h - h /,- . wor, &
,[0 ,f.f A

CROSBY: fx 1
Signed g Date

Prepotting Tests

S,vstem Leakage Test
Fully Closed Fully Open

Test Pressure (200 + 2 psig): 300 me fggoffo.

,' / 4 / -f

Test Duration (10 . Minutes): /4 ry/r) /g fy/ J/
|

Results: Nyt Nyc.

CROSBY:
._

J &p(/ S - f-- 8 A 0
' Signed Date

' # *S'g~

| *

O

I
.

Sheet 2 of 5 6
1

t
_ .- _ . . _ _ - - - - . . . - . . . . - . - - . . . . . . . . - -
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TABl.E 4 (Continued)

Pilot Assembly Serial Number: $$/[/"~Odb

Electrical Characteristic Tes_t

Coil Resistance: '7 A o ohms. Temperature: A F

Minimum Pick Up Voltage (No Pressure Applied): /o/, vde
Minimum Pick ifp Current (No Pressure Applied): FL/, D ma

W ximum Drop Out Voltage (No Pressure Applied): 7, f vde
', Maximum Drop Out Current (No Pressure Applied): 10,3 ma

Minimum Pick Up Voltage (90 psig Applied): ML, , L/ vde
Minimum Pick Up Current (90 psig Applied): T 7. O ma

Maximum Drop out Voltage (90 psig Applied): 7.d vde
~

/' |MaximumDropOut Current (90 psig Applied): i o.3 ma
,

~)
|

..

CROSBY: ,fs
~

Date
" ~

> - C'-~ 8 b #%
cdfar

##y,

Signed

Post Potting coil Resistance 7/f ohms. Temperature: 70 F

.

Production Tests

System 1.eakage Test
Fully Closed Fully Open

i

Test Pressure (200 + 2 psig): Ac70 De4 D o oos iG
~| 3 2 1 J

,

Test Duration (10 Minutes): \ O mvi to m m

Results: Mot - 11VI_

CROSBY: f p / jZ.-G -? >
Signed' Date

! CO'

Sheet 3 of 5

. . , , . _ - _ . . . . - - . . - -
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TABLE 4 (Continued)

Pilot Assembly Serial Number: b b /[/ ~ Od Id

Electrien1 Characteristic Test

Coil Resistance: "7 4/ ;t ohms. Temperature: 70 F

Minimum Pick Up Voltage (No Pressure Applied): M/ vde
Minimum Pick Up Current (No Pressure Applied): Ar e/. ~/ ma

Maximum Drop Out Voltage (No Pressure Applied): F7 vdc
Maximum Drop Out Current (No Pressure Applied): //, 6 ma

Minimum Pick Up Voltage (90 psig Applied): # 7, 5- vde
Minimum Pick Up Current (90 psig Applied): "7/o . 2 ma
Maximum Drop out Voltage (90 psig Applied): P. O vde
Maximum Drop Out Current (90 psig Applied): / d.,P- ma

Ibrh A '

7 - lo - P ")--CROSBY: ff
Signed

~

Date

Operabilit y Test

No. of Cycles: D
Opening Response Time (>0.100 Second)
(Switch-in to Start of Motion): Minimum: , O(,/i; sec. Maximum: ,070 sec.

i
'

Closing Response Time (>0.900 Second)
I (Switch-out to Start of Motion): Minimum: _ RR1 sec. Maximum: . 3 6 M sec.

-

%T%
Ati nu ec (3) Pilots

No. of Cycles: [ (O
! '

Opening Response Time' (>0.100 Second)
(Switch-in to Start of Motion): Minimum: , 06W see. Maximum: _ O S~f sec.

c
Closing Response.' Time (>0.900 Second) ||

-

3 d sec.(Switch-out to Start of Motion): Minimum: - 3 4 f- sec. Maximum: .

'

/ hmg/ '
Date

CROSBY .A
' Signed "

'

| Sheet 4 of 5
i

!

_ __- - - - __ -. _ - --_ -
- - --
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$ \ ok VALUC 46 /6'/-00fo
TABl.E 4 (Contin,ued)

,

System f.eakage Test
Fully Closed Fully Open

Test Pressure (200 + 2 psig): Joe,ogg-_ Ao g4
J / / .J

Test Duration (10 Minutes): j o a ffy /gy,g

Results: ppL jpg

j 4-p/CROSBY: a
Signed nate ,

co

0
0

i

.

!

l

.

OJ

Sheet 5 of 5 [

,
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Q.C.-278,

TABLE 4 ,

i

Pilot Valve Assembly and Test Data Sheet

Pilot Assembly Serial Number: [$ /7/ ~ O d 7

| Inspector
Part Dimension Date and Stamp .

|BodySeat Men-
I.D. .091/.095 go ,g,g

<ct
Seat Height ,gy p j,g,g

ctr
Plunger Travel .030/.035 g?g g.f.Q.

D.
Plunger and Spring Assembly Non-binding Verification

n
CROSBY: / ~~ / 76 ~

Signed
~~~

Iia te

Coil Resistance: ~1/L I ohms. Temperature : 71 F
'
..

Sleeve Assembly to Pilot Body Seal Leakage Test

Test Pressure (200 + 2 psig): _ MOO- / 3/G9
.Trn. 0

7 *NTest Duration (5 Minutes): $- /Y) f fl/ t 4

Results: h . (/. L. -

i & d hICROSBY:
S1'gned gf ibte"

^

f8bASSEMBLED BY: __ ~ 4 /M~
DateSigned '~

O

6)v.

| Sheet 1 of 5 4
i
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C
C

TABLE 4 (Continued)

Pilot Assembly Serial Number: b b [[/ - 00 [
Top Cover to Nut '*0"-Ring I.eakage Tes_t_

Test Pressure (10 psig): /d ~28M
Test Duration (5 Minutes): b A7 /M

Results: I/.N/- N-

CROSBY: h, /fg % d![[[d.
! SIWed

- '
-t' / Date

Prepotting Tests

System Leakage Test
Fully Closed Fully Open

Test Pressure (200 + 2 psig): ,700 osic Joo W/C_

/ d / -f

Test Duration (10 Minutes): /B r?N/7 /o /7//r?

|

|Resulta:
Aiv L A/II l-

CROSBY: 1 XO)/2 2 - f-01 9
Signed , Date

|

Ch
Sheet 2 of 5

1

:
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TABLE 4 (Continued)

Pilot Assembly Serial Number: [3 b/8'/~ Od 7

Electrical Characteristic Test
i
Coil Resistance: 7ao ohms. Temperature: 71 F

Minimum Pick Up Voltage (No Pressure Applied): /o /. [o vdc
Minimum Pick I'p Current (No Pressure Applied): E- 4,/, / ma
Maximum Drop Out Voltage (No Pressure Applied): 7,9 vde,

', Maximum Drop Out Current (No Pressure Applied): /d . 9 ma

Minimum Pick Up Voltage (90 psig Applied): X L/, @> vde
Minimum Pick Up Current (90 psig Applied): _ _ _ 79,(o ma
Maximum Drop Out Voltage (90 psig Applied): 9 4./ Vdc
Maximum prop out Current (90 psig Applied): // . G maO
CROSBY: M II b o# . D 4* ,ggSigned cr Datei

| c
'

C

Post Potting coil Resistance T/ [ ohms. Temperature: 7/) F

Production Tests
.

System I.eakage Test

Fully Closed Fully Open

Test Pressure (200 1 2 psig): J o o O r/c stos ff/6
/ / / /

Test Duration (10 ?tinutes): /# #m // min

Results: //u/- jf/ p J

CROSBY:9ff' ~ a ->ce~ '

Date
;2 - r, .gg-p_

Signed

b)v

i
' '

Sheet 3 of 5

. __.
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|

TABl.E 4 (Continued)

Pilot Assembly Serial Number: b[k'007

Electrical Characteristic Test

Coil Resistance: 7,0 to ohms. Temperature: 7O F

Minimum Pick Up Voltage (No Pressure Applied): 40.9 vde
Minimum Pick Up Current (No Pressure Applied): RS. J- ma
Maximum Drop Out Voltage (No Pressure Applied): 4.9 vde
Maximum Drop Out Current (No Pressure Applied): 9, f ma I

' Minimum Pick Up Voltage (90 psig Applied): SS. C_ vde
Minimum Pick I'p Current (90 psig Applied): 7s . O ma

_

Maximum Drop Out Voltage (90 psig Applied): 6, V vde
Maximum Drop out Current (90 psig Applied): ES ma

CROSBY: /
~

dTo-fd'

Signed Date

O erability Testf

No. of Cycles: 20

Opening Response Time (>0.100 Second)
_

(Switch-in to Start of tbtion): Minimum: c6, o sec. Maximum: , 0(o / sec.

Closing Response Time (>0.900 Second)
_

(Switch-out to Start of Motion): Minimum: . 35 0 sec. Maximum: . 3S'7 sec.

~TS6TH
A M r M Pilots i

No. of Cycles: 1O

Opening Response Time (>0.100 Second)
(Switch-in to Start o' Motion): Minimum: , O@ sec Maximum: , OS B sec.

Closing Response Time (>0.900 Second)
-

(Switch-out to Start of Motion): Minimum: . 3Y8 sec. Maximum: .3S9 sec.

!$CROSBY: // mff/ ff

Signed Date'

Sheet 4 of 5
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0.C.-278

~RIok VALVB 66 hf/- 00'7
TABLF. 4 (Continued)

System f.eakage Test

Fully closed Fully Open

Test Pressure (200 1 2 psig): Aou wen JooJpS
/ / / /

Test Duration (10 Minutes): /0 >+r/h /d /*r/l1
Results: A/t/l- hev

CROSBY: WJ'~ xaw A-/ - P.2
'

Signed Date

.

.

O

.

6

I

d)
co

C Sheet 5 of 5

- _ . _ . __ _ _ . . _ _ . _ _ _ _ . _ . _ _ _ _ _. _ _ _ _ - _ . _ _ _ . . . . . , .-
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m
IMF-2 Solenoid Pilot Valve Reference Frame Test Results - Serial Number 66181-006 7

) 3,
"

:DPost Post Post E

]
*Thermal Mechanical 1:adiation Post

Reference Aging Aging Aging 1.0CA $
h)#"*" " "" "*" "" " " """ ""

Electrical Characteristic Test

Temperature 70 F 72 F 73 F 72 F 73 F

=<
Coil Resistance 717 ohms 722 ohms 687 ohms 725 ohms 744 ohms u

ONo Applied Pressure
:D
C)Pick Up Voltage 63.6 vde 62.1 vde 59. 3 vde 63.6 vde 66.0 vde
09

8 ifPick Up Current 86.7 ma 86.2 ma 86.6 ma 88.3 ma 86.0 ma
-C g

Drop Out Voltage 8.1 vde 7. 3 vdc 6.9 vde 6.5 vde 6.0 vdc 54
*m >

Drop Out Current 11.1 ma 10.1 ma 10.0 ma 9.0 ma 10.0 ma "r-
z <

With Applied Pressure 4 m
z
*

Pick Up Voltage
_

57.2 vde 57.1 vde 54.8 vde 58.4 vdc 57.0 vde gs

.

Pick Up Current 78.1 ma 79.0 ma 78.8 ma 81.0 ma 72.0 ma O
E >
> GDrop out Voltare 7.5 vde 7.7 vde 5.9 vde 6.5 vde 6.0 vde ae m

Drop Out Current 10.4 ma 10.6 ma 8.6 ma 9.0 ma 4.0 ma
O
O

Operability Test g

Minimum Opening Response Time 0.078 sec. 0.075 sec. 0.082 sec. 0.075 sec. 0.073 sec. N
>

Maximum Opening Response Time 0.078 sec. 0.085 sec. 0.084 sec. 0.078 sec. 0.075 sec. at y
""

Minimum closing Response Time 0.255 sec. 0.280 sec. 0.310 sec. 0.287 sec. 0.220 sec. $
m

Maximum Closing Response Time 0.255 sec. 0.285 sec. 0.312 sec. 0.290 sec. 0.230 sec. N
w

__
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I?'
, '

IMF-2 Solenoid Pilot Valve Reference Frame Test Results - Serial Number 66181-007 y
b 3.,

;

I

Post Post Post y
Thermal Mechanical Radiation Post -

'

Reference Aging Aging Aging IDCA g
h U" #8 " " "# " "' " "

'

Electrical Characteristic Test

Temperature 70 F 72 F 73"F 72 F 73 F

i Coil Resistance 724 ohns 726 ohms 700 ohms 726 ohns 736 ohms ' L
<

No Applied Pressure O
'

:D

Pick Up Voltage 61.4 vde 62.6 vde 57.8 vde 62.5 vdc 62.0 vde O
(A

Pick Up Current 83.4 ma 87.2 ma 83.6 ma 87.I ma 81.0 ma (W g
N

Drop Out Voltage 8.I vde 7.I vde 6.4 vde 6.5 vde 5.7 vde o
e< R
8 # *

Drop Out Current 11.I ma 9.8 ma 9.2 ma 9.0 ma 7.0 ma "m r-
= <

With Applied Pressure 4 m
Z

Pick Up Voltage 56.1 vde 54.2 vde 52.8 vde 57.0 vde 54.0 vde >
,

~

Pick Up Current 76.2 ma 75.2 ma 76.1 ma 79.3 ma 71.0 ma o
*>

Drop Out Voltage 6.9 vde 7.3 vdc 6.4 vde 6.6 vde 6.0 vde $O
m m

Drop Out Current 9.4 ma 10.0 ma 9.2 ma 9.2 ma 7.0 ma
O
O

Operabilftv Test g

Minimum Opening Response Time 0.060 sec. 0.076 sec. 0.067 sec. 0.070 sec. 0.072 sec. m
>

Maximum Opening Response Time 0.070 sec. 0.080 sec. 0.072 sec. 0.072 sec. 0.077 sec. g
;

Minimum Closing Response Time 0.260 sec. 0.255 sec. 0.305 sec. 0.270 sec. 0.209 sec. *<

g'o
,

Maximum Closing Response Time 0.275 sec. 0.260 sec. 0.312 sec. 0.278 sec. 0.210 sec.
_ <>

l
-

-

>
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H

.
F11 t Valve 66181-007 (Constantly Energised)

First Platene at 540*F Chask r T e rata e 34 3*F/ M*F z
, Chamber Fressere:197 pets /113psig e

r- a r u 2 - - = i - g
Coil ,e.t.t ..c.s. un.

-1
Actuation Voltaget 78 vde gg , g ggg
Actuet tan Current: 67 na; Ac tuat ion Voltage s' 90 vde Z

i Ac t uat ion Current 77 na

i Cell Reelstance 1147 olme ht! Restetance: 1257 h*

aActuation voltage 90 voc Actuetton Voltage 104 ede
j:Actuatton Current: 77 na cost Resistances !!48 ohne Actuation Cursent: 81 me

Actuation Voltages 77 vde y

Actuation Current: 65 me w

350 3 YTI 3 3 | 7 t/ I

| Energise Test Specimen (SPV) |,

st' 138 vde - currents 117 na ' |320 | |
| | /l ! *

'

MO . . .- 'bl eedwat er pong cycle (20 flinutes) gI 5

| 1 3.|| |!! Coil Resistances 1221 ohne
| ~ ~i- n >:= *i i Ceu e.l.t..e s -m5h 'j "''"*'I** #* " **** III **

250 1 Actuatson voltage 138 vde '
j g| Actuettors Currents 110 na

i'

>
1 -| . 'i~- I- | 3.

t . | __|_ _

1 i _ _ _ _ i g* -

Coll T.eelstences 1846 otuna 1 Coil Resistence: 1259 ohne i $
h Actuation Voltaae 82 #de I Q.

200 Act..atson voltase: 125 vi jg
.Ac tuat ion _ Current r 107 ma, Actuatica Currests,,66 na g p

| | |
- J

! I i
i

| i i i
(

, j150 { g

Ii il i , i i
. -

-

Chamber dtaine and allowed to cool iawn to ashteit overnsph
| ,

. , u,gg .
.i I..i __. | | |

.!. s | g
.

Coll Resistancer 125 ohne | | 3

Actuatico Voltages 54 vde g | |
,

Actuat ton C,urrent: 7% _g [ g gg g

8 .j l | A Il I
|8 i .,ur I i

3ar. anr. Sur.
l i,, |o

| 55 mir, 3 | 1 gl-
g tur-26 mine. 2sre-9 mine. geure.-10mine.| s.

'I'Hr-16 mins'. 4 hrs-46 mine.5Em167
- - ___ . -._ .1.IMr- 5 7 mies... |m

IHr-6 mies. lar - 47 mine. 4 Rte-2 miss..__
p

.

D

| 00
* O

b - k .- --. _ _ _ _ . . _ _ _ . _ . _ _ _ . . . . _ _ _* . . _ . . _ . . . . _ _ _ _ . , , _ __ ,

n
Ch

_ _ _ _ _ _ . . _ _ _ _ . . . . _ _ . - . - . _ _ . . _ _ . _ _ _ _ . _ . _ _ . . . . _ _ .__
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JUSTIFICATION OF TilERMAL AGING

Thermal aging was performed using two (2) different accelerated aging times (ty'; t ")g

and eccelerated aging temperatures (T ';T "). Each aging plateau establishes a partial
1 g

'service life (t2 ;t ") and the sum of the two (2) is then shown to be equivalent to2

100 hours at 343 F.

t '2'+'2"
2

t = Accelerated Aging Time = 100 hours.

g' = Accelerated Aging Time for First Plateau = 99.8 hours,t

t " = Accelerated Aging Time for Second Plateau = 28.2 hours.
g

t = N real Service Life,
2

t ' = Partial Service Life for First Aging Plateau,
2

t " = Partial Service Life for Second Aging Plateau.
2

T = Accelerated Aging Temperature = 343 F = 172.78 C = 445.98 K.
3

T ' = Accelerated Aging Temperature for First Plateau = 329 F = 165 C = 438.2 K.
g

T " = Accelerated Aging Temperature for Second Plateau = 344 F = 173.33 C = 446.53 K.
g

T = Normal Service Temperature = 150 F = 65.56 C = 338.76 K.
2

E = Actuation Energy = 0.77 eV (Limiting Material Considered to be the Silatstic -
732 RTV).

k = Boltzennn's Constant = 8.617 x 10-5 ,yj g,o
B

t /t = {exp(E,/kB( 1 ~ !y 2 2

2 " '1 {cXp(E /k }( ! 1 - ! 2)/t
B

t = 100/{0.77/8.617 x 10- ) (1/445.98 - 1/338.76))2

t = 100/{exp(8935.8245)(0.0022422 - 0.0029519)}
2

t = 100/{exp(8935.8245)(-0.0007097)}
2

O
V t = 100/0.0017612

2

t = 56779.47 hours = 6.48 years = 6.5 years.
2

..
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;

2'"*1 '/{ XP(E /k )(1/T ' - 1/T )t g g 2

t ' = 99.8/{exp(0.77/8.617 x 10-5)(1/438.2 - 1/338.76))
2

t ' " 99.8/feXP(8935.8245)(0.002282 - 0.0029519))2

t ' = 99.8/{exp(8935.8245)(-0.0006699))
2

t ' = 99.8/0.0025314
2

t ' = 39707.17 hours = 4.53 years = 4.5 years.
2

2""*1"/{eXP(E,/k )( ! 1 ~ ! 2)t
B

t " - 28.2/{exp(0.77/8.617 x 10-5)(1/446.53 - 1/338.76))
2

t " = 28.2/{cxp(8935.8245)(0.0022394 - 0.0029519))
2

t " = 28.2/{cxp(8935.8245)(-0.0007125)) -

2

t " = 28.2/0.0017176
2

t"= 16'18.26 hours = 1.87 years = 1.9 years.
2

t - 6.5 years
2

t = 4.5 years
2

t " = 1.9 years -

2

t *E '+E"
2 2 2

6.5 = 4.5 + 1.9

6.5 = 6.4

Total Normal Service Life = 6.4 years.

O

. _ . -

- -



' ' sm
Test Report; No. 3977 f"'#7.,. Appendix.L.. , j Page :33

; '

1. G. , %, . .- . . -
. - . .

_

.,|. ......g - ,.

-[ t o'- c -' .- ,; . ,
;

h J/e #N,| j. ~ q_- |
'

-

|
.e

,

j,o 'V9' ''' p/f i

. . . ,

. . ' i
# T.

.'
4

I : . - 1.:.
r, -. ro'. .c m t '.

~ ,

i*; 6<.ss.mc W Tid ,

\i . let 1~ ScLEnt ofM s

; 2 4.. ,;,z, a.M.
!\ e . ,s t. vst * * T-

E. . y Tf/a re M L- I4/N0
.

.
,

c,c sei <ceb :
.. ,

(-u tf.) - 0 0~)'

{ %-
; zu2 r= .

i
'

.

1.

'

'y.''

5>Q
.

&f ;
'

wey- S|. t

j ( i . .. . . . . . . . . jp% -*

0 68 1
. tF 3r; -

'

, C. ' 1 ' %'A ~.

1 C- - '

. .

i
b

--
.,

.t, !
I

-

i
iC- '.

-
'

'

- , ,

6.- 1

i . .
,

'

9 >

g

.
' i i s i

).
- 9

- a. v

. .
.

I. I
i,

,
*; v- - -4 r. .

s I
,

e

| *. . # |
N s"

J I

'

. .D.'. . . ,

f f
4 -

- ..

*

", . u. r : I
i

'

\
~

'. 4
arC

'-
% !

-

;,

{ C 'i _
-<:.

['i

t tu - -

|;
,,

' -

3 .. ,

i ;L

O
.. i

|
-. .

I C' I

rC 6 r. ' . '
--

i .p..

6C 1
'

_

', 3
. ~i;s. u.

i !
.

1-

..........|--- 'y - ;. _

. , . - .o ,
|- . ~ . - - - . _ -. - - - _ _ _ ____



~9~ W 1. -
-

..
; .-|_.. , ..

;,

U ppendic 0 :;*- : - Page 34|TestReportNo.3977 IO 1 A

t I- s W 4 ;'
j' (., . i-

. ........|(
,

P. g_ -~\
.

-

S. .

.

T
.,

-

,

bA

Q :-;- \ -

|
,

. g . . . ,4 .. . . .
t * -* . -<

|.t. .

; s-., , . s. ..

g. .|.. . 6 s.. . j
g . 7,. 4 .

,

,:
,

>

, ,. . ;g. ..;.. y;3. . . .., .
,

,
, +i . ., ,. .. . .,

g:g e. ; ....|... . ;;1, .
'

;
. o. 6

. , .i,

. , . . y
. , . . [ . .[. 9 . . : 1. . . .p g ,. - -,

;. .

'' -
s .

1

i. -15/.
||, ';

,4 s..i .

p d in ' 29q,. %,,I
f1 , t. .- i

. k .o.4...'..,..e..'o'.s
,

.,
9. . . !s i .. ,

I ' ' . , v
:g . . . . . . .

p 1 .i
,

.| o .
~,

e
. . . . .

.
.

'~ -
-

I . .
' ;

[4Q
.. r . :,

') -

(, ..'
4 g o . . . i. . i '
.,- . ., .

.
. ..c . . : ,. . . . . . . ' . . ,

,< l i i,

I f

! c. g.g.}
; ..... . . :. . . .

. .
..i

| -Q ' . . s
. . , . .

i.
, 4 . .

'

1" C 1. . .. . !.. . -

..{%. 1

.

C.......'
J ,

1 Q.. . . . .7
'

' : .C .|*

;Cl-t( *-
.

. .n
*

| C; . - .
- '-

; - -.

I.{ jy. . . . . . - . . . .$

I - .

Ig e I

- .

. h

1
'

s

,le J[ .'s
e : . > ..

y9 .
.

.-..
,

- . p. . . . . .
,,

t
. i..g.

.

+ - w :.

*

\. / |6 s

\. . -

; ,

u .

-.

-

-|g j. g .,

i _N.
_. .-

- -

. . . . .
,

t
+

-{.-

.,
. -

. :',

. .. -
e

.
1 .

t..$ 1 e
%

*

.6 Y

. .it
4

!. -
.

a .

s

i
.

.
t.

. L
|

'- r, .
*

|
.. . ..,

'

!+ . .. a
;- .. A
t .

.
1

Se t. .,
*

a * m !
t t

ji e

f if ;%aaan .. .y . L. .~ P .m : . ,,._ .: . ;. : .w. m .v ses n .,, ,, s _ ,,, ., .,,,, , ,. . . ,. , , , . , , ,. ,_.



'- ,c; .. ... *

.

. .

