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D A T E 

STATEMENT OF PROBLEM 
The qualification testing- of Bradford Components, Inc. 
k.7 ohm fusistors for use in SNAP lOA. 

ABSTRACT- ,^ualific:ition testing of SL'Ai- lOA fusistors was 
performed in accordance with A.I. control specification lOFS-24007 
Test operations included: visual inspection, insulation resist­
ance, dielectric strength and D.C. resistance testing prior to 
subjectintj; *-̂ie fusistors to environmental testing; opening-tiir.e 
testing prior to, during, and following vacuum and temperature 
testing; and insulation resistance, dielectric strength and D.C. 
resistance testing following environmental applications of 
texperature, vacuum, and sinusoidal vibration. 

Testing prior to environmental applications disclosed that six 
of the initial 27 fusistors were outside the specified tolerance 
limits of ̂ .7 ohms _+ 5%» 

Ciening-time testing, prior to environmental application, on 
three randomly selected fusistors resulted in failure of the 
fusistors to open within the specified time raii|j-e, viz., 250 
nilliseconds minimum and one second maximum. 

Fo-1 lowing tei.'.perature cycling from -50°F to +l't-0°F ten times, 
two previously satisfactory fusistors tested were no longer 
'.'.•ithin D.C. resistance tolerance limits. All ten fusistors 
showed an increase in D.C. resistance. 

During testing in an environment of 5 x 10 mm Hg and +1^0"? 
_+ 10°F, sustained for 22 hours, opening-tiir.e tests were conducted 
on two fusistors. In the case of each fusistor the opening time 
was in excess of the specified maximum. D.C. resistance tests 
conducted on the fusistors v;hen they were removed from the above 
environment revealed that a fusistor (A-1217) that had gone out-
of-tolcrance following temperature cycling from -30°F to +lA-0''F 
was once again in-tolerance and had a D.C. resistance even lower 
than when initially tested. Visual inspection of the fusistors 
following vacuum/temperature environmental testing showed that 
one fusistor's ceramic seal had cracked and fallen off. Seven 
fusistors were subjected to temperature environments of ©"F for 

http://Chr-i.st.ian
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ABSTRACT (CCKT'D) 

30 minutes followed by 30 minutes at +l'40''F while carrying 1 amp D.C. 
At 0°F and again at +l40°F one fusistor was tested for opening-time. 
Both fusi-stors opened at times within the specified tolerance range. 
The D.C. resistance.? of the remaining five fusistors, measured at room 
ambient temperature following the above environmental test, were out-
of-tolerance. (Tv/o fusistor'o D.C. resistances had been out-of-tolerance 
before the above environmental test was started.) 

Nine fusi^jtors, not subjected to any of the above environmental tests, 
instead were .'subjected to qualification level sinusoidal vibration. In 
tests cor.'.'-.cted after vibration, the D.C. resir.,tince of one previouely 
out-of-tolerance fusi.'̂ -.tnr deoreased to within the tolerance limits 
(A-I235) while another fusistor's D.C. resistance increased and went 
out-of-tolerance (A-J23Z). 

All fusistors, at all times, satisfied the conditions of lOFS-P'fOC? in 
terms of insul'^tion resistance and dielectric strength. 

Conclusj ons 

D.C. resistance of fusistors apparently is affected easily by temperature 
environraente. Many fusistors are delivered with, or can be altered to, 
D.C. resistances that are out-of-tolerance or are bordering on the upper 
tolerance limit. 

Opening times of fusistors are variable not only in room ambient condi­
tions, but also in temperature environments. For the most part the 
opening times are not within the specified time range. 
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SNAP lOA 

FUSISTOR-VISUAL IliSPECTIOK TEST 

TEST PERFORMED: 

A total of 27 fusistors were tested. Each fusistor was visually inspectec 
to deter.-r.ine if it was uniform, clean, and free of burrs, cracks, surface 
roughness or any other evidence of poor quality and workmanship. 

The physical dimensions of each fusistor were measured with vernier 
calipers to determine whether they were within the specification 
tolerances shown in figMre 1. 

Each fusistor was weighed with a trip balance. Weights are recorded 
on next page. 

TEST RESULTS: 

The visual inspection revealed that the fusistors wero not uniform in 
construction. The physical dimensions of fusistors A-1222 and A-1225 
were in excess of the A.l. Specification for body length. 

