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>90278A, including anmendments contained in ANSC Purchase Order No. 00136, is

ABSTRACT

The objective of thws report is to document the resu]ts of the furnace ,
acceptance test. Ev1dence of equ1pment conformance to ANSC. Spec1f1cat1on AGC L

given. Testing was comp]eted in accordance to procedures ‘and cr1ter1a conta1ned' o
in the ANSC Acceptance Test Plan. - . - . Vﬁﬁfcfﬁii :'-;‘“T}i;F R
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“ FOREWORD -

The . 1nduct1on furnace was des1gned to meet the requ1rements of ANSC
Spec1f1cat1on 90278A, Furnace Vert1ca1 Vacuum- Inert, Induction. The .

furnace was des1gned and constructed by the Cragmet Division of the Chestontr
-Company, Rancocas, New Jersey, An Inductotherm, Aff111ate under ANSC
" Purchase Order N- 00136." ~The Buyer was W. J. Carey. R. P. Radtke, PrOJect'l' _
| EngIneer under the supervision of L. A. Shurley, Manager Nozzle, Pressure __'

Vessel and Skirt: Department was respons1b1e for de51gn, fabr1cat1on, o

’1nsta1]at1on and act1vat1on of the furnace comp]ex G w Haughton pro-~ B
- vided Quality Assurance surve11]ance of the fabr1cat1on, 1nsta11at1on,

and activation, Bldg. 2005 fac1]1t1es were prepared by A. R. Mclain, o

_Plant Engineer The furnace.was procured for the fabr1cat7on of the NERVA.

nozzle extension, Proaect 143h in Contract SNP 1 with the Space Nuc]ear
Systems Operat1ons The Proaect was mon1tored by G. K. S1evers and--
KiE. Estes, SHSO0- c "

R .v.;;ﬂ«"zs
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The purpose of this report is to document “the resu]ts of the furnace
acceptance test. This equ1pment was des1gned for converting carbon formlng

substances into graph1t1c structures accordlng to- ANSC Spec1f1cat1on 90278A

k'»,Furnace, Vertical, Vacuum-Inert; Induction, dated 22 May 1970, shown in
- Appendix B. ’ ' ‘ '

Conformance to the specification was verified by joint effort of ANSC.

N PrOJect Eng1neer1ng and Quality Assurance. Tests were perforned in accordance

to procedures and cr1ter1a in the ANSC Acceptance Test Plan, shown in ‘Appendix A
D1screpanc1es were recorded on Inspect1on Report No's 503993, 503994 and 5]2330
shown in Append1x,C Dlspos1t1on of a]] items was comp]eted and due]y documented

- A11 work and activities referred to herein were performed 1n accordance
with ANSC Purchase Order N-00136, awarded to the Cheston Company on’ 28 September ’
1970. The ANSC Acceptance Test P]an operattons were completed on 24 August 1971.

_ The Furnace System was accepted by NERVA Eng1neer1ng Operat1ons, Progect
143, on August 30, 1971. '

~ 4
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II.  SUMMARY

The 1nduct1on furnace was designed to prov1de the contro]]ed temperature =
and environment required for the post-cure, carbonization’ and graph1t1zat1on S
processes for the fabrication of a fibrous graphite NERVA nozzle extension. The
furnace is capable of automatically contro1]ed temperature rise rates of 5 to 60 C/
'hr from 120 to 2750°C. The furnace atmosphere is” contro]]ab]e at. 10 -2 mm Hg
vacuum to 3 psig n1trogen or argon to 2000 C, and 0 to 3 ps1g argon to 2750°C.
fTheAhot zone dimensions are: 11-.cct mean “diameter and 14 feet long. The length f

may be extended to 19 feet by redeSign offthe’work ]oad_support.

The acceptance‘testing required six tests and'a:tota1 operating time of
298 hours. - .Low Temperature Mode Operat1ons, i.e., 120 to- 850 'C, were comp]eted
.in one test run, High Temperature Mode. Operations, i.e., ]20 to 2750°C, were. -
comp]eted during five tests. The test procedure was conta1ned in the ANSC
Acceptance Test Plan. This plan was prepared to demonstrate all performance _
requirements contained in SeCL1on 3 of the furnace spec1f1cat1on No. AGC 90278A.

‘ A]] test data was recorded by Qua11ty Assurance Representat1ves in the

' Qua11ty Assurance Log Book. Satisfactory completion of the Acceptance Test Plan
was certified by the supp11er, and verified by ANSC Quality Assurance. Discrep— _
ancies were reported on Inspect1on Report No's 503993 503994, and 512330 |
Satisfactory dispostion of all 1tems was comp]eted

A summary of the furnace performance'as compared to specification
requirements is shown 1in Table 1. The performance demonstrated met or exceeded
~ the specification requxrements except for the furnace shell temperature. The 5
~ outer chamber flange temperature reached 85°C at the maximum hot zone temperature
of 2695°C. However, the high surface temperature was acceptab]e since it was
within the safe limit of 116°C. VThis'1imit:was established by the maximum flange
0-ring use temperature. | | ' | |

, Satisfactory completion of the ANSC Acceptance Test Plan demonstrated .
that the induction furnace System’meets the requirements of ANSC SpecificatiOn;,' ,
. AGC 90278A. The equipment has been-accepted by Project Engineering_as operational. -

I S

-
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Acceptance Test Performance of - Induct1on Furnace

Specification Requirement . -

Sectioﬁ 3.0

Para

No.
1.1

1.2

1.3

1.4

2.1

2.2

Ma ximum Témperathre;'2750°cr

Temperature Controllability

1.2.7
1.2.2

| +5°C at 120°C to 850°C
+ 2% at 850°C to 2750°C

Temperature Gradient,

100°C -
maximum-at 2750°C - -

Temperature Rate Controllability

1.4.1 5 to 15°C/hr at 120°C
' ~ to 850°C : - :
1.4.2 15 to 60°C/hr at 120°C to _

2600°C; -15° to 60°C/hr
“at 2600°C to 1500°C- .

Furnace Atmosphere

2.1.1 Vaceum -50 microhs7 maximum l
2.1.2' Argon or nitrogen .
o 0.1-3.0 SCFM

50 microns - 3 ps1g

Rate .of EVacuat1on,
ambient to 50 microns in 30

minutes, maximum-

Furnace Performance:

3 2695°C within contro]lab111ty
. range of +55° C '

+'5°C at 120°C and 700 C.

Less than + 1% at 700°C and 2695°C.

10°C at 2695°C.

5°C/hr at 120 to 240°C and 15° C/
hr at 600°C to 850°C

60°C/hr at 2180°C to 2600° .
15°C/hr at 2695 to 2680; 60 C/hr:

17 mfcrons
Argon and nitrogen, less than 1 ppm

- ‘HZO; 0.1-10 SCFM to 3.0 psig.

Ambient to 50 microns in 25 minutes.
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Summary of Acceptance Test Performance of Induct1on Furnace (cont d)

‘Specification Requirement B

Section 3.0
Para
No.
2.3 Rate of Back-Fill,

2.4

2.5

o

3.1

3.2

4.3

4.5

MIRRRICEPICEI_ R

50 microns to ambient in 20
minutes, maximum

Inert Gas Pressure Contro]
5 to 30 in. Hg-

- Forced Gas Convective. Cooling,

2750°C to 200°C in seven days
at 60°C/hr, maximum

Chamber Leak Rate, 1 x 107 4

Hg/min pressure rise at 75 mlcrons

Water Channel Leak Rate,
no leaks at 100 psig

Water Temperature,
70°C maximum

Furnace Shell Temperature,
50°C. maximum

-

o e e e~ eame aer et e e s s

- A
Furnace Performance

Air, 15 minutes; N, or Ar; 10 minutes.

Manual gas pressure. contro] at

3.0 ps1g
2695° C to 200°C. in two days at

60°C/hr, maximum.

1 x 10'6 mm Hg/min at 75 microns.

- No leaks at 100 psig.

61°C, chamber water outlet.

“8590 (flanges).



R. P. Radtke -5 o March 1972

¢

.
@

III. DiSCUSSION OF RESULTS

A.  GENERAL

Data and observations during the acceptance testing were recorded
by Quality Assurance representatives in the QuaTity Assurance Log Book;EASpeciaT.
 test equipment incTuded contact pyrometers,foptical pyrometers, andvbulb' .
thermometers; for temperature measurements. Precision Tevels.and steel tapes

- were used -to measure internal furnace dimensions. Temperature measurement
equipment carried current AGC ca11brat1on cert1f1cat1on numbers. -

B. MEANS OF EQUIPMENT PERFORMANCE EVALUATION*A

_ The test operation def1ned by the Acceptance Test Plan was des1gned
to ‘demonstrate furnace performance requirements of ANSC. Spec1f1cat1on 90278A,

‘Appendix B. Completion of operations activity items was certified by the supplier.
and satisfactory demonstration to meet the test criteria was verified by the

© ANSC Quality Assurance Representat1ve. S1gnatures were affixed to the Acceptance
Test-Ptan.

jo:>

IR Furnace operat1ons required by the ANSC Acceptance Test P]an,
E7E Append1x A, vere performed from 24 July to 24 August 1971. The plan consisted "
‘of four sections: Mechanical, Electrical, Safety Inter]ock, and Performance
, Operations. The Performance Operations were completed in two phases: Low
- “Yemperature Mode, and High Temperature Mode.. B : |

o The Low Temperature Mode required one ‘furnace run to satisfy the -
"'gwirequ1rements of the acceptance test p]an Five tests were required to complete
“the High Temperature Mode operatlons “Prior to performance tests, a run to 2000°C

- was comp]eted to outgas volatiles, such as water. vapor, sulfur, and meta] 1mpur1t1es,

1from,the graphite components within the furnace hot zone. Table 2 1ists the test
" schedule and operating durations. The acceptance testing required 298 nours of
' operatjon. ' ‘
L Discrepancies were recorded on Inspection Report No's 503993,
;1503994, and 512330, Appendix C. D1spos1t1on of all items was completed by Project :
" Engineering. The furnace system was accepted by NERVA Eng1neer1ng 0perat1ons,
-pPrOJect 143, on August 30, 197] : : '

L¥‘Ii:AAt ..A,-
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Acceptance Test Schedule

TABLE 2.

Section IV~

. (July-August 1971)

Mbde'

High Temperature .

de Temperature:

Hﬁgh Temperature-

High Temperature

-_High Temperature  .

High_Temperathe

Dates

/2 thrusz/zs
7/29f£hfu“8/1
8/3 thru 8/6

- 8/7 thru 8/8

8/11 thru 8/13

8/23 thru 8/24 =

March 1972

‘Duration

52 hours

56 hours
,69 hours

37 hours

52 hours~ 

"32 hours .
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The following paragraphs summarize the test resu]ts as requ1red
per Section 3.1 of Specification AGC 902788 E
'C. COMPLIANCE-WITHAEQUIPMENT SPECIFICATIONS )

"Section 3  REQUIREMENTS

3.1 Performance. -

3.1.1 Functlonal Characterlstlcs. ft~

The furnace shall be capable of heatlng ‘the graphlte
work load to the maximum operating temperature with -
the performance requirements described below. . The -
work load shall be as defined in Table I and Figures:.
1 and 2. The furnace shall be capable of ach1ev1ng
the follow1ng performance :

"3.1.1.1 vTemperature'Capability. -

0 3.1.1.1.1 Maximum Temperature. =

(a) The. furnace shall be capable of
operating at a maximum continuous operating temper- - -
. ature of 2200°C, within the useful llfe requ1rements-“-
of 3.1.2.2. :

_ (b) ‘Option 1 - High Temperature Capability. -
The furnace shall be capable of operating at a maximum . .
continuous operating temperature of 2750°C within the . - =
useful life requirements of 3.1.2.2."" S

The required maximum continuous.pperatingﬂtemperature'Of the:
furnace was 2750°C, Option 1, above. The controllability requirements, Para.
3.1.1.1.2 beIow, was plus-minus 55°C.. Therefore, a max1mum contro]]ed temperature

“within. the range of 2695°C to 2750°C was acceptab]e

The maximum furnace temperature was dembnstrated in accordance with

'Test No.'A.1.e, Section IV of the Acceptance Test Plan. - The max1mum»furnacewv

temperature, as measured with an L and N optical pyrometer;'was 2555°C. A .°
temperature correction, accounting for stem and radiation Iosses was requ1red

to compute the difference between the true susceptor temperature afid 0pt1ca1
pyrometer target temperature readout.  (The target was a closed- end.graph1te tube ©
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extending 8 cm into the hot zone from'a sidesight port.) An oversight or
omission of such correction can result in operations at over-design conditions.
The temperature difference was calculated to be 105°C. The

analytical thermal model is described in Appendix D. The correction for absorption
of radiation by the quartz glass window was 35°C. The total temperature correction

was 140°C. Therefore, the maximum corrected furnace temperature attained was -““5ff7; :

2555°C plus 140°C, 'orv2695°C -This value satlsf1ed the requ1rement for maximum
controllable furnace temperature e : .

"3,1.1.1.2 Temperature Controliability. —

v (a) The furnace temperature shall be controllable
*  within + 2% of any set point, set between 850°C and the
maximum operatlng temperature ey '

(b) Option 2 - Low Temperature Control“Capabiiity. -
The furnace temperature shall be controllable within -
+ 5°C of any set point, set between 120°C and 850°C. _
The temperature will be measured on -the work load when .
~enclosed within a retort, to be supplied by ANSC."

The temperature contro]]ab1]1ty requirement in Para (a) of + 2%
was- met at 700°C and at 2695°C. The test procedure was given in Para. A.l.a
and Para A.1.e of the Acceptance Test Plan. The temperature of 700°C was met in
lieu of 850°C because the programed cam controlier was inadvertently set at |
700°C.: This deviation in procedure was reported in: Quality Assurance Inspect1on
Report No. 503993, Ttem 5, and approved by Project Eng1neer1ng The Tower (700°C
vs 850°C) temperature_contro]]ab1]1ty was more difficult because it required
greater instrumentation sensitivity. ‘ ‘ |

The range for + 2% at 700°C is + 14°C, and 2750°C (max1mum
attainable temperature) is j_55° . The contro]]ab1]1ty attained at 700°C and
2695°C was' + 5°C. This was within the operators ab1]1ty to read the temperature
print-out. Therefore, the furnace system was we]] w1th1n the temperature contro]—
lab111ty requirement of the specification.
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o The low temperature contro]’capabiiity requirement of i_5°C, Para.
(b) above, was demonstrated at 120°C, as defined by Para A.2.a of the Test Plan.
‘The range of temperature control ‘at 120°C was. + 5°C; thus, the requirement of

the spec1f1cat1on was met

“3.1.1.1.3 Temperature Gradient. - The axial temperature -
gradient shall be within 100°C over the length of the L
susceptor corresponding to position of the work load when
the fUInace is operating at-the maximum temperature
capability."

The axial temperature gradient was determined during Test A.1.f
of the Test Plan. The furnace temperatures at the top and bottom viewports were
measured The measurements were 2555°C on top, and 2545 C at the bottom. The
temperature correction of 140 C gave a 10°C axial temperature d1fference 12695° C
minus 2685°C. Therefore, the axial temperature difference of 10°C at the maximum

Q operating temperature satlsﬁed the specification requirement with a 90°C
positive margin. - |

"3.1.1.1.4 Temperature Rate Controllability. -

The- rate of temperature‘increase shall be
controlled at 15 to 60°C per hours between 120°C and
2600°C. The rate of temperature increase shall be no .
less than 60°C per hour between 2545°C and 2600°C. The :
‘rate of temperature decrease shall be. controllable at
15 to 60°C per hour between- the maximum operatlng
temperature and 1500°cC.

(b) QOption 2‘— Low Temperature Control Capability. -
"The rate of temperature increase shall be controllable at =
‘5 to 15°C per hour between 120°C and 850°C."

The specification required the rate of temperature rise and
decrease to be controllable within defined rate and temperature ranges. The -
procedures established in the Acceptance Test P]an provided demonstration of the

‘ ’lowest and highest required temperature rates In general,: it is more d1ff1cu]t-
Q to demonstrate low heating rates at low temperatures, and high heating rates at .
- high temperatures L : '
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The Acceptance Test P]an, Section IV H1gh Temperature Mode, :
Paragraphs A.1.a, A.l.c, and A.1.g required 15°C/hr from 120°C to 240°C, 60°C/hr

from 2180°C to 2600°C, and 15°C/hr from 2750°C to 2680°C, and 60°C/hr from

2680°C to 1800°C. Low temperature control testing was completedeith a stainless
steel retort positioned within the furnace. . Paragraph A.2.b défihed the low

» temperatUre mode test prOCedure Heat1ng rates of 5° C/hr from 120°C to 160° C

and ]5 C/hr from 600 C to 850°C were requ1red

The required temperature rates were satisfactori]y'demonstrated.

The High Temperature Mode tests were_compTeted;during¢f0ur furnace runs. A1l

low temperature control tests were successfully completed during a single test.
Some difficulty was encountered.1nvmeeting_the.required heating'rates because .the -
program cams'were.not_accurate]y'preparedpby-the-supp]ier However, the heating'
rates demonstrated were the rates pr09ramedlon the cams. A Qua11ty Assurance
Inspect1on Report. documented the temperature rate dev1at1ons

: Inspection Report'No. 503993, Items-S and -8, identify temperature
rate deviations from the rates required by the Acceptance Test Plan.' In each. |
case, the furnace temperature followed the programed temperature demanded by the-
cam.’ This. demonstrated that the furnace was’ contro]]ab]e with the accuracy:
requ1red Future operat1on w111 requ1re more accurately cut cams. to achieve the
rates desired. '

- "3.1.1.2 'Furméce Atmosphere -

3.1.1.2.1 Atmospherlc Conditions. — The temperature

: controllablllty and profile, shall be maintainable w1th
‘each of the follow1ng furnace atmospheres

- (a) Vacuum_‘ : " 50 microns, maximum
(b). Argon or-nitrogen o _
(1) Flow Rate - 0.1 - 3.0 SCFM -
(2) Pressure ‘50 microns - 3 psig

-Vacuum will not be required at temperatures which
cause sublimation of carbon.'
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The furnace atmosphere control system was: demonstrated dur1ng the

‘acceptance test1ng Pressure and flow contro1 was shown at all temperatures and .

temperature rates. Vacuum was held to Tess than 50 microns at 400°C and 2000°C
The ultimate vacuum atta1ned was 17 microns at ambient temperature

Argon and nitrogen f]ow_rates were»contrd]lab]etat 0.1 to 10 SCFM,
which is within the 0.1 to 3 SCFM requirement. Inert gas- pressure was maintained
at 3.0 PSIG during all testing. The inert gas dew point was 1es5'than 1 ppm.-

"3,1.1.2.2 Rate of Evacuation. - The cold furnace
shall be capable of belng evacuated of air at. amblent
_conditions to 50 microns in 30 minutes,. and being
held contlnuously for a minimum period of fourteen -
days.' ' i :

7
i

~

_ - A'50 microh vaCUUm was attained:withih‘BO minutes,:as required by
the specification, The shortest pumpdown time was 25 minutes. The;procedure.for'
this "test was giVen in'Parégraph B;1.a of the Acceptance.Test PTan; SSCtion V.

Regarding 14 days at bO microns . operat1ons - no ma1ntenance

f‘requ1red was demonstrated for 14 cumulative days of operatlons, as opposed to

cont1nuous - the later being not practical to execute during Acceptance Tests.

'"3,1.1.2.3 ~ Rate of Back-Fill. - The cold furnace ~

- shall be capable of being back-filled with air, nitrogen,
or argon from fifty mlcrons to. ambient pressure'ln a
maximum of twenty minutes. :

S The rate of back-fill with air was determined to be 50 microns to
ambient pressure in 15 minutes. - Paragraph B.1.b of the Acceptance Test Plan, . -
Section IV, required back-fill within 20 minutes. Since the inert gas supply is

" pressurized, back-fill times with argon and nitrogen were less than 15 minutes.

"3,1.1.2.4 Option No. 3, Inert Gas Pressure Control. -
The shell pressure shall be controllable at 5 to 30
inches of Hg with argon or nitrogen flowing at two SCFM.'
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Both argon and nitrogen gas pressures were contro]]ed and recorded

'dur1ng the Acceptance Testing at 3.0 psig as required by Section 1V, Paragraphs

A.1 and A.2. The flow rate of 3 SCFM was maintained at 3 psig pressure. This

test was sufficient to determine acceptab1]1ty of the inert gas contro] system '

at all requ1red pressures and flows.

¥3,1.1.2,5 Option No. 4, Forced Gas Convective Cooling. -
The inert gas system shall provide convective cooling -
suff1c1ent't6 cool the furnace from 2750°C to 200° C in.
seven (7) days at a rate not to exceed 60 e} in one (l)
hour - :

"3 1.1.2.5.1 Option 4, Forced Gas Convective Cooling. - .
Inert gas shall be circulated through the furnace hot-
zone to provide convective coollng at temperatures
between 800°C and 120°C," S

_ The forced gas convective coo11ng system prov1ded a marked increase
in coo]1ng rates at temperatures below 800°C. The system cons1sted of a high

‘temperature blower wh1ch c1rcu1ated hot furnace gases through a gas—water heat -

exchanger _
_ The performance of this system satisfied the requtrements<ofgthe
spetffication, Using the procedure of the Acceptance,Test‘Plan, Section IV;_J;
Paragraph A.1.h, a two-day cooldown time was demonstrated. When coo]ing rates up
to 200°C/hr were emp]oyed the total cooldown time from 2695°C to 200°C was less
than one day The furnace test was s1gn1f1cant]y better than requ1red by the
spec1f1eat10n ‘

©"3,1,1.3 ~ Leak Rates. -

" “3.1.1.3.1 Furnace Shell, - The maximum allowable gas
leak rate of the furnace shell shall be 'l x lth mm Hg
per minute pressure rise when the vacuum system is-
isolated from the shell, and the pressure within the
shell is 75 mlcrons .

. "3a1.l.3.2 Cooling Water Channels. - All ‘cooling water
channels, including those for the furnace shell, if the
ASME Boiler and Pressure Vessel Code is applicable, *
induction coil, vacuum system, and supply and outlet --
lines, shall not leak any water when tested at 100 psig."
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°
v The furnace shell gas and water channe] leak rates were tested

during the furnace installation and act1vat10n periods accord1ng to procedures
estab]1shed in the Acceptance Test Plan and Spec1f1cat1on

The furnace shell gas. leak rate: ‘was tested as requ1red by Para-
- graph C.1 of the Acceptance Test Plan, Section IV. The plan referenced Paragraph
' 4.2.1 of the Specification. The measured shell leak rate was less than 1 x 10 ©
Hg/min pressure.rise at 75 microns. The leak rate test result met the spec1f1ed
rate of 1 x 107% ~2

mm;Hg/min,cmaximum with 107° mm Hg/m1n margin.

_ The integrity of the furnace: system coolant channels was demonstrated
prior to the first elevated temperature test.- The procedure was given in Paragraph»l '
1.2 of the Acceptance Test Plan, Section I. No Teaks were visually detected.

~ During the elevated temperature testing,'the’teSt procedure in

Paragraph C.4, Section IV, was used. Severa1'1eaks were noted and recorded.in ,

O | Inspection Report No. 503993, Items 12 and 18. Item 12 identified'water’leaks in
air release valves on the furnace jacket.  The valves were added to the system as °
a field modification. Release of entrapped air at the top of the JacLet allowed
increased cooling of the top f]ange However, when first installed, the valves
leaked water. After the supplier repaired the va]Ves, no leaks were visually
detected. : - ’

Item 18 describes water leaks observed in the Baltimore Air Coil
water coo]ing tower. The cause of the 1eak1ng was determined to be excessive _
turbulance in the water sump.” As a result, water flowed through the fan section -

" to the ground below. The suppller placed baff]es in .the sump which reduced the
turbu]ance, and prevented all leakage. '

© "3.1.1.4 Furnace Water Cooling. -

"3.1.1.4.1 Capacity. - The cooling water system shall
be supplied by the contractor and shall have a capacity
sufficient to provide coolant for the induction .coil,
furnace shell, and vacuum pump as reqtlred to meet the '
requirements of thls spec1f1cat10n. : '
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The capacity of the cooling water system was selected by the

supplier to meet “the requ1rements of the system, and the max1mum water outlet.

temperatures required by the specification. The system se]ected delivered

, appr0x1mately 360 GPM at 60 ps1g The Ba1t1more Air Coil coollng tower removed
up to 85 000 BTU/hr from the rec1rcu1at1ng cootant. '

o Acceptance tests which verified the adequacy of the cooling water
system are given below. _

"3.1.1.4.2 Backup System. - The cooling system shall be

’ capable of providing for an automatic alternate coolant
supply in the vent of major component or electrlcal
power failure,'

The automatic alternated coolant supply was provided by ANSC. .
Functiona]1y, the system was shown to provide coo]ing'water in excess of 400 GPM
(‘ - at 60 psig inlet pressure.” The test procedure was gwen in Paragraphs 1.3 and 1.4
of the Acceptance Test Report Section I. -

The emergency water backup to the normal closed-loop .cooling :
system performed satisfactorily. In the event of a plant power outage, the
furnace power would automat1ca]1y shut off and ‘the emergency water supply wou]d
safely cool the furnace to ambient temperature. ' '

~

"3.1.1.4.3 Water Temperature. - The cooling water
shall not exceed 70°C at the induction coil and
furnace shell outlets when the heating zone is
operated contlnuously at the maximum operatlng
temperature :

‘The cooling water temperatures were tested according to the.
procedure listed in Paragraph D.1 of the Acceptance Test Plan, Section IV. The
maximum water temperatures measured while the furnace was operating at 2695°C
were as follows: o -

@



@
\
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Main Water Inlet 32°C
Main Water Outlet  52°C

© Main Water - AT . 20°C
Induction Coil . 58°C
- Power-Supply © 61°C

' Furnace Shell - 61°C

In particular, the maximum induction coil: and furnace shell water temperatures S

were 58°C and 61°C, respect1ve1y These test. resu]ts were w1th1n the specification
requ1rement of 70°C. ' '

7
h

"3,1.1.4.4 ™ Water Flow. - All cooiant channels shall-
be protected from blockage by partlculate matter: (greater
than 0.05 inch dlameter) v

Both the c]osed—]oop cooling system and emergency water cooling-
supply have screens which trap all particulate matter greater than 0.05 inch in
diameter. When all testing was comp]eted the screens were checked No

v partlculate matter was observed

"3.1.1.4.5 Furnace Shell Cooling. - The outside
wall temperature of the furnace shell, including
all attached fittings, shall not exceed 50°C when
operating contlnuously at the maximum Operatlng
temperature :

The’outside Wa11'temperature of the furnace shell was measured at

‘numerous locations during the acceptance testing according to procedures given in

Paragraph D.2 of the Acceptance Test P]an; Section 1V. The shell flange 1:emper'~
atures exceeded the specification 11m1t of 50° at furnace temperatures 1n excess'

of about 1900°C. At 2695°C, the maximum f]ange temperature was 85 C.
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Accordingly, the discrepancy was noted as -Item 6 on Inspect1on
Report No. 503993. Final disposition to accept the overtemperature was made.’
The temperature design 1imit was found to be 116°C, the maximum O-ring use
temperature, Therefore, the 85°C temperaturé_was technically acceptable.

"3.1.2 Operability. - The furnace system shall be
capable of‘being_operated;within the following requirements.

'"3.1.2.1 Maintainability. - No periodic maintenance »
shall be required within a time period of fourteen days
while the furnace is being operated accordlng to the
performance requ1rements of Section 3.1.

"3 1.2.1.1 Maintenance and Repair Cycles. - There shall-
be no perlodlc maintenance required on the 1nduct10n o
coil or furnace shell.

. : o |
"3.1.2.1.2 . Service and Accessibility. - All components
of the furnacg which require periodic maintenance shall
be accessible for repair. Required ladders, staircases,
and platforms shall be provided by the contractor.”

~The operability requirements of the specification were tested
using the procedukes in Paragraph E.1 of the‘Aéceptance Test Plan, Section IV.. -
No periodic maintenance was requ1red on any furnace component dur1ng fourteen
days of operatlon except for the need to add rust 1nh1b1tor to the water supp]y

Due to rust in the too]ing_water; it was necessary to add a
chromate rust inhibitor. This maintenance was listed as a discrepancy,.and

reported as Item 19 of Inspection Report 503993. However, the disposition was to

accept this action, since anti-rust water treatement is considered normal

maintenance.

"3,1.2.2 Useful Life. - The furnace system will have a
minimum useful life of eight years, allocated as follows:

Rated Operating Life
-(a)v Time 5000 hours, minimum
(b) Thermal Cycles 50, maximum

A thermal cycle shall conform to the performance require-
ments in Section 3.1, and a maximum hold time of five
~hours at or below the maximum operating temperature."

Yo na g
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' ‘The useful Tife requirement was tested in comp11ance to
procedures established by Paragraph E.2 of the Acceptance Test P]an, Section IV.
The total operating time of the furnace system was 298 hours. No significant

deterioration of the furnace components wés visible after testing was completed.

The usefu] ife of 5000 hours is a des1gn requ1rement, 1ntroduced _
for the purpose of influencing the design, but 1t was not expected and not pract1ca1
~ to be demonstrated during Acceptance Test1ng ' Co

D.  OTHER REQUIREMENTS

Other requirements, as related to conformance draw1ngs, mater1a1s,.
funct1ona]1ty of safety interlocks, were demonstrated prior to sh1pment from the-
manufacturlng site or durlng the Acceptance Testing after 1nsta11at10n ' Verifi-
_cat1on of funct1ona11ty of all 1¢ems not covered within the Spec1f1cat1on Requ1re—

6 ments, Section 3.1, can be found in the appropmate sect1ons of Appendix A.
IV, CONCLUSIONS -

1. . The performance requirements of ANSC Specification No. AGC-
' 90278A, Section 3, were satisfactorily demonstrated uSing,‘
procedures according to the ANSC Acceptance Test Plan.

2. ‘The furnace chamber flange temperature exceeded the- maximum
temperature Timit. However, the higher temperatUre_was-
acceptab]e because it was within the safe operating 1imit.

3. "The largest 2750 C induction furnace in the free world is

operat1ona1
V. . RECOMMENDATIONS .
| 1. 'Tne.inducffon'furnace.shou]d be operated prior to expiration
(. o of supplier's guarantee on 25 August 1972. '
2. Precautions should be taken_when ]oading or un]oading the

furnace to prevent damage'to the susceptor or work load support.
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Inspect fhe Baltimore Air Coil water cbo]ihg tbwer‘to

determine the cause of ‘the 9 psig pressure drop which L

is.in-exceSS‘of that specified in the supp]ier's manua];

The ex1st1ng Tungsten Rhenium thermocoup]es shou]d be

»replaced with a heavy duty type

' _Pr1or to future operat1on, conduct a water flow d1str1but1on
_check. Monitor all coo]1ng circuits dur1ng subsequent

operatlon

4
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APPENDIX A

ANSC INDUCTION GRAPHITIZING FURNACE
ACCEPTANCE TEST PLAN AND PROCEDURES
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_ ANSC SPECIFICATION NO. AGC 90278B,
" FURNAGE, VERTICAL, VACUUM-INERT, INDUCTION,
 dated 22 May 1970
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Section 1.  SCOPE

1.1 Scope.- - This specifiCation'estéb]ishes'the’performénce end

qualification: requ1rements for equ1pment 1dent1f1ed as a vertical vacuum

1nert atmosphere lnductlon furnace system

1.2  Options.- Optional designs covered under this specification
include the following: B . ’

e
(a) ‘Option'T'-'High Temperature Capability System

.(b) 'Option 2 - Low Temperature Control Capability System -

- (c) Option 3 - Inert Gas Pressure Control System

(d) Option 4 - Forced Gas Convective7Coo]ing System' "

'St1pu1at1on of a spec1f1c option includes all requirements: 11sted in-the
'spec1f1cat1on under that option des1gnat1on

Section 2.  APPLICABLE DOCUMENTS

- 2.1  Government Documents. - The fo]lowing’documents form a part of this
spec1f1cat10n to the extent spec1f1ed here1n The"iSSUe'used sha11 be- that - N
controlled by the latest approved contractor s contro]]ed documents list. " When .

" the requirements of this- spec1f1catlon and subs1d1ary documents are in confllct

the following precedence shall app]y
(a) -This Spec1f1cat1on

- (b) Document referenced herein.. o ol
(c) Documents subs1d1ary to those referenced here1n,-‘?$v‘-

46
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L ) N .~ AGC-90278 )
G - SPECIFICATIONS. -
' ~Federal | o I i
QQ-A-200 " Aluminum Alloy Extruded Bar,.-Rod, and Shapes
QQ—A—225f".' Aluminum Alloy Rolled Bar, Rod, and. Shapes
QQ-5-766 Stainless Steel Plate and Sheet
Military -

MIL-P-27401. Nitrogen:_-
MIL-A-18455  Argon

()
STANDARDS |
L~ Military
@ m

MIL-STD-1472 . Human Eng1neer1ng Design Cr1ter1a for M1]1tary Systems
- Equipment and Fac1]1t1es o

~ PUBLICATIONS
“NASA o |
'NHB 1700.1  NASA Safety Manual

2.2 Technical Society Documents . - The fo]]ow1ng documents form a part o

" of this spec1f1cat1on to the extent spec1f1ed hereln ‘The issue used sha]] be.

that controlled by the 1atest approved contractor S contro]]ed document 11st , ‘
~ When the requ1rements of . this spec1f1cat10n ‘and subs1d1ary documents are in j;pj,-
5conf11ct the fo]]oulng precedence shall app]y | ' R

(a) This Spec1f1catlon
- (b) Document referenced hereln _
- (c) Documents subsidiary to.those“referenced herein.

(:il" o | N A:d :-ét:t .
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- A193-68
A194-68

o Aec-90278 - L

American Society of Mechanica]'Engineers

ASME Boiler and Preﬁsure_Vessé] Code

A240-67

A276-67f

.‘A3i2-64

American Society for'Testing and’Materia1s'Standards

Alloy- Stéel'Bolting Materials for High Temperafufe Service

- Carbon and A]]oy Steel Nuts for Bo]ts for High Pressure and

High Temperature Service

" Chromium and Chromium-Nickel Stainless Stee] Plate, Sheet,

and Strip for Fusion-Welding Unfired Pressure Vesse]s
Hot Rolled and Cold F1n1shed Sta1n]ess and Heat Resistant:

"Steel Bars.

Seamless and Welded Austenitic'Stain]eSs'Stée]'Pin;-

/'

: Amer1can Soc1ety of Hnat1ng and Vent11at1ng Eng1neers.:_'_

ASHVE Manua]

B2.1-1960
‘B16.5-1961

" B31.1-1955
and Addenda

Other Publications -

“American Natiohél Standardé-(ANSIY

P1pe Threads . , G
- Steel Pipe F]anges and F]anged F1tt1ngs L
Code for Pressure P]plng, . o

81CFR 50-204 Halsh-Healy Act

NFPA - -

NEC

National Fire Code -

National Electrical Code



(A)

operating. temperature of 2200°C, within the useful 1ife requirements of 3.1.2.2.

~ AGC-90278 I IR

2“3 "Aerojet'Nuc1ear Systems Company’botumonts - " The fo]]ow{ng documents -

form a part of this specification to the extent spec1f1ed herein. The issue used":""

shall be that controlled by the latest approved contractor's controlled documents

| ']1s§14 When the requirements of this specification and subsidiary documents are
in conflict, the fo]]owing precedence shall apply: '

(a) This Spec1f1cat1on
(b) Document referenced here1n
(c) Documents subsidiary to those referenced herein.

DRAWINGS - : N

SPE 14-1-70  Building 20005 Heat Treat Facility Description‘

‘Section 3. . REQUIREMENTS

3.1 Performance. -

3.1.1  Functional Characteristics.- The furnace shall be capable of heating

the graphite work load to the maximum operating-temperature with the performance
requirements described below. The work load shall be as defined'in:Tab]évI_ahd
Figures 1 and 2. The furnace shall be éapab]e of échiéving'thé,fo]IQWing
performance. | | ' B N ' '

~

| 3.1.1.1 Temperature Cépabi]i;y.—

©3.1.1.1.1 Maximum Témperature.—

(a) The furnace shall be capable of Qpérating at-a maximum continuous

5Rev. A . A9
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- AGC-90278

(b) 0pt1on 1 - High Temperature Capab111ty - The furnace shaTT

 be capable of operat1ng at a maxxmum cont1nuous operating temperature of 2750°C

wmth1n the useful life requ1rements of 3.1. 2. 2

“N§.T.].T.2. Temperature ControTTabiTity.- -

_ (a) The furnace temperature shall be controllable thh1n + 2% of any
set point, set between 850°C and the maximum operat1ng temperature.

(b) _ptwon 2 - Low Temperature Control Capab111ty - The furnace
temperature shall be controllable within + 5°C of any set point, set between
120°C and 850°C. The temperature will be measured on the work load: when

ncTosed within a retort to be suppT1ed by ANSC

3.1.1.1.3 - Temperature Gradient - The ax1aT temperature grad1ent shaTT

be within 100°C over the Tength of the susceptor correSpond1ng to p051t10n of

- the work Toad when the furnace is operat1ng at the max1mum temperature capab111ty

3.1;1,1_4 Temperature Rate.ControlTahiTit".-

(a) The rate of temperature increase shall be controTTed at 15 to 60°
per hour between 120°C and 2600° C The rate of temperature increase sha]l be no
less than 60°C per hour betveen 2560°C and. 2600°C., The rate of temperature , -
decrease shall be controTTabTe at 15 to 60°C per hour between the maximum operatxng”'
temperature and 1500°C, ' ’

(b) thlon 2 - Low Temperature ControT Capab1T1Ax_ The rate of temper-_-f
ature increase shall be contro]lab]e at 5 to 15°C per. hour betueen TZO°C and 850°C

3.1.1.2 Furnace Atmosphere.— -

3.1.1.2.17 Atmospher1c Condwtwons - The temperature controllability and
prof:le, shaTT be ma1nta1nab]e w1th each of the foTTow1ng furnace atmospheres.f~

(a) Vacuum ' ," o 50 microns, max imum
(b) Argon or nitrogen o ' D
(1) Flow Rate - | 0.1 - 3.0 SCFM
(2) Pressure o 50 microns_—p3_p$ig

Vacuum will not be requiredvat_temperaturéS‘which cause
“sublimation of carbon, ' -

"6 Rev. B S0
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(g

(A)

(®)

(A)

'furnéce shell shall be 1 x 10

AGC-90278 D .

3.1.1.2,2 Rate of Evacuation.- The cold furnace shall be capable of
being evacuated of air at ambient conditions to 50 microns in 30 minutes, and

_being held continuously for a-minimum.period of fourteen days.

3.1.1.2.3 . Rate of Back-Fill.- The cold furnace sha]] be capable of be1ng
back-filled with air, n1trogen, or argon from f1fty microns to ambient pressure

in a nax1mum of twenty mwnutes

3.1. 1 2.4 QOption No. 3 Inert Gas Pressure ‘Control.- The shell pressure

‘shall be controllab]e at 5 to 30 inches of Hg thh argon or n]trogen f]ow1ng at

two SCFM.

3.1.1.2.5 Option No. 4, Forced Gas Convective Cooling.- |

(a) The inert gas system shall provide convect1ve coo]1ng suff1c1ent

to cool the furnace from 2750°C to 200°C in seven (7) days at.a rate not to -
uexceed 60°C in one (1) hour, :

(b) Inert gas shall be circulated through th & furnace hot zone to
provide convective cooling at temperatures between 880°C and' 120°C.

13.1.1.3  Leak Rates.-.

3.1.1.3.1 Furnace Shell.- The maximum allowable gas leak rate of the
el | Fot

mm Hg per minute pressure rise when the vacuum
system is isolated from the shell, and the pressure.within the shell is 75 microns}

~ oL

3.1.1.3.2 Coo11ng Water Channels.- A]] coo]1ng water channels, including -
those for the furnace shell, if the ASME Boiler and Pressure Vesse] Code is '

app]1cab1e, induction c011, vacuum system, and supp]y ‘and. outlet 11nes, sha]]

not leak any water when tested at 100 psig.

3.1.1.4  Furnace Hater'quligg.—

7 Rev. B
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- 3.1.1.4.1 Capac1tx - The cooT1ng water system shall be supp11ed by the
contractor and shall have a capacity sufficient .to provide cooTant for the

dinduction coil, furnace shell, and vacuum pump as requ1red_to meet the require-

ments of this specification.

3.1.1.4.2 Backup System.- The coollng system shaTT be. capab]e of prov1d1ng

- for an automat1c alternate cooTant suppTy in the event of major: component or

electrical power failure.

3.1.1.4.3 MHater Temperature - The cooling water shall not exceed 70 C

at the 1nduct1on coil and .furnace shell outlets when the heat1ng zone 1s operated
-cont1nuous]y at the maximum operat)ng temperature ' '

3.1.1.4. 4 Water FTow - ATT coolant channe]s shaTT be protected from

'bTockage by part1cu1ate matter (greater than 0 05 inch dlameter)

, 3.1.1.4.5  Furnace Shell Cooiing.— - The oUtside wall temperature of the
furnace shell, including all attached fittings, shall -not exceed 50°C when

operating continuously at the maximum'operating_temperature.

3.1.2 OperabiTitx - The furnace system shaTT be capabTe of be]ng ‘
operated within ‘the foTTow1ng requ1rements R R S

3.1.2.1 Maintaihabi]ttyﬁ— 'No periodtc maintenance shall be required within o

a time perlod of fourteen days wh1Te the furnace is be1ng operated accord1ng to -

the performance requ1rements of Sect1on 3. 1

3 1.2.1.1 Maintenance and Repair'CycTes - There shaTT be no per1od1c

”ma1ntenance required on the induction coil or furnace sheTT

3.1.2.1.2 Service and'AccessibiTity - AN components of the furnace
which require per1od1r maintenance shall be access1b1e for repalr Requ1red

ladders, sta1rcases, and p]atforms shalT be provxded by the contractor

| 8. Rev. A Y
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3.1.2.2 Useful Life.~ The furnace,éystem will have a minimum useful life.
of eight years, allocated.as follows: o |

Rated Operating'Life

(a) Time : © 5000 hours, minimum
(b) Thermal Cycles ""50,-makimum
(A) A therma] cycle shall conform to the performance requirements- in Section 3. ]

and a maximum hold time of five hours at or be]ow the maximum operating
temperature.

3.1.2.3 Environnenta].-

b
- 3.1.2.3.1  Natural.- The water available for furnace system coo11ng has
a hardness value of 30 + 5 ppm as ca1c1um carbonate, CaCO3

3.1.2. 3. 2 Indored - The inert gases ava11ab1e for the Turnace sys*em_~"
atmosphere have the fo]]ow1ng 1mpur1t1es

*_(a) Nitrogen as specified in MIL-P-27401 (99.997% N
-(b) _ Argon as specified in MIL-A-184558 (99.998% Ar)

)

" The fornaee'interior, including the shell, induction coil; and vacuum system,
. will be exposed to an atmOSphere consisting'of argon, nitrogen, hydrogen,
fmefnane, carbon dioxide, carbon nonoxjde,zand;particulate carbon. The quantity
of gases to be released by the work load are given in Figure 2. |

3.0.2.4 Human Performance.- The furnace system controls will- provide the
'operator with a procedure which meets the standards as given in MIL-STD-1472.

9 Rev. A L
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3.1.2.4 Safety.- A1l components, appurtenances, support equipment, etc.,

- shall be designed and operated so that no single failure or credible combination
" of errors, malfunctions or accidents can cause personnel fnjury, and/or-serious

facility damage or work load 1oss~ This phi]osophy requires the use of a formal
hazards analysis which results in a categorization of potential hazards and
documents the ana]ys1s and proposed procedures to reduce any undue consequences
to acceptable levels. The hazards analysis.technique is further described in
Section 3.1.2.5.2.2(a). | |

3.1.2.5.1  Documents. - The fo]]ow1ng documents sha]] be used as stated
to aid in ach1ev1ng safety goals.

(a)  The following documents shall be complied with:

(1) Walsh-Healy Act, 41 CFR 50-204
{2) National Fire Code (NFPA)

(3) Current Threshold Limit Values, American Conference
of Government Industrial Hyg1enlst :

| (4) National Electric.Code (NEC)
~.(b) ‘The following documents may be used as a guide:

(1) American Soc1ety of Heating and . Vent11at1ng Eng1neers :
Manual

(2) NASA Safety Manual_NHB—]700.] (v 1)

'3.1}2.5.2 ‘Requirements.-

3.1.2.5.2.1 General Requ1rements - The fol]ow1ng safety requ1rements,

',lwsted ‘in order of preference, shall be app11ed to the des1gns

(a) Protective Systems - In'all-instances where known"hazardsr

-exist and cannot be eliminated, appropriate protective systems shall be

employed COhSlStent with established safety codes or standards and/or accepted
1ndustr1a1 pract1ces ' -

. 54
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. ‘ o ~ (b) M¥arning Dev1ces - l!here it is not poss1b'le to prec]ude the .
existence or occurrence of a known hazard, reliable devices shall. be emp]oyed

for timely detection of the condition and the generat1on of an adequate

warming signal. Responses to warnfng,signa]s shall be delineated in emergency
plans.- Warning signals shall be standardized within like types of systems to - -
minimize the probability of improper personnel reaction to the signaT(s).

(c) Special Procedures.- Where it is not possible to reduce the

magnitude'of existing or pétentia] hazards through design, protective systems,
or the use of warntng devices, appropriate emergency procedures sha]] be
developed. o _ : ' S T '

3.1.2.5.2.2 Special Requirements.-

(a) The contrabtof shall prepare .and submit-with his proposal,
a preliminary hazards'ana]ysiS-and the hazard'analysis-p}oeeddre he intends
(‘ to use during the covntw‘-arct period. A final hazards repott'sha]] accompany the
detail drawings, etc. required for ANSC Eng1neer1ng Department approva] by
Paragraph 6.3. The following hazard category definitions will be used in the
analysis. : ' . , | :

Category 1 - Negligible. Condition(s) such that personnel error,
environment, design characteristics, procedura] deficiencies Qr'sanyStem
or component malfunction will not result in damage or personnel injury.

_ Category II - Marginal. Condition(s) such that environment,
personnel error, design characteristics, procedura]‘defteiencies, of subsystem
‘or component ma]funct1on can be counteracted or contro]]ed w1thout maJor |
'damage or any 1nJury to personnel.. '

v Category I1I - Critical. Condition(s) such that environment,
personnel error, design characteristics, procedural deficiencies, or subsystem
(f~ or component ma]funct1on will cause major equ1pment damage or personnel injury,. -
. or will result in a hazard requ1r1ng immediate corrective actmn for personne]
or system survival. - _ .o
| 55
1A :
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Cateqorx IV - Catastroph1c Cond1t1on(s) such that env1ronment
personnel error, design character1st1cs, procedural def1c1enc1es, or subsystem :
or component malfunction will severely degrade system performance and cause
subsequent system loss, or death orASevere injuries tu’personnel.

(b) »Category ITI ph IV hazard conditions shall be preeluded from
designs to the maximum practical extent;_'Any design uhich includes a. ‘
Category III or Category IV hazard condition which cannot be eliminated will

require review by ANSC. The analysis of Category 111 or CategoryeIV7hazahd‘

conditions_wiT]'be documented together with a proposed procedure for reducing

- the consequences of the.hazard to an acceptable level.

(c) The furnace design sha]] prec]ude the accumu]at1on of a m1xture of
combustible gases which can 1ead to exp]os1on/f1re dur1ng operat1ons " Where
it is not poss1b]e to. prevent the occurrence of an exp]os1ve atmosphere, 1gn1tlon
scurces. in the affected area shall .be eliminated or pr otect1on against |on1|1on

" otherwise provided.

N (d) " The furnace/facility design shall pretludé the accumulation of
inert/toxic gases in the operating area. Reliable devices sha]] be ut1]1zed ,
for timely detection of the condition and generation of an adequate warnlng
signal percept1b1e by pérsonnel without enterlng the pit. '

(e) The Wa]sh Hea]y Act 41CFR 50-204 sha]] be fo]]owed in
meet1ng the environmental cond1t1ons given be]cw

(1)' Fresh air shall be supp1ied to the pit operating area.

" An oxygen concentration of 20% per volume air sha]] be maintained at all times.

(2) Therma] environment shall be compat1b1e w1th the fac111ty
vent1]at1on capability to provide a personnel working environment in the _
comfort range as defined in "Heat1ng, Vent11at1ng and A1r Cond1t1on1ng Gu1de '

N (ASHVE) "

12 Rev. A . o f f;(}.
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(3) Noise levels shall not exceed limits for eight-hour exhosure

e

to personnel.

(4).'I]]umination shall be'adequéte:foh.berscnnei td'perfqrm‘theirf' o

work efficiently in the operating areas.

(f) The furnace system shall be fail safe, so if there is water
failure, pover fa1]ure or.a vacuum fax]ure, ‘the system will sound ‘an alarm and
automat1ca11y shut itself down in a safe manner to protect the equ1pment and
work load. The fail safe system sha]] be monitored by the operator and it sha]]
be possible to detect any fa1] safe circuit ma]funct1on '

3.2 System Definition.—

3.2.1 Interface Requirements.- .The: furnace system described in this

p - spec1f1cat1on shall be phys1ca11y, mechan1ca1]y, and funct1ona]1y su1tab]e for
{
i  operation wWith the Sacramenco AGC Physical Plant as descmued be]ow

| 3.2.1.1  Schematic Arrangement.- vThevphysicé].ihterface relationships

of the furnace system and the AGC Physica] Plant shall bé.in accordance with the;:_' .

descr1pt1on of the AGC Bul]dlng 20005 Heat Treat Fac1]1ty given in draw1ng '
SPE-14- 1 70. : :

3.2.1.2 Detai]ed Interface Definition.- The mechahica] and functiona]

interface relationships of the furnace system shall be in accordance w1th the
fo]]owxng subparagraphs: '

(A) o 3.2.1.2.1  Mechanical Interfaces.-

(A) 3.2.1.2.1.1 Pit Area.- The furnace shell and vacuum system shall be
installed by the contractor in the pit shown in drawing SPE-14-1- 70. The
existing available pit area can be en]arged to 18.5 feet square by relocation

(. _' of a concrete beam. Additional space of 9 by 18.5- feet, adJacent to- the pit ceH
- is available to the furnace Contractor. - : '
" 13 Rev. A
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( . | | .
Q\) 3.2.1.2.1.2  Sump location.- The sump located at the bottom of the pit
: shall remain and will not interface with the proposed. furnaces. '

(A) 3.2.1.2.1.3  Gas Generator - The existing gas generators are surp]us
~ equipment. and may be moved by the contractor.

RS

3.2. 1.2.2 Functiona1'Interfaces - The serv1ce and utilities ava11ab]e

for use by the furnace system are as fo]]ows

3.2.1.2.2.] F]uid‘- Water, n1trogen, and argon w1]1 be ava11ab1e as
located in draw1nn SPE 14-1-70. Capacities available are as follows:

'(a) Water o 500-1000 GPM at 80 psi

(b) Steam . 75-100 BHP- at 90 psi (1ocated :
, o ‘ - 600 feet from site) . -
(B) ' (c) Nitrogen - 2000 SCFH continuous T
(. ' : S . 4000 SCFH for one- (1) hour -
' . . S at & psi
(d) Argon 10,000 SCFM at 50 psi -
(e) Compressed Air SR 4'200—250 CFM at 80_p51 (not dry)
(A) '3.2.1.2.2.2  Electrical.-
(A) 3.2.1.2.2.2.1. Power AvaiTabi]ity.- Power will be avai]abie as located

-in drawing SPE-14-T-70. Capacities available are as follows:

(a) Two'(2) each - 12 KV/480V, 1000 KVA 3 § transformers.
(b) 12K/480V, 100 KVA, 3 ¢ transformer. | |
(c) Two (2) each - 12 KV, 2000 KVA 3 § feeders.

E]ectrlcal components shall be des1gned to a power factor rat1ng of
0.90 minimum. Available three phase power shall maintain a- ba]anced load to
within 15 percent.

@
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‘3.2.2.2.2.2_ Power Switching Panel.- The facility power'SWitching panel
is identified and shall remain in service. The contractor shall use or modi fy

~the available breakers, as required.

3.2.2 Component Identificatfon,-

"3.2.2,]. Engineerinngomponent List.- Design of the furnace system shall
include the following engineer{ng components. Each compbnent shall be supplied
and‘insta]]ed by the contractor. When installed, the components sha11 be |
mutually compatwb]e to perform as required in Sectwon 3.1. '

(a) Work Load Support '

(b) Susceptor o

(c) 1Induction Heating Coil .

(d) Thermal Insulation

(e) Furnace Shell .

(f) Vacuun System | _

(g) Inert Gas Flow Control System

(h) Power Supply and Controls '

(i) Mater Cooling Tower -

(3) Instrumentat1on, Contro]s, and Contro] Cubicle -

3.3 Design and Construction.- The design, construction and insta1lationv

of the furnace system shall be prov1ded by the contractor, and sha]] conform to

the fo]lou1ng requ1rements :

3.3.1 .Genera]iDesign‘Features.-

3.3.1.1 Structural Criteria.- Structural design features sha]] ‘be
consistent with performance requirements specified herein.

3.3.1.2 Weight.- The weights of the.work ]oad’components shall be as._

15 Rev. A
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(a) Bulk Graphite Support _7 _"A -6000 1bs,, max imum
(b) Fibrous Graphite - o soo 1bs

(c) Option 2, Low Temperature
~ Control Capab111ty ,

(1) Steel Retort. - . 3000 1bs
(2) Bulk Graphite or -~ =~ - SR
Steel Support _ - 6000 1bs; maximum -

3.3.1.3 Configuration.- The configuration of the work load is defined
in Figure 1. | ' S ’

3.3r];4“ Work Load Suppgrt.Q o o

(a) The work load support sha]] be capab]e of ma1nta1n1ng the

~-p0$1t1on of the work load within * one inch, ax1a]]y and d1ametr1ca11y, ;-”
during the thermal operat1ng cyc]e

’(b) Heat Sinks - Retractab]e heat sinks incorporated in the work]oad
support shail be capabie of increasing the furnace. cooling rate.

3 3.1, 5 - Susceptor.~ The susceptor shall be assembled and d1sassemb1ed .
from the furnace shell vertically employing an overhead five-ton crane. '

-3.3.].6_A'Induction Heating Coil.-

3.3.1.6. 1 Assemb1y‘and Disassemb1y - The induction co11 shal] be mounted

vertically in the furnace she]], and sha]] be removed vert1ca11y emp]oy1ng a’
flve ton crane. . - " ‘

3.3.1.6. 2 Coil Movement.- The coil shall be supported in such a manner

‘that the coil center]lne shall be held w1th1n + one inch of the furnace shell
'center]1ne '

3.3.1.6.3 - Electrical Insulation.- The'coi] shall be electrically
insulated to prevent arcing. : ‘

3.3.1.6.4  Sight Port Pass-Throughs.- A minimum of three $ight port pass-

throughs shall be prov1oed on the coil to’ allow opt1ca1 pyromet1c measurement on

the susceptor ' . B ' '
- 60
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'3.3.1.6.5 Coil Size,- The 1nduct10n heatlng co11 sha]] have a copper

wall th1ckness of 0 25 1nch minimum,- o
P

3.3.1.6.6 Coil Support.- The induction heating coil shall be supported

on the outside circumference by vertical columns which are spaced on 23 inch
maximum centers. ' ‘

3.3.1.7 Furnace Sﬁe]].-.

3.3.1.7.1 Type.- The fufhaﬁevshell shall be a cylindrical vesse]VWith
a flanged main closure. ’ ' '

3.3.1.7.2 Main Closure.- The main closure shall be operated with a

twenty -ton gantry crane, to be provided by ANSC, and secured with a qu1ck act1ng
Spr1ng loaded c]amp1ng dev1ce which allows gas to escape 1n the event of she11
overpressure. '

3.3.1.7.3 | Access. Ports.-

(a) Access ports shall be provided for required sight ports, inert
gas and air inlet, outlet, vacuum line, thermocouple. 1eads, pressure gauges,
and power feed-throughs.

(b) Option 2 - Low Temperature Control. Capabi]ity'- A1 ports spec1f1ed

and in addition, one inlet and one outlet port to prov1de two SCFM of argon,
nitrogen or air f]ou at three p31g pressure, and two thermocoup]e lead ports.

3.3.1.7.4 Sight Ports.- Sight g]ass viewports shall be located on the
furnace shell so that optical pyrometer measufements can be made on three equally

_ spaced locations on the susceptor correspohding to the tob,"éenter, and bottom

T .of the work load. Additional sight ports may be provided by the contractor. The‘§ 

interior of the sight port glass shall be free of deposits dur1ng normal operat1on.
The contractor shall consider employing inert gas flushing and ball valve closure.

17 Rev. B .
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‘ _ 3.3.1.7.5 Pressure Relief.- A re]ief'va‘]ve for vacuum or pressure j

operation shall be provided to relieve pressure at five psig. Corrosion '
resistant rupture d1sc assemblies will be prov1ded to relieve pressure greater'
than eight psig at ambient temperature. The pressure relief system shall be

~ capable of handling the maximum gas overpressure and flow cond1t1ons, and the
discharge gas shall be vented to the atmosphere ina- safe manner.

(8) , 3.3. 1 7.6  Shell Construction ~ The furnace shell. sha]] be of double -
wall construct1on water cooled throughout, and sha]] meet the performance '

requ1rements of paragraphs 3. 1 1.4,

» '3.3.1.7.7 High Intensity Filters.- Sight-glass view ports shall be
equipped with removable optiCa]'fiiters. ‘ ' ' '

- 3.3.1.8 'Vacuum System - The vacuum system sha]l be equ1pped with a

, suitable low impedence f1]ter to. protect the vacuum pumps. from the furnace
%. atmosphere, which cons1sts, in part of" part1cu]ate graphite powder,

3.3.1.9 Inert Gas Flow System, thion No. 4, Forced Gas Convective Cooling.-

(a) Gas sha]1-be cfrculated through the'hot'zone'with'a régenerative
gas recirculation type system which 1nc1udes a h1gh temperature fan and water
cooled heat exchanger .

(b) Inert Gas Purge.- When required in the event of an emergency,

the inert gas flow system shall provide a‘rapid.purge ofvthe'furnace;

3.3.1.10 © Power Supp1y - The contractor shall provide a power supp]y with

(A)

suff1c1ent capacity to meet the performance requirements in Sect1on 3. ]

(A) © 0 3.3.1.11 Mater Cooling Tower.- The contractor shall provide a water

'coo]1ng tower with suff1c1ent capac1ty to meet the performance requ1rements in o
-Section 3.1. '

'3.3.1.12‘ ‘Instrumentation; Contro]s, and Control Cubicle.-
18 Rev, B
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" & . 3.3.1.12.1 'C‘ontro] Cubicle.- One enc]osed control cubicle. containing
| all measurement, metering, recordlng programmlng, switching, operat1ng contro]
equipment, and etc., shall be provided by the contractor.

T332, 2 Control Duality.- Sw1tch1ng shall be prov1ded in this contro]
cubicle to permit selective operation of this furnace and -a proposed second o
furnace to be 1nsta11ed adJacent to this unit at a 1ater date ’ '

3.3.1.12.3 Temperature Measurement.and Instrumentation.- The temperature
shall be continuously and automatically contro]]ed,'programmed,-and-permanentTy_
recorded at any one of three locations equally spaced on. the susceptor, The
]ocatlons on the susceptors shall correspond to the top, center, and bottom of
the axial work load when positioned within the susceptor
(a) Contro]]ers,- '

(8) :
_ (1) Low and m1dd1e range temperature controllers sha]] operate
& - ~ with thermocoup1es

three radiation pyrometers.

(8) o .(b) ‘Control Modes.- The controllers shall be capable of manual, set

point, and program operating modes which meet the performance requlrements of
Sectlon 3.1. '

(1) Manual Mode.- The manua] mode shall be capab]e of at _
. least 28 coarse pover. range changes to the full power :
rating, and of infinite control between' these ranges.,

"(2) Setpoint Mode.~ The setpoint mode shall be capable'of
automatically maintaining a predetermined power level,

(3) Programmer Mode.- The programmer. mode shall be capable
of continuously and automatically controlling a pre-
determined tamperature or power profile for each of three

(\‘ : temperature ranges: low, middle, and high.

19 Rev. B
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(c) OVertemperature Limiting.- 'The:deviation'between the”power
and temperature profiles sha]] be 11m1ted to -a predeterm1ned span to prevent
temperature overshoot. ' '

3.3.1.12.4 - Pressure Measurement and InstrUmontation ¥¢ -Gas pressure sha]]if,;

be measured at a minimum of two positions on the chamber ‘and- at appropr1ate N
positions on each vacuum pump. Coollng water pressure shall be measured.

3.3.1.12.5 F]ow Rate Measurement and . Instrumentat1on.-"Theff1oﬁ'rates'gf>i} ;.
Hnltrogen and argon shall be measured and contro]]ab]e. e '

3, 3.1.12. 6 Option No 3 Inert Gas Pressure Contro] - The furnace she]]

pressure sha]] be automat1ca]]y contro]]ed, and permanent1y recorded

i

- 3.3.2 B Selection of Specifications and Standards.-i_Standardskand-'f

© . Specifications shall be‘se]ected-bygthe contrdctor.from paragraph'3:3}3,1.

3.3.3. Mater1a1s, Pa t£s.,. and Processes - Mater1als sha]] be new and shall

| conform to the requ1rements in referenced’ spec1f1cat1ons

3.3.3.1- App]1cab1e Spec1.1cat1ons - The fo]]ow1ng mater1a1 types sha]]

_.be purchased with cert1f1catxon to the appropr1ate spec1f1cat10ns

_(a)..Aluminum.. - QQ—A-ZO

. B o | QQ-A-250

(b) Copper' R : . QQ-C-576
- 20 Rev. B
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(c) Steel . - MIL-S-6721
I QQ-S-766 |
ANSI B 16.5-1961
o | _ ~ ASTHM A 193-68"
e © ASTM A 194-68
- | ; ASTH A 240-67
ASTM A 276-67
ASTM A 312-64

3.3.3.2  Furnace System Component Material Selection. - Materials of -
construction shall be selected by the contractor and shall meet the following

: construct1on requ1rements

3.3.3.2.1 Induction Heating Coil.- Materials of construction shall be
res1stant to corrosion from the furnace system environment and the co11 sha]]

, have su1tab1e e]ectr1ca1 properties wh1ch prevent arc1ng durlng operat1on

3.3.3.2.2 Susceptor.- Materials of construction considered by the

. contractor shall include bulk graphite and fibrous carbon The 1atter proposed

material may be procured from severa] sources 1nc1ud1ng Rohr, R1vers1de,
Ca11forn1a Hitco, Gardena, California; and: Carbon Products D1v1s1on, Un1on |
Carbide, Niagara Falls, New York.

_ 3.3.3.2.3 Thermal Insulation.- Materials of .construction shall be capable
of providing the required uSefuT life and maintafnability in this speciffcation. ,

~ The contractor shall consider all candidate materials including lampblack, carbon .

~ blocks, granular carbon, and carbon and graphite felt.

3.3.3.2.4 . Furnace Shell.- Materials of construct1on for the 1nter1or

wa]]s, port f]anges, common size nuts and bolts, and nozz]es sha]] be FESIStant

to corrosion by the furnace system env1ronment

21
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@  section 4. QUALITY ASSURANCE

4.1 Supplier RespOnsibi1ity.-- The contractor shall prepare and submit

‘with his proposal,-a compTete and concise'destriptioh of a Quality Assurance
Program the contractor proposes to ut1]1ze to assure comp11ance w1th the
prov1s1ons of this spec1f1cat1on '

4.2 Exceptions.- The qohtractor's Qua]ity'ASSUrance Program shall be _'
based on .compliance with SNPO-C-4 with the following exceptions.

