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mmm 

Pils procnB «u underfcakan to dtsign and fabrieat« a pilot run quantity 

of a anall light««l<ht axpandabla typ« eyllndar and valva aaswtoly charged 

with hallua to b« us«d by (Mat V«ath«r Taans for inflating saudl netecr- 

ologioal balloons. 

Th« cylinders ware d«sign«d in accordance with Interstate Cwaerce Coanisaion 

Specification 3HT, with an internal voluae of fifteen cubic inches to contain 

1.6 to 1.8 free cubic feet of heliua at a filling pressure of 3600 paig and a 

temperatura of 70°F. 

The cylinder assembly was designed to be sealed after filling, with gas 

discharge aecoaqplished manually by Mans of a pierced disc technique, 

using a non-integral puncturing stem device. The asesad)ly was designed 

to permit seal-off and flow control after disc puncture by aanipulation 

of the stem. 

A total of 100 charged cylinder assesfclles and lb puncture stems were 

supplied under this program. 24 cylinders and 4 stems were used for 

develajment tests at Valter Xiddc and the balance were delivered to 

A7CKL for environmental and field tests. All test results to date have 
demonstrated full compliance with the desired performance requirements. 
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1.0 DMI08 

As originally eatabliahsd, this prograat called for the design 

of a wall lightweight cylinder to be filled with helium for 

Inflating small meteorological balloons. The cylinder was to 

be sised to contain 0.8 to 0.9 free cubic feet of helium at a 

filling temperature of 68*7 and a service pressure of 

approximately 18OO psig, and was to be designed in accordance 

with ICC regulations to permit shipment in the pressurised 

condition. 

The cylinder assembly was to incorporate a means of sealing 

after filling, with gas discharge to be accomplished by 

piercing the seal. Piercing of the seal was to be accomplished 

using a separate valve member designed to permit easy and rapid 

assembly to, and removal from the cylinder assembly. This valve 

was to be capable of regulating the rate and amount of gas dis¬ 

charge and was to Incorporate an output nossle for connection to 

a 1/4" rubber or plastic tube. 

The assembly was to be operable over an ambient temperature range 

of from +160*F to -65*7, a relative humidity of 31» to 95¾ and an 

atmospheric pressure of 29.92" Hg to 20.58" Hg, or any combination 

thereof. 

At the outset of the program, a meeting was held between AFCHL 

and ICLdde personnel to discuss the requirements and make sure 

that there was complete understanding as to the need for assembly, 

how it was to be used, «nd the practical design limitations that 

existed. In the course of this discussion, it developed that the 

I8OO psig storage pressure was established on the basis of its 

being the most common rating for ICC cylinders, and the helium 

contained in each cylinder would be only sufficient to half fill 

the particular balloon in question. Thus, two cylinders would be 

expended for each filling. It was pointed out that higher pressures 

could be utilised with very little, if any, weight penalty by 

designing the cylinder to more stringent ICC specifications, and, 
Page ^ 
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In fmt, a eylinder with twice the gee cApeclty could be 

deelpied within the envelope and weight lioltationa 

originally propoaed, to permit filling the balloon tith 

a ■ ingle cylinder. On thia baaia, the design requirement 

for the cylinder vaa modified to call for 1.6 to 1.8 cubic 

feet of free helium at approximately 3000 psig. 

The final design configuration of the helium cylinder 

assembly is shown on Kidde drawing no. 875200. The helium 

reservoir is a 15 cubic inch capacity high pressure gas 

cylinder designed and fabricated in accordance with ICC 

Specification 3HT for 3600 psig service. Closure after 

pressurisation is accomplished using a metal disc with a 

copper gasket seal Which together effect a positive seal 

of the gas charge through the application of a predetermined 

torque load to a brass retainer. Gas discharge is affected 

by means of a non-integral piercing stem and o-ring assembly. 

When screwed into the retainer, the o-ring seals against the 

bore to prevent leakage around the stem and the point of the 

■tern pierces the disc to permit gas discharge through the 

stem and out the hose connection nipple. The flow rate of the 

gas can be controlled by backing off or tightening down on the 

stem assembly, with approximately one sixth of a turn of the 

item required between seal-off and full-flow. Seal-off is 

accomplished by means of a brass seat member placed between 

the disc and the retainer which seals against the nose of the 

stem when the latter is screwed all the way into the retainer. 

The seat member has a shear edge on the side contacting the 

disc, with a diameter designed to permit rupture of the disc 

at a cylinder internal gas pressure of between ¥*00 and 5400 

psig such as might be caused by exposure to fire. Violent 

recoil effects in the event of rupture of the disc are pre¬ 

vented by a cross drilled recoil plug which is included as 

a part of the charged cylinder assembly for shipping, storage, 
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end handling. Thle plug oust be removed prior to actual use 

to permit ineertion of the piercing stem. 

It vas originally intended to provide sufficient material 

in the neck of the cylinder so that the seat for the copper 

gasket seal could be machined into the cylinder at the base 

of the threads. Fabrication difficulties with the first lot 

of cylinders proved that this was not feasible so a separate 

adapter with a crush gasket seal at the face of the cylinder 

neck is incorporated to provide the seat for thé gasket. 

The requirement for 1.6 to 1.8 cubic feet of free helium is 

equivalent to .01685 lb (7.65gm) to .OI895 lb (9.60gm) of 

helium. At 36OO psig the 15 cubic inch cylinder contains 

.01945 usable lbs of helium (8.82gm) which is equivalent 

to 1.85 free cubic feet as a minimum. If it were to be 

necessary to work precisely within the 1.6 to 1.8 cubic 

foot requirement, the cylinder volume would have to be 

controlled to 13.8 1.8 cubic inches, and the filling 

pressure and temperature carefully monitored, or the 

filling controlled on a gas weight basis. 

Figure 1 is a photograph of the cylinder assembly with the 

piercing stem in the operated position and Figure 2 shows 

the piercing stem, retainer, recoil plug, seat and disc 

(after piercing). 

2.0 DEVELDIMEWT 

2.1 Function 

The initial phase of the development program consisted of 

fabricating a pilot lot of the various cylinder assembly 

components to demonstrate the ability of the original 

design to function as desired. Because of the lead time 
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roqulrod to fabricate the cylindera, a teat fixture deaigned 

to ainulete the neck thread and a eat configuration of the 

cylinder vaa fabricated for theae teata. 

Ihe initial teata reveoàcù the follueing deficiencies in 

performance: 

1. The bursting pressure of the sealing disc was higher 

than desired. 

2. The number of tuma required on the piercing stem to 

seal off the gas flow after piercing the disc was 

excessive. 

3. The rate of gas leakage at seal off was excessive. 

To compensate for these deficiencies the following 

modifications were incorporated in the design: 

1. The shearing edge diameter in the seat was increased. 

2. The nose of the stem was modified to contact the seat 

immediately after piercing the disc. 

The parts were reworked to the modified configuration and 

retested with the following results: 

1. The first two deficiencies described above were corrected 

in that the disc burst well within the desired range and 

the nose of the stem contacted the seat sealing edge within 

one-quarter of a turn after piercing the disc. 

2. The last deficiency remained in that it was impossible 

to obtain a satisfactory seal off. 
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Thla Uat ehanetMrlstle wu attributed to the lack of 

Moeantrleity between the aten and the aeat and the 

relative inflexibility of the parta to parait eelf- 

alipaant. To correct for thla condition, a thin 

walled reduced dianeter cylindrical extenaion waa added 

to the aeat to locate within the Incide diaaeter of the 

retainer to control the concentricity relative to the 

atem and provide for a certain aaount of flexibility 

idien in contact with the conical surface of the noae of 

the atem. Thi* required a further modification in the 

deaign of the atem to shorten the noae to accommodâte the 

inereeeed length of the aeat. Rev parte were fabricated 

in accordance with these modifications and when tested 

performed with complete satisfaction. On the basis of 

these reedita, the designa for the? assembly components 

were released for fabrication of the twenty-four cylinder 

assemblies and four valves required for füll development 

testing. 

At this point in the program, trouble was encountered with 

fabricating the cylinders with the desired neck configuration. 

The cylinders are chrome-molybdenum 4130 steel cold drawn 

cylindrical shells with the neck and dome formed by a hot 

spinning process. In attempting to obtain the material 

build-up in the neck area necessary to provide for the 

gasket seat specified in the original design, severe folds 

were being developed on the interior to such an extent that 

in some oases the neck separated completely from the dome 

when the cylinder was machined. In an attempt to alleviate 

this problem, a modified seat design was developed which 

required less material build-up in the neck. 

The next lot of cylinders produced showed a marked improve¬ 

ment over the first group in that all were machined without 

difficulty. However, when crack indications which could not 

be removed by light grinding were picked up by magnetic particle 
Poge y 
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inspection» this group siso becene suspect. To be positively 

assured as to the condition of this second lot, all of the 

cylinders machined et this point were radiographically 

inspected in the area of the dome and neck and a substantial 

number found to have serious folds and cracks. It should be 

noted that in the case of both of these initial lots, random 

samples which passed the magnetic particle inspection requlre- 

atnts successfully met the cycle life and burst pressure 

requirements of the ICC-3HT Specification. Figure 3 is a 

photograph which shows the three neck configurations produced, 

noted as (l), (2), and (3). The two sectioned samples 

identified as configuration (l) burst wihtin a range of from 

11,200 psig to 12,000 psig after being subjected to 10,000 

hydrostatic pressurisation cycles from 0 to 36OO psig. Those 

Identified as configuration (2) were not cycled but were 

selected as the worst units as determined by the radiographic 

Inspection discussed above to be subjected to a burst pressure 

test. As noted, these samples burst at 13,000 and 12,600 psig 

respectively. In all cases the burst pressure exceeded the 

8OOO psig minimum required, and in all cases burst occurred in 

the cylinder side wall and was not associated with the neck 

and dome defects observed. Thus, while the defects noted did 

not affect passage of all tests necessary for qualification in 

accordance with the ICC Specification requirements, they were 

unacceptable from the standpoint of possible difficulties which 

could arise due to moisture entrapment and corrosion which 

could cause subsequent failures. To eliminate this problem 

the assembly was redesigned to eliminate the interior seat 

at the base of the cylinder threads entirely and provide for 

sealing of the disc and gasket in a separate adapter which 

would seal on the face of the cylinder neck using a crush 

metal gasket. The adapter to cylinder seal configuration was 

taken from a design previously qualified for a critical long 

time pressure storage application developed by KLdde. The 

final neck configuration thus evolved is identified as (3) 

in Figure 3. 
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The Addition of this «operate Adapter required design 

oodifloAtions to the disc sealing gasket, disc, seat 

and retainer. In all instances, ve «ere able to 

incozporate these modifications on the parts already 

fabricated by rework. 

The function of the modified design vas again checked 

using the cylinder simulating test fixture with 

completely satisfactory results. 

The twenty-four cylinders required for the development 

tests were then fabricated without further incident. 

2.2 Charging 

The charging fixture was designed to restrain the cylinder, 

and provide for applying the necessary sealing torque to the 

retainer with the supply pressure applied to the cylinder. 

Helium leakage during filling was prevented by an o-ring seal 

on the outside diameter of the cylinder neck. To permit gas 

entry into the cylinder past the disc and gasket, the disc is 

bent so the gas can flow around it. The retainer and seat 

are assembled so they just contact the disc but do not flatten 

it. After the desired filling pressure is attained, the retainer 

is tightened, flattening the disc against the gasket, and sealing 

completed by application of the specified torque. The only 

difficulty experienced during charging was when the filling gas 

was introduced too rapidly causing the disc to flatten against 

the gasket and seal against the incoming pressure. This resulted 

in the disc bending in reverse and blowing through the adapter 

seat and into the cylinder when the filling pressure became 

sufficiently high. This problem was eliminated by controlling 

the rate of pressurization. 

Page IQ 
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2.3 DmlogMnt Teetlng 

Teetlng vas perforoed on 24 charged assemblies using 4 

piercing stem assemblies. In addition the cylinders 

vare subjected to the qualification tests required by 

the ICC-3HT Specification. 