TEST EHUIPMENT 

Item K fr. Model 

Vernier Calipers Mowser NAA #127 

Trip Balance Ohaus 

http://deter.-r.ine
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SNAP lOA 

FUSISTCR-IlNoULi^TION HEJILTAI.'CE TEST 

TEST PERFORl'IED: 

The body of each fusiotcr V;ES wrajped in alum.inum foil. A megohmmeter 
was connected with the ground lead to the aluminum foil and the positive 
lead to the two fusistor axial leads which were clipped together, 
100 vdc was applied between these points with the m.egohm.meter. The test 
was performed at room ambient ter.perr.ture. 

The requirements are: tlie insulation resistance shall be in excess of 
100 megohms as specified by A.I. Control Specification, lOFS-24007* 

I 

TEST RESL'LTS: 

The fusistors tested had insulcit.j.on resistances higher than the specified 
100 megohms. The lowest value was 550K megohms. The results are 
recorded on the next page. 

Item Kfr. Model 

Ilegohmmeter I n d u s t r i a l Ins t ruments L-7 

Cal . Date Cal . Due 
11-7-62 2-7-63 
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SNAP lOA 

FJSISTOR-DIELECTRIC STRENGTH TEST 

The body of each fusistor was wrapped in aluminum foil. The ground lead 
of an A.C. high potential tester was connected to the foil; the high 
potential lead was connected to the fusistor's two axial leads which 
were clipped together. A 60 cps potential of 800 volts rms was applied 
between the leads, using the high potential tester, at a rote which did 
not exceed 500 volts rms per second. The 800 volts test voltage was 
naintained for ten seconds. 

TEST CONDITIONS: ' , ' ' _ 

The test was performed at room ambient temperature. 

TEST RESULTS: 

The 27 fusistors exhibited no evidence of leakage or breakdown. 

TEST EV^UIFKENT: 

Item Mfr. ' Model 

A.C. High Potential Tester Associated Research 404 
(HYPOT) 

Cal. Date Cal. Due 
11-9-62 2-9-63 

m.—lM!L 
DATE 7/^1/63 

PAGE__o_^OF. 8 OF 29 
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SNAP lOA 

FUSISTGR-D.C. RESISTANCE TEST 

TEST F£RF0R>1ED: 

The D.C. resistances of the test fusistors were measured with a Wheatstone 
bridge with a calibrated accuracy of +_ .1%. The bridge applied 750 
millivolts across the fusistors while under test. 

Requirements: The fusistor shall have a D.C. resistance of 4.7 ohms 
+ 5% (4.465 to 4.935 ohms) as specified by A.I. Control Specification 
lOFS-24007. 

TEST CONDITIONS: 

The D.C. resistance test was performed en the fusistors at room ambient 
temperature. 

TEST RESULTS: 

The D.C. resistances of fusistors A-1208, A-1209, A-1210, A-1211, A-1218, 
and A-1233 were greater than 4.935 ohm and therefore not within the 
+ 5% tolerance. The test results are on the next page. 

Item Mfr. Model 

Impedance Bridge Electro-Scientific 
Industries, Inc. 250 DA 

Cal. Date Cal. Due 
11-28-62 5-28-63 

730-V-45 (REV 5-59) 
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SNAP lOA 

FUSISTOR-OFE:.ING-TIME TEST 

TEST PERFORMED: 

The opening-time test was performed on the following seven fusistors, 
serial numbers: A-1208, A-1210, A-1220, A-1227, A-1228, A-1229, and 
A-1231. 

The test was performed by passing 6 amps D.C. through the fusistor and 
recording the resultant signal on an oscillograph as shown in figure 2. 
The opening time was determined from the instant 6 amps were applied to 
the instant the fusistor had permanent.ily opened. 

Requirements: The opening time shall be no less than 250 milliseconds 

and no greater than 1 second, as per A.I. Control Specification 10FS-24007» 

TEST CONDITIONS: 

The test vjas performed at room ambient temperature. 

TEST RESULTS: 

Fusistors No. A-1208, A-1229, A-1227, an-i A-122C were used to set up the 
test, therefore the data recorded on these four fusistors was not accurate. 
Fusistors A-1228, A-1231 and A-1210 were opened and accurate data was 
recorded. (Data is on next page.) These last three fusistors were found 
to be out of tolerance according to A.I. Document lOFS-24007. 