Page 35. jTest Report No. 3977 " Appendix 4 /w
.. [3 23 o .. ,- '

t s.
t :. .m. ^

. +

|- m , .

, ,

,., g
.

y y< - - , . . . , _ , , _ ..n..-~-

|
t*-

. :a
-

..
c-
%% |'

\
.. .

.

4

,
~

' .

...

;, .,

i i. . ;. ._ . l.. .. .

,,/
'

. .. ..

h...i. - ,
,

&' t*

i,.. .g , . .a
m.- .

.i .

. . j . , . . _. ] }' q, f . ..L . 3 T, '. .2,.

. . n _| .

.

, Ql . j. .

/*

,e ... : .i
.

,

. i

.h -
. -,

.C *

.
* !. j ,. ,

,. s . g :; .._. . . < .
...,N,i.

. .

,

.

. :|
-

'

.C :_. -
.

ic . . ,

y. . . , _ ' - f ,

s . L,
o

C '' |'-

-z

O e 1 -

i~

r. . .o .-
s-

.AL r

lU - ,
,

i !
.. .io. :|

"
g a .

e?4. ,

. i
. %

P..e

{ . g

'

, ...,a ;
-

. ;t
, ,

,

* i _ 1

2 3.,
'

I,. ..:
-

- .3. . ., .. .. , |
.

j $;'t

. . , . . -. .. ........)
% | 'I '

'4L *
,

1
<v. .. s

g
a

t ,, . . . . .'d . .' . g4 I

,

m ,. ,.

. . _ -,

.. . . . . . . . . . . . ,
7. . . . . , . .

t,

' 3 a.

. e. ,. . . . . . a{.. * *

, .
| I

46 .] . . . . ~ .

.
-

--

.

.
. .p

.

g
G . . .

.

. .

* -. |

i
.

.; <

t

,E.

-f

.
12 kT, -

e, ,

g
- . . ,3

- ... x .r
. 2-- n . . , . - *.h g g.*hg ggm. . a mm# M h63.J # .- * ,,# * ' g (, m g s..J', ar c3 +f .NJg,4J-.; ;hb ';.hJs 4WOUl 4'.- A.' * U. '''ON,, . - . $ ., y g,,,,4,.;; - , r

^ .
9'" MO*,'W*



~. . . ~ - . . .

....j%,,i...
.

.1* ''
,. , , .

7 . . .p . . ._ .j..,

t . . . s .
-1 i el ; .{

,

.

Test Report No. 3977 appquilis..; 'a. ., . .! ; Page 36
''

' J1 a .
g ,

.....Q- ij ,1 |-
3

. 7, ._ : . . 4. . .

'| , *f :

I- ' i a.
.A p i2 ;r .. ,

- -
. . - . . i,

i#^ ,

r. .

'

'. '
,s

. ,
. .

W
, -igs I

,
'

.-

g
-

;
d i :, ~ id . . .-

i
a

1'
, .

- j..
.1 - - i -

,

|

'T' W. !O4 . . . -

.

.i. :. .
,
;
,M,-

-
.

. i
?

l!. y
.

,e A- .
.

I J g g
.

,
S r ... . i, Up

I'
t79 ,

s.
. . . . ,

}

'
.

-- . g
. . . 4

.| | | , . ?
,

j
,,'

y e ,.

.
-

~

,

'

. s
I| _

~ r-- - * - - ~ ' I'
i

...0-'
- . .

. e

'.r-~ - - -- l - - 9 -- , i
.

4
.

. . '.. t .

. 7 y .. 5. -. ,. ,,

t i ' '

! , ,. - >
. .i. . l . ._

,

i

- 7' - *- -
i ..

* - C. . |. ..I...'. ,. , , . . . . . .
,

'
i .

|ft. .T L _..
.

. . 3
- . ..

-ft
, . . - r

;i-

.|* . .- t.78
};

. . s

, .*#

l.
,

la ' |.-
= .)

I 1

. .

-
t.

i 9 i .

.

: . . .
. . .i-

I |l- i'

| 4, , .
.I

. ( .

:
} .

. . .
,..,; ,.g. .......). , . - ; ,

. n s

.c. .. i
,-- |I
.

. . . ,
t- ,

. _ . .

a .
-

. .. -
, ,

. . ;
!

,

:. u- : -
: .p

.l i

- .

- i
. ,

,, . . _ . . . . . . - . . . ; ,

i
'

<
-

i

!
' '-

! i . r.l
. .. .' -

1
. ,

e .

: ;' Z ' _: - -

,
t

*

c, . . ; . ...,.$' --b- '

:.
e

,
.-- t r

aM A- ' M"*'M8"UUEl~ W.GF3~_2 SOIC.175 M.W Iv7 CF'f" dIW".h.7 .- -
- *



- ...:..- .: - . " .. .. : : ._ . - - . :. . ;,

. _ . . . . ,i s i 1 '! - {.
s

. ' . ' . . . T t, !.!. 6
, ,- ..

-

fj..,- .c..,. , , -
.

- p -01,
Test Report No. 3977 I .Appehdix 4 "';q . .p d) 'Page'37 3:

.. g,~

.

l.- 4 .. :
o||Jh j.;.i i..' ;.t.i;('[(.ij.l l' ;

6
>

! , @, 5. , - . . . . . . , .. .! . :' . ''i ' y h. I ?I
s; . - .. ...

l
- - m .+ .- t ,

-.,

i g i t t c
,'

it J. y*

| c t . , .. .. .i . .. .p -
j i s| .

, o . .. . .m. :_r ,

1- '.
,

; . | {
'

, ..,

1 . .m ,
,

*
. .
I * .g. . . . . 4 6 .- .. ...c..

F, , g
I.g

f.
e

.
'

, s / *
. . -

i. , ,..

t - ,
"' . . .

>
a -

4 4

, *.
, s4 s. .

'e

OD E 0
g

. 9

i
*

, <...

.,3, g 9 :
,

*

|t

,{!'. }k-*

.'t. . ,*s s. \1 . . . ' ;.
~ ,

# ,
'

's. . - -
L - ,

1 t. ,

.

,( j- 6 m..
e i-4

)

>;
. . .,

: , u .; , , .

,
.

'
i q._

t C. ! f
~

4,i
: L,

. 1,f
i-

,
. .

, , a
|ta ! I*

,
!h | I-

'
,

i .; i
!.- -. L ,' 1- ! ;;.,

*

t. 'C ~ '

j
, ..

T ||*.

: it 'l,

'
'

# 1:i

! |, ,

|
'

. 6- *
3 g

. .
f | *

e,

; I i.

!t-4. -
*

it 3 8
e

% I

, , ,, ..- . ..- ;._

a e

.,,.7...._.. . , . . :-, , ,

i
i t 1,4.. .. .=a; . ,. . -.;,

. e g

,

. s
-

. . . .. .... . _. . ,, .

6. to
$@

. .w.. .
1, . , :. ."-

P
. :a = ,

-

N f i
e.. | !'-

,
.

4

,e o. . ;
., ' . . . , , .

;
* "' '

.' W:.
o

i .

. ..

4.
i

. 46 "
-

I p-+ e

- t
.

f '

f

Is
, ,

T
9, _. .e...

. . . _ i,.,

), ,) y ..p.
''

.
,

9 . sm .

..@ I% I* L
*g w..; ... .

| t*
I

,
4 6 *

e '. ',
.

.g- . - - L, 4 . t; g. ..
'

e,

- . 1 .g
I -- g-- 3 :mv- .,y . . . . _ , , _ .. g . f. ; :. y a, . . ., _ . ,. ,



. . ..

. .|
.

6-
.

,g- ,

,.

Test Report No. 3977 f0 Append @-4 T - -

[ Page 38
! .,

[t,
'0 c ,

,
e

..
. ,; ;

.4o .a l'
i, t. .. i , . .

', ,,c . .;..

3.; i0 : r j- -(1 . i--', , _;,",, }

.; 0 n . . . . . . . . . . . . t
. ,

.

. . , . 1, ,:i.c.
.

.- i:, .; ;;; -
. .

h,' *
. , . . , .

-- -

v. i , . 6 o

' ' 5 ; C T.iif,d, i
_.. f[ l [

,

. '. ,!. :,'.9.
'

.; i i ., . , .

Q, ,- *;" .? :' I*** E'','* 1+ g,,

o mi,i,: ' . ',', .7. .ij. : '. n t, -s. .' . , 'l i!.
..i

.': t r.,1 . ,

-

i . . . ..

.-
. . , . .,s. ..

di ..Hj:;';s, . l , ';,
, ,

|M' ?' - C' ',
. . -,II.t i . | ; ;

| c1
I. -

. ' , , t....?
. . 4. : . ... .. t . .;..w...,.-

8
. l*

' ag *' | V\ .

.

|C' *

t
, . gel.* ~ .

i
,

; j ,c/M i-' }. 'l ' '
, , . _ . . . . . . ._. .

-(- -, .,
.

y

L"

I -- p.os/
'

,t-

s.

7
4.s ..

329.- . ,.. , sse,.
s r

g- |'L-

'

r, - -..u Re
..-

|' c

e@'-
< -

, . -

*6
.v

'em 8

-
. ,

'. -

I * h

| ~ i

. g*
e ]
I

.

U

a.ne=

4 . .

I.
- .

1 a -
_.c ,

t'

.
s t

{= -

'
+ !,

t. ..
9

. ..

k
'

.

. .

,.
- '

- :
,

. i

O 4 -!., ,.
\
\.. i

*
- |,. - _ . ,

' '

g

n > ,

!\! . M-
~

. . f A
.--,,,,m,_ -

. - . . . _ . . _ . . _ _ . .ce. .u wnwe.,=s m w m.,r.=- - .-
_ _ _ _ . .

----m _. _

-
_ _

_ ___



.....e"* * " . . '

~ i,, . - - - 1 %. 1" ''* * 4 ,.

Page 39 ,,

A|.'0 9 ppertpix.4 4 _ ,
Test Report No. 3977 ., .

i.. 6 ..p.
, .

*
.

8

* ,
p.. g9. , ,, t

.'ti 1.
. ./

m- n,
,. ,,

* W += .;

A. j' -l.d' . 46

.. . '
,

. i. ;;, .
,

s i i
,

. .G(.- .
. , _ _ .

' , . ,
. . ! '

1*['.
,, . s. . ,L - - - I i

'

. . /'
t<

p i * "' .+ .

|_. } i }
...

,

<- *

! ?
,,

' , * * - . ' - 1,

'*

p \
, , g i,,a*

t
s ? A

_.

t
,

**''l.,'

. y , ' .3 s 7.
p . , ,* .

',I- 1 , . | ;. . . ! 9j'1 e i. ,

. ,
' -

3
3.

( 'ti

i l
'

. 3
* l-

.

%
g e % *e 3* *

,

.

la N '
**

*g s-
.. 11 . . . s

l* N
.

'

* . P. f ~ =

,s*~ -
1

.
-

.

i . ..

-is. . ! -)
,

. >
j N( * ' ' *' y

.. .

t' . r
.. .

i
-

.
t

C Z - . . . .:: ~.:--- : :-- m----+----- 4'

. . .h'; - i. .

('. . .. .....:..L.. ,. ..
. i

". i.

! ( . p . . .. .. .. . . . l. ', .

. s

,N-;w g
. ' . . ...

=

|
s ,. . - T- -

7% ~
,

j .. ..o....
.

,
,

'

. .). . . . . ,

.

! I*
i

{, C.
--

-
O b

t

ed ' |'p, e <

'
} i

** '
.

3
--

[ . gy .
l '

i '

,

.
. . ~.

\=
t.

'''
y.... .

5
..s

J|
. . . y 1

6

7% t
'

i ,8 Js F. l
e i,

l

u . .

l
-

!
e hemmedP

i
I

,

a u' i
* ''*

g ,

,

.
'

s'
i. .| g.
.I .,

,
--

*/
1 .

I- ~

j
-

i* ~ 6 40 i% * c,
ojs -r , t . / <o )t-' #

. v.
pmg37 - - - - -- _ . ser.n.--

. .----%_. - - -

_ __ _ _ _ - - - _



m m m nTr W w W Min %:.Cp".?q) w ?c n ?~;' W M ''~ '" ^-- O

. , W . . i gl y., . , .. , .Fe f;

q. 6; Riepor,t. No. 39.77) - g ,.' /. n. . ; :
.

s i; s. . it , . Page 40
|-adir, .

, ,Jeat. '

y. .
.

,

I ' N, . A g/jlaf}.
.

' , ( . .~s. f
, ,yi.j. .'j ' '.'' j i,M . . f.'I' ';-[ - . > , -

'

' '*
-

.f . /, ,,

J, s
* 6.f. ,* j, ?

.. , , .

'.

#l.*.M. L'* .l#,( Pl. i f,'il? f '' f' * ~ '

. . ' " .
-/, ,

. ,,

^ - t p y y<; m. i - 4g
._.R, . +

. _

b*IO'r I.'

; ,. \*'y.* -. < ,,i,
, c, .; 7 3 ,-n..y yk.

- . . ,
-

, 1-. ..

y) e. - ,; .
~

-.

,*
,. . 9 8., .<>. . , .- L :4J*

u .;. .
,

i,
*

q#..i-
..

,

.- p. . ,
, .., ~,.

.

. s.'
..

..
*

/.

/ *|'
*

t. /)\ . /.

/\* o. a

/
g., -/

,

s
: . /.,.

t M.. p. . . . . . . . ,1

*t.,

- * . . . . 4

I
''

Q = .

,I- x.no .
. ,, ..

.. . -.

.

I *

1..M' :; 1*j'i
.

;

|y e .v.. ...
YA

.4', ' *
i '0
'

4- .I as
I* ''s -. ,e' , , i

.
' y a,,t j ). g . 6 * ' . '=3 ' t ' .I.,

.
, ,

e i ? '.s* *

f), . 3, g
* .' g .. . Je .. .... i . ,.

-%
. . . . . . . . , ' . . . ' . . .

- . .j. ,. ,
.

j

. e __ _ . . .
.. . s . T. ...yw..

i
j ,

. .,.s,
.js, . ... . . . - t, ;_.

.
' '*- . ,

t > 1

; e -. . s ., > . . . - . ,

j . 4.s'
-

,

i. t s' .. . .I . [p 6> / 8 /.'- o u k , , e, ,,, ,, .,,,
,

-

; co G / 8; -; ou ?. . ; ...... .*.. .

1,. e. . . . . ., ,

I t VJ8 g| g 5. .. QutN u! . . .* ,

.
-- El N *

. Ahi4 e C. . . _ :. .J,
'

., ...
.

i# 6 i1.c.5,"T'" - ( sk L '

d*
,

e. , .

D

I [6
,

| W.'i . 1|l3|8Rs.
,

- u ,
;

--
,

-
, ,.

||
.,

., ,

p - ; 9.f |,

.
( '

O- ,p l 3 E" l#'

'

08
. .

O '

, i

k., D
'

c. .

* '
. .' y * !,.

*
p 8. .

., s.

- h M-
'

. . _ _ _ _ _

. _
.



1

CROSBY V A LV E a GAGE CO M P A N Y'

CROSBY
; W R E N T H A ;J , MASS

O T

'

Test Report No. 3977 Appendix 5 Page 41 '

}'
.

d

.

Oscillographic
3 3 3 Recorder
8 8 8
an sa anm

i. e3 eB en
cu g g gg LVDT Signal Conditioner ,,
ao => % > => and Power Supply

Sequential ]<

Timer I

Controller !

l
DC Power Supply ,1

0 !

Simulator I

Springry .__

O |
-

/

f.

r- , , Q Simulator
Pneumatic u- " '

Frue
Actuator g

"
, C' D / }

C D s

cc D"[\-

g

b,,b LVDT
-

T. Os
F 7

, , ,

1 I

/ // / / / / / ////// //// / //////
Pneumatic Supply Not Shown

.

'

Mechanical Aging Test Apparatus

|
.

O.

PROCEDURE Na REV.

SHEET OF

-

_ . _ . _ . _ _ _ . _ _ _ .- _ - _ . _ _ _ . _ _ ..-___ __ _ _ _ _ _ _ ._ _ _ _ _ _ _ _ _ _ _ _ _ __



Test Report No. 3977 Appendix 5 Page 42

1
r CROSBY V A LV E a GAGE COMPANYC F? O S B Y

J WRENTHAM, MASS
'

O
*

L.O C A. INTFRNAL view OF LOCA CHAMBER
CHAMBER

A Sot (Noso vaist ExMAUST
B-50LEN0:0 v0LTAGE WEA$uat0 Af th$f Auuf MT PANEL Bf

< - utitA AND m(Conoggr

''

i C-TME a uocoUPtf
! E 0-tvt' acta *0af

E-CMauSE A Fif D LINE,

I F-84Lti 70 SLAVE AND PILOT VALV($
G*CHAWSEA ORAIN

__

<>- o -A--r -
| .4 .jTEST SPEClutN

A_ .

"''

(PILOT (IMAUST
-

,

'' ~, ,'

-

r
IN CHAk9(R),.

Y ' fh Y_

b k_ h'!----!
'

r
- ' ?

QQ k. !" M pf,;,rg;,c,r,,,,

; & 1 d'+ 1 "'

| vA I

o |U j ! *@
' L_. INSTR I

hj AN
LOW WATER

T R CYLINDER FLOAT SWITCH
M SIMULATOR

V i'YlS Ot
PNEUMATIC __ y __

t SPRAGUE PUMP , s" 3
-

;SOLENOID &( ..

RlGu'tYiOR
ME" wf !n . .

"2 - a ( . ;5 - ! ++

r ! __ i
'
t.- --------------------.a

__

h,,
;

AIR SUPPLY BOILER W/lNTERNAL &
(SHOP OR COMP.) EXTERNAL HEATING ELEMENTS!

DEMINERALIZED
WATER

* '''''' "^''
. L.O.C. A. TEST LOOP

,

" PRES $URE GAUGE

o - THERMOCOUPL E (RECORDE R)

e = THERu0 COUPLE (DIGITAL DISPLAY)O .

- =PREsse E 1RANseeEER: raamm m am
-e-- DRAIN OR EXHAUST

+ = THE RuOCOUPLE (CON TROL) - SHEET OF

-



i ~

Test: Report No. 3977, Appendix 6 Page 43
,

O
_

r

.

ENGINEERING CALCULATION

EC-872 Rev.'1

May 3, 1982

Justification of extended structure IMF-2 pilot mounting
design of Crosby Drawing DS-C-66181 Rev. O compared to
old design of Crosby Drawing SA-C-60761 Rev. B.
(Qualification Reference: Wyle NEQ Test Report No. 44220-2,
Qualification Test Report for One (1) Safety-Relief Valve '
' Actuator, Crosby Model No. 8R10 SRV). .

For
.

General Electric

O San Jose

.
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Crosby F.O. Number N94270-003
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CROSBY V A LV E O GAGE COMPANY ENGINEERING CALCULATION
r

C F1 O S O Y
W R EN TH A M , M A S S ACHU SETTS CALCU L ATION N O. p7,z_

;

VALVE
DRAWING NO.

COMPONENT
PART NO.

FERAMETER

The weight of the new pilot in 10.2 lb., slightly greater

than for the old pilot, 7.9 lb. Also, the CG of the new pilot

design is located further from the hold-down bolts. Therefore,

there is an increase in force and moment reactions with the

new design. Loading such as seismic accelerations would further

increase these reaction differences. The increased loading on

the four bolt hold-down pattern, due to the design change, is

conservatively demonstrated for a seismic loading of 4.5g:

Pilot Distance from CG Weight of Moment Due toX ,

Design to Bolt Pattern Center Pilot ig. Loading

Old 1.3125 in. 7.9 lb. 10.4 in.-lb.

New ,2.5 in. 10.2 lb. 25.5 in.-lb.

The difference in moment loading Ate to a 4.5g seismic

acceleration is:
4.5 ( 25.5'-10.4)g,

12
,

AM = 5.7 ft-lb

In addition, the force loading is increased:
'

AF = 4.5 (10.2 - 7.9)
|

| AF = 10.4 lb.
|

Both the 5.7 ft.-1b. moment and the 10.4 lb. force differences

are reacted by the four bolt hold-down pattern. Because of the

low magnitude of these load increases, it is concluded that the

new pilot design results in insignificant load changes on the hold-down

bolts and relief valve. -

O
ENGINEER AONALb 7; 7Deswikt DATE 3|I/8:L CHECKED <$ DATC 1 |H"N 2

:
-

SHEET j OF g

. . .-- - -
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STRESS ANALYSIS ..

, REVIEW AND/OR APPROVAL RECORD [
.

'

..

.

CAICU!ATION NO. 872- /REY NO.

.. .

POR CROSBY '<REPARED ' ANALYSIS:

PREPARED BY DATE J[.7/FA
'

,

f '

CHECKED BY I % e>= # DATE f #2

f![p [1'REVIEWED BY DATE
(Cognizant Engineer) / # '

O
I

|

POR CONSULTANI PREPARED ANALYSIS:
~

;|
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.

APPROVED BY DATE
(Stress Analyst)
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'APPROVED BY * DATE

(Cognizant Engineer)
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STRESS ANALYSIS
REVIEW AND/OR APPROVAL RECORD
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fCA14UIATION NO. O O' 8 7M REV NO. O

' POR CROSBY PREPARED ' ANALYSIS:
~ *

J/J/SA'

PREPARED BY DATE

CHECKED BY MM DATE J//f//f_

s-/d/f'2REVIEWED BY e AyfA e DATE

(Cognizan[Ingineer) / '/'

O
.

POR CONSULTANT PREPARED ANALYSIS:

APPROVED BY DATE

(Stress Analyst)

APPROVED BY DATE

(Cognizant Engineer)

. i

,
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O
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STRESS ANALYSIS
'I REVIEW AND/OR APPROVAL RECORD
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.

CALCULATION NO. 6C-700 REV NO. O

t
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,

LIST OF DATA ACQUISITION INSTRUMENTS *

'

!

( )) Instrument: Gould Brush FWeorder 2400 *

Manufacturer: Gould Mfg. Inc. '

Model Number 2007-4490-00 ;Serial Number: 02014
Range: 50mm channel span
Accuracy: j; 0.5% of full scale {Date of Calibration: N/A }Calibration Due Prior to each test series j

!
Instrument: Fluke Digital Multimeter !

Manufacturer: John Fluke Mfg. Co. Inc. 7

Model Number: 8000A
i

Serial Number: 26904 Crosby I.D. Number: 299
?

Ranger Multi-range
|

Accuracy: j; 0.3% or better [
Date of Calibration: 12/22/81 1

Calibration Due: 12/23/82 i
!
l

Instrument: Fluke Digital Multimeter !

Manufacturer: John Fluko Mfg. Co. Inc.
Model Number: 8600A
Serial Number: 0875144
Range: Multi-range
Accuracy: f; 0.3% or better
Date of Calibration: 1/22/82

{} Calibration Dues 7/22/82

Instrument: DC Milliamperes Meter
Manufacturer: Simpson Electric Co.
Model Number: 1702
Serial Number: 1578
Ranger Multi-range
Accuracy: of it full scale in horizontal position j

-

Date of Calibration: N/A
Calibration Due Prior to each test series

|

Instrument: Milliamperes Recorder
Manufacturer: Rustrack Mfg. Co. Inc.
Model Number: 288

fSerial Number A239237
Range: 0 to 600 ma
Accuracy: j; 2% of full scale
Date of Calibration: N/A
Calibration Due: Prior to each test series

Instrument: Oscillographie Visicorder
Manufacturer: Honeywell - Heiland Division
Model Number: 1508-R13678HK
Serial Number: 15-564
Range: 4 inch channel span
Accuracy: +;3% of reading
Date of Calibration: N/A
Calibration Due Prior to each test series

'

-1-
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LIST OF DATA ACQUISITION INSTRUMENTS (continued)

Instrument: Doric Trendicator
Manufacturer: Applied Measurements Inc.
Model Number: 402A
Serial Nu=ber: 106162
Range: 0-1000 F
Accuracy: +1
Date of Calibration: Prior to each test. Thermalcouple checked
Calibration Dues against boiling water

Instrument: Pressure Transducer .

Manufacturer: BLH Electronics
Model Number: 0780-200 Type GP
Serial Number: 96378
Range 0-200 psig
Accuracy: 0.7% of readout
Date of Calibration: N/A
Calibration Due Prior to each test series

Instruments Prersure Transducer
Manufacturer BLH Electronics
Model Number: 0780-350 Type GP

,

Serial Number: 54262
Range: 0-350 psig
Accuracy: 0.7% of readout
Date of Calibration: N/A -

Calibration Due Prior to each test series

Instrument: Dead Weight Tester* *

Manufacturer: Ametek - Mansfield and Green Division
Model Number: TQ-15
Serial Number: 3350
Range: 0-1500 psig -

Accuracy: + 0.1% of output pressure
Date of Calibration: Mansfield and Greca Assembly and Calibration
Calibration Due: No. M-84826-00-G 8/13/68

Instrument: Sorensen D.C. Power Supply
Manufacturer Raytheon Co.
Model Number: DCR-300-8A
Serial Number: .656
Range: 0-400 volts dc; 0-10 amperes dc
Accuracy: 0.25% of output voltage
Date of Calibration: Prior to each test series against a Fluke
Calibration Dues multimeter

Instrument: Sorensen D.C. Power Supply
Manufacturer: Raytheon Co.
Model Number: DCR-150-3BM22
Serial Number 0445
Range: 0-200 volts de; 0-5 amperes de
Accuracy: 0.25% of output voltage
Date of Calibration: Prior to each test series against a

O Calibration Due: Fluke multimeter
s-

.

-2-

.--. _ ._ _ _ ..



. . _ _ _ _ --. -

t

Test Report No. 3977 Appendix 7 Page 57

LIST OF DATA ACQUISITION INSTRUMENTS (continued)

fs Instrument: Pressure Gage j( Manufacturers Crosby Valve & Gage Co. '

Model Number:
u

Serial Number: 383 "

Range 0-300 psig
Accuracy: j; 1.5 psig - full scale
Date of Calibration: N/A
Calibration Due: Prior to each test series

Instrument: Pressure Gage
Manufacturers Crosby Valve & Gage Co.
Model Number
Serial Number 371
Range 0-600 psig
Accuracy: j; 3 psig - full scale
Date of Calibration: N/A
Calibration Due Prior to each test series

Instrument: Pressure Gage
Manufacturer: Crosby Valve & Gage Co.
Model Number:
Serial Number: 231
Range: 0-600 psig
Accuracy: j; 3 psig - full scale .

Date of Calibration: N/A
Calibration Due Prior to each test series fOG
Instrument: Pressure Gage
Manufacturer: Crosby Valve & Gage Co.
Model Numbers - -

Serial Number: 236
Range: 0-500 psig
Accuracy: j;2.5 psig - full scale
Date of Calibration: N/A
Calibration Due Prior to each test series

Instrument: Pressure Gage
Manufacturers Crosby Valve & Gage Co.
Model Number:
Serial Number 206
Range: 0-500 psig
Accuracy: j; 2.5 psig - full scale {
Date of Calibration: N/A
Calibration Dues Prior to each test series

Instrument: Pressure Gage
!

Manufacturers Crosby Valve & Gage Co.
Model Number
Serial Number: 374
Range: 0-500 psig
Accuracy: + 2.5 psig - full scale

|
Date of Calibration: N/A() Calibration Due Prior to each test series

-3-
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|
I*

LIST OF DATA ACQUISITION INSTRUMENTS (continued) i
!

()-
Instrument Pressure Gage {
Manufacturers Crosby Valve & Gage Co.
Model Number:
Serial Numbers 416
Range: 0-500 psig
Accuracy: j; 2.5 psig - full scale
Date of Calibration: N/A
Calibration Due: Prior to each test series

Instrument: Pressure Gage .

Manufacturer: Crosby Valve & Gage Co.
Model Number:
Serial Number 388
Range: 0-400 psig
Accuracy: j; 2 psig - full scale
Date of Calibration: N/A
Calibration Due: Prior to each test series

Instrument: Pressure Gage
Manufacturer Crosby Valve & Gage Co.
Model Number:
Serial Number: 384
Range: 0-300 psig
Accuracy: f; 1.5 psig - full scale
Date of Calibration: N/A *

Calibration Due Prior to each test series

O
t Instrument: Type J Thermocouple Calibrator

Manufacturer: Altek Industries Corp.
Model Number Series 22 TC Source
Serial Number N/A
Range: 0-500 F
Accuracy: f; 0.1% of span j; 1 degree
Date of Calibrationt 3/9/82 against NBS calibrated LN#8686
Calibration Due: Millivolt potentiometer serial number 1829905

Instrument: Temperature Recorder
Manufacturer: Rustrack Mfg. Co. Inc.
Model Number
Serial Numbers A254770
Range: 0 to 600 F
Accuracy: j; 2% of full scale
Date of Calibration: N/A
Calibration Due: Prior to each test series

.

-4-
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IS O M E DIX

March 16, 1982

1

Mr. W.D. Greenlaw '

Crosby Valve and Gage Company
43 Kendrich Street '

Wrentham, Mass. 02093

Dear Mr. Greenlaw: i
j

This will summarize parameters pertinent to the irradiation of |two (2) IME-2 Pilot Valves, Part No. S66181, as per your Pur-
chase order #70808. j

!

The specimens were exposed to a Cobalt-60 gamma source for a
qperiod of 48 hours at an average dose rate of .66 megarads per -

hour. The calculated dose based on dosimetry was 31 megarads. *

Halfway through the exposure, the specimens were rotated 180
,

degrees to give a more uniform dose distribution.
i

-

s/ j
Dosimetry was performed using Harwell Red 4034 Perspex dosimeters, .

utilizing a Bausch and Lomb Model 710 spectrophotometer as the
readout instrument. This system is calibrated directly with NBS,
with the last readout calibration being September 8,- 1981. A copy
of the dosimetry correlation report is available upon request.

Irradiation was conducted in air at ambient temperature and pres-
sure. Radiant heat from the source heated the samples somewhat,
but the temperature did not exceed 130 degrees F, as indicated by
previous measurgments on an oil solution in the same relative
position.

Irradiation was initiated on February 18, 1982 and was completed
on February 21, 1982.

Very truly yours,

ISOMEDIX, INC.

JA//#2 -
David P. Constantine

DC/mjb

( cc: Mr. George Dietz
Mr. Richard Olmsted -

Isomedix inc. * 25 Eastmans Road. Parsippany, New Jersey 07054 . (201) 887-2666,

.
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ENGINEERING PROCEDURE

TITLE: QUALITY ASSURANCE PLAN

i
For i

The Crosby IMF-2 Solenoid Pilot Valve

O

i
t

I

($. Cr${ f-

APPROVAL W. D. Greenlaw 4/9/82 .

DIRECTOR OF ENGINEERING DATE .

fCROSBY VALVE 8 GAGE COMPANY

N AM E TITLE SIG N,ATUR E D AT E j
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'
APPROVED BY ;L. Thompson Princ. Engr. April 9, 1982
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O
1. Scope

1.1 This QAP is the basic document for the control of desien, materials, procure-
ment, r:anuf acture and test of all safety-related solenoid pilot valves pro-
duccd as Crosby Assembly No. S66181. This document shall be in accordance
with ANSI /ASME NQA-1 and fulfills the requirements of Section II, Paragraph
2 of NQA-1.

2. References

2.1 G.E. Specification No. 22A6441.

2.2 Crosby DFL No. 3325, Revision No. 0 (attached).

2.3 Crosby Assembly and Test Procedure No. T-16362.

2.4 Crosby Weld Procedure W-13093.

2.5 G.E. Purchase Order No's. 205-AJ985 and 205-AJ986.

2.6 Crosby Data Sheet No. DS-C-66181.

2.7 Crosby Qualification Test Procedure No. T-16361.

- 2.8 Crosby QA Manual QC-105.
.

.

2.9 ANSI /ASME NQA-1-1979, Quality Assurance Program Requirements for Nuclear
Power Plants.

3. Ouality Assurance Program

3.1 Organization and responsibility for the Quality Assurance Program shall be
as delineated in Crosby QC-105, Section 1.

3.2 Desien Control

3.2.1 Nominal design parameters shall be established and identified by the
Crosby Data Sheet (No. DS-C-66181).

3.2.2 All parts shall have a unique Crosby Part Number and all parts shall
have a controlled part specification card.

3.2.3 The assembly shall be a frozen design controlled by Crosby DFL No. 3325,
Revision No. O.

0AP-3325 0
-

PROCEDURE NO. REV.

SHEET 2 op 7
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3. Quality Assurance Program (Continued) ,

3.2 Desien Cortrol (Continued)

3.2.4 The design shall be verifis i by successful Type Tasting to the Quali-
fication Test Program refe: enced by G.E. Specification No. 22A6441
and Crosby Qualification Te st Procedure No. T-16361.

3.3 Material Control

3.3.1 All material and/or other "endor services shall be purchased to the re-
quirements of th6 part specification cards and the.. Quality Assurance /
Quality Control requiremen:s of DFL 3325, Revision No O, (attached).

3.3.2 All purchased parts cnd ma :erial shall be inspected to the requirements
of the Purchase Order and jhe part specification card upon receipt.

3.3.3 All parts and material shall be identified by appropriate tags or
labels and segregated by Part Number and Purchase Order Nuraber until
released to assembly or canufacturing. ,

3.3.4 The assembly area shall maintain part identification and segregation by
~

part number until the part is put'into an assembly.p

3.4 Document Control

3.4.1 All part drawings, part specification cards and the data sheet are
controlled by the DFL and w.y not be revised in any canner without a
revision to the DFL at the direction of the Principal Engineer.

Changec made shall not invalidate the qualification cf the design.

3.4.2 All part drawings shall be controlled by the Draf ting Supervisor under
the requirements of Crosby QC-105, Section V with the additional con-
straints invoked by this QAP and DFL No. 3325, Revision No. O.

'

3.4.3 All part specification cards shall be controlled by the Specification
Supervisor under the requirenints of Crosty QC-105. Section VI, with
the additional constraints invoked by this QAP and DFL No. 3325,.Revi-
sion No. O. -

-

1
.

3.4.4 Copics of all Purchase Orders, manufacturing rcute sheets, assembly 'and
inspection reports and any material rejection notices (MRN's) thattest

apply to parts actually used f or production assembly shall be kept on
file under the direction of the Cognizant Xagineer and/or the QA Mana-
ger.

I
.

[] QAP-3325 0
,

PROCEDURE NO. REV.

3 7
SHEET OF

. .

I



Test Report No. 3977 Appendix 10 Page 65

-- _J
r

- _ . _
CROSBY V A LV E 8 GAGE COMPANY

CROSBY
g) __,_____ J WRENTHAM, MASS

(_ I

4. Manufacturing Control

4.1 All Purchase Orders and manufacturing route sheets shall be initiated at the
direction of the Cognizant Engineer or his delegee and shall be prepared in
conformance to the requirements of the Quality Assurance / Quality Control re-
quirements attachment to the Design Freeze List.

4.2 Assembly, Test and Inspection

4.2.1 All assembly operations and test requirements are as defincd by Crosby
Procedure No. T-16362 under the direction of the Cognizant Engineer.

4.2.2 Inspection report requirecents are as defined by Crosby Procedure No.
T-16362 and QC-105, Section VII under the direction of the QA Manager.

4.2.3 All test data shall be recorded on Crosby Form QC-278 under the survei-
llance of the QC Department. The QC Inspector shall place his stamp
adjacent to any operation, inspection or test which he performs or vit-
nesses.

4.3 Control of Cagine and Measuring Equipment

r'') 4.3.1 All standard gages and instruments shall be controlled by QC-105, Sec-
k/ tion XIll, under the direction of the QA Manager.

4.3.2 Unique or special equipment necessary to meet the production test re-
quirements of T-16362 shall be procured, maintained and used at the
direction of the Cognizant Engineer.

4.4 Control of Non-Conformities

4.4.1 Non-conforming materials or parts shall be processed in conformance
with QC-105 Section XVI, with the exception to Paragraph 6.6 that
the MRB Engineering Division Representative shall be the Cognizant
Engineer or his delegee.

4.4.2 Any anomolies that occur during' the assembly and test operations shall
be reported to the Principal Engineer for disposition and recorded in
the test repcrt.

5. Any processes that are not specifically controlled or excluded by this QAP shall be
controlled by the applicable sections of Crosby QC-105.
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l. Scope

1.1 This QAP is the basic document for the control of design, materials, procure-
ment, manuf acture and test of all safety-related solenoid pilot valves pro-
duced as Crosby Assembly No. S66274. This doce ent shall be in accordance
with ANSI /ASME NQA-1 and fulfills the requirements of Section II, Paragraph
2 of NQA-1.

2. References

2.1 C.E. Specification No. 22A6441.

2.2 Crosby DFL No. 3328, Revision No. 0 (attached).

2.3 Crosby Assembly and Test Procedure No. T-16362.

2.4 Crosby k' eld Procedure W-13093.

2.5 G.E. Purchase Order No's. 205-AJ985 and 205-AJ986.

2.6 Crosby Data Sheet No. DS-C-66274.

2.7 Crosby Qualification Test Procedure No. T-16361.
OG 2.8 Crosby 4.'. Ma, - '2-105.

2.9 ANSI /ASME NQA-1-1979, Quality Assurance Program Requirements for Nuclear
Power Plants.

3. Quality Assurance Program

3.1 Organization and responsibility for the Quality Assurance Program shall be
as delineated in Crosby QC-105, Section 1.

3.2 Design Control

3.2.1 Nominal design parameters shall be established and identified by the
Crosby Data Sheet (No. DS-C-66274).

3.2.2 All parts shall have a unique Crosby Part Number and all parts shall
have a controlled part specification card.

3.2.3 The assembly shall be a frozen design controlled by Crosby DFL No. 3328,
Revision No. O.

("] QAP-3328 1
x)
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3. Quality Assurance Program (Continued) '

i

3.2 Design Control (Continued)

3.2.4 The design shall be verified by successful Type Testing to the Quali-
fication Test Program referenced by G.E. Specification No. 22A6441
and Crosby Qualification Test Procedure No. T-16361.

3.3 Material control

3.3.1 All material and/or other vendor services shall be purchased to the re-
quirements of the part specification cards and the Quality Assurance /
Quality Control requirements of DFL 3328, Revision No. O, (attached).

3.3.2 All purchased parts and material shall be inspected to the requirements
of the Purchase Order and the part specification card upon receipt.

3.3.3 All parts and material shall be identified by appropriate tags or
labels and segregated by Part Number and Purchase Order Number until
released to assembly or manufacturing.

3.3.4 The assembly area shall maintain part identification and segregation by
part number until the part is put into an assembly.

|
-

(sj 3.3.5 Fbterials purchased to the requirements of QAP-3325 acceptable for use ;
in assemblies manufactured to this QAP for all parts that are common to
both assemblics (Assembly No's S66181 and S66274). |'

3.4 Document Control

3.4.1 All part drawings, part specification cards and the data sheet are
controlled by the DFL and may not be revised in any manner without a
revision to the DFL at the direction of the Principal Engineer.
Changes made shall not invalidate the qualification of the design.

3.4.2 All part drawings shall be controlled by the Draf ting Supervisor under
the requirements of Crosby QC-105, Section V with the additional con-
straints invoked by this QAP and DFL No. 3328, Revision No. O.

3.4.3 All part specification cards shall be controlled by the Specification
Supervisor under the requirements of Crosby QC-105, Section VI, with
the additional constraints invoked by this QAP and DFL No. 3328, Revi-
sion No. O.

3.4.4 Copies of all Purchase Orders, manufacturing route sheets, assembly and
test inspection reports and any material rejection notices (MRN's) that
apply to parts actually used for production assembly shall be kept on

file under the direction of the Cognizant Engineer and/or the QA Manager,

QAP-3328 1s
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I4. Manufacturing Control

4.1 All Purchase Orders and manufacturing route sheets shall be initiated at the
direction of the Cognizant Engineer or his delegee and shall be prepared in
conformance to the requirements of the Quality Assurance / Quality Control re-
quirements attachment to the Design Freeze List.

4.2 Assembly, Test and Inspection

4.2.1 All assembly operations and test requirements are as defined by Crosby
Procedure No. T-16362 under the direction of the Cognizant Engineer.

4.2.2 Inspection report requirements are as defined by Crosby Procedure No. ,
T-16362 and QC-105, Section VII under the direction of the QA Manager.

4.2.3 All test data shall be recorded on Crosby Form QC-278 under the surveil-
lance of the QC Department. The QC Inspector shall place his stamp
adjacent to any operation, inspection or test which he performs or wit-
nesses.

4.3 Control of Caging and Measuring Equipment

4.3.1 All standard gages and instruments shall be controlled by QC-105, Sec-
(s) tion X11I, under the direction of the QA Manager.

4.3.2 Unique or special equipment necessary to meet the production test re-
quirements of T-16362 shall be procured, maintained and used at the
direction of the Cognizant Engineer.

4.4 Control of Non-Conformities

4.4.1 Non-conforming materials or parts shall be processed in conformance I
with QC-105, Section XV1, with the exception to Paragraph 6.6 that
the MRB Engineering Division Representative shall be the Cognizant
Engineer or his delegee.

4.4.2 Any anomolies that occur during the assembly and test operations shall
be reported to the Principal Engineer for disposition and recorded in
the test report.

5. Any processes that are not specifically controlled or excluded by this QAP shall be
controlled by the applicable sections of Crosby QC-105.

.
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1. Scope

1.1 This test procedure implements the production assembly and testing of the
model IMF solenoid valve pilot assembly f or the 8xRx10 HB-DF sad 6xRx10 HB-BP
dual function safety relief valves.

2. Reference Documents

2.1 Crosby Procedure No. MPP-4400.
*

2.2 Crosby Data Sheet DS-C-66181. -2

-22.3 Crosby QAP No. 3325.

2.4 Crosby Procedure No. T-16361. -2

3. Quality Assurance Requirements

3.1 Crosby Quality Assurance surveillance shall be equivalent to that described in
Crosby Procedure MPP-4400.

3.2 All test data shall be recorded on Crosby Form QC-278 under the surveillance of -2

(3 the QC Department. The QC Inspector shall place his stamp adjacent to any
operation, inspection or test which he performs or witnesses.

3.3 A Product Certification shall be provided to the customer with each pilot assem-
bly.

3.4 All parts shall be inspected and critical dimensions verified and recorded
prior to assembly.

-24. Cleaning

4.1 All metallic parts shall be cleaned thoroughly using an ultrasonic cleaner
prior to, and upon completion of any machining, welding, anodizing or plating
operations.

4.2 All non-metallic parts shall be cleaned using alcohol.

5. Preassembly Shell Test
.

5.1 All pilot housings must be aerostatic shell tested af ter plug welding and be-
for anodizing.

T-16362 3
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5. Preassembly Shell Test (Continued)

5.1 (Continued)

5.1.) Housings shall be mounted to a suitable adaptor plate and the cap open-
ing closed with a suitable blank.

5.1.2 Pressurize the housing to 313 psig air /N2 and immerse in demineralized
water. No visible leakage is permitted.

5.1.3 Stamp each housing above the veld with an 1/8" letter "A" after succes-
sfully acrostatic testing.

5.1.4 The pilot hous ags shall be stored in protective pallets until ano-
dized.

6. Preassembly Inspection

6.1 Prior to the assembly of each pilot, the body seat dimension is to be calcu-
lated as shown in Figures 1-A through 1-D of Table 2 and described in Table 3.
The body seat (Figure 1-E, of Table 2) is to be machined to dimension prior
to staking.

(3
(_) 6.2 Each pilot plunger, sleeve and spring assembly shall be tested by depressing

and rotating the plunger every 90 to verify that it is free from binding
prior to assembly. Verification that results comply shall be noted on Crosby

Form QC-278.

6.3 Measure coil resistance and ambient tempera'ture and record on Crosby Form -2

QC-278. Note: Coil resistance: 727 + 10% ohms at 70 F.

6.4 Do not assemble pilot until all Quality Assurance paperwork is complete.

7. Pilot Assembly

-2Note: The following parenthetical part numbers refer to Crosby Data Sheet, DS-C-
66181.

7.1 Press body seat (19) into pilot body (1) with staking punch (T-61539A-2).
Measure seat height as shown in Figures 1-A and 1-F of Table 2 and described
in Table 3. Record seat height on Crosby Form QC-278. Crimp with seat crimp-
ing punch (T-61539A-3). Note: Use nut adapter (T-61539A-1) with staking and
crimping punches.

T-16362 3}
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7. Pilot Assembly (Centinued)

'

7.2 Lubricate "O" Ring (10) lightly (Super-O-Lube) and place onto sleeve assembly
(12).

7.3 Lubricate seal (3) lightly (Super-0-Lube) and place in pilot housing. Slide
plunger and spring assembly (2) into sleeve assembly. Check for freedom of
movement.

7.4 Lubricate sleeve assembly threads (Neolube). Screw sleeve assembly into pilot
housing with pin wrench (T-16359A-4) and nut adaptor (T-16359A-1) taking care
not to crimp sleeve. Torque to 120 in.-lbs.

7.5 Sleeve to Pilot and Plunger to Seat Seals Leak Test

Upon completion of the sleeve assembly installation the semi-assembled pilot
shall be mounted to test fixture (T-4567) and subjected to a leakage test of
the plunger seat and sleeve to pilot seals.

7.5.1 Pressurize the seat cavity to 200 1 2 psig air /N2 for a test duration
of five (5) minutes af ter pressure is reached.

(-] 7.5.2 Add demineralized water to the pilot chamber around the sleeve assembly
(_/ and a small amount t,o the.. pilot vent hole. When pressure is reached -

- -

and stabilized, isolate the pilot assembly from the supply volume for
the duration of the test.

7.5.2.1 There shall be no drop in pressure as determined by a gage
attached to the test fixture or any visible leakage around
the sleeve assembly joint and the pilot vent hold for the
duration of the test. Record results on Crosby Form QC-278.

7.6 Insert coil assembly (4) and "0" ring (13) into yoke assembly (21).

-27.7 Insert coil and yoke assembly into pilot housing taking care not to damage
coil and lead wires.

7.8 Install nut (6) onto sleeve assembly and torque to 120 in.-lbs. Lubricate -2

rut threads (Neolube).

7.9 Sleeve Assembly to Pilot Body Seal Verification Test

Each semi-assembled pilot assembly shall be mounten to a test fixture (T-1234)
and isolated f rom the supply volume and subjected to a leakage test of the
sleeve assembly to pilot body joint.

T-16362 3
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7. Pilot Assembly (Continued)

7.9 Sleeve Assembly to Pilot Body Seal Verification Test (Continued)

7.9.1 Energize the coil with 105 vde and pressurize the seat cavity. The test -2

pressure shall be 200 + 2 psig air /N2 and the test duration shall be
five (5) minutes af ter pressure is reached.

7.9.2 When pressure is reached and stabilized, isolate the pilot assembly from
the supply volume for the duration of the test.

7.9.2.1 Acceptance Criteria

There shall be no drop in the pilot cavity pressure for the
duration of the test as determined by a gage attached to the
test fixture. Record results on Crosby Form QC-278.

7.10 Lubricate "0" Rings (7) and (11) lightly (Super-O-Lube) and install onto top
cover (9).

7.11 Cut coil lead wires at a length of 3-3/16" from the coil form tep surface.
Insert potting barrier (15) onto lead wires. Strip lead wire insulation for
approximately 1/8". Criap on connector contacts using the Cannon Crimping

() Tool (No. M22520/1-01). Note: Care must be taken not to damage lead wires.

7.12 Install top cover into pilot body. Note: Care cust be taken when installing
top ccver not to dislodge "O" ring (7) and not to damage lead wires when feed-
ing through top cover.

7.13 Locate potting barrier in proper location. Install four (4) mounting screws -2

(8) and torque to 120 in.-lbs. Lubricate threads lightly (Never-Seez).

7.14 Top Cover and Nut Seal Verification Test

Upon completion of the top cover installation the pilot assembly must be
mounted with suitable adaptors at the potting cavity, the connector face and
the pilot vent hole and subjected to a leakage test of the top cover and nut

| seals.

*
7.14.1 Pressurize the pilot assembly through the potting cavity to 50 + 2 psig

air /N2 for a test duration of five (5) minutes af ter pressure is reached.

.

t

/~S T-16362 3
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7. Pilot Assembly (Continued)

7.14 Top Cover and Nut Seal Verfilcation Test (Continued)

7.14.1 (Continued)
;

7.14.1.1 Acceptance Criteria
,3

There shall be no visible leakage through the top cover to
pilot body interface or the pilot vent hole as determined by
a liquid Icak detector spray. Record results on Crosby Form
QC-278.

7.15 Install the two (2) solenoid data plates (5) with four (4) drive screws (22).
Note: Pilot assembly Serial t; umber, 66181-XXX.

7.16 The pilot assembly is to be placed in a protective bin until tested.

8. Preconnector Potting Test .

Each pilot assembly prior to potting shall be mounted to a test block and subjected
to a system leakage and an electrical characteristic test.

8.1 System Leakage Test

~

Each pilot assembly 'shall be 'mo~unted to a test block and subjected to a system
leakage test in both the fully opened and fully closed positions. The test
pressure shall be 200 + 2 psig air /N2 for each position. The tcst duration
shall be ten (10) minutes in each position af ter pressure is reached.

8.1.1 Acceptance Criteria

There shall be no visible leakage through the pilot vent, connector
port or pilot to cover interface as determined a liquid leak detec-
tor spray. Record results on Crosby Form QC-278.

8.2 Electrical Characteristic Test

Upon completion of the system leakage test, all pilot assemblies shall be
mounted to a static stand test block and subjected to an electrical character-
istic test.

.

8.2.1 Check coil resistance and ambient temperature. Record coil resistance
and temperature on Crosby Form QC-278.

T-16362 3
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8. P,r_cconnector Potting Tests (Continued)

8.2 Electrical Characteristic Test (Continued)

8.2.2 The minimum pick up voltage and current, and the maximum drop out volt-
age and current with no pressure applied to the pilot assembly shall be
raeasurod. The ambient temperature, minicum pick up and maximum drop out
voltages and currents shall be recorded on Crosby Form QC-278. Note:
tbximum pick up voltage: 80 volts dc.

8.2.3 The minimum pick up voltage and current and the maximum drop out volt-
age and current tests shall be repeated with the pilot assembly pres-
surized with air /N2 at 90 1 2 psig. Record the ambient temperature,
minimum pick up and maximum drop out voltages and currents shall be
recorded on Crosby Form QC-278. Note: Maximum pick up voltage: 70
volta dc.

9. Connector Potting

Upon coupletion of the pretesting, all pilot assemblies shall have the connector
to top cover interface potted.

9.1 Install gasket (20) over connector (17) body. Insert contacts into connector

/~} body, slots "A" and "B", until they lock. Install remaining two (2) contact

As/ pins into slots "C" and "D". Roll lead wires into the lead hole taking care

not to damage the lead insulation. Install the ccnnector to top cover with

the four (4) mounting screws (18). Lubricate threads lightly (Never-Seez).
Note: When Inserting Connector, Care Must Be Taken To Feed Lead Wire Into
Top Cover. ,

9.2 Check for continuity, coil resistance and shorts through the connector termi-
nals. Note: Coil resistance: 727 1 10% ohms.

9. 3 The mixing of Stycast 2850 Kt and Catalyst 9 shall be performed for each pilot
assembly as follows. Note: All mixing and measuring must be performed using
glass or stainless steel equipment.

9.3.1 Preheat in oven the Stycast 2850 Kt, Catalyst 9 and the pilot assembly
at 150 F for one (1) hour.

.

9.3.2 For each pilot assenbly add and thoroughly blend 1.7 grams of Catalyst
9 for each 100 grams of Stycast 2850 Kt.

9.3.3 Pour mixed epoxy with pilct assembly to cover until potting cavity is
full and lead wires are covered. Note: Pot life is thirty (30) min-

utes.

9.3.4 After pouring, clean any splattered potting from housing.

e~s T-16362 3
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9. Connector potting (continued)

9.3 (Continued)

9.3.5 Place potted pilot assembly in oven at 150 F for two (2) hours for cur-
ing.

9.3.6 Upon completion of curing allow pilot assembly to cool slowly to room
temperature before proceeding with any testing.

9.4 Upon completion of the potting operation and pilot assembly has cooled to
room temperature, check for continuity, coil resistcnce and shorts through
the connector terminals. Record coil resistance and ambient temperature on
Crosby Form QC-278. Note: The pilot assembly is to be placed in a protec-
tive bin until tested.

10. Test Procedure
.

10.1 System Leakage Test

Each pilot assembly shall be mounted to a test block and subjected to a sys-
tem leakage test in both the fully opened and fully closed positions. The test
pressure shall be 200 + 2 psig air /N2 for each position. The test duration~.s
shall be ten (10) minutes in each position after pressure is reached.

10.1.1 Acceptance Criteria

There shall be no visible leakage through the pilot vent, connector or
pilot to cover interface as determined by a liquid leak detector spray.
Record results en Crosby Form QC-278.

10.2 Electrical Characteristic Test

Upon completion of the system leakage test, all pilot assemblies shall be
mounted to a static stand test block and subjected to an electrical character-
istic test.

10.2.1 Check coil resistance and ambient temperature. Record coil resistance
and temperature on Crosby QC-278.

10.2.2 The minimum pick up voltage and current, and the maximum drop out volt- -2

age cnd current with no pressure applied to the pilot assembly shall be
measured. The ambient temperature, minimt.:. pick up and maximum drop
out voltage and currents shall be recorded on Crosby Form QC-278.

j Note: Maximum pick up voltage: 80 volts dc.

|

n

C'
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10. Test Procedure (Continued) I
L
'

10.2 Electrical Characteristic Test (Continued) .

10.2.3 The minimum pick up voltage and current and the maximum drop out volt- -2 |

age and current tests shall be repeated with the pilot assembly pres-
surized with air /N2 at 90 1 2 psig. Record the aebient temperature. 1

Minimum pick up and maximum drop out voltages and currents shall be
recorded on Crosby Form QC-278. Note: Maximum pick up voltage: 70
volts dc.

10.3 Operability Test

The pilot assembly shall be mounted to a test SRV actuator in sets of three
(3) and the SRV actuator shall be subjected to a seventy (70) cycle operabi-
lity test against a simulated safety relief valve load of 250 psi and the disc
insert. The supply pressure shall be 150 1 5 psig from a ten (10) gallon
accumulator and solenoid supply voltage shall be 103 to 105 volts dc. The SRV
actuator shall be cycled by energizing the pilots as tabulated below:

No. of Cycles

Furthest Pilot Assembly 20

( Middle Pilot Assembly 20
Closest Pilot Assembly 20
All Pilot Assemblies 10

10.3.1 Acceptance Criteria

10.3.1.1 The elapsed time between initiation of the signal to the
solenoid valve assembly and the start of load simulator motion
shall not exceed 0.100 seconds. Measure opening response time
for the first and last cycle for each pilot individually and
all pilot assemblies together. Record the maximum and minimum
response time for each on Crosby Form QC-278.

10.3.1.2 The clapsed time between switch-out and the signal to the
solenoid valve and the start of load simulator motion shall
not exceed 0.900 seconds. Meacuta closing time for the first
and last cycle for each pilot individually and all pilot
assemblies together. P.ccord the 2ximum and minimum response
time for each on Crosby Form QC-278.

10.3.1.3 No maintenance of the pilot asseraly shall be permitted during
the cperability test. If maintenance is required, retest of

the pilot assembly will also be required.

T-16362 3p
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10. Test P r oc eJ t.re (Continued)

-2 '10.4 Each pilot assembly shall be subjected to a syste: leakage test in t.he fully
,

opened and fully closed position as per Paragraph 10.1 above. The test
presaure shall be 200 + 2 psig air /N2 for each position. The test duration
shall be ten (10) minutes in each position af ter pressure is reached.

11. Packaging and Shipping

11.1 Upon co:::pletion of all testing, the four (4) connector mounting screws' (18)
and the four (4) top cover mounting screws (8) shall be lock wired.

11.2 Upon test review, acceptance, and sign off of test forms by Crosby Engineering, -2
the pilot assembly shall be securely packaged and shipped to the designated
cus to:r.e rs. Note: Care must be taken to protect the pilot assembly electrical
Connectors.

.

|

|

,

|

|
|
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FLO'J CHART

TABLE 1

Preassembly Shell Test

I
!

Pilot Anodizing

|
1

Preassembly Inspection

Pilot Assembly and Seal Verification Tests

!

l

Systen Leakage Test

i

O -

Electrical Characteristic Test

Connector / Top Cover Potting

,

System Leakage Test
;

Electrical Characteristic Test

.

Operability Test

I
'

{
Package and Shipi

l

T-16362 3-

|
PROCEDURE NOL REV.

' 12 21
( SHEET OF

1
- -

,
._ ._



'

.
. !

Test Report No. 3977 Appendix 11 Page 88

CROSBY V A LV E Q GAGE COMPANY
; WkENTHAM, WASS

'o ;

i
TABLE 2 |

Measurements of Body Seat Dimension and Minimum Plunger Travel

Body Assembly (S66176)

1

i

d o j ;

/ /
/ ,/// ,/

-

/ /
/ / ^

/ /
o / /

/ / r

,/
-

.

// ~
/ i f. .

I/ \l//// 1

/ (/'

Figure 1-A: Top of Pilot to Sleeve
# Shoulder. -

Figure 1-B: Top of Pilot to Bottom Seat
Plane.

Figure 1-F: Top of Pilot to Top of Body
Seat.

T-16362 3
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TABLE 2 }!

i
Plunger and Spring Assembly (106733) i

Ix r

'/ ///////////////4 lf///Mf/' "

Figure 1-C: Plunger Length
, _ ,

'
}////////////////////// 3 '~)"h* ,-s

t
' L i-

C =

Plunger Sleeve (109557)
:=

/

. _ _ _ _ _ _ _ _ _ _ , %i m,g

d------ - - - - - - - Figure 1-D: Siceve Shoulder.toO .

T-~ ~~~~ - ~ ~

Sleeve Backface,
s s ,

. . . .. _ _ _ _ _ _ /= g

Q L

.

-D%,

Body Seat (106724) '

\
M

\-

(\ *

, ,
Figure 1-E: Body Seat Dimension.

1
/ i

(
<
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Body Seat Dimension and Pluncer Travel Calculation g

i
.

Pilot Assembly Serial Number: ;t

i

;

A= (Top of pilot to sleeve shoulder; Figure 1-A) i
i
'

B= (Top of pilot to bottom seat plane; Figure 1-B)

C= (Plunger length; Figure 1-C)

D= (Sleeve shoulder to sleeve backface; Figure 1-D) i

Sc = B-A = (Seat cavity)

Pe = C-D = (Plunger extension)

O E = Sc-Pe .033 = (Body seat dimension = Seat cavity - Plunger extension -

.033)

Note: Finish machine body seat to dimension "E" before staking into pilot assembly.

Sh (Calculated) = Sc-E = (Seat height calculated)

Note: Stake body seat into pilot and measure dimension "F".

F= (Top of pilot to top of body seat; Figure 1-F)

Sh (Actual) = F-A = (Seat height actual)

Note: Record seat height on QC Form QC-278.

Pc = Sh-Pe = (Plunger travel = .030 to 035)

Nc, t e: Record plunger travel on QC-Form QC-278.

3 |_ g y.,,
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QC-278

TABLE 4

Pilot Valve Assembly and Test Data Sheet

Pilot Assembly Serial Number:

Inspector
Part Dimension Date and Stamp

Body Seat I.D. .091/.095

Seat lleight .

Plunger Travel .030/.035

Plunger and Spring Assembly Non-binding Verification

CROSBY:
Signed Date

Coil Resistance: ohms. Temperature: F

Sleeve to Pilot and Plunger to Seat Seal Leakage Test -1

Test Pressure (200 + 2 psig):

Test Duration (5 Minutes):

Results:

CROSBY:
Signed Date

ASSDiBLED BY:
Signed Date

Q.C. SURVEILLANCE:
n Signed Date T-16362 3.
U
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'

TABLE 4 (Continued) , ,,
,

J

'

Pilot Assembly Serial Number:

Sleeve Assenbly to Pilot Bod'1_ Seal Test -

''Test Pressure (20012 psig):

Test Duration (5 Minutes):
*

s i

Results:
_

'

>

CROSBY:
DateSigned s

,s

Top Cover and Nut Seal Verification Test i ' -1
sq

Test Pressure (50 1 2 psig): T s

Test Duration (5 Minutcs):
[;

_ _ _ _

b Results:

CROSBY: ,

Signed Date
,'N

,

\, .

P$epotting 70sts
.

,

System Leakage Test | '

Fully Closed s Fully Open
s

A

Test Pressure (200 1 2 psig):
.

,

Test Duration (10 Minutes):

Results:

CROSBY:
' '

.

^

Signed Date

Q.C. SURVEILLANCE:
Signed 1 D.ste

,o T-16362 3
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QC-278

'
' TALLE 4 (Continued)

Pilot Assembly Serial Number:

Electrical Characteristic Test

Coil Resistance: ohms. Temperature: F

Minimum Pick Up Voltage (No Pressure Applied): vde
Minimum Pick Up Current (No Pressure Applied): ma

Maximum Drop Out Voltage (No Pressure Applied): vde
I!aximum Drop Out Current (No Pressure Applied): ma

Minimum Pick Up Voltage (90 psig Applied): vde
Minimum Pick Up Current (90 psig Applied): ma

vde jMaximum Drop Out Voltage (90 psig Applied): ,
maMaximum Drop Out Current (90 psig Applied):

I

O CROSBY:
Signed Date

.

Post Potting Coil Resistance ohms. Temperature: F

Production Tests

Systen Leakage Test
Fully Closed Fully Open

Test Pressure (200 + 2 psig):
_

Test Duration (10 Minutes):
.

Results:

CROSBY:
Signed Date

Q.C. SURVEILLANCE: T-16362 3

O Signed Date
PROCEDURE NOL REV.
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QC-278
TABLE 4 (Continued)

!
i

Pilot Assembly Serial Number: f
I

!

Electrical Characteristic Test !
<

Coil Resistance: ohms. Temperature: F

Minimum Pick Up Voltage (No Pressure Applied): vde f
Minimum Pick Up Current (No Pressure Applied): ma

Maximum Drop Out Voltage (No Pressure Applied): vde
'

Fbximum Drop Out Current (No Pressure Applied): ma

Mialwua Pick Up Voltage (90 psig Applied): vde
Minimum Pick Up Current (90 psig Applied): ma

Maximum Drop out Voltage (90 psig Applied): vde
Maximum Drop Out Current (90 psig Applied): ma

CROSBY:

(] Signed Date
V

Operability Test

No. of Cycles: ,

Opening Response Time (<0.100 Second)
(Switch-in to Start of Motion): Minimum: sec Maximum: sec.

Closing Response Time (<0.900 Second)
_

'(Switch-out to Start of Motion): Minimum: sec. Maximum: sec.

All Three (3) Pilots

No. of Cycles:

Opening Response Time (3 100 Second)0

(Switch-in to Start of Motion): Minimum: sec. Maximum: sec.

Closing Response lime (<0.900 Second)
(Switch-out to Start of Motion): Minimum: sec. Maximum: sec.

CROSBY: T-16362 3 )p Signed Date
' PROCEDURE Na REV.

Q.C. SURVEILLANCE: gg gg ,
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QC-278

TABLE 4 (Continued)
i

ESystem Leakage Test
Fully Closed Fully Open

le Pressure (200 + 2 psig):

Test Duration (10 Minutes): )
Results:

{

CROSBY:
Signed Date

.

Q.C. SURVEILLANCE: .

fSigned Date

ENGINEERING REVIEW:
Signed Date

O
-

i

.
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ENGINEERING PROCEDURE \'
l

TITLE: TEST PROCEDURE

TEST PLAN FOR ENVIRON'ETAL QUALIFICATION OF
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i
1. Scope

1.1 This Procedure defines the Environmental Qualification Testing of two (2)
Crosby Solenoid Valve Pilot Assemblies which were assembled and tested
to Crosby Procedure No. T-16262.

'2 . Test Sample Description

2.1 The two (2) randomly celected test units represent a modification of the
Solenoid Valve Pilot Assembly for the Crosby 6xRx10 HB-65 and 8xRx10 HB-DF
Dual Function Safety Relief Valves.

3. Reference Documents

3.1 G.E. Specification No. 22A6441, Revision No. 3.

3.2 lEEE Standard 323-1974.

3.3 Crosby Procedure No. MPP-4400.

3.4 Crosby Procedure No. T-16362.

3.5 Crosby Data Sheet DS-C-66181. -5

3.6 QAP No. 3325.

4. Reference Frame Testing

Each Pilot Assembly shall be subjected to a Reference Frame Test as follows:

4.1 Electrical Characteristic Test

4.1.1 The electrical characteristic test is to be performed on a static
stand test block.

4.1.2 Check for continuity, coil resistance, and shorts through the connector
terminals. Record coil resistance and ambient temperature on Crosby
Form QC-277. Note: Coil resistance 727 + 10% 0101S at 70 F.

4.1.3 The mininum pick up voltage and current, and the maximum drop out volt-
age and current with no pressure applied to the pilot assembly shall be
measured. The ambient temperature, minimum pick up and maximum drop
out voltages and currents shall be recorded en Crosby Form QC-277.

T-16361 'S
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4. Reference Fra_ce Testing (Continued)
,

t

4.1 Electrical Characteristic Test (Continued) |

4.1.4 The minimum pick up voltage and current and the maximum drop out volt-
age and current tests shall be repeated with the pilot assembly pres-
surized with air /N2 at 90 + 2 psig. Record the ambient temperature,

,

'minimum pick up and maximum drop out voltages and currents on Crosby
Form QC-277.

4.2 Operability Test
-

4.2.1 Each pilot assembly shall be subjected to a five (5) cycle operability
test against a simulated safety relief valve load of 250 psi at the
SRV inlet. The air /N2 supply pressure shall be 90 + 2 psig from a
ten (10) gallon accumulator and the solenoid pilot supply voltage shall

be 105 + 0/-2 vdc. The acutator shall be cycled by energizing the
pilots as tabulated below.

No. of Cycles

Top Pilot Assembly 5
Bottom Pilot Assembly 5

O
lJ 4.2.2 Acceptance Criteria

4.2.2.1 In the initial reference frame test and the reference frame
tests of Paragraph 5, 6 and 7, the elapsed time between ini-
tiation of the signal to the solenoid valve pilot assembly and
the start of load simulator motion shall not exceed .100 sec-
onds. Measure opening response time for the first and last
cycle for each pilot. Record the maximum and minimum response
time for each on Crosby Form QC-277.

4.2.2.2 The elapsed time between switch out of the signal to the sole-

|
noid valve pilot assembly and the start of the load simulator

| motion shall not exceed .900 seconds. Measure closing response

| time for the first and last cycle for each pilot. Record the
maximum and minimum response time for each on Crosby Form
QC-277.

4.2.2.3 Only operability (open and hold open/close upon energization/
deenergization of the solenoid) is required for acceptability
during and at the conclusion of the anvironmental test of

| Paragraph 8. Response times noted shall be for information
only.

T-16361 5
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|4. Reference Frame Testing (Continued)_ ,

1

4.3 System Leakage Test -4 |

4.3.1 Each pilot assembly shall be mounted to a test SRV actuator and sub-
jected to a system leakage test in both the open (actuator fully strok- 3

ed) and closed positions. The air /N2 test pressure shall be 20012 i

psig for each position. The test duration shall be ten (10) minutes '

in each position af ter pressure is reached.
1

4.3.2 Acceptance Critoria

4.3.2.1 In the initial reference frame testing, there shall be no visi-
ble leakage through the pilot vent, connector or cap-to-housins
interf ace as determined by a licuid leak detector spray. Test
results shall be recorded on Crosby Form QC-277.

4.3.2.2 Leakage for reference f rame testing following the aging events
of Paragraph 5, 6 and 7 shall r.at interfere with the pilot
valve function and shall be consistent with the basic operabi-
lity requirements imposed by Reference 2.1 on the solenoid and
(to the extent applicable) on the SRV and its actuator.

4.3.2.3 Leakage at the conclusion of the environmental testing of
- Paragraph 8 shall be consistent with the basic operability

requirements for actuation of the SRV (i.e. , solenoid to open
and hold open/close upon signal / termination of signal to the
solenoid).

5. Thermal Aging

5.1 The pilot assemblies shall be mounted to a test fixture and exposed in a cham-
ber rt a teeperature and duration thermally equivalent to 343 F for 100 hours

( in an air atmcsphere with uncontrolled humidity with 90 psig air /N2 applied !

I to the inlet side of the solenoid pilot seat. (Refer to G.E. Specification

i No. 22A6441, Revision No. 3).
!

! 5.2 The reference frame test of Paragraph 4 shall be repeated and recorded on
Crosby Form QC-277.

1

l

! !.
! i

|
'

|
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6. Mechanical Aging (Normal Room Ambient)

6.1 Each pilot assembly shall be mounted to a test SRV actuator and mechanically
cycled 1000 times against an equivalent load of 250 psi at the SRV inlet by
energizing each solenoid pilot valve 500 times. Air /N2 pressure used at the
solenoid pilot valve shall be 200 + 5 psig from a ten (10) gallon accumulator.
The pilot supply voltage shall be 138 +2/-0 vdc.

,

6.2 The reference f rame test of Paragraph 4 s?.all be repeated and recorded -on
Crosby Form QC-277.

7. Radiation Aging

7.1 Upon completion of the reference f rame testing the pilot assemblies shall be
7irradiated to a cumulative total integrated dose of 3.0 x 10 rads (air equiv-

alent gamma.

7.2 Af ter radiation aging, the reference f rame test of Paragraph 4 shall be re-
Ipeated and recorded on Crosby Form QC-277.

8. Environmental Test

m., 8.1 Each pilot assembly shall be mounted in a chamber which maintains a controlled
v/ saturated steam environment (Figure 1).

8.2 An air /N2 supply capable of maintaining a 90 psi differential acting across
the pilot assembly and 0 to 250 vde power supply sh 1 be connected to the
pilot valve. Actual test voltages shall be as specified below. )

8.3 Recording device (s) shall monitor the pilot valve operation (i.e., voltage,
current and inlet pressure) and environmental conditions (i.e., pressure and
temperature) over the entire duration of the test.

8.4 Each of the two (2) pilot assemblies shall be independently tested in
separate 4 day tests.

8.4.1 Refer to the profile of Figure 1. After reaching the temperature of -3

340 F on the first ramp, each pilot valve is cycled six (6) times during
the first hour after the 340 F temperature is reached. These six (6)
cycles are to be performed as follows:

'

hw
.
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8. Environmental Test (Continued) +

8.4 (Continued)

8.4.1 (Continued) g
(

Cycle Number Voltage -3 i

!
1 < 105 vde !
2 5105vde |
3 % 125 vde s

4 4 138 vde |
5 1 105 vde
6 1 105 vde

.

Times of cycling events and voltages to be used are give on Figure 1 for -3

the remaining cycles. Coil resistance is to be checked at each cycle.
(See Paragraph 8.4.2). If the continuously energized solenoid (see
Paragraph 8.4.2) is energized at the end of the first hour (i.e., after
the first six (6) cycles), two (2) additional cycles shall be applied
to this solenoid between the second and third hour, by deenergizing and

cycling. One (1) cycle shall be at a voltage i 105 vdc and the other

(''} shall be a cycle at 4 138 vde. If this solenoid is energized between
k/ the first six (6) cycling events, these two (2) additional cycles are

not required.
.

8.4.2 One (1) pilot valve shall be energized continuously at 138 +2/-0 volts -3

de and cycled (i.e. , deenergized and reenergize) one (1) or more times
at each plateau on the temperature / pressure profile of Figure 1. Dur-

ing or at the end of the first six (6) cycles on the first 340 plateau
of Figure 1, the voltage shall be applied and increased to the maximum

level (138 +2/-0 vde). All conditions shall be monitored and recorded
" as per Paragraph 8.3 throughout the test. Further cycling shall be

performed by deenergizing, energizing at the required voltages and then
increasing the voltage back up to 138 +2/-0 vdc.

-38.4.3 One (1) pilot valve shall remain in the deenergized condition except
during the periodic cycling at each plateau on the temperature / pressure
profile as indicated on Figure 1. Except where otherwise required,
the voltage shall be 1 105 vde for the duration of the test. Note that

some cycles are performed at a specific voltage other than at i 105 vdc.
All conditions shall be monitored and recorded as per Paragraph 8.3

throughout the test.

I '/) T-16361 5
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8. Environrental Test (Continued) .

8.5 Interruption of Test -3

8.5.1 Any failure of the test system (not including the test unit) shall be -3
corrected, and the system brcught back up to and thermally stabilized
at the required plateau temperature before the test (accumulation of
time at temperature) may continue.

8.5.2 Any drop in chamber temperature below that required at the given plateau -3
(such as feedwater pump operation) shall not be included as part of the
total time at that plateau.

8.6 Acceptance Criteria

The constantly energized pilot assembly (Paragraph 8.4.1) shall hold open -3
when energized and remain operable throughout all testing to be considered
successful. Both pilot assembles shall operate at their required operating
voltages, at each point where cycling is required during all testing to be
considered successful.

9. Post Test Inspection

p)( 9.1 Following all testing both pilot valves shall be reference frame tested as per
Paragraph 4 of this procedure and the results recorded on Crosby Form QC-277.

9.2 Upon completion of the reference f rame test, both pilot valves shall be dis-
assembled. All defects. or anomalies shall be noted on Crosby Form QC-277.

10. Test Report

10.1 Upon completion of the above tests, a test report shall be generated including
the following as a minimum.

10.1.1 Summary of the results and conclusions, details and recommendations re-
garding anomalies and test procedure and set-up.

.

10.1.2 Test Reports (QC277 & 278).

10.2 The test report shall also contain the following:

10.2.1 Test procedure used.

10.2.2 Calibration information.

10.2.3 Log sheets.

10.2.4 Instrumentation used.

T-16361 5
s_-
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10. Test Report (Continued)

10.2 (Continued)

10.2.5 Pilot assembly identification and drawing references.

10.2.6 Description with photographs of test facility / set-up, instrumentation |
and significant inspection results. j

f10.2.7 Crosby Engineering Calculation of the Seismic loading.

f10.2.8 Caelulation of thermal aging temperature. -3

|
.

oo
t

I

i

.
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Og_ Pilot Valvecycledapproximatelyonceeverytenfl0)minutesduring
first hour after achieving a temperature of 340 F; < 105 vdc., ij
(total of six (6)). j;

Y
, Pilot valve cycled once at teeperature of 340 F; i 105 vdc.

t>

|~

-Pilot valve cycled once at temperature of 320 F; i 105 vdc.
,

|.
-

e.

_ Pilot valve cycled at temperature of 308 F; jg

1 to 2 hrs. 1 "* I

'140 F1 hour - +
filot valve cycled at temperature

"'" ""* Y "" * "E320 F
,| hours; any voltage up to 138

I dc. F

08 F -Pilot valve

! | cycled at

O | temgerature of
I i I | 308 F; 105

Temperatur
I I | | vde

shall rise from
Saturated I II

ambient tempera- | 3 | |

ture to 340 F 19 | |
| |

5 minutes. (Best | 1 | I,

| | Ieffort basis) | I,
I I t i

!
,

Envir|on- ||

| g |I

Ambient Temp. | I l 1 !**"

4 Days [ AmbientO 3hr 6hr 9hr 1 Day 2 Days 3 Days

g

Temp. i
Pilot valve cycled once at end of 3 hours with Pilot valve cycled once

environmental temperature at ambient; i 105 vdc. at ambient temperature;

! 1 105 vdc.

!

| Air Supply - 90 psid
Supply Voltage - 105 volts de maximum for deenergized
pilot test except where otherwise specifically required,

Saturated Steam Environment 138 volts de minimum for constantly energized pilot test g
Pressure (psig) Temp. ('F) during the period this pilot is |

"*#81** * T-16361 5
,
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Environmental Qualification Testing for Crosby IMF Solenoid Valve Pilot Assembly. Test
quantity will be two (2) units.

Reference Frare Testing

Pilot valve cycled in test fixture to establish mechanical and electrical characteris-
tics.

Thermal Aging

Oven bake (uncontrolled air atmosphere) for a temperature and duration equivalent -3

to 343 F for 100 hours.

Reference Frame Test

Mechanical Aging

1000 cycles under maximum operating conditions (200 psig and 138 volts de) at room !
"

temperature.

V

Reference Frate Test

Radiation Aging

Total integrated dose of 3.0 x 10+ rads (air equivalent) gamma.

Reference Frame Test

Environmental Test

Test profile of Figure 1. Total test duration of four (4) days. Note: One (1) unit
to be cycle tested. One (1) unit to be constantly energized at 138 volts dc.

Reference Frare Test

Post Test Inspection

O FIGURE 2 T-16361 5
v
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QC-277 'I
Crosby IMF Solenoid Valve Pilot Assembly Environmental i

Qualification Test Form QC-277 I

Pilot 11ousing Serial Number .

I

- Reference Frame Testing -

1. Ej ectrical Characteristic Test

Ambient Temperature: F.
Coil Resistance: 0101S. !

Minimum Pick Up Voltage (No Applied Pressure): vdc.
Minimum Pick Up Current (No Applied Pressure): ma.
Maximum Drop Out Voltage (No Applied Pressure): vdc.
Maximum Drop Out Current (No Applied Pressure): ma.

Minimum Pick Up Voltage (90 psig Applied): vdc.
Minimum Pick Up Current (90 psig Applied): ma.
Maximum Drop Out Voltage (90 psig Applied): vdc.
Maximum Drop Out Current (90 psig Applied): ma.

,O Ambient Temperature: F.
C# Coil Resistance: 0101S.

2. Operability Test
4

No. of Cycles

Opening Response Time:
(Switch-in to Start of Motion): Minimum: Maximum: (1 100 sec.)
Closing Response Time:
(Switch-out to Start of Motion): Minimum: Maximum: (1 900 sec.)

| 3. System Leakaga Test
_4

| Fully Closed Fully Open

| (200 1 2 psig) (20012 psig)
Test Pressure:

Test Duration (10 Minutes):
Results:

CROSBY:
Signed Date

T-16361 5

FIGURE 3
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QC-277
Post Thermal Aging Reference Frame Test

j

4. Electrical Characteristic Test

Ambient Temperature: F.
Coil Resistance: OHMS.

i

|Minimum Pick Up Voltage (No Applied Pressure): vdc.
Minimum Pick Up Current (No Applied Pressure): ma.
tbximum Drop Out Voltage (No Applied Pressure): vdc.
Maximum Drop Out Current (No Applied Pressure): ma.

Minimum Pick Up Voltage (90 psig Applied): vdc.
Minimum Pick Up Current (90 psig Applied): ma.

'Maximum Drop Out Voltage (90 psig Applied): vdc.
Maximum Drop Out Current (90 psig Applied): ma.

Ambient Temperature: F.
Coil Resistance: OHMS.

-45. Operability Test

No. of Cycles:

Opening Response Time:
(Switch-in to Start of Motion): Minimum: Maximum: (<.100 sec.)

Closing Response Time:
(Switch-out to Start of Motion): Minimum: Maximum: (<.900 sec.)

_

! 6. System Leakage Test _4,

Fully Closed Fully Open
(200 1 2 psig) (200 1 2 psig)

Test Pressure:

Test Duratior. (10 Minutes):
Results:

CROSBY:
Signed Date

FIGURE 3

i
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QC-277 L

Post Mechanical Aging Reference Frate Test

7. Electrical Characteristic Test ;
6

IAmbient Temperature: F.
Coil Resistance: 0101S.

;

Minimum Pick Up Voltage (No Applied Pressure): vdc. i

{Minimum Pick Up Current (No Applied Pressure): ma.
Maximum Drop Out Voltage (No Applied Pressure): vdc. t

Maximum Drop Out Current (No Applied Pressure): ma.

Minimum Pick Up Voltage (90 psig Applied): vdc.
Minimum Pick Up Current (90 psig Applied): ma.
Maximum Drop Out Voltage (90 psig Applied): vdc.
Maximum Drop out Current (90 psig Applied): ma.

Ambient Temperature: F.
Coil Resistance: OHMS.

1 8. Operability Test
-

No. of Cycles:

Opening Response Time:
(Switch-in to Start of Motion): Minimum: Maximum: (1 100 sec.)

Closing Response Time:
(Switch-out to start of Motion): Minimum: Maximum: (1 900 sec.)

9. System Leakage Test -4

Fully Closed Fully Open
(200 1 2 psig) (200 1 2 psig)

Test Pressure:'

! Test Duration (10 Minutes):
Results:

I
!

CROSBY:
Signed Date

.

.

FIGURE 3
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QC-277
Fast Radiation Aging Reference Frame Test ,

i

!

10. Electrical Characteristic Test

Ambient Temperature: F.
Coil Resistance: __OliMS.

Minimum Pick Up Voltage (No Applied Pressure): vdc.
Minimum Pick Up Current (No Applied Pressure): ma.
Maximum Drop Out Voltage (No Applied Pressure): vdc.

|Maximum Drop Out Current (No Applied Pressure): ma.

Minimum Pick Up Voltage (90 psig Applied): vdc.
Minimum Pick Up Current (90 psig Applied): ma.
>bximum Drop Out Voltage (90 psig Applied): vdc.
Maximum Drop out Current (90 psig Applied): ma.

Ambient Tenperature: F.
Coil Resistance: OliMS.

11. Operability Test

No. of Cycles:

Opening Response Time:
(Switch-in to Start of Motion): Minimum: Maximum: (1 100 sec.)

Closing Response Time:
(Switch-out to start of Motion): Minimum: Maximum: (1 900 sec.)

12. System Leakage Test 4
Fully Closed Fully Open

(200 1 2 psig) (200 1 2 psig)
Test Pressure:

Test Duration (10 Minutes):
Results:

Signed Eate

:

FIGURE 3

(^) T-16361 5
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QC-277

Post Environmental Testing Reference Frame Test
,

l
13. Minimual Pick-up Voltage: vdc. Current: _ma. I

During environmental testing (1st peak). i

|
1

14. Electrical Characteristic Test

Ambient Temperature: F. |
' '

Coil Resistance: 0101S .

Minimum Pick Up Voltage (No Applied Pressure): vdc.
Minimum Pick Up Current (No Applied Pressure): ma.
Maxicum Drop Out Voltage (No Applied Pressure): vdc.
Maximum Drop Out Current (No Applied Pressure): ma.

Minimum Pick Up Voltage (90 psig Applied): vdc.
!!inimum Pick Up Current (90 psig Applied): ma.
thximum Drop Out Voltage (90 psig Applied): vdc.
Maxieum Drop Out Current (90 psig Applied): ma.

Ambient Temperature: F.
- Coil Resistance: OIDiS.

-415. Operability Test

No. of Cycles:

Opening Response Time:
_

Maximum: (5 100 sec.)(Switch-in to Start of Motion): Minimum:

Closing Response Time:
(Switch-out to start of Motion): Minimum: _ Maximum: (5 900 sec.) <

16. System Leakage Test -4

Fully Closed Fully Open
(200 1 2 psig) (200 1 2 psig)

Test Pressure:

Test Duration (10 Minutes):
Results:

CROSBY:
Signed Date

O) T-16361 .5
m
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QC-277 ; 1

I i

16. Post Test Inspection

16.1 Coc:ments

O

t

.

CROSBY:
Signed Date

Figure 3
"
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R EVISION NUMBER D ATE R E A SON FOR REVISION CUSTOMER APPROVAL
,

!

-0 1/18/82 i

-1(d2281 1/29/82 Changes in the order of Testing.
1-f%

( .k . ;. 2 9 2. [ ',gy

y de i.

-2 1 0vg M 3 2/17/82 neieted Crosby Test Report No. 3865.
D g.;-) SA Added paragraphs 3.6, 10.1.2 and

,

10.2.7. Revised paragraph 8.4 per/I}f/[1 g , 3. g ;. gi
g ,g 8L discussions with G.E.2

-3 , fP 3/25/82 Clarification of Testing Requirements

J.% 4. ?'64 dl; g],- p per G.E.. request.ast.
j

Y[d8 b ' , .4

-4 4/26/82 Revised per Crosby Engineering
BW,e /s/8L3V

'
Yhh 1

*

0

j$2 | .sXQ '

.

5 5/27/82 Revised Paragraph 3.5

# O'|Eb~Y

N99.Whe"|#''9Yi k
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Appendix 13

JUSTIFICATION OF NON-PERFORMANCE NEGATIVE PRESSURE TEST

Negative Pressure Test i

The CVG-01 SPV (Crosby No. DS-A-63790, DS-A-63580, DS-A-63825, and DS-A-63800 (Sheet 4))
'

was successfully tested during the GE/Wyle NEQ Test (Reference No. 44220-2) as required
!by GE specification 22A6551, Appendix 30 to Paragraph 30.8.4.1. Similarity of design
'

between the IMF-2 (Crosby No's DS-C-66181, Rev B and DS-C-66274, Rev C) SPV and the
CVG-01 SPV allows extrapolation of this test to justify a generic qualification for j

negative pressure for the IMF-2 SPV. Specifically, there are two (2) design ;

parameters that need to be addressed for the effects of negative pressure; 1) mechani- (
cal operation, 2) effective pressure sealing. 6,

I

1) The mechanical operation consistsonly of the plunger and sleeve assembly. !

The CVG and the IMF-2 have identical parts. (Peter Paul Part No's. 73NI-1501 i

and 70-11019). ;

i

2) Two (2) 0-ring seals are of a different design on the IMF-2 SPV. The radial ;

seal between the solenoid nut and the sleeve on the CVG-01 has been replaced
'

with a face seal between the top cover and nut on the IMF-2. It is completely
contained in a double sided 0-ring glano, and every production unit is leak
tested. The solenoid nut to body 0-ring seal on the CVG-01 has been replaced
with a radial 0-ring seal between the top cover and body on the IMF-2. It

also is contained in an 0-ring groove, and all units are leak tested. A1.1

other seals, both internal and interface, are common to both SPV's.

O

- --- -
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Appendix 14

JUSTIFICATION FOR TEST RAMP

The initial five (5) minute temperature / pressure ramp required by the test plan could
not be achieved during the LOCA test (reference Appendix 3) although the required end
conditions were met. Two (2) possible effects of thermal shock considered as a result
of the required ramp are; 1) permanent distortion or cracking of the SPV body and
2) non-operability due to non-uniform heating and expansion of the internal moving parts.
Justification for the acceptatility of the qualification test is as follows for each
possible effect:

1) The IMF-2 SPV body is similar in design, size and material to the CVG-01 SPV
body that was succesfully LOCA tested to the same requirements during the GE/
Wyle NEQ Test No. 44220-2 with no reported damage. (Reference Crosby drawing
No's SA-C-60761, Revision B, and SA-C-66176, Revision 0).

2) The mechanical operating parts of the IMF-2 SPV are identical to the CVG-01
SPV parts. The CVG-01 operated normally after the ramp during the above
identified Wyle LOCA test. Additionally, heating the mass of the body lessening
the shock. The test did demonstrate operability at all temperatures traversed

() by the required ramp.

Based on the above, it is considered that the Wyle LOCA test results for CVG-01 are ex-
tendable to the IMF-2.

.
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APPENDIX 15

VOLUMETRIC EQUIVALENTS OF POST-LOCA PNELHATIC LEAKAGE

The Post-LOCA baseline leakage test of test specimen (SPV) 66181-006 was performed us-
ing a pressure decay method with the volumetic equivalent found as follows:

SRV Actuator Volume = 0.578 ft.

1?c Inch Diameter Hose Volume = 0.085 ft.

One (1) Callon Accumulator Volume = 0.134 ft.
Ambient Temperature = 73 F.

Test Medium = Nitrogen (N )*
2

Test Duration = 10 Minutes.

Leakage Test No. 1 (SRV 66181-006)

Starting Pressure (F ) = 200 psig = 214.7 psia = 30916.8 psfa.
3

Ending Pressure (P ) = 195 psig = 209.7 psig = 30196.8 psfa.
2

Temperature (T) = 73 F = 532.7 R.

Cas Constant (R) = 55.15 lb - ft./lb ,- R.
g

System Volume (V) = 0.80 ft.

P V = mRT
y

m = P V/RTg g

m - (30916.8)(0.80)/(55.15)(532.7)y

m - 24733.44/29378.41y

m = 0.842 lbl

m = P V/RT
2 2

m = (30196.8)(.8)/(55.15)(532.7)2

2 = 0.822 lb ,m

O
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Appendix 15 (Continued)

Leakace Test No. 1 (SRV 66181-006) (Continued)

Amass = m -m
g 2

i

Miass = 0.842 - 0.822 ;
4

I

Amass = 0.02 lb ,

Mass F1ow Rate = .02 lb,/10 minutes.
Mass Flow Rate = .002 lb ,/ minute = .12 lb,/ hour.

I

Average Pressure (P e m e) = (Py + P )/2 i
2

(Paverage = (30916.8 + 30196.8)/2

(P ) = 30556.8 psfa
g

Volumetric Flow Rate (Q) = mRT/P e

Q = (0.12)(55.15)(532.7)/30556.8

Q = 3525.41/30556.8

q = 0.115 ft.3/hr.

66181-006 = 0.115 f t.3/hr.Volumetric Post-LOCA Pneumatic Leakage of SPV

Leakage Test No. 2 (SPV 66181-007)

Starting Pressure (P ) = 200 psig = 214.7 psia = 30916.8 psfa.
3

Ending Pressure (P ) = 187 Psig = 201.7 psia = 29044.8 psfa.
2

Temperature (T) = 73 F = 532.7 R.

f Gas Constant (R) = 55.15 lb - ft./lb ,- R.
f

System Volume (V) = 0.80 ft.3
I

m = P V/RT
3 y

= (30916.8)(0.80)/(55.15)(532.17)m
g

O m = 24733.44/29378.41
1

g = 0.842 lb,m
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Appendix No. 15 (Continued)

Leakage Test No. 2 (SRV 66181-007) (Continued)

m = P V/RT
2 2

= (29044.8)(0.80)(55.15)(532.7)m
2

m = 23235.84/29378.41
2

2 = 0.791 lb,m

Amass = m -m
g 2

Amass = 0.842 - 0.791

Amass = 0.051 lbm

O Mass Flow Rate = 0.051 lb /10 minutes.

Mass Flow Rate = 0.005 lb ,/ minute = 0.3 lb ,/hr.

Average Pressure (P e) = P3 + P /22

(Paverage) = (30916.8 + 29044.8)/2

(Paverage) = 29980.8 psfa

Volumetric Flow Rate (Q) = RT/P eme

Q = (0.3)(55.15)(532.7)/29980.8

Q = 8813.52/29980.8

Q = 0.294 ft. /hr.
3

Volumetric Post-LOCA Pneumatic Leakage of SPV 66181-006 = 0.294 ft. /hr.

,

! O
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