The tests performed vere as follows: 

A. Cylinder ICC Tests (Copies of all ICC Test Reports 

are contained in Appendix I). 

1. Burst Test 

One sample from each lot of 200 cylinders for 

each heat of steel. The cylinders vere 

pressurized hydrostatically at room temperature 

until rupture occurred. 8000 psig minimum burst 

pressure required. A total of five cylinders 

vere tested with burst pressures ranging from 

10,600 to 12,000 psig. 

2. Cycle Test 

Three samples for initial lot of 200 cylinders of 

nev design; one sample for each lot of 200 there¬ 

after. The cylinders vere hydraulically cycled 

between zero and 3600 psig at room temperature for 

the required 10,000 cycles. A total of five 

cylinders vere tested without failure (These same 

cylinders were used for the burst test per A.l. 

above). 

3« Flattening Test 

One sample per lot of 200 cylinders. One cylinder 

vas flattened to the required 10 times the vail 
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thickness with no evidence of crecking. 

Flattening vas per formei perpendicular 

to the longitudinal axis of the cylinder 

between 60* wedge shaped knife edges* 

rounded to a l/2” radius. 

B. Cylinder Assembly Tests (Sett Appendix II for Test Data) 

1. Leakage 

All charged assemblies were checked for leakage 

using a helium leak detector. No leakage was 

found. 

2. Safety Disc Burst 

Four discs were burst using the cylinder simulating 

fixture; two at room temperature (-^5 ?) and two 

at +16O0 F. The resultt¡ were 5000 and 5100 psig at 

room temperature and 5000 psig for both at +l60*F; 

well within the required range of WiOO to 5UOO psig. 

3. Cylinder Assembly Function 

Twenty assemblies were di/ided into four groups of 

five each. Three cylinders from each group were 

tested for operating force, seal-off force, flow 

characteristics and reseat characteristics, and 

two were tested for discharge characteristics after 

exposure to the following ambients: 

Group I - 

Group II - 

Group Ill- 

Group IV - 

Room temperature 

4 hours at +l60*F 

4 hours at -650F 

48 hours at +100*F and 95¾ R.H. 

Page 12 
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Testing vas parforasd at room tempe rature laasdlately 

after rmaoval from the ambients noted. ZB all eases 

actuation and seal-off vare attained manually with 

ease. Repeated seal-off vas accomplished vithout 

leakage and full-flow vas attained at about tne 

sixth of a turn of the stem with uninterrupted 

discharge until the cylinder vas empty. 

4. Leakage After Extreme Temperature Cycling 

The four remaining «ampies were subjected to two 

temperature cycles consisting of four hours at 

+l60*F folloved by four hours at -65*F. They 

were checked visually for leakage between soaks« 

and with a helium leak detector after all four 

soaks. No leakage vas observed. 

5. Balloon Inflation 

This was combined with the discharge tests on the 

two samples from Group III described in paragraph 3 

above. Both samples after the four hour soak at 

-65°F successfully filled a balloon with the desired 

amount of gas. 

6. Gunftr* Tfst 

Two sanples used for the Extreme Temperature Cycle 

test of paragraph U above, were used for this test. 

The cylinders were subjected to a straight shot into 

the side wall using .50 caliber armor piercing 
ammunition. The entrance and exit holes are shown 

in Figures k and 5. 
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f 

3.0 PVroOmEHTAL AMD FIELD TBSTDO 

Seventy-eix charged cylinder aesembllee were delivered to APCRL 

for environmental and field tests. Of these, 28 were subjected 

to extreme temperaturete sts in the laboratory, and the remaining 

48 units with 10 piercing stem assemblies were distributed to the 

field for usage under actual service conditions. 

The laboratory tests consisted of the following (See Appendix 

III for test dr.ta). 

1. Low Temperature Tests 

All of these tests were to be conducted at -65#F, 

however, due to difficulties with the functioning 

of the test chamber, the lowest temperature attainable 

for the first group of 12 cylinders was -30*F. The 

actual chamber temperature varied from -6*F to -30*F 

for these units, with the average being in the 

neighborhood of -20*F. The cylinders were soaked at 

-70°F in a small cold chamber prior to testing. 

In these tests the cylinder was removed from the cold 

soak chamber, the piercing stem assembly was installed 

and actuated to seal-off, and connected to a balloon 

through a length of l/4" plastic tubing and a weight 

controlled inflation nozzle. The cylinder was positioned 

in a holder in the test chamber. The piercing stem was 

actuated through a port in the side of the chamber to 

inflate the balloon, 'fter inflation the balloon and 

inflation nozzle were removed, the nozzle port sealed 

off and sufficient weights added to prevent the balloon 

from rising. Four of the tests were nullified because 

of inadvertent gas loss, two because of holes in the 

balloon, and two because of loss of the hose or balloon 

connection. In the remaining eight tests, the cylinder 
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provided frcB 5.2 to 7.7 ffu e»eei lift. The piereiac «tee vm replaced 

after the ei^ith inflation in this •«ries beeause the pe ire ln« point 

appeared to be defomed, althouc^ it had perforaed satisfhetorlly in 

all tests. This unit had seen far nore useage than would be anticipated 

in the field. 

After repair of the test chaeber, five additional units were tested. In 

the first test at a chaeber temperature of -60*7, the balloon ripped 

during inflation. In the second, at -50*7, the balloon did not float in 

the charter, but after 2 minutes at room temperature, provided 2.2 gn excess 

lift. In the third test, at -W7, the balloon slipped off the nostle 

during inflation, was replaced, and exhibited a 3.3 ®a lift deficiency 

after 3 minutes at room temperature, in the fourth and fifth tests, at 

-4o*7, the balloon broke th« first time and on the second try did not float 
in the charter, but exhibited 5.0 gm excess lift after 2 minutes at room 

twperature. 

2. Hirt Temperature Tests 

All tests were performed as above except the charter temperature vas at 

+l60*7 (except +155*7 for the first test) vith the cylinders previously 

soaked at +165*7. In one test, the gas vas lost when the hose slipped 

off the nozsle but in the remaining 10 tests the balloons exhibited an 

excess lift from 4.0 to 9.7 gms, vith an average of 7.6 gns. 

3. field Tests 

At this juncture, full details on the results obtained in actual field 

usage are not available, but preliminary tests indicate that the fev 

cylinders used to date have performed satisfactorily. 
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U.0 suMt/unr 

The teat log performed hei proven that the cylinder aeaeahly 

developed under the auspices of this program meets or exceeds 

all of the performance goals stipulated in the contract 

Statement of Work. As such, it is ready for inedlate 

quantity production without further modifleatien. One 

change which has been incorporated in the design but not 

reflected in the parts supplied, is the addition of a standard 

hose connection buttress to the piercing stem outlet nossle. 

Further design modifications, not associated with functional 

performance, but rather to simplify the design, are certainly 

possible and should be studied. One such is the adapter and 

crush gasket seal. The adapter is now made from high strength 

17*4 PH stainless steel to withstand the high torque load 

necessary for sealing. This part could be made from lower 

cost brass to less stringent tolerances and the gasket 

eliminated if a taper pipe thread connection between the 

adapter and the cylinder were employed. Kidde has successfully 

used this type of connection for equally demanding applications. 

Another area for further study might be closer control of the 

gas charge, which can be attained either by close controls on 

cylinder capacity and charging conditions or charging by gas 

weight. It is questionable whether this is de si re ab le or 

necessary for this particular application given the variations 

encountered in balloon weights. 

In conclusion, the design produced, while certainly subject 

to minor modifications with further study, can be considered 

as fully qualified and completely capable of performing with 

reliability the functions required of it as specified in the 

contract. 
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EXHIBIT I 

Arrowhead Industrial Services, Inc. 

I,C.C. Test Reports Nos. 5188, 5^17, & 54?8 
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rve. REPORT 

no.516.8. 

Shoot No.1. 

of.U... Shoot« 

REPORT OF INSPECTION OF SAS CYLINDERS 

February 27. 1967 
Manufactured for Walter Kldde ft Co., Ino. 
Location at Belleville 9, New Jersey 
Manufactured by Walter Kldde ft Co. , InO. 
location at Belleville 9, Nee Jersey 
Consigned to Walter Kldde ft Co., Ino. 
Location at Belleville 9, New Jersey 
Quantity 25 Size 1.99 inches outside diameter by 7.20 

Vol. 19 
inches long. 

Cu. In. 

Marks stamped into the shoulder of the cylinder are: 

Specification ICC— 3^T 3600 

Serial numbers !.(2352CY to I42376CY inclusive 

Inspector's Mark 

Identifying symbol (registered) WK 

10© 66 U2352CY to 42363CY incl. 
Test dote 120 66 I4236I4CY to 42376CY incl. 

Tare weights (yes or no) No 

Other marks (if dny) SHOP IDENTIFICATION NUMBER EE(CC'S) 

These cylinders were made by process of seamless drawing. These cylinders were heat treated by process 

of quenching in oil at 1700 deg. F., tempered at 1200 deg. F. 

The material used was identified by the following h68t numbers 386 shest 3 

The material used was verified as to chemical analysis and record thereof is attached hereto. The heat 
numbers W8r6 marked on the material 

All material, such as plates, billets and seamless tubing, was inspected and each cylinder was inspected 
both before and after closing in the ends; all that was accepted was found free from seams, cracks, laminations, 
and other defects which might prove injurious to the strength of the cylinder. The processes of manufacture and 
heat treatment of cylinders were supervised and found to be efficient and satisfactory. 

The cylinder walls were measured and the minimum thickness noted was . 050 inch. The outside di¬ 
ameter was determined by a close approximation to be 1.99 inches. The wall stress was calculated to be 

102000Pounci* Per square inch under an internal pressure of 6000 pounds per square inch. 

Hydrostatic tests, flattening tests, tensile tests of material, and other tests as prescribed in specification 
No. 3HT were made in the presence of the inspector ancf all material and cylinders accepted were found 
to be in compliance with the requirements of that specification. Records thereof are attached hereto. 

I hereby certify that all of these cylinders proved satisfactory in every way and comply with the requirements 
of Interstate Commerce Commission specification No. 3^T except as follows: 

Exceptions:. 

y e t-á, * 

./ . . ./Tr.. .. . T. F. Vassallo 

FORM 100-1 

Inspector 
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Sh*«t No. 

of. 

REPORT 

5188 

.U... Snoots 

RECORD OF PHYSICAL TESTS OF MATERIAL FOR CONTAINERS 

-West Orange. New Jersey 

_February 27. 1967_ 

Numbered U2352CY to ij2376CY 

Size 1.99 inches outside diometer by 

Mode by Waltar Kldde è Co., Ino. 
For Walter Kidde & Co., Inc. 

inclusive. 

7.20 inches long. 

xjtKisacx 
-Haat 
C6286 

05988 

Contoinors r*pr«s»nt«d 
by t#*t (toriol Nos.) 

I42352CY 
42355CY 
i|2357CY 
Í42363CY 
42368CY 

Ylold strength 
(pounds por sguart Inch) 
_At 02% Off sot 

137000 
140000 

Cycle - 10,000 cyclic fresaurizations. 
Burst 1,500 PSI to c 

42353CY 

Cycle - 1 
Burst - 1 

B650I4 42354CY 
I42356CY 
42358CY to 
4236ICY incl. 
4236I4CY 
42366CY 
42367CY 
42369CY to 
42376CY incl. 

Tmsil. Strwigth 
(pounds p.r squor. inch) 

I5OOOO 
I52OOO 

I4OOOO 
143000 

estruction 

Lab. No. 9635 

153500 
157OOO 

0,000 cyclic pressurizations, 
2,000 PSI to destruction 

Lab. No. 9636 

I38OOO 
I3550O 

V54 

Elongation 
par cant In atXT 

146000 
I45OOO 

Cycle - 1),000 cyclic pressurizations 
Burst - l|.,200 PSI to djestruction 

Lab. No. 9637 

42363CY 
42365CY 

9.6 
9.4 

0-3600 PSI, 

8.1 
10.3 

0-3600 PSI, 

9.0 
9.7 

Rtducfion of aroo 
(por coot) 

Flattoning 
tost 

53.0 
51.0 

no failure 

54.0 
51.0 

no failure 

57.1 
58.1 

Satis¬ 
factory 

Satis¬ 
factory 

Satis¬ 
factory 

I320OO 
137000 

Cycle - 10,000 cyclic pressurizations. 
Burst - l£,000 PSI to djestruction 

Lab. No. 9638 

146500 
148500 

0-3600 PSI, 

10.1 
9.6 

0-3600 PSI, 

no failure 

57.0 
56.0 

no failure 

Satis¬ 
factory 

T. F. Vassallo 
FORM 100-2 Inspector. 

¡J^rrotitAtae/• Pnc/uá/rta/ 



iSSíMiGutAecu/<-$n 'tVC. 

N0.*m.. 
Sh#«t No.. 

of.^.... Shooti 

RECORD OF CHEMICAL ANALYSIS OF MATERIAL FOR CONTAINERS 

West Orange, New Jersey 

Numb«r*d / 
Six* 
Mad« by 
For 

Same as sheet 2 
to 

February 27. 1967 

inclusiv«. 
¡nch«s outside diom«t«r by 

Walter Kidde & Co., Ino. 
Walter Kidde & Co., Inc. 

inches long. 

Test No Heat No. Code 
Contoinon 
roproiontod 
(Sofiol Noi.) 

Chomicol onolyiis 

c p s Si Mn o Mol y 

C6286 
C5988 
B650Í4 
V5U 

See sheet 2 
for serial 
number. 

t 

.31 

.33 

.28 

.30 

.007 

.007 

.008 

.008 

.017 

.016 

.015 

.023 

.31 

.27 

.27 

.27 

.53' 

.60 

.55 

.93 
L. 01 
.914 
.97 

! 

.19 

.19 

.19 

.21 

! 

: 
[ 

! 

Th« analyses w«r« mad« by Interlake Steel Corp. 

T. F. Vassallo 
ÿ/! </u.ï /ror / * r t ' <■ < s„ 

ro«M ISO.! 

Inspector. 



FH« WK. 

Our WK-67 
Ord«r . 

Stt?.®!“.?.!:.1.. 

£/****094, *£mo- 

RECORD OF HYDROSTATIC TESTS OH CONTAINERS 

REPORT 

.?186. 
Sh«** Ne.7.. 

of..I4.Sh««tt 

West Orange, New Jersey 
February 2?, 1967 

Numbered 42352CY to 42376CY Inclusive. 
Sixe 1.99 Inches outside diameter by 7.20 inches long. 
Made by Walter Kldde & Co., Inc. Vol. 15 Cu. In. 
For Walter Kidde Se Co., Inc. 

Soriol Nos. of 
cylinders tested 

Actuel test 
pr.ssur* (pounds) 
per square inch 

Tõtõl- 
.sponsion 

cubic 
centimeters 

Permanent 
expansion 

cubic 
centimeters 

Per cent ratio of 
permanent 

expansion to 
totol expansion 

Note 

Tare weight 

(pounds ) 

Jill._ a*. 

Volumetric copocity 
cubic inches 
_CODE 

42352CY 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

6000 

All cylin¬ 
ders tested 
at above 
pressure. 

1.35 
1.50 
1.55 
1.35 
1.50 
1.25 
1.25 
1.05 
1.50 
1.50 
I.30 
1.30 
1.25 
1.40 
1.30 
1.25 
1.40 
1.30 
1.50 
1.35 
1.30 
1.40 
1.30 
1.05 
1.35 

Note: Withp 
All 

.05 

.05 

.05 

.10 

.05 

.10 

.05 

.00 

.05 

.05 

.10 

.10 

.00 

.10 

.10 

.10 

.15 

.00 

.25 

.10 

.05 

.20 

.05 

.10 

.15 

LESS THAN 10« 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

ut Valves. 
freight ie capacities checked by inspector. 

T. F. Vi 

ARROWHEA 

ssallo, Inspe 

D INDUSTRIAL 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

0 

ctor 

SERVICES, INC. 

ssallo 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

FORM 100-4 



f!¡'.WK. 

.WK-67. 

p/m 276166 

%^4w»¿esá, t-$r\ 

te¿ Ç§a4 ^£o*t¿a.¿n** S^i*c¿a/<é£i 

/S ^féa¿o*u<i/ 'W'aotÚ 2-mu» 

*¿/ (y**t npt, ij\\ ofcss 

REPORT OF INSPECTION OF GAS CYLINDERS 

- * ■ 

rus. REPORT 

No.SiO.7. 
Sheet No.A. 

o».3... Sheet! 

-May Ifj. IQfij 
Manufactured for Walter Kldde é Co., Ino. 
Location at Belleville 9» New Jersey 
Manufactured by Walter Kldde & Co. , InO. 
Location at Belleville 9, New Jersey 
Consigned to Walter Kldde & Co., Inc. 
Location at Belleville 9, New Jersey 

Quantity 74 Size 1.99 inches outside diameter by 7*20 inches long. 

Vol, 15 Cu. In. 

Marks stomped into the shoulder of the cylinder are: 

Specification ICC — 3HT3600 

Serial numbers 42378c Y to 4245ICY inclusive 

Inspector's Mark 

Identifying symbol (registered) NK 

Test dote 3 © 67 

Tore weights (yes or no) NO 

Other marks (if any) SHOP IDENTIFICATION NUMBER EE (go's) 

These cylinders were made by process of seamless drawing. These cylinders were Heat treated by process 
of quenching in oil at 1700 deg. F„ tempered at 1200 deg. F. 

The material used was identified by the following heat numbefi U33 

The moteriol used was verified as to chemical analysis and record thereof is attached hereto. The heat 
numbqrs W«! marked on the material 

k *,, ma,.rio|> »uch os plates, billets and seamless tubing, was inspected and each cylinder was inspected 
both before and after closing ,n the ends; all that was accepted was found free from seams, cracks, laminations, 
ond other defects which might prove injurious to the strength of the cylinder. The processes of monufocture and 
heat treatment of cylinders were supervised ond found to be efficient and satisfactory. 

The cylinder walls were measured and the minimum thickness noted was .050 ¡"ch. The outside di- 
ffêhW de'erm,7d b* 0 cloie approximation to be 1.99 inches. The wall stress was calculated to be 
wwcws/w pounds per square inch under an internal pressure of 6000 pounds per square inch. 

Hydrostatic tests, flattening tests, tensile tests of material, and other tests os prescribed in specification 
rvo were made in the presence of the inspector ond all moterial and cylinders accepted were found 
to oe m compliance with the requirements of that specification. Records thereof are attached hereto. 

' hereby certify that all of these cylinders proved sat isfactory in every way and comply with the requirements 
of interstate Commerce Commission specification No. 3“^ except as follows: 

Exceptions: . 

FORM 100-1 

Inspector, T. F, Vatsallo 



r*e. REPORT 

N8.54.1-7- 
Sh«M No.2. 

o<.^. Shoot* 

RECORD OF PHYSICAL TESTS OF MATERIAL FOR CONTAINERS 

Numbered ij.2^7BCY to i|24fîlCY 
Si** 1.99 inches outside diameter by 
Made by Walter Kid de è Co«, Ino. 
For " n n r» „ 

H^eat Orange, Now Joroey 
Hey 19, 1967__ 

inclusive. 

7,20 inches long. 

¿eaS" 

U33 

Contoinors roproiontod 
by toit (*oriol No*.) 

42l7eCY to 
WIG Y Incl. 

Cycle - 10,000 

Burat - 10,600 

Yield itrwifth 
(pound* per («uw* Inch) 

At «% Off let 

I3C5OO 
I375OO 

cyclic press 

?SI to destru 

Tot ill* StrOTgth 
(pound* por iquoro Inch) 

I52OOO 
160000 

i^rlaatlons, 0-^6)00 iSI, no f 

otlon. 

Lab. No. 56a 

Efenpilo* 
' cent in 24XT 

10.7 
10.7 

Reduction of or.o 
(p.r c.nt) 

56.3 
54.0 

allure. 

Flattening 
test 

Satis¬ 
factory 

lÆ^rratuAeac/kPh e/uáSm'a/ f/tr, • j/n 
FORM 100*2 

T. P. Vaaaallo 

Inspector. 



Our 
Fil* ... 
Our 
Order .. 
Client'» 
Order .. 

«. 

ï.%-67. 
i^ue.8-a. 

REPORT 

No.5liX7.. 
Sheet No.3.. 

of.5..... Sheet» 

RECORD OP CHEMICAL ANALYSIS OP MATERIAL POR CONTAINERS 

Th« onolys«« w«r« mad« by Inter lake oteel Corp. 

Te..?.. VusS-;^.1.0 (. fy*1 t <r </ < ÿn <t /</„ if/ceJ, ♦ 

form ioo.S 
Inspector. 



Our 
Fil. ... 
Our 
Ord«r .. 
Cli.nt'i 
Order .. 

- WK. 
• WKnfc.?. 

4#*€e*á, rvc. 

RECORD OF HYDROSTATIC TESTS OH CONTAINERS 

REPORT 

N.5U7. 
Sh.« No.. 

of.S Shoot. 

-Prang», ü>w J»raay 
-Hey 1967_ 

Numbtrtd 4.2378 c Y t0 4.24.5ICY inclusiv«. 
SiM 1.99 inch«« outsid« Jîam«t«rl»y inch«« lonfl. 
Mod« by Walter Kldde & Co., Ino. 
For " " « w n 

Striai Nos. of 
cylinders tested 

Actual test 
pressure (pounds) 
per square inch 

Total 
expansion 

cubic 
centimeters 

Permanent 
expansion 

cubic 
centimeters 

Per cent ratio of 
permanent 

expansion to 
total expansion 

Note 
Tare weight 
(pounds ) 

Volumetric capacity 
cubic inches 

I4.2378CY 
79 
BO 
81 
82 

u 
85 
86 
87 
88 
89 
90 
91 
92 

% 
95 
96 
97 
98 
99 

400 
01 
02 

oL 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

6000 

All cylin¬ 
ders tested 
at above 
pressure. 

1.60 
1.60 
1.65 
1.75 
1.85 
1.65 
1.60 
1.70 
1.45 
1.75 
1.75 
1.60 
1.65 
I.40 
1.75 
1.75 
1.75 
1.65 
1.55 
I.40 
1.70 
1.85 
1.70 
1.55 
1.60 
1.65 
1.75 
1.55 
1.75 
1.50 
1.90 
1.75 
1.65 
1.50 
1.75 
1.60 
1.60 
1.60 
1.45 
1.75 
1.75 
1.75 

.15 

.10 

.10 

.10 

.15 

.10 

.20 

.10 

.00 

.10 

.20 

.10 

.10 

.00 

.15 

.15 

.10 

.10 

.05 

.00 

.10 

.15 

.05 

.05 

.15 

.10 

.15 

.05 

.15 

.05 

.15 

.10 

.10 

.00 

.10 

.05 

.15 

.05 

.05 

.15 

.15 

.15 

LESS THAN I0S 15 
15 
14 
14 
I4 
14 
15 
!4 
15 
14 
15 

if 
ë 
14 
15 
15 
15 
14 
15 
15 
15 
15 
14 
15 
15 
15 
15 
15 
15 
15 
14 
H 
15 
15 
15 
15 
15 
15 
15 
14 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

F'ORM 100*4 
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Our 
F'l«_rfîL. 
Our 
Ord«r ...JJLrÓZ 

Order .■■L’ÿGlySB.’Tl 

P/N 276166 

’'■ne. i^nc/<4¿¿*t<x/ S^îm&èmé, i£n. 

'éïü r/tfiv+ííeef &a4 *~$<vn/a¿na* 

iS ^o¿on«i/ oo€¿¡ 

Cjrsi np*, l '07CS2 

REPORT OF INSPECTION OF GAS CYLINDERS 

—May-21y 

REPORT 

No.sue. 

Shod No.. . 

of.¿L.Shooti 

■XV6.?- 

Monufoctured for Walter Kidde & Co., Ino. 
Location at Belleville 9* New Jersey 
Manufactured by Walter KlddO & Co « , IllG. 

location at Belleville 9» New Jersey 
Comigned to Walter Kidde & Co., Inc. 
location at Belleville 9, New Jersey 
Quantity Q Size ^ inches outside diameter by 

Vol. 
7.20 

15 Cu. 
inches long. 

In. 

Marks stomped into the shoulder of the cylinder are: 

Specification ICC— 3NT3600 

Serial numbers 1 

Inspector's Mark 

Identifying symbol 

Test dote 3© 

Tare weights (yes < 

Other marks (if any) SHOP IDENTIFICATION ÎÎÜMLER EE (cc's) 

These cylinders were mode by process of seamless drawing. These cylinders were heot treated by process 

of quenching in oil at 1700 deg. F., tempered at 1200 deg. F. 

The material used was identified by the following hâBt numbers 006 Shoot 3 

?5926CZ 

à 
(registered) 

67 

>r no) NO 

to 95949CZ inclusive 

The material used was verified as to chemical analysis and record thereof is attached hereto. The heat 

numbers WOrO moiked on the material 

All material, such as plates, billets and seamless tubing, was inspected and each cylinder was inspected 
both before and after closing in the ends; oil that was accepted was found free from seams, cracks, laminations, 
and other defects which might prove injurious to the strength of the cylinder. The processes of manufacture and 
heat treatment of cylinders were supervised and found to be efficient and satisfactory. 

The cylinder walls were measured and the minimum thickness noted was »0^0 inch. The outside di¬ 
ameter was determined by a close approximation to be 1,99 inches. The wall stress was calculated to be 
102000 pounds per square inch under an internal pressure of 6000 pounds per square inch. 

Hydrostatic tests, flattening tests, tensile tests of material, and other tests os prescribed in specification 
No. 3HT were made in the presence of the inspector and all material and cylinders accepted were found 
to be in compliance with the requirements of that specification. Records thereof are attached hereto. 

I hereby certify that all of these cylinders proved satisfactory in every way and comply with the requirements 
of Interstate Commerce Commission specification No. 3^^ except as follows: 

Exceptions: 

FORM 100-1 

Inspector .ï.,...F.,....V.a.a^.UQ. 



Ou» 

FU... 
Our 
Ord»r ...ifJK,w£.7. 
Climl'i 
Ofdtr ...X384^6.*^ 

REPORT 

N.Sud. 

SH*** No.?.. 

of.4..... Sho**( 

RECORD OF PHYSICAL TESTS OF MATERIAL FOR CONTAINERS 

-W»»t QTftftg«*, i>i>W J<HP»»y 
May 21. 1967_ 

Numbtrtd ^5926CZ *0 9594VC Z inclusiy*. 
Sis* 1*99 inch#* outs id* diamttar by 7,20 inch«* long. 
Mad* by Walter Kldde è Co., Ino. 
por n i* n M n 

LotM,, 

Haat 

U33 

C59r8 

V54 

B6504 

Conloin*** r*pr*»*nt*d 
by lot (01.0) Not.) 

95926CZ to 
9S934CZ Incl. 

Cycle - 10,000 
Burst - 10,600 

959V&Z 
95936CZ 
95949CZ 

Cycle - 10,000 
Burst - 12,000 

95937CZ 

Cycle - 10,000 
Burst -> 12,000 

9593OCZ to 
9594cCZ Incl. 

Cycle - 10,000 
Burst - 11,200 

Yi*ld strtflfU) 
(pounds p«r squm inch) 

At 0.2» Offsot 

13C500 
137500 

cyclic pressa 
PSI to destru 

elsatlons, O-3690 PSI, no failure, 
stIon. 
Lab. No. 58A 

140OOO 
143OOO 

cyclic pressuf 
PSI to destru 

isafciona, 0-36^)0 PSI, no failure, 
stion. 
Lab. No. 9636 

I32OOO 
I370OO 

UP cyclic prea 
PSI to destru 

13Í3000 
I35500 

cyclic pressa 
PSI to destru 

T«ntil. Strength 
(pound. p.r iquar. inch) 

I52OOO 
160000 

15^500 
157000 

146500 
148500 

146000 
145000 

Elongation 
' cent In 2«XT 

10.7 
10.7 

8.1 
10.3 

10.1 
9.6 

izstlons, O-369O PSI, no ffilure. 
stlon. 
Lab. No. 9638 

9.0 
9.7 

lirizations, O-369O PSI, no failure, 
stlon. 
Lab. No. 9637 

R.ductior of oreo 
(por c.nt) 

58.3 
54®o 

54.0 
51.0 

57.0 
56.0 

57.1 
58.1 

Flattening 
test 

Satis¬ 
factory 

T...-£...-VassAllo. 
Inspector. 

K 
FORM !00*a 



i£&**0€uA*<ie/K&nc¿u¿¿*4<z/ , &>vc. 
RErÓRT 

54 ?r 
r 
X 

No. 

Shoot No. 

0<..Shoot o 

RECORD OF CHEMICAL ANALYSIS OF MATERIAL FOR CONTAINERS 

¿ame aa sheet 2 - 
Numbtrt^y fg 

?**• , ... inehe* outside dlomotor by 
Mod* by Walter Kldde à Co., Ino. 
Foe n « n it n 

■¿feat Orange. Neu Jersey 
H*y ¿1. ls»67 

inclusivo. 

inckos long. 

.IA..F.o..yassaJ¿P. uÁin c/ud/r f a f iSr r ft , . h 

form ioo-i Inspector. 



Our 

Fil»... 
Our 

o*'.M“k7.. 
Clitnt’* 

.1/; ¿J.C £ -1. 

'tVC. REPORT 

N».S47S. 
Sh#«t No.i|.. 

of.4--- Shoot i 

RECORD OF HYDROSTATIC TESTS ON CONTAINERS 

^ay. PI, 13Lq 
Itew—Jora»y. 

Numbered 95926CZ to 9p^C¿ 
Size lo99 inches outside (iiameter by 
Mode by Walter Kldde & Co., Inc. 
For rt it h h i, 

inclusive. 
7.20 inches long. 

Soriol Nos. of 
cylinders tested 

95926CZ 
27 
2E 
29 
30 
*»1 
12 

33 
34 
35 
36 
37 
38 

$ 
41 
42 
43 
44 
45 
4£ 
47 
48 
49 

Actuol test 
pressure (pounds) 
per square inch 

6000 

All cylin¬ 
ders tested 
at above 
pressure. 

Total 
expans ion 

cubic 
centimeters 

Note: .;ithci 
All w 

1.70 
1.55 
1.55 
1.60 
1.50 
1.30 
1.60 
1.50 
I.lO 
1.45 
1.60 
1.40 
1.40 
1.45 
1.50 
1.30 
1.70 
1.^5 
1.40 
1.15 
1.50 
1.45 
1.45 
1.65 

ut Valves, 
eights ic cap 

Permanent 
expansion 

cubic 
centimeters 

.10 

.05 

.05 

.05 

.00 

.00 

.00 

.10 

.05 

.10 

.15 

.05 

.10 

.10 

.15 

.05 

.15 

.10 

.05 

.00 

.10 

.10 

.10 

.15 

Per cent ratio of 
permanent 

expansion to 
totpl expansion 

LESS THAN )0% 

Note 
Tare weight 

(pounds ) 

-M-ûi^. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

lacities checjced by Inspector, 

T. P. Vasoa kio, Inspector 

T. P. Vassal 

.Dijo TRIAL 

lo 

¿¡VICE., I..C, 

15 
15 
14 

0 
15 
15 
15 
15 
14 o 
2 
1 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 

Volumetric capacity 
cubic inches 
_ CODE 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

U33 
tt 

05988 
it 

¥54 
B6504 

h 

C.jyo8 

^ORM 100*4 



Kidde Aerospace 

Walter Kidde & Company, Inc No.R.-Í919 
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Development Test Data 
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Kidde Aerospace 
Walter Kidde & Company, Inc No. . . .8*1919 

TEST DATA FOR DEVELOPMENT TEST PLAN 

BALLOON HFIATIQN CYLINDER 

Contract No. 19(628)-6050 Project No. kk2l 

3-1 Cylinder Teat perlflg 3Kf Specification (See .Arrowhead Test Report« Nbs. 5188, 
A. Burst test 5*1.7> and 5*78) 

Serial No.__ Pressure_psi 

B. Cycle Test 

Serial No.__ 

No. of Cycles _ 

C. Flatten Test 

C Serial No. Accepted Rejected 

3-2 Charged Cylinder Assembly Leakage Ttest 

Ser. No. Accept Reject 

42.435CY X 

Ser. No. Accept 

42431CY X 

25230CZ X 95927CY X 

95940CZ X 

42388C.Ï X 

42447CY X 

42439CY X 

95934CZ X 42423CY X 

M32CY X 95928CZ X 

25347CY X 42408CY X 

42384CY X Í24ú9CY X 

3er. No. Accept Reject 

¿222ZCZ _ 
424U5CY X __ 

42451CY X _ 

42446CY X _ 

42391CY X _ 

42379CY X __ 

95949CZ X _ 

jjgteZfflL _Ji_ 

3-3 Safety Disc Burst 

Temperature 

°F 

+65 °F 

fressure 

5000 Psi 

5100 psi 

Temperature 

+160 °F 

+l60 °F 

Pressure 

5000 Psl 
5000 psi 

3-4 Cylinder and Valve Function 

Gro«-»p r 

Ser. No. Time Temp. 

42451CY _+65»F 

jt2kk5CL._+65*F 
95947CZ _+65*F 

1i9399CY _+65*F 

■22S37CZ _ 

JT Soak 

Ser. No. Time Temp. 

42384CY 4 hr 160 

42431CY 4 hr 160 

kgU^OCY U hr lAO 

9592702 4 hr l60 

42408ci 4hr 160 

ILL 
Ser. No. Time Temp. 

95928CZ 4 hr -65 

42379CY 4 hr 

4g407r!V íl hr -As 

42421CY 4 hr ^ 

4t409CY 4 hr -65 

ter. 
J3T 

No. Time Temí Ifumid. 

4g4g3SX ms: ML J22Í- 

j^4320Y SUlWOT 95Í 

Ji2Lk7rr so^rlQQ*F 9sl 

42446CY 50 hr 100*F 95¾ 

9:934CZ 50 hr^QQ»p 

J~1 



Kidde Aerospace 
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Obtain full floe 
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3*^*2 Dtiehanw ChTtotrlatlci 
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A. Leakage Check Oroqp I 

Ho Leak_ jgUjsgCT 
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Oroup II 
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Ho Leak _ 42U08CY 

Group III 

—HO Leih_ 42421CY 

Wo Leak_ 42U09CY 

Group IV 

Ho Leak_ _ 42446CY 

No Leak 95934CZ 

*See Paragraph 3.5» Balloon Inflation 

No. R?1919 

B. W.oir Reeulte 
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BrolUnt 

Excellent 

Excellent 

Ejreellent* 

Excellent* 

Excellent 

Excellent 
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Aft*? 1 St 

Viral T—Irra Cheek 

AM«? 1 et After t eA After f ei 
Leakage 

Check 
Using Leak 

ara* mh» ewe 

42436CY OK OK 01 OK OK 

95949CZ OK Æ OK OK OK 

42391CY _ OK OK OK OK OK 

42437CY OK OK OK OK OK 

3.5 Ballon Inflation 

Serial Wo« Result 

teteiCY_ laflatta Ballggn after ~6,5l£, SPftk. 

U2409CY inflated Balloon after -65*F Soak 

3*6 Ounfire Straight Shot 

Serial Ho. 

959U0CZ 

42388CY 

Result Entrance hole - 1/2" x 1”_ 

Exit - 7/8” X 1 1/U"_ 

Entrance - 5/8" x 7/8”_ 

Exit - tore open but remained in 1 piece 

All Tests Completed 5/15/6? 
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