(a) Part I - System Requirements.-

9.4 Evaluation
12.3 .Sampling Plans
. , 12.4 Statlst1ca1 Qua11ty Control Charts 5
-(j} - 14B.2 Monthly Quality Status.Report : »
. ' 15.2  Audit Reports and Cerrective Action
(A ‘ (b). Appendix B - Qualﬁty Assurance Documentation Cross-Reference Index.-

Referenced in
Paragraph 22

2. .The ContraCLor shall submlt the fo]]ow1ng for review:
(d) Results of Special Measuring and Test

Equipment Evaluations s Part 1,9.4
(e) Special. Samp]1ng P]ans, App]lcat1on of e |

Sampling , , Part I, 12.3
(i) Temporary Storage of End Items S | Part II, 1.3.6

3. The Contractor shall submit the following for information:
(a) Monthly Quality Status Report - ' ~ Part 1, 14B.2
. (b) " Quarterly Summaries of Quality Program ' L S
- Performance Audits . oo Part T, 1502

C‘ | N 22 Rev. B
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(6 4.3 Special Acceptance Tests.-
4.3.1 Furnace Shell.- A leak rate and pressure test shall be.performed'

on the furnace shell using the’fo]]owing methods:

(a) Evacuate the furnace shell to 50 microns pressure hav1ng
back-filled w1th helium three times. . ‘

(b) Seal-off the furnace shell and measure the leak rate.

(¢) Maximum leak rate shall be 1x10 -4

‘mm Hg per minute pressure,
rise at 75 m1crons pressure o ' :

{(d) Pressurize furnace she]] w1th he11um at the contractor s design
’ pressure.. B .

(e) Seal-off the furnace she]] measure the,leak rate, and,recordf

F‘\ ' 4.3.2 Induction H'eatihg Coil.- A 1eak rate test sha]'l be performed on
the coil at the contractor's plant us1ng the fo]]owwng method

(a) Air pressure of 100 psig will be app]ied to the coil. Leaks
w1]] be detected by applying a soap solution, MIL-L-25567 on all Jo1nts
A1l leaks detected will be eliminated..

(b), EVacuate the coi]lto one micron absolute pressure or less..

(c) Place a p]astﬁc shroud over the coil and fill with he]ium.

(d) N]th a calibrated mass spectrometer 1eak detector observe the
- leakage rate for five minutes.

(e) Maximum leak rate shall be 1 x 1078 std cc/sec or less.

23 Rev. B
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Section_ﬁ. NOTES s

6.1 Facility Descrfption~- The furnace wi]]>be installed by the

contractor at ANSC Sacramento Fac111ty as defined in drawwng SPE 14-1- 70 and _

' ut111z1ng the following add1t1onal 1nformatlon

Yy

(a) A vall may be built in the pit-toAisolate the furnace area.

(b) Th1s fac111ty does exper1ence e]ectr1ca] power outages at
indeterminate periods of t1me

(c) The emergency'pouer generator, located in AGC Bui]ding 20005,
may be used by the Contractor manual operatxon activates the’ propane 75KH
at 480 volt, generator

(d) The main water supply is driven by pumps with an independent

emergency -backun power source.

~6.2 Contractor Insbection.— ANSC-and/or U. S. Government personnel

reserve the right to inspect ony of all of the work included in this order at:

thelsupplfer's plant during fabrication at the contractor'S'or subcontractor's
plant. - | |

6.3 Drawings.- Two sets of detail drawings, descriptions, and a complete -

- bill of materials will be submitted to the ANSC Engineering Department for

approval prior to initiation of fabrwcat1on or procurement of any component
of the furnace and its accessory equ1pment Approva] of components will not

.relleve the contractor of his ob]]gat1on to supp]y a furnace and accessory .
.equipment in str1ct conformance w1th the requ1rements of the app]1cat1on on

24 Rev, B
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this specification.' Three sets of assembly andjdetai].drawings,:wiring diagrams,
and a complete bill of materials will be required prior to delivery and :
installation of the furnace and all accessory components. -One set of reproducible
drawingé will be required upon ANSC acceptance of the furnace.

6.4 Operating Manuals.-- 51X comp]ete sets of operat1ng manua]s

describing operating, safety, ma1ntenance procedures and parts 115t will:
be provided upon ANSC acceptance of the furnace.

6.5 Operating'Performance Acceptance‘¥ The coniractor ui]] provide a

minimum of one operator and one eng1neer to 1n1t1ate comp]ete operat1on of

the furnace and to demonstrate the requxred performance spec1:1cat10ns to the

sat1sfact1on of ANSC.

6.6 Training.- During a maximum two-week period, and ANSC -operator

and engineer will be trained in the Qperation_of_theffurnace;

6.7 Presentation.- A one-day presentat1on of the proposa] in C]eve]and

: 0h1o w111 be requwrcd of the bidder.

6.8 Opt1on 2 - Low Temperature Control Caoab111ty - This feature will

"~ be used at a max1mum temperature of 850°C.

a9
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®* N - TABLE 1

PHYSICAL PROPERTIES OF AG-CARB FIBROUS GRAPHITE

TEMPERATURE, °F

_RT_ 1000 2000 - 3000
13-16 —- e -

) Electrical Resistivity, ohm-cm_x 1074

Thermal Conductivity, 8TU/hr/ft2/°F/ft _ _ _ :
| Hoop . | . - 19 15 14
... Radial | o == 2 ' 1 10

| Thermal Expansion, in/in x‘1o'3 | , - I
| Hoop y - - 16 3.2
Radial . . 26 5.3 7.8

Q V_']iens.'i le .S.fg.ne.ng.th,,. ksi

Hoop - | o - 13

LS B

~ Compressive Strength, ksi
- ‘Radial o 10 -- 9 9

| __F]exure-Strengthg ksi _ - o S : _
" Hoop. S 16-20 - - 20-24

Density, gn/cc . B 1.45 + 0.5  -- - ==

70
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APPENDIX C

ANSC INDUCTION FURNACE INSPECTION REPORT NO'S

503993, 503994, and 512330
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1Y B7 tofve ; [IREERTFITY jotv. riy. ] QIY. sALYAGR | PaoC./uis. RCPR. OATE . | e¢ reen. PATL.




ASROJET-GENERAL CORFOPATION

INSPECTION REPORT - Cont. Sheet

: 503993
_ _NO. ’9 S
1,¢7) PAGE __._ 2 _OF: S 2
5 ISP, ARCA 2. Mo, CAY YR. | 8. Fiat No. CASH ¢t T, FLRT GiN- - SHIP GRLLR KoL FiLlSRAM
8 |_>O]71 ACC 90 TRA. l o {nduction Furnacle : 1

NURTH Dx:CR;FAl C\ OR NJN-CON. OR [__‘ e, CA..*E OF dis.

"0 s6. aCT. 10 PR3Y. RECUAL

03 20. bise fccumEnTS oK

cl%%fl/ ;C:v(;:; OCCI}R LIST IN OR?ER. MO: PCS..- DWG/SPIC - RECQ INSP, RES. - {TEN IDEHT. . “DEZ:!SEI':I: A DRE::W D;CISIDOH:R.

1 i Section I, Page 3, F. 4, Contractor 1. Accept. The 10 micron.vé]vé is

'did not demonstrate that the ' the ultimate minimum cperating |

vacﬁu;'n', mechanical pumps h.ad th.e> riressuim ‘ for the vVa’CUU"ﬂ pum:s "~ The’
" capabilities of puiling a vacuum capab1]1ty oe"onstrated was 17 microns.
| t6 10 microns. - L - which .is adequa ate to maat thé-ﬁequ1re-
o Iments of the EHNSC Spec ilo. AGC 202784,

Para 3.1.1.2.1.
2 Section I, Page 6, 6b, 8b, 9b, 10b 2. Accept. ANSC will make the

& 11b, Measure water floiv and

required measurements.

record flow rate on Pumps Nos,

30-VP-1, 30-VP-2,

50-YP-3, 30-Vp- .

4 & 30B-BL. .

rate in midcéle, tep and boitom

.Measure and record flow

_furnace shells, not completed by

contractor.

_ Section II, Page 8,_» H, 2.d.

3a. Accept. The silicon rectifier .

- Demonstrate that the silicon

“thas a

name p1afe rating.of 100 Vdc.

rectifier cutout is variabl=s between

IThe control circuit requires

"0 & 100 Vdc and has a maximum

36 volt output. The voltace

output of 100 amperes. Sectlon II,

'0-36 volts was demonstrated, and is

Page 10, J. 3. throuah 3e.,

satisfactory to meet the performance

Demonstrate that the ‘two pressure .

requiremants of the Specification.

recorders Nos.

No. 10-1 are calibrated to

gaune

10-37 and pressuré

30, Pre]iminar/ Disnosition. - Suppiie:

all show calitraticn of tho iistad

within 1% of full scale deflection,

sh
caugzs. The Stokes Mcleod gauue

(@

i
5 T T
Irequires certification of calibration.

75




AEROJET-GENERAL CORFORATION:

INSPECTION REPORT - Cont. Sheet

by 9
_‘g\ V.4 _ {a. ’7L Ay
v PACILVIY £0.0 ISP, AEEA 2. Mo, GAY Yi. | 8. PART RO. TLSH c/L 5. FART SIn —‘

2000-5 18 130171l AGC-902 78a 1| Frrductinn Fu=nads : , _
o [3 19, 3:32%718ancY OR KOS.LM. €A 26.°CLUSE OF BIS. i AT 20, vios Jrewwrute ox. T oas, aIT.Ta oToIv. nuiul

‘.’i%'f/ z%;; OCCUR|  LIST IN ORDER. KO: PCS. - DwG/SPEC - REO INSP. RES. - ITEM IDEST. 2;;7;';': E",E:':w DEC'SEN:R

4 Scction III, Page 13, B.1. Con- 4. Acceot. The automatic valve
tractor did not demonstrate that closure was demonstrated at a-
durinn vacuu@ull down operafien. pressure 6f 35 microns. This messun
The main vacuum valve closes auto- . valve is ac’ooua te to prOu"CL ‘E
matic ally,gtrouble liqht turns on | vacuum purmping system fror over-
and horn’ sounds. vhen chamber Dl_”essu'i"e. ' L -

i rises above 20 —Ho Vacuum. )
| |
5 _Section IV. Page 16, A, 1b. Con- 5a.  Accept.  Controllability was
] tractor nced to demonstrate that demonstrated at 760°C. This temper-
_(‘ the furnace is kcontroilvab‘lie within: lature is accentable 1in h‘eﬁ of 850°C

= T 2% of any set point, set between. Eue cause it is a more difficult
'850°C & 2750°C. For this test holdina temperature for this equinment.
controllability is to be 850°C © | |
5°C, set point temperature,
Section IV, Page 17, lg, lol, 1¢3, | 5b. Accept. The furnace ternerature
'1h3, 1h5, Coatractor has not com- followed the cor*tro] tem;;erature rate
‘pleted this parf of the temperature cemandad by the cam orooramér v thin
capability tests. The rate is . the accuracy recuired. is deran-

- és ablizkhed to decrease 152 1 20C lstratich showed that t’ne’ furnace is
per hour, between 2750 and cori't.r'c':"li'l ebie. Future operation will
2680°C and oO° 69C per }*CL?‘ }eq dre more aCcu;*atc":y. CUL CANS tO
between 2680°'and-1800°c. achieve tne rates desired.

|

_ Scction 1V, Page 20, D. 2, Furnace ! i6. _Accept. Tine naximum snell temper-
‘ k, . cooline sectior is not comnleie, l ?gﬂjr:’ achad during tiic finel run.

' : | Contractor must demonstrate that | ,\‘xs 53°C on the L0 Tlanae and 85°

g . cooling is sufficient :'..:_'xdlthat e F?b 31 the Sotton flonce These e "'“"at "

- T T furnace shells; flangcs and all I L ) "
—y . T A . _ are acczpianle becanse the furnece was

P [ Ll L AT N0 wrceva S T T




AEROJET-GENERAL CORPORATION o o o o Lo ThEna

INSPECTION REPORT - Cont. Sheet

NO. —_—
, T or_ % 2
Z. KO. DAY Ya. | 3. FAET tio. vASH - C/L - L. PART S/N SHUP ORDEK NO. - PROGRAN
R0 l71lacc.on2724 | 1 L : .VL L e
3 19, migszsancy’ ruomeneton. in O 2E. S2USD CF Eis. U 2u. pisecemrsnss cn [ 260 ACT. TO PRIV, RECUR,
‘fi%ﬁ’ ziai SCZUR! * LIST 11! QRDER. HO: PCS. » DWG/SPEC - REQ INSP. RES. - ITEN IDENT. z:”[:‘;;‘:' - E';E:':"" “s'sg":‘;
' [ losses wihich caused. thase sMn
-tenperatures.
Y ‘R_eference Section IV, Para. la, 7. APre]inﬁhafyDiscdsition' The
__Page 15, Mechanical Vacuum mechanical pump motor amperes .
Pumps., Contractor has..o;‘)era»ted exceedad the manufacturer's ratmg
‘all 4 pumps above the manufac- | The furnace suopher shall certi fy
turer!s recommended amperage that the manufacturer's \'arl"allby 183
_rating, and has at numerous times |not voided and warr“nty-' to one year '
operated all 4 pumps without from date of out-of-spec opera non. '
proper oil level, being evident in Supplier shall make dra ring
. pump bases. Piping changes on revision, as described in Item 15A
___(_’ e_\:ha‘ust_,sys.tem,»: i,n.s;tall-a.tion‘ of Abelow. ' '
lbaffles ih tees and oil equélizinq ;
p1p1nc systern need Ora\vlnc
chances. ‘
8 Reference Section II, P'a-ra; J. 5, 8. Accept. Furnace temperature
Page 10. Duplex Cam Time follovad tés?'saeréture valua demanded
Plotters - due to faulty or wrong by cam contrsller within required
cut cams on 10-23 Honevwell | accuracy. Future cperation will
duplex temperature controller s, r~=qu1r: ..Ol‘—“‘ oCCu'“&t:]y'cut caiis .
the con‘frollers do not verform or B
control ternperature 'd‘ecréase at
60°C ner hour, as called out per
Acceptance Test Procedure. | ‘
1 B | 77
@ T
!
R
- | |
| i | s S




ABROJET-GZHERAL CCRPORATION

INSPECTION REPORT - Cont. Sheet _45_039__93 -

NO.

l‘('(Ql 4 (2 €7)

L FACILITY AND INSP, ARLA %9, DAY YR. | 3. PART hO. DASH o T s, FARY /%
2000 5 \8 |J0!:1 AGC- 0077“/\ [ | . 'jmnmr‘,on Furn L
[} 15, cizcserakey oR non-C3%. ' D) 26. ¢ 1
'c’;ﬁ'«/ 6r® loccun| wisT wx omoER. No: Bes. - DWG/SPEC - REQ u;sp. RES, - nsu“ IDENT. | an pmeue . REVILW DICIsieNs
Ko jevar | . ) DECISION 0O er 0O kr
9 l " Reference Section I\’,~‘15a1'a. E. 2, ' |9 Accept. Gr‘aph'ite felt was
Paoce 20 & Sec, 1, DI, pé_ée 2. L |repaired and rep]acco s&msmcwrﬂv
There are 23 documented areas o by l_he sunnlier. '
of'vis_ual detectable deteriorations
in thc gfaphite'z’elt insulation.
| Current condition warrants in
order to maintein thermal in-
sulation, additional felt must be
i added pi'io'r to any further use of
said furnace. | A "'
10 | _Refere.nce (Section I, Para. bl, I-]O : F"ccoﬂ‘. m_terna"ce riethods of
| Page 2) Cragmet Tool No. 3086, | measurer-..t were uséd to assure -
"Workload Base & Measﬁi'igg- | accepuaole alignment.
" Tool', Contractor did not supply. '
'proper measuring tocl for vertical
alignment of the coils, susceptor
or lowerﬂ 42" work support rings,
11 | . Contractor did on numerous times 111, Azcent. OQuerload conditions
overload the Limitations on ANSC . {were reviewad by AHSC Plant
Power Sub-Station, passing the - o Enginegring. The |“an1' of overload
red line of amperes allowed, ' was within the o er‘atmo Caoab lity
of tne sub-sta*fon;
®
< |41, 4.
P |
. r
| - .




ATROJET-GENERAL CORPORATION . - : o S o L

R ettt e L R e hka e e

PANOT A Y IRIT AN - Ceni. Sneci

2nzen facea) —
LITY AND INSP, AREA —1 2. MO, DAY YR. | 3. PART X50. [J 8 C/’L €. PART 3/K

=‘,0—'\ ] iS‘L)l?’l .'\.(;(_,—‘,533.18 I l Induciion I-'urnaue o : ‘

foefade LR A - . i 2. Imad

ITILY4 ln ee | i B . - X T
« PRELIM. 2

catem | oF  Joecur]  LIsT 1 ORDIR. KO: PCS. . DWG/SFEC . RZQ INSP. RES. - ITEN IDENT. 21. PRELIM o REVIZY DECTISIONS

HO | CHAR : .DECISION ; O er 0O xr

12 ! Refercnce Section I, Para. (2), 12. Accept. Supp]‘le\“ h s renaired
: ‘ Page 5.° Water Leake. Centractor A valve. -

needs to replace/repair Crane Air

Release Valve No, 676 on furnace

spool weldment flange, #2.

Center spool.

13} Reference Dwg. No. 3086-300f21 - _ 13.  Accept. Supplier has alianed

Sight Port, Graphite parts detail. sight port tubes.  This condition

.

Contractor must align & adjust - | . " luill become less noticeable in

Sight‘POfttubeSr Following all 1N “Ifuture runs as settling of the

8}

e T R YT ) —
/_’. | _temperature mrra: runs,;. the 4~ lgraphite felt is ccmnleted.

sight tabes were misaligned,

making it impossible to obtain’

accurate temperature reading for

subsequent runs.

l A . AN T TR IR e SR e

3 AN 2L

A o 14, - Preliminary Discosition.

I -
! |Supnlier shall syrovids certivi-

cations as noted. AuSC shall replace

Section (6), Pare-7, 6.1 Inspection ‘ B mz) gauge.

-& Test Equipment, Contractor

should certiiy that all inspecticn

& testing equipment has been

calibrated to an accuracy consistent I

‘ evaluated during szid aéceptance |

-t
(\ with parameters and tolcrances’ b ‘ -

3

)

testse T, Normal water coolant -

pump gauge is pegged and not |
!
|

working,




AEROJET-GENERAL CORPORATION

ISPECTION REPORT - Cont. Shee ’
-."\S_r._.CllOn\ RcrO.(T Cont. S ccf 503993

’-’(\"—'—" l1-63) ' : - PAGE - OF _
i Vi gmRY AM3 (NSP. ARTA . KU, LAY YR | 3. PARY MO, iir e N St e
4‘)—3

\6 |30|7l AGC 902(81\. | "| o inducuon J:urnadé-

D 13, DISCREPANLY OR KON-CON. OR LJ <6, "IJSE CF CS . I'

AEVIE\V DECISIONS

‘0 er 0O ur

cuar/
WEN
KD

21, PRELIM.

DWGC/SFEC - REQ INSP, RES. -
. - DECISION

OCCUR LIST IK ORDER. HO: PCS. - ITEM IZENHT.

15 i1s.

Supslier shall

The following drawings must be Preliminary Disposition.

upgraded by the contractor to show revise drawings to

~

in detail changes in regards to the shewt the Tinal as-built configuration.

'as built! coaflguratlon. A

DWG.,. 3086-100-50 & 308b-

A.o
" . 600-20 Mechanical Pumps

Vacuum, -Stolxe s. Installation

~of pump oil by:pass lines'at @

pumps base., Installation of

Tee & Baffle in exhaust lines.
DWG, 3086-200=62, Rev. A,

D_e'tails;
3 /‘411

d' around

Bottom Felt Support
Installation of 28' SS30-—1—,

ox 21 po»ta we

) R4 .-
bo»torn of inside furnace,felt &

insulation support.’
DWG. 3086-100-20, Shé'et 1.

Argoh System, Emergency.

Contractor field decision to

change direction and con-

’ l figuration of Argon Emergency

i. Flow System Piping.

‘DWG. .3086-200-19, ¢

< ra".\:\.-tc

- Felt Insulation. Contractor. -

field decision to chanze i
fnethod of felt installa

] from lapped,vertical instal-

tion,

lation to 6" & T relled felt

configuration,

(. E. WG, 3086-600-20E, Turnace! !
’ s Ton J.id, Water Coolont, Con-! R

tractor change ol Sesfon lrom [

2lov-ou

) JGisks
pipes al ton ] LeYnace

Lid 2nd

w0 steal stand l '

bottum sectiviu, - i




. AEROJET.GENERAL CORPORATION

: . K i t =/ N ~ - : Y R
5 . ) - INSPECTICIN REPORT - Cont. Sheet o
: : D 503993 .
. . . . " : - N lqo. . ‘»V
é[\ 21,8 (a.27) . S )
l'v,.r ARD INSP. LLER L 2. mo. PAY YR. |2, FALT WG, EALH L.’:'- . [ YN
000-5 . \'o l.SO](l rx(,:(» 9077'0‘!& l ] . inc‘uct-ox* }31‘1'1
e teo TOIIoAnla SR L SLR. OR L 26. CAust gf s, —,__ . i'_}
AR/ jCLAS : . ) : o : e pEEreloe
5w |Ters foccrr!  wist ik omozk. wo: Pes. - DWG/SPEC - REQ IHSP, RES. - ITEM IDCHT. 1. PRELIN. . REVIEW DECISIoNS
KO |CHAR, i . DECISICN : D ke 0 ur
15 & F. DWG. 3086-200-41(Detail §
A) Vacuum Chamber W c,.umc;m1 )
i detail, Coniracior field ue51§_ {
! chanae, installation of three
A

air release valx es at the

ﬂangc area, of c‘.ll tnn,e

furnace spools - top flange

area.
| G: DWG. 3086-300-21, Sight -
i Port Graphite Parts Detail.. ' ‘

Contractor field decision to

redesign and install 2 new

configuration of top lid

_(i sighf port.. , ‘
o 1 H: DWG. 3086-600-30, Water .

, ' Schelnatié & DWG. 3086-100-
o 82, contractor field decision

and redesign of larger coolant

! ' lines from furnace shells to

drain.
L. DWG. 3086-200-10, Vacuum

Furnace Assembly., Con-

tractor field decision to

install transite hoarding

around top of inside furnace,

| between induction coils and

furnace wall.

16 ~|. Section 1V Page 16, A. 1dl. : . 16.- Accept. .The _sPecification aces
- Contractor did not demoz:étratc f!‘fct requira automatic tangarat Ui‘el

I | that the furnace was automatically ' 1cm crollebility b;_;.t-.._,;:,.—); 2500°C and
_L‘ temperature controlled from e ',:2750°C_.__ The supplier manuaily control

‘: 12600 ~§9__27500C per hour, ’ ':] nh tammavatioes Lo | '

! ,——_' : ' - -5'3‘&' '\C.f te Z88ERC.

j 1 B _ = 80 zt“n' cerature nr_q]n\/ncl ﬂ tab]o

f - T - T

’,‘ l- ' , o - l 'iu\ ICLUSE Tl mseds CHe Ltil""rar' wL :

e A T BT g R D R RIS




AERQJIT.GENERAL CORPORATION

INSPECTION REPORT - Cont. Sheet

503993

NO.
PN
'.A'{Q.'_;‘.(‘_-u) — _ L PAGE_
1. NI ANL it AALA Z. ha. AL YR. ) 3. TAni KC. prsH < S. TART S/t ] SHOP LruLR no.
2000-5 l8l30|11 AGC- 90?78A [ Induction Furnade

IPANCY ©2 NIN-CTH: OR D €. CLUZE ©F 215,

D o2ocpiseitounrnts en O sooenT

|-':‘E;H CZFAR OCCUR LIST IN ORDER, H?: PCS. « DWG/SPEC - REQ lf‘lSP. RES.:-' ITER l'DENT. . z:g:f:l:l:' ’ - Dﬁi:l:\‘l DECISSN:R
17 ! Section 1V, Page 16, lel lcontrollabitity reouiremehts'of:Sggg;_
Contractor did not demonstrate - l902784: Para 3.1.1.1.2 requires -
that the furnace temperature'can be| CCr‘two]]abi]’[ty of 1-;2;; *{temp ra{iuré
manually adjusted to 27509C, correct1on w“tnod referenced below).
maximum, and automaucally o ) . -
4n1aint'ain this set point tempecrature 17. Accepu As stated above, 'the.
for 5 hours. ’ maximum te ldercture o°ronstr ted me
| the requirements of the'spec1fication.
Set point temperature control was - '
I within the temperature range of 2670°C
18 " Section 1, Page 5, L 5

to 2695°C, which is acceptabie.

Contractor has not demonstrated

thaf the Baltlmore aJ.l cooling

_hceent. “Supplier nas reworked ti

(‘ ) 18. the
, ‘tower operates without visible cooling tewer and has eliwinated all
. water leakage. _'lwater leakage.. ‘ ‘
19 " Section IV, Page 20 la, 1b & 2. 19. Accept. Anti-rust water
| Due to large rust formation in the treétment is consicdared normal
furnace shell inner walls and maintenance, and will be proVided‘by
” rpipi‘.;g, rust inhibitor must be AHSC. during future Turnace ope ~ation..
. added to the systenx’. Contractdr' '

has failad to deomonstrate that ’

A,.p"rlO(.LlC rnol'ltu*c.nce is not 1e-

. quired during any 14 day operating -

cycle,

*Temnara ture n- sur=‘°nt Corract1or

1. Lorrec»iou»— nationa!

Cuariz ¢lass

~ Bureau of Standards Technical

Paper ho. 176, "Puromatric

Practice
raclic

(l)

i | 2. Target Cmissivity -
i ' F. a. Kxngng g D H1qq 1c~pcra Ures

I l‘!eaS”}AC‘n:InAL



/-...\OJST-GENERAL CORPORATION.

_ INSPLCTIO'\l Re? O RT - Cont. ShC“‘l‘
.1 .2 (4-€7) ) . ]

. i Ahe (HuLP. AREA {280, LAL YK | 3. $4RT 1o, T pasH c/u

2000-5 \8 130 71§ a5c-90278A ||

D 19, LIZCREPANIY CR HON-CON. CR D ze. SAuse oF C1s. | j

503993

cuar/ jcurs

ek | oF - OCCUR|  LIST IN ORDER. Ko: Fes. - DWC/SPEC - REQ INSP. RES. - ITEK 1GINT. e . - DR.E::W "_—5“53":“ _
- 'b.. Rudy, E, Pirini Furnace for
the Precise Determination of. the
el e - o ' Melting Tenperature of Refract tory
N | | Subsnances. |
3. Hot Zone and Targ2t Temperature
bifference - iiemo_ 811';4]745;
dtd S—Etherbe 1971, Tenmpe auure
neasuremunt in Inert’ nduct1on
_ Furnace. _
= -
82
@
@ -
- |
e e
i |




ERDSET-GENERAL CORFORATION

N - ‘ w:.i:.s:um'?i 7N REDODT 10 K
A | INSFECTT in Lk . NY. ‘)08834
. oo . . 1 ) . .
B 4 ~ SKETCH ATTACHED [0 . : - SR
srsl gas (aev. s-0s) ' 2 _ S PAGE | OF 2
1 ras bii> (3P, AREA 2. MO, AT Yi. | 3. pART MO. DASH C/L .| 4- PART/uATERIAL HAuE : 1TEM s/H )
2000-5 9 |1+l7)4 AGC 90278A | ] Induction Furnace
- 'EOJ‘/HODEL 8, @ CALL 7. W.0, XO. 8. IRSPECTICN CRITERIA - OTHER (EXPLA!H)
NERVA i one. srec. . O 1.1 .ACCCpt Test NO :
$. URIT OF MEAS.] 13, L’.I}T SIZE i1, OTY. IN:P. 12, 2TY, NOT l\CC.; _13. CONTRACT MO, . . . 14, 5.0. NO. . 38,
1 . 1 1 See belods - SNP-1, Project 1453 ' »
L. 307 CG.1 18, SUPPLIZR NANE AND CODE . . . 7. DISTR-A' 16. P-O./I‘JA KO, . . . 7.
Cragmet Div. of Cheston Corp. N-00136
6. 7?7 O 21, PREYIOUS RTPLAY KO. . | z2. TEST KURBLR 33, T PRE vest (3§ s nExy Assye/w 3%, KEXT ASSY $/R ) NEIE
ere O ‘ TEST -0 ‘ ’
¢t OO 50399 . . rost resT [}
is. DISCR;PAN-Y OR HOKR-CONFORMANCE . : ) 20, DIS’OSITIO}(/COHM.E}{TS
cL. ! ' R : ’ s 5 21, FESLIM, ' . . REVIEW DZCISIOKS
c::l. OCCJiE LIST IX ORDER: Q. PLS, - DWC/S?EC REQ < INSP. RiS. - ITEN IDENT. DECISION | o . D R D_“R,
’Dvrmv the operatlon of painting th i Accept. ANSC shall reinstall the
Inductlo Turnace, the painting y air bleed valve and fill with water,
i crews broke lcose the Crane 676
e - 7
] Lt ' 1
K 'Air bleed va"'e to the middle furnace i
H . . )
" spool \vcldmerit, (Ref, DWG. 3086- l
Lt Y R l
¢ 1200-41, Detail A, ) Visual inspection '
S a— — ;
_(“; ‘, rn" als that the 1'15t ll 101 tne P
! i 1/2" N, P, T \LDDTe wh1ch supports i
i o . . . ‘
o the valve was of pcor workmanship. !
¥ : . i
! ' ' The nivple was supnorted by only !
! three _threads and the tapped 1/2" .t
i . { :
: . N . : i -
_ ~threaded hole was irregular with the f z
: i _ ' i
P “threads being shallow. It should also’ !
! -be noted that this narticular furnace ; :
' TgR IDERTLT . - . : nOC. [ MES. REPR '
™ mm:;»}z |./« 7Y ’ , / // y: /\ DATZ R ii.jtfi:/ﬂug/ 3 c;:,,w, j,?} P, t - !:7‘"’5__ a
-3 _,_/-.f’ L_'.:”-- - ' Lol LD \ Q/‘/ / / oo e R N R L g S
,;’. x3._RIPR. /\ /""\\ o3 u';'. CusT.: . ) TATE -
) SR / . \ ,‘“? : 4 A
, ]// /sl ‘/L*v"\ %, /"<( [~tit- (¢ o, (s
k3. E2/ MR o < s < :
APPROVALS P ,[ (2
- T GTY. ASC. | CGTIY. $OT ACS. KEW 1L.R. RO, PACILITY AND INSP. AREA INSPECTION IDZHTITY DATK
B4, RZiN- . 4 '
l’;.:fla?( '
QIY. ACZ, QTY. KCT ACC, CTY. OTHER (21'.) , EXPLANATION OF OTHER QT RLPR. . . : DATE
K. n.f"ua' , l
Bstarihlialll PRI  DATE ’ cusT. ‘ OATE
8. CORNICTINE A7TILN
M3t OF DISCRIPANCY - . ACTION TO PRIVENY RICURRENCE l LFFEQTINITY

17, 88, 501¢3 } RESPONSISILITY QY. Art QTY. SALYAGE | PinZ./mPs. RafR, DATS oc mePN.: L - ATk
[ XY R IEIN . ) v
aurisinioy D asc D [ PRTTURR ] '




AEROJET-GENERAL CORPORATION

4

.
e e (s.c7) ofF___2
1. ¢ TY ANZ BHSP. ARTA 2. KO. DAY YR. ] S, FiRT &l TALH (343 Y. FART 57l J~ FRUGRAM
2000-5 9 |14]71jacC 90278A | | Induction Furnage
U oav. DISIRCTANIY GR K2N-CLN. OR LD 2E. CAVIE GF LUS. 'i - 00 2¢. vitp/cenwents on. 6. €T, TS PRIV, RECUR.

zend joLas : - . v preL. | : . vicw DICISIONS

J1t% ] ©f  |OCCUR] LIST 15 ORDER, HO: PCS. - DWG/SPEC - REO INsP. RES, - 1TLx toeny. | o F b | REVIEW DECISIoNS

%> leusn . DECISION 0 er O ur
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INTRODUCTION:
This memorandum supersedes Reference (a) and replaces it in its entirety.
SUMMARY :

A thermal analy31s was conducted to estimate the effect of the spec1f1c
load on susceptor temperature within the 1nductlon furnace for testing the
"graphlte skirt exten31on. A one-dimensional ana1y31s 1nd1catedythat the load
.consisting of three 2200 1b "candle sticks" will track the susceptor temperature
within 2°F at furnace temperatures in excéss of'3800°F with a constant suscepror

power input of 1500 KW. Therefore, it was concluded that there 1s no effect. of

- load on susceptor temperature at a given input power near §teady—state,conditions{
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. A simple thermal analysis was conducted of the-target,device»which pene—~
trates the furnace insulation and is viewed by a pYrometer. The analysis predicts
target temperatures approximately 170 to 185°F below the susceptor and load

temperatures.
" ANALYSES:

A one-dimensional thermal model of the furnace was. coded for the E12901
"Thermal Analyier" pfogram. The load was input as a single capacitanee-node with
thermal radiation exchange with the susceﬁtor and inner insulation sﬁrface.; The
capacitance of the load was based on a weight of 6600 lbs of graphite with tempera—
ture-dependent thermal capacitance as taken from Reference.(b). The thermal radia-
tion exchange between the susceptor and:the'lqad was based on the surface area
of the three lBIin. diameter 'candle sticks", each 113 in. high with a shape factor
of 1.0 from the susceptor to the load. The susceptor Qas also input as a‘single

node with a mass of 8000 lbs with its thermal capacitance from Reference (b).

Because of the wide variation in,tem?erature through the insulation a
single node approach would have produced a gross error in the thermal ca pa21tahee.ﬂ
Therefore,'six capacitance nodes representing 333 lbs of insulation each were input .
with an additional outer surface node held eonetant at 200°F. This approach pre-
sented a problem in selecting the ‘correct thermal conductivity because the data
provided in Reference (c) is mean conductivity based on the hot side temperature;v
Therefore, the conductivity from Reference (c) was adJusted percentage wise- to
give the specified steady state susceptor and load temperature. This. method assured
that the total heat loss from the furnace at the spec1£1ed temperature of 4930°F

(2720°C) is approximately correct.

A twelve hour transient thermal.analysié was then run with,a susceptor
heating rate of 1.5 MW. This heating rate accounts for losses in the coil; it
-is assumed that approx1nate1y 1.75 MW are requ1rcd at the coil to produce a
1.5 MW heat rate at the susceptor. This transient ana1y31s indicated that the
load will follow the susceptor temperature within 2°F for temperatures above

3800°F where the temperature rise rate is approximately 250°F/hr.

A simple theérmal heat balance of the target used to measure the furnace
temperature with a pyrometer was conducted. It was assumed that the target

tube as shown on Reference (d) protrudes approxihately'3~1/2 inches beyond the

90
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inner insulation surface. The net radiation exchange between the furnace and.

the outer surface area of that portion of the target which protrudes into the

-

furnace was balanced with heat losses due to stem conduction and thermal radiation

to the 200°F sink outside of the insulation. This energy balance was developed

as follows:

where

Similarly:

vhere

out

out

X

!

Ao<c'('rf4—'rll‘) o ‘ o : ¢S

net heat received by target, Btu/sec

outer surface of target tube which extends into furnace, in.

absorptivity of target tube’(0,95)}’dimensionless

Stefan-Boltzmann constant, Btu/in.z—sec—°R4;

furnace temperature (5320°R)

target temperature, °R.

Ai’ £, 6 (Tl4.~ 200“) + (1 —'260) A k/x | | (2)

"heat loss from target, Btu/sec

target area, in.
effective emissivity of target, dimensionless

cross sectional area of graphite material of

target tube/in.2
conductivity of graphite, Btu/in.-sec~°R

thickness of insulation, in.

Since the heat loss must equal the net radiation absorbed from the furnace by the

target tube, Equation (1) was set equal to Equation (2)

A°(§" (5390 - T

and solved for T

4

10

4

4 4 4 )
| Ay €6 (T - 2001 + (1) - 200) Ak/x

s - .
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~The inner an& outer surfaces of the insulatioh through which the ‘target
tube passes were assumed to be 4930°F (5390°R) and 200°F respectively. It was
therefore estimated that the heat exchange betwéé;v;he.target.tube and insula-
tion will be minimal and could be neglected consideriﬁg the preliminary nature of

this analysis.

Assuming effective emissivities of .95 and .85, the target:temperature
errors (TF - TT) vere estimated.to be 170 and 185°F respectively using the above

expression.
CONCLUSIONS:

The above analysis was based on an assumed maximum obtainable furnace

temperature of 2720°C and was not intended.tO'determine the steady-state

. furnace temperature. The transient analysis was conducted to determine the tem-

perature lag of the load surface compared with the susceptor, and to determine if

this lag could significéntly influence susééptbr temperature. .

It was speculated that because of the lower surface~to-mass ratio-of the

“candle sticks" compared to the prototype skirt extension, a load temperature lag

"and therefore an effect of load on the suscepcbr tempefature might'bé'intfoHUCéd;

this analysis shows that such is not the case. As the load and'the susceptor are
at essentially the same temperature above 2800°F (1538°C) there should be no error'7
introduced from this source, and the use of candle sticks in'ﬁlace of the proto-

type skirt extension should have minimal effect on the furnace performance. .

The energy radiated from the inner surface area of the target tube will -
exit through the dpeﬁ end to the 200°F sink or strike the inner-surfaée of the
tube. That radiant energy striking the inner surface will either be reflected,
re-radiated or conducted ‘to the 200°F sink.- Therefore, for the purpose of

radiation calculations, the approximation was made that the tube appears as a

disk having the I}D. of the tube, and located at the outer end of the tube.

This phenomenon results in the "equivalent'" disk having’an‘effective‘
emissivity approaching unity (fairly independent of the tube length . or material‘
emissivity)}, However, if the diameter of the tube is increased, the ratio of

emitting target area to the area of the tube receiving radiation from the. furnace

.

1. E. M. Sparrow, Radiétion Heat Transfer, Brooks/Cole Co., Belmont, Calif.
1966, p. 164 - B . Q2 ’
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will be increased, resulting in a greater target temperature error.
The analyéis on the target tube indicates that the target, due to heat
losses through stem conduction and thermal radiation, is approximately 175°F

lover than the load and susceptor temperature. It -is recommended that a more

accurate thermal analysis of the target be conducted to allow for -a correction -

in the measurement or that a more accurate method of temperature measurement be

devised.

ﬁ/:T/ uéhanan'
Thermophysics Section
' Englneerlng Staff Department
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