8824 
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DAT 
PAr,F i^ OF 

SNAP lOA 

FUSISTOR-ATKOSFHEWIC TEST 

TEST lERFCRHED: 

Ten fusistors were mounted on a chassis, suspended by their axial leads, 
with standoff insulators that provided space around each fusistor to 
allow the free circulation of air. The chassis, with fusistors and 
mounts, was placed in a tem}ierature environmental chamber. A calibrated, 
iron vs. constantan thermocouple was m.ounted next to the fusistors on a 
standoff insulator. The thermocouple was read-out on a millivolt potent­
iometer and the readings taken were used to calculate the correct chamber 
temperature. 

The temperature chamber was cycled ten times from -50°F _+ 5''F to +l40''F 
+_5**F at a rate not exceeding 5**F per minute. After the 10th cycle was 
completed the fusistors were returned to room ambient temperature and the 
following tests were performed: 

1. Insulation resistance (as detailed on page 6) 
2. Dielectric strength ( as detailed on page 8) 
3. D.C. Resistance (as detailed on page 9) 

TEST CONDITIONS: - , •' ' 

Atmospheric Test - -.50°F ;*_ ^"F to +l40''F + 5°F. 

Insulation resistance, dielectric strength and D.C. resistance 
tests - room ambient temperature. 

TEST RESULTS: 

The insulation resistances showed little variation from the first test 
and were still within the specified tolerance limits. 

During the dielectric strength test there was no evidence of leakage or 
breakdown in any fuoietors. 

An increase in resistance for each fusistor was evident in the D.C. 
resistance test. The average increase in resistance of the ten fusistors 
was 0.066 ohms. Fusistors A-1216, and A-1217 were out of tolerance 
limits in resiEtance after undergoing the ter.perature cycling. Fusistors 
A-1209 and A-1218 had been out-of-tolerance from the start of testing. 
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SNAP lOA Fusistor-Atmospheric Test (Continued) 

TEST EQUIPMENT: 

Item Mfr. Model 

Temperature Environmental 

Chamber Eemco LNF-250/350-4.5 

Millivolt Fotentiomoter Leeds S< Northrup 8686 

Thermocouple, iron vs. 
constantan - - _ 3576 

A.C. High Potential 

Tester Associated Research 4o4 

Cal. Date 11-9-62 Cal. Due 2-9-63 ,, • 

(Other test equipment - see next tvro pages) 
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SNAF lOA 

FUSISTORS-VACUUM CHAMBER TEST 

TEST PERFORMED: 

Ten fusistors were placed in a high-vacuum chamber v;i th two fusistors 
mounted on ceramic standoffs and connected to an external power source 
as shown in figure 2. The high vacuum chamber was sealed and startup 
procedure was initiated. After two hours the chamber was at 5 x 10~°MM(H5 
At this time the chamber temperature was raised to l40''F +_ ICF, This 
te:nperature was maintained throughout the 22 hour test. Eighteen hours 
after startup the chamber was still at 5 x 10 MM(Hg) and maintained this 
condition throughout the remainder of the test. uue to vapor pressure or 
possible leaks, the chamber was unable to exceed 5 x 10~ MM (Hg). The 
cha-tiber temperature was monitored with a calibrated, iron vs. constantan 
thermocouple connected externally to a millivolt potentiometer. After 
22 hours an opening-time test was performed on the two fusistors which 
were mounted on the ceramic standoffs. The vacuum chamber was returned 
to atmospheric conditions and insulation resistance, dielectric strength 
and D.C. resistance tests were performed. ^ 

TEST COICDITIONS: ^ 

Vacuum Chamber Test - 5 x 1 0 " M K (Hg) at l40''F + ICF for 22 hours. 

Opening Time Test - 5 x 10~ M:>:(Hg) at l40''F 

Insulation Resistance, dielectric strength and DC resistance tests -
at room conditions. 

TEST RESULTS: 

Opening Time - the opening time of fusistors A-1213 and A-1214, was 
outside tolerance specification limits of A.I. Control Specification 
lOFS-24007. 

Insulation Resistance - The insulation resistance of the fusistors was 
still greater than the 100 megohms minimum specified in A.l. Control 
Specification lOFS-24007. 

U.C. Resistance - Fusistors A-1209, A-1216 and A-1218 were still outside 
the specification limits of 4.935 ohms, Fusistor A-1217 decreased in 
resistance, coming inside tolerance limits. 

Dielectric Strength - No evidence of leakage or breakdown. 

Visual Inspection - The ceramic seal on fusistor A-12l8 had cracked and 
fallen off. 
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SNAP lOA FUSISTORS-VACUUM 

Test Equipment 

Viscorder 

5OMV 10 Amp Shunt 

Regul-jted DC lower Supply 

DC Amplifier 

5OMV DC Ammeter 

5OMV DC Ammeter 

Cal. Date 9-1-62 , 
_ -, T̂  T-> 1 /:-:) Accuracy Cal. Due 12-1-62 '' 

High Vacuum Chamber 

Millivolt Potentiometer 

Thermocouple 

AC High Potential Tester 

Cal. Date 11-9-62 

CHA:-.BER TEST (CONT'D) 

Mfr. 

. Honeywell 

Weston 

Model 

906B 

- -

Harrison Laboratories 8l4-A Accuracy +_.03% 

Dynamics 

Aeston 

Weston 

+ .25% 

NRC 

L Sc N 

Iron vs. Constantan 

Associated Research, 
Incorporated 

Cal. Due 2-9-63 

6109 

901 

901 

•», 

- - • 

8686 

3576 

404 

-
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SNAP lOA FUSIGTCHS VACUUM CHAMBER TEST (COiiT'D) 

Opening Time Test Results 

Fusistor Serial No, Opening Time in Seconds 

A-1213 1.1 

A-1214 1.09 

Insulation Resistance Test Data After Vacuum Chamber Test: 

Fusistor Serial No. Resistance in Meg ohms 

A-1207 50,000 K 

A-1209 .- '• 50,000 K 

A-1211 ". 50,000 K 

A-1212 50,000 K 

A-1215 50,000 K 

A-1216 •. 50,000 K 

A-1217 . 10,000 K 

A-1218 50,000 K 

Test Equipment Mfr. Model 

Megohmeter Industrial Instruments L-7 

Cal. Date: 11-7-62 Cal. Due 2-7-63 
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SNAP ICA FUSISTORS VACUUM CHAMBER TEST (CONT'D) 

D.C. Resistance Test Data after Vacuum Chamber Test 1 

Fusistor Serial No. D.C. Resistance in Ohms 

A-1207 

A-1209 

A-1211 

A-1212 

A-1215 . • 

A-1216 ." . 

A-1217 

A-1218 

Te.st Equir.ment Mfr. Model 

Impedance Bridge Electro-Scientific 
Industries 250 DA 

Cal. Date 11-28-62 Cal. Due 5-28-63 

4.845 

4.979 

4.857 

4.862 

4.915 

4.965 

4.896 

5.112 

1 
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ATOMICS INTERNATIONAL 
A Division of North American Aviation, Inc 

S^/^}: IGA 

FUSISTOR - OlEKING-TIME TEST 

(TIME VS. CURRENT) 

TEST PERFCRl'IED: 

Fusistor A-1222 was placed in series with an ammeter across a regulated 
10 amp D.C. power supply. A strip chart recorder was connected across 
the fusistor. A current of 1 amp was passed through the fusistor for 
15 minutes. The current v;as raised to 2 amps for 15 minutes and then 
to 3 amps, 

TEST CONDITIONS: 

The test was performed at room ambient conditions, 

TEST RESULTS: 

l8 seconds after the current through the fusistor was increased to 
30 amps the fusistor opened. 

TEST £;<UIPMENT: 

Item Hfrt, Model 

Regulated DC Fov;er Sujply Harrison Laboratories 8l4-A 

DC Ammeter Weston 901 

Cal. Date 9-1-62 Cal. Due 12-1-62 
Accuracy +_ .25/o 

"Autograf" Recorder Koceley 680 

NO '̂ ^̂ 2 

DATE ___JZZil/£i_ 
PAGE__22_0F 29 
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PACF 23 OF a a . 

SNAP lOA 

FUSISTORS - TEMrERi'.TURE TEST 

TEST PERFORMED: 

Seven fu.'̂ istors were placed in an environmental temperature chamber and 
connected to an external power supply as shown in figure 2. The power 
supply v;as turned on and one amp of current was passed through each 
fusistor. The temierature in the chamber was lowered to 0°F + 5''F at 
a rate not exceeding 5''F per minute. The chamber was stabilized at 
0«F +_ ^°F for 30 minutes. After 30 minutes at ©"F + 5'*F the amperage 
through fusistor A-1217 was increased to 6 amps and the opening time 
recorded. The chamber teu.perature was then increased to +l40°F +_ S'F, 
not exceeding 5*'F per minute, rate of change, and stabilized for 30 
minutes with 1 amp of current flowing through the fusistors. After 30 
minutes the current through fusistor A-1212 was increased to 6 amps and 
the opening time recorded. The temperature in the cha.T.ber was returned 
to room conditions at a rate not exceeding 5°F per minute. The fusistors 
were rem.oved from the chamber and insulation resistance, dielectric 
strength and D.C. resistance tests were performed as specified on pages 6 
8 and 9. 

TEST CONDITIONS: 

From room temperf.ture to O T + 5''F for 30 minutes and from C F to +l40°F 
+ 5''F for 30 minutes and back to room temperature never exceeding a 
rate of change of 5"'F per minute for the complete cycle. Insulation 
resistance, dielectric strength and D.C. resistance tests were performed 
at room ambient tem]jerature. 
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ATOMICS INTERNATIONAL ^^^^ 2iL0F ^ 
A Division o^ North American Aviation, Inc 

SNAP lOA FUJISTOR-TEXFERATLME TEST (CONT'D) 

TEST RESULTS: 

Insulation Resistance - The insulation resist-^nces cf the fusistors 
was greater than the specified minimum of 100 megohms of A.I. Control 
Specification 10F3-24007. 

D.C. Resistance - The average resistances of the fasistors increased 
0.1 ohm. All the fusistors were outside the tolerance linit of 4.935 
ohms in the Control Specification. 

Dielectric Strength Test - There was no evidence of leakage or breakdown 
at SOO volts rms. 

Opening-Time Test* -

Fusistor Serial No, OpeninK-Tiize in Seconds 

A-1212 .387 

A-1217 .423 

TEST E^Ull-MENT: 

Item rifr. Kodel 

Temperature Chamber Bemco, Inc. - -

Viscorder Honeywell 906 B 

50 MV 10 amp Shunt Weston - -

Regulated DC lower Sup-̂ jly Harrison Laboratories 8l4 A 

DC Amplifier Dynamics 6109 

50 MV DC Ammeter weston 901 

Cal. Date 9-1-62 . ._ ̂  ' 

0 1 TA T, T ;:T Hccuracy + .2^/o 

Cal. Due 12-1-62 '' — 

Millivolt Potentiometer Leeds & Northrup 2686 

Thermocouple Iron vs. Constantan 3576 

(Other test equipment - sec next two pages) •AI Control Specification lOFS-24007 tolerances: Min. 250 milliseconds, 
Kax. 1 second 
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SNA? lOA 

FUSISTCR - VIBRATION TEST 

T;::ST PERFORATED: 

Nine fusistors, mounted to a rigid test fixture, were subjected to 
qualification level sinusoidal vibration in each of three mutually 
perpendicular axes as follows: 

5 to l4 cps 

l4 to 400 cps 

400 to 3000 cps 

1/2" double amplitude displacement 

5 g 

7.5 g 

Follov/ing the vibration test the fusistors were tested for insulation 
resistance, dielectric strength and D.C. resistance as detailed on 
pages 6, 8, and 9. 

TEST CONDITIONS: 

All tests were performed at room ambient conditions, 
I 

TEST RESULTS: 

Insulation Resistance - All fusistors had insulation resistances greater 
than the 100 megohm minimum of A.I. Control Specification lOFS-24007. 

Dielectric Strength - There was no evidence of leakage or breakdown in 
any fusistor. 

D.C. Resistance Test - Fusistor A-1232 no longer in tolerance. Fusistor 
A-1233 previously out-of-tolerunce (refer to Page 9) now within 
tolerance limits and lower in resistance than when initially measured. 

TEST EQUIPMENT: 
Item Mfr. 

Associated Research A. C. High Potential Tester 

Cal. Date: 11-9-62 Cal. Due: 2/9/63 

(other test equipment - see next two pages) 

Model 

"To5~ 
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