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FOREWORD

A portable ventilation system for fallout shelters has been developed for

the Office of Civil Defense under Contract oCD-PS-64-22. Military Specification

MIL-V-40645 (Army-OCD), "PACKAGE VENTILATION KIT, 20-INCH FAN, MODULAR DRIVE

(CIVIL DEFENSE)", was prepared and issued on 16 August 2965. Additional develop-

ment work and tests are continuing under Stanford Research Institute Sub-

contract B-70925(4949A-28)-Us.

'The authors wish to thank the project monitor, Mr. Robert G. Hahl, Engineering

Development Division, Office of Civil Defense, for his guidance during this

development program.
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-I ABSTRACT

A portable ventilation system that can be driven manually or by an electric

motor was developed for use in Civil Defense fallout shelters. This Package

Ventilation Kit includes a Fan Assembly and Drive Modules which can be

assembled and operated by untrained personnel.

Specification MIL-V-4O645 (Army-OCD), "PACKAGE VENTILATION KIT, 20-INCHI

T FAN, MODULAR DRIVE (CIVIL DEFENSE)" dated 16 August 1965 was prepar'ed for pos-

sible large volume procurement of this system. The cost of the Fan Assembly

and Drive Module is estimated to be $89 and $65 respectively. This estimate

"is based on one hundred thousand Kits, and does not include freight arid ware-

housing.

P

* 1Package Ventilation Kit in Operation
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SECTION 1 V

14TRODUCTION

Certain fallout shelters in the United States require ventilation systems

capable of supplying from 5 to about 30 cubic feet per minute of outside air

per person sheltered in order to achieve a high confidence of maintaining

tolerable conditions of temperacure and humidity during h)t weather (Ref. 1).

Many shelters with better protection factors, that have been identified in

the National Fallout Shelter Survey, are in belowground areas and are not venti- ¶

Si lated at all. Since the Office of Civil Defense does not own identified

shelters, and since many shelters may be replaced by better shelters as the

system is upgraded, the installation of conventional permanent ventilation

systems is undesirable. Therefore, OCD required a study of the problems of

shelter ventilation and the development of novel ventilation techniques tailored

specifically to identified fallout shelters. The goals of this development pro-

gram are portability, low cost, manual and electric drive, ease and universality

of application.

The resulting Package Verntilation Kit (PVK) is a complete packaged mechanical

ventilatiur, system that io portable, can be assembled and deployed by untrained

personnel, and can be driven either electrically or by human pQwer. The PVK

(sae Figure 1) corslsts of two oasic packages-a Fan Assembly and Drive Module

Tis~I -pigto. or di(Wse hr-, a~~nd &tii Vt.: vormavr o f the .1VK- Tht unit

i t; ý1L1, f1ied *iestetl (see trqf. IL,, &r~it failures occurred

-. ..
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I
Figure 1 Package Ventilat ion Nit in Operation

after continuous operation of the unit for two weeks. Specification NIL-V-140645,

"PACKAGE VENTIIATION KIT, 20-JXCH FAN, MOUTAR DRIVE (CIVIL DEFENSE)", was

published by OCD 16 August 1965, based on technical specification data developed

by GARD under this conttract, and is included as Appendix A. The assembly

instructions are presented in Appendix B.

- Im UI ... . " " U A" ----... .



Fan Package

Drive Module Package

Figure 2 PVK Packaging
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I
SECTION 2

DESIGN

2.1 Drive Module

The bicycle-like drive is designed on a modular basis (see Figure 3). The

basic dimensions are thle same as those of a standard bicycle (see Figure 4).

The main strtotural member of the Drive Module and Fan Assembly is the horizontal

"spine". This beam memb,.r is fabricated from 2 inch by 3 inch rectangular steel

tubing. This configuration was chosen because, in addition to its resistance

to bending, it lends itself to a male-female interlocking joint which aligns the

Drive Modules and Fan Assembly. Two types of connecting joints, and various

methods fni locating and locking the spines were designed, fabricated, and

evaluated.

2.1.1 Connecting Joint

A flange joint and a swaged-expanded joint, as shown in Figures 5 and 6

respectively, were evaluated.

The flange joint is comprised of flanges welded at each end of the Drive

Module and Fan Assemb2ly spines. The separate assemblies are fastened together

with threaded studs welded tc the flange. The addition of several more parts

at each joint - the fiarges, studs, nuts, washers and spacers - as well as

more welding operations make this joint considerably more e::pensive than the

swaged-expanded loint. Use of the threaded fasteners makes assembly by s.ielter

joeupants more difficult and time ta1ng.

The swaged-expa Jed joint is fabricated by formlng the end,. of the spine

Tuo!ý• t.U size tQ 11e ,,orrect, fit. In pr•-Auctiun quantities - several thousand

OUNSS.AL IM~mIoAN *mUnACH.: oavog
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Figure 5 Flange-type Unit
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I
or more to spread the cost of the tooling--this method is the least costly.

Production tooling was developed to fabricate the joint parts to permit

evaluation. The ease of assembly, alignment and rigidity (Ref. 3, page 16)

of the unit is excellent, and therefore the swagea-expanded joint is specified.

2.1.2 Locating and Locking Pin

Of the methods of locating and locking the spines relative to each other

(see Figure 7), the tapered pin is best for the PVK application. With this pin

the holes in the spines are easily aligned with the tapered end, and the pin is

easily inserted because of the long tapered section. The pin is finished with

a solid dry-film lubricant to facilitate its insertion in the spine holes.

2.1.3 Saddle Allustment

The quick-adjustment clamp (see Figure 8) was included in the preliminary

design for rapid height adjustment of the saddles. Tests with people indicated

that the rapid adjustment feature was unnecessary (Ref. 4, page 27), and that

the standard bicycle saddle mast clamp (see Figure 8) is suitable. This change

results in an approximate saving of 83 cents per drive module.

Quirt.MAJustment Clamp tan ar icycle amp

'i Typt-ý-A t 2~itI v Adtiustm-eft. rlamps

QWNSUAL AMU1CAN •SUUANCM* olweSoON
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Tapei ed I n

Blunt-End Pin With Spring-Loaded

Retaining Bal

FIgure' Ya Type,. I,'k~~Dv:~
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Fixed SP~ring-ILoaded Pin

mp""p7

Removab~.e Pill Clips

Fiiz 7b Types Lr 1~ing Devicus (Cvntinucd)
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Slot and Bolt

Fccentric-Cam

Figure 7'ý Types of Ikeking Devices (Continued)
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2.1.4 Handlebar

Although the handlebar need not be adjustable'(Ref. 4., page 28) this

feature has been retained since the handlebar must be removed for packaging

(see Figure 9). Other arrangements were developed and evaluated, such as the

combination handlebar-saddle (see Figure 10). This arrangement was not suitable

as reported by the American Institutes For Research (Ref. 4i, page 26)I

Figure 9 Illustration of Adjustable Handlebar

Fig~ure 3.0 Illustration of" Clombi.natioxn Han,3.ebar-E~JdleI

CUOYEQAL AMURtCAN $468EAPC14 CIVISION



2.2 Fan Assembly

The components of the Fan Assembly are arranged for use with ducting on the

discharge side of the fae-shroud subassemubly (see Figure 11). The PVK is thus

used to exhaust stale, hot and humid air from the shelter.

2.2.1 Impeller Selection I
Specific speed (Equation I) presents a simple way to determine which type

of blower will be most effici,"n+ -'.% any application. Each type of impeller,

regardless of size, develops its peak stati- efficiency (Equation 2) at a

characteristic specific speed (see Figure 12). In practice it i-e usually not

possible to procure manufactured fans with these efficiencies for particular

engineering applications.

-(1)I

Ps 
(2)

where:

"Ns = specific speed, rpm

N = impeller speed, rpm

Q = air flow rate, cfm

P = static pressure, inches of water gauge (w.g.)5

= static efficiency, percent

P a shaft input power to the blower unit, horsepower

Investigation of rany manuf'acturers indicated that no standard impeller

will develop a static efficency greater than 53 percent; however, one manufac-

t.ux'r proposed to develop a vanea.ial fan ($156 each In lots if 1000 or more)

wh,!.t would have the Collowin! characteristt1-:

5 N P ,
PO r Pr J.21 hP ~~ rpm
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4 TUgE-AXIAL IMPELLER I |
I P•AIALLY-CASED IMPELLER I

12 4 5 67?910 20 30 4050 100 200 300

SpECIFIC SPFCD (NI) IN TAOUSAINS

Figure 12 Peak Static Efficiency for Different impeller Types

Since prope•ller-type fans are far less expensive ($3.28 each in lots of

-50,000 or more) and static efficiencies as high as 47 percent are obtainable,

these impellers are selected for the Civil Defense Package Ventilation Kit.

Since The Torrington Manufacturing Company has the most complete fan performance

data avail.ble (brake horsepower), their data were used exclusively for the

fan selections. The specificatibn (see 4.7 of MIL-V-40645) permits substitution

of L fan which is equal in performance and interchangeable with this manu-

facturer's product. All comparisons in this zection ai'e based on catalogued

data and standard air density (P= 0.075 its/cu it). See Section 3.1 for the

SPIK fan-shroud performance iata.

2?.2.1 1 Two-Mrn PVK

Thc 1½ow rate versus biake horsepower chtracteristf'cs of a1l 16, 18,

,, ai 22 a•., r2-ti; dtrkr••ter propeller fans with a static efficiency greater

:hv .4" pv..rient vkt a statiQ pressure of 0.4 inches are plotted on Iigure 13.

I 10
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The 20-inch diameter fans develop the greater air flow per unit brake horse-

power; therefore, the empirical fan performance characteristics of these fans 1
are futrther compared in Figure 14. The best fan based on 0.2 pedal horsepower

and an overall •VK mechanical efficiency of 92 percent (see Section 3.2) is

N-2016-3-l114o0.* This fan will develop 1250 cfm against a static pressure of 0.4

inches when rotating at 1140 rpm. The brake horsepower is 0.184 and the static

efficiency 42.7 percent.

A static pressure of 0.4 inches w.g. will develop when 1250 cfm (N-2016-

3-1140 fan characteristic) of air flows through 1670 feet of straight 20-inch

sheet-metal duct (0.024 inches/1OC feet, see Ref. 5, P. 562). Since the equivalent

length of duct systems in most shelters will probably be less than 1670 feet of

20-inch diameter rigid duct, a fan is also selected for a 0.3-inch w.g. static

pressure drop application. All _93 and 20-inch diameter fans with a static

efficiency greater than 40 percent at a static pressure 0.3 inches w.g. are

compared in Figure 15. As can be seen from the fan characteristic curves of

Figure 14, the E-2024-4-l000 fan will develop 1800 cfm against a static pressure

of' 0.3 inches when rotating at 1000 rpm. The brake horsepower is 0.19 and the

static efficiency 44.6 percent. At this flow rate and pressure drop (0,O48

inches/tOO feet), the equivalent length of' 20-inch diameter sheet-metal duct

is 6,25 f'eet.

The fan characteristics for both ,)f the above selected fans (the N-2016-

3-L114 rpm Ft ,0. 4 -inch static pressure, aod the E-2024-4-10)0 rpm at O.3-1nch

s•atlc r:res~re) are Vuperimppsed on various sheet-metal duct system char-

actvrlsth' ..utrves in Figure .t,. The Vans are compared in Table I with varioub

v,, lvalv lem-tis 1 2 .-inQh diameter sheet-metal duct. The E-2024-4 fan,

*i lt'*r t-,) 1Le.:tre 1.3' . ')r fan n-. mnenc 1atare.&
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1. Nomenclature: Number of

Fan No. Serie, Di&. (in.) Pitch (deo.) Rlades S O iu
SN-2016-3 

N 20 16 3 114o 2

t E.PO2-4 2 20 24 4 1000 2

2. Fan Characteri3ticL showm dotted if brake hcrs-.power exceedr 0.2.

3. Fan Characteristics based on catalog &ata. -. -

I ._ __ __0.,

1500 ft.

1.000 ft. 6oo ft. 4o0 ft.// /

N E 300 ft. (Equivalent length o' 20-inch

_. 5. _.._me_ _r Sheet- Detal Ouct)
/•/

.. 0 .3 - Of /
// I // ,/ /

// // /1

/ ,/ ,.412 I
o .3.o. 

x

50 ft.

Figý,,A ur., Fm, •wi Systt.--m rharacterlsties for a TNo-Man PVK

XNZ-RA~L AmMRCAN 019faCRCH CiVIBION
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Table I

Comparison of Fans and System Characteristics
For a Two-Man PVK

Equivalent N-2016-3 E-2024-4

Length of 1140 RPM 1000 RPM

20" Dia. P' P

Sheet Metal CFM HP inches CFM HP inches

Ducct, Feet w.g. w.g.

100 2200 0.11 0.07 2650 o.14 0.10

200 2150 0.12 0.13 2500 0.17 0.18

300 2050 0.13 o.18 2250 0.18 0.22

4W0 1950 o.14 0.23 2000 0.17 0.224

500 1870 0.15 0.25 1900 O.18 o.26

600 1750 o.16 0.27 18o0 0.19 0.29

800 1550 0.17 0.28 1700 0.20 0.35

1000 1450 o.18 0.31 6 0 217 039

NOTES: 1. Data from Figure 16.
2. Shaded area indicates fan brake horsepowers exceeding 0.1 per ýerson.

which rotates at 1000 rpm as compared to 1140 rpm for the other fan, will

develop more air flow and is therefore selected as the best fan for a shelter

ventilation fan with a two-man drive.

2.2.1.2 One-Man PVK

The 16 and 20-inch dl&mcter fans require the min~mum brake horse.

piwer per unit. aIr t'lw. All fa-nn'h tan charactei'tstlhs curves with a

OSNENAL *~MUmOAN mmSAmCN oSVIPo2
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static efficiency greater than 40 percent at a brake horsepower of 0.1 are

compared to the two-man PVK 20-inch diameter fan selection (E-2024-4) in

Figure 17. The best 18-inch diameter fan (E-1824-4-lOOO) is compared to the

two-man E-2024-4 fan at 800 rpm in Table II. The E-2024-4 fan can accommodate

up to 600 feet of sheet-metal duct (20-inch diameter), while the E-182hi-4 fan

can be used witn 300 feet of duct (18-inch diameter). Both selections are

based on approximately 0.1 horsepower. With the same duct system the E-2024-4

fan will develop more air flow; therefore, this fan is also the best fan

selection for a one-man PVK.

2.2.1.3 Three-Man PIVK

The FVK can be assembled to handle more than two operators if

desired. The E-20c-24 fan (the fan also reconmended for the two-man and one-

man drive FVK's) rotating at 1140 rpm has the best static efficiency (46.5

percent at 0.4 inches w.g.) of all the 20-inch diameter fans (see Figure 13).

No attempt was made to determine if a better fan is available in a larger

diameter since the PVK is designed around a two-man drive. The E-2024-4 fan

rotating at 1140 rpm develops 2850 cfm when operating against 200 feet of

20-inch sheet-metal duct and 2000 cfm at 0.4 inches stati pressure (see

Figure 18).

2.2.1.4 Summary of Impeller Selection

The fan-system characterictics ft"r the aeletted -20•4-4 fan

Qperatinm at constant speeds of 8300, lQ000, and 11.40 rp• ,')? the one, two,

and three-man PVK's arv presented In Figurv V•:. Refer to Fig-ure 3L, pare 55,P

t)r tte as-testAd PK ratin,,.

9."
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1 NOTES1SATIC, V*7CMCY (%) MTER TW 40%

2. 0.1 BHP (Uu,,sS a TrIrSE SHOa AS DOTTW)

3. NOME2ICIA'AJ•:

IM. to. S DIA. (I.) PIT (M u.) BIM SPED (RPM)

i *i.Oh-4 P 18 24 4 1000

2 SU1824-4 8 18 24 4 1140

3 N-1816-3 N 18 16 3 11f)

24-81- P 81 4 11oC,5 8-1824,-4 8 18 24 4, 1000

6 Ww4816-4 N 18 16 4 1000

7 S-1804-3 8 18 24 3 1000

I.6

0.5 Iii

o.4-

0. 106 BHP%%

''

0.2- - - - -- ~-- ---- ~ -~S~E-1824-4-1000

L-I~4--l0044-0

50 45,,

0.1~~~ tj- Il I- 4- .!0~~~O ____

W1M A 4 06*6A ,.

OWgnNSUAL. AMUlltCANl mgIsIgApNC OIVISlON



I Table II
r

Comparison of Fans and System Characteristics
For A One-Man PVK

Equivalent E-2024-4 E-182•-• i

Length of 800 RPM I000 RPM

20" Dia. I
! •s, Ps,

I Sheet-Metal CFM HP inches C'FM HP inches

Duct, Feet w.g. w.g.I '
1oo eloo o.o72 o.o6 19oo o.o75 o.o9

S200 2000 O. 087 o. 12 175o o. 08 o. 16

300 175o o. 092 o. 14 16oo o. io o. 20

400 1600 0.087 0.16 .ii•:::::::::::i• iii:: O• iil • i::•;

500 1500 o. 092 o. 17 - - -
S600 1450 O. 097 O. 19 - -

i000ii•,•i:•'.i.':•::•ii!!i!!ii:!i! :i• !i !ii!":"•':: .......................... " !!::: i!ii!i• • • i •.::!!iO• i:;:i ii - -

I NOTE: Shaded area indicates fan brake horsepowers exceeding 0.1 per person.

I 2 2.2 Shroud

I The performance of a propeller fan is radically affected by the design

and dimensions of the or•fice• T.,e four factor • in the design of an orifice

which alte,.• the l,•.•'orma:•ce of a p•opeller fan are

I. the type o• cr•.fice,
I 2 the clearance between the impeller blade tlps •u•d the orifice,

I 3. tI•e axial depth of the orifice, and

6 the posit•on .:,f •.he •mp•ller in tt•e orificeI
Ol•i•&L A•Im•aN mimlAmmH OIViliON
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NOTES: 
N~fi

1. Nomenclature:

F an No. Serie i. i. Pitch (deac.) DIades 5pedd (r~m Operatora

3' x-2o24-4  z 20 24 4 8am 1

1"' 3-2024-4 1 20 24 4 10002

3'1" Z-2024-4 2 20 24 4 1140 3

2. Pan characteristics ehoWn dotted if brake noreepotter per 
operator exceeds 0.1.

3. ran characteristics bised on ceat."o data._______ 
_ _ _ - . i

______.0.2

0.6 - ~~~1500 ft. t- __

dia eter sheet-meti 
du't)

-__.5__ 
I s' I El' 1/ 

'300 ft. -

0,9w 4 m 
__ _

U0.2 Aete /V ra I- not,___

/M!tlA 7'6AW.4 1I11



Of these three basic types of orifices (Figure 19) -shexp edge, cylindrical,

and converging (cone or bell-mouth) -- the bell-mouth orifice develops higher

static presbures in the operating range of the shelter ventilator and requires

the least energy to drive the fan (Ref. 6). Therefore, this orifice design

was incorporated into the specifications (Figure 20).

The gap between 'he blade tips and orifice allows leakage of air from

the high-pressure intake side of the fan. As the tip clearance becomes larger,

there is a drop in fLow rate for a given pressure difference between discharge

and intake. It has been found (Ref. 6) that a tip clearance of 1.5 - 2.0

3 percent, as definec in Equation 3, results in an impeller performance very

nearly equal to that fcr zero tip clearance, and yet permits production with

commercial tolerances.

I Axial Position

I Trailing Edge

J 1 "Q, Air Flov

I I
Sharp Edge Cylindrical Cone /UiUB-mouh
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ID
TIP CJYARANCE D _f per.cent- (3)

where:

rD- -1 inside shroud iameter, inchesDs -

Df blade tip diameter, inches

The, axial depth of a bell-mouth orifice is equal to the radius (R). A

pradius of 10 ercent of the blade tip diameter is generally recommended (Ref. 6),

since larger radii produce negligible increases in performance. If the bell-

mcuth radius is less than 10 percent of the blpde tip diameter, the static

efficiency drops.

The axial position of the fan in the orifice is the most critical factor

affecting the performance of the fan. Based on test results (see Section 3.1)

the optimum position of the fan was found to be flush with the discharge end

of the shroud. For packaging, the fan is recessed approximately 1/8-inch within

the shrouc to protect the blades and the motor from damage.

2.2o3 Motor

The motors considered for use in the PVX were the split phase, permanent-

split capacitor, capacitor start-induction run, shNJed pole, and the capacitor

start-capacitor run. The significant zharacteriatics of these motors are shcwn

in Figure 21,

The high start, split phase motor his a high resistance auxiliary windink

which is in the circuit during atartirý, but is disconnected through the

action of a centrifugal switch as the mcotor comes up to approximately 75 percent-

of the speed at full load Under running conditions it operates as a Jingle-

4.
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I)
phase induction motor with one winding in the circuit. The starting torque

is high, about 250 percent of full load torque. The locked rotor torque of

the general purpose motor is 125 percent of full load torque, as compared to

250 percent for the high resistance start motor.

The permanent-split capacitor motor has a low starting torque, about 125

percent of full load torque, and is ideally suited for small fan drives.

Operation is similar to the capacitor-start motor, except that the capacitor

is not cut out when running. This motor can be used for direct drive only

(air over the motor for cooling). It is the quietest and smoothest performing

of the single-phase motors.

The capacitor start-induction run motor develops high rtarting torque

(350 percent) in the fractional horsepower sizes. During the starting period

a winding with a capacitor in series is connected to the motor circuit, and

when the motor comes up to L.eed a centrifugal switch cuts the capacitor and

second winding out of the circuit.

The shaded pole motor has one winding only and a portion of each pole is

"shaded" by a low resistance coil to provide the starting tcrque. The

I starting torque is low, about 25 percent of full load torque. The speed is

I fairly constant, but the variation from no-load to full-load is greater

than for other types of induction motors. This motor can be used for direct

S drive only, since air-over the motor is req, ired for cooling.

The capacitor start-capacitor run motor develops high starting torque,

about 275 percrent of full load torque. This design employs a starting capacitor

and a running capacitor. The starting capacitor ts cut out by a centrifugal

switcn.

j GENERAL AMLPiCAN RL$EAPCM MlVISION
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The permanent-split capacitor and the shaded pole motors are the least

expensive, and are generally used where a direct-drive is required, such as

fan-coil units. The permanent-split capacitor (PSc) motor is specified because:

1. the air flow rate developed by the PSC motor is 5 percent greater

than the shaded pole motor because it operates at a higher speed,

2. the starting torque of the PSC motor is considerably higher, 125

percent of full load torque as compared to 25 percent of full load

torque for the shaded pole motor,

3. the mechanical efficiency of the PSC motor is considerably greater,

61 percent as -ompared to 37 percent for the shaded pole motor,

4. the full load current at 1/3 horsepower for the PSC motor is 4.3 amperes,

as compared to 6.8 amperes for the shaded pole motor,

5. the power losses to manually drive the unit are a minimum since

this motor (also the shaded pole) does not have an integral cooling

fan, and

6. the motor does not have any centrifugal switches, thus minimizing

the transmission losses when the unit is manually driven, and

increasing the reliability of the motor after long periods of

storage. Centrifugal switches can be a constant source of 'rouble

(Ref. 7, page 84). If the mechanism sticks in the running nosition

the motor will not start. Oa the other hand, 1f stuck in the

chlse- position the motor will not attain speed and the starting

winding will qAickly heat up. The motor may also fail to start

it' the 'ut-oft points uf the switch are out of adjustment or

,•uated wit~h •n Uxide.
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Ii

•I 2.3 Transmission

{ The fan is mounted on the motor shaft and thus can be driven when 115 volt

single-pnase A.C. power is available. The pedal drive is coupled to the fan

shaft through an idler-shaft usinr roller chain and sprockets.

2.3.1 Chain

Roller chain is used in the PYK to transmit power from the operators to

the fan while increasing the rotational speed from 55-62 rpm at the crank to

1070- 1206 1pm at the fan. Gear, chain, and belt drives were considered for

the PVK. Gear and chain drives for the PVK would be about 92 percent efficient,

while the efficiency with belts would not exceed 73 percent. Belt drives

are too inefficient, and gear drives too expensiJve for the 1VK.

American Standards Association (ASA) No. 35 chain is used throughout the

PVK. The pitch of ASA 35 chain is 3/8 inch, as compared to 1/2 inch pitch

for bicycle chain, thus resulting in sprockets 1/3 smaller in diameter and

reducing the storage volume required. Greater reliability is offered by

ASA 35 chain since it has a rated tensile strength of 2100 pounds as compared

to 1600 pounds for bicycle chain.

2.3.2 SProckets

Au overall incr,'ase ir. speed from 55-62 rpm at the pedal crank to

'070-1206 rpm at the fan is obtained in two equal ratios. The first rtep-

S up (4.41 ratio) Occars betweez,' ý- 7 *ouoI module sprock,.:t and the 17 tooth

I sprocket of' the-d..: shal't sprockot subass-Mbly. Ar. id:tica, speed step-

up occurs betwt,!n the 75 tooth sprucket of this subassem1ly (integral with

1 _33
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the 17 tooth sprocket mentioned above) and the 17 tooth motor shaft sprocket.

The overall speed ratio is 19.46 to 1. All module sprockets have 75 teeth, I
hence there is no speed change between modules.

Excessive wear in the teeth of the 17 tooth sprockets in an endurance I
test (Ref. 4, page 23) pointed out the need for their being hardened. Case I
hardening the teeth to Rockwell C 140-45 we.s sufficient .to correct this deficiency.

No heat treatment was necessary for the large sprockets. The wear was con- 1
centrated in the small sprockets only, because the load is transmitted by

relatively few teeth. I
2.3.3 Clutch

A ratchet and pawl device integral with the dual module sprocket was
I

designed, fabricated and evaluated (see Figures 22 and 23). This device

allows an operator to stop pedaling while the others continue, without creating j
a significant drag or resistance for the remaining operators. This clutch was

deleted when tests (Ref. 4, page 29) showed it to be unnecessary. _

2.3.4 Bearings

2.3.4.1 Crank Bearings

The crank, crank bearings, locknut and lock washer are standard

bicycle components. The bearings are separable angular contact ball bearings. j
The nine, 5/16-inch diameter bearing balls in each bearing assembly are

retained by a pressed steel cage. The stationary outer races or bearing cups _

are drawn steel, unground, case hardened and cadmium plated. The outer races

I
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are retained in the drive module by a light press fit in the tubular crank

hanger. The bearing inner races -. designated as the adjusting cone, and the

locking cone - are machined, unground, steel and case hardened. While each

cone functions as an inner race of these crank bearings, the locking cone also

secures the sprocket subassembly on the crank. By changing the axial position

of the adjusting cone on the crank threads in assembly, the bearing internal

clearances are controlled.

At assembly these bearings are packed with a long term storage, high

stability grease. This grease contains an organic gelling agent thicken.r,

rather than the more commonly used metallic soap, thus minimizing bleeding of

oil from the grease, and providing a strong positive anti-oxidation protection

for the grease.

2,3.4.2 Idler Shaft Bearing

A flanged, sintercd bronze, oil impregnated sleeve bearing was

selected for the sprocket subassembily (and idler shaft). This bearing has low

rotating torque and is economical. The flange takes up any thrust loads,

and positively lccates the bearing in the sprocket. The idler shaft is pro-

tected from corrosion with a solid dry-film lubricant finish.

!he bearing is fabricated from metal powders to form a material containing

thouc-nds of interconnectei .oreýs. With these pores filled with oil, a

reservoir is foraied that 1as a volume of approximately 20 percent of the total

Learirrt;. .'lume. 01.1 is drawn to tiwbe~ ~ ~w,;-tface when t~lere ia motion of

ý_e bearlv ricieative to, thie shaft, When LUc bearnin. is motlonlss, the oil

is rvabs,:r'e:i into the bearin_-', t" 1'1Filary actIn

-O5NFdOAL AM•I.tRAN fl5rEA5PCM4 O .
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The sliding coefficient of friction for sintered bronze sliding on steel,

lubricated by oil from within the bearing, ýranges from 0.02 to 0.10. The range

is great because many variables affect the coefficient of friction - such as

bearing unit pressure, lubricant viscosity, velocity of sliding, and the

smoothness of the bearing surfaces. The static coefficient of friction ranges

from 0.12 to 0.15. The load carrying capacity of plain bearings may be expressed

as a PV factor, the load per unit projected bearing area times the surface

velocity of the bearing surface in feet per minute. A permissable IV value of

50,000 is used for oil impregnated sintered bronze bearings. In the PVK

application the bearing rotates at approximately 275 rpm on a 0.5 inch diameter

shaft. At the resulting surface velocity of 36 feet per minute a unit bearing

load of 1390 pounds per square inch could be applied without exceeding the

50,000 PV value. This is equivalent to a total permissable load of 870 pounds.

With a 0.33 horsepower input at 62 rpm at the crank, a load of 59 pounds is

applied at this bearing and the actual PV is only 3360.

2.3.4.3 Motor Bearings

Babbitt-lined, steel-backed sleeve bearings were selected for the PVK

motor because of their long storage life (Ref. 7, page 33), good resistance

to humidity, resistance to mild dirt infiltration, and low first cost. The

motor shaft is also protected with a solid dry-film lubricant finish to

increase its reliability of operation after long term storage.

2.4 Finish

The basic finish selected for the PVK is a solid dry-film lubricant

(meeting the requirements of MIL-L-8937 and MIL-L-25504A) because (1) this

GENERAL AMERICAN RESEARCH DIVISION
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finish system offers excellent protection against corrosion, (2) the thickness

does not exceed 0.0007 inches, thus better dimensional control of the mating

parts of the connecting joint is obtained, (3) easy assembly of the unit is

assured since seizing is reduced, (4) the transmission losses are minimized

since the sprockets are dry-filmed, and (5) the ability to adjust the saddle and

handlebar is increased. Those parts which do not require dimensional control and

lubrication, such as the shroud and module stand, are finished with a polyurethane

paint since this method is slightly less costly.

All parts are given a manganese phosphate coating before they are dry-

filmed or painted. Phosphated panels, when-painted or dry-filmed and then

scribed with a sharp instrument so as to expose the base metal, will show no

evidence of corrosion, excepting the exposed metal, when subjected to a salt

spray for 200 or more hours (Ref. 8). If the finish is accidentally gouged,

especially during packaging, any ensuing corrosion will be restricted to that

particular area. There will be no creeping of rust-under the surface, nor any

popping off of the paint or dry-film beyond the damaged area.

2.5 Packaging

The packages developed for the Fan Assembly and the Drive Module are

water-vaporproof meeting the requirements of Method IA-14, Specification

MIL-P-116. These packages consist of an interior container, a heat sealed

bag, and an exterior carton.

2.5.1 Fan Assembly Package

Flywood and t:'iple-wall corrugated fiberboard boxes were considered for

the Fan Assembly and PVK accessories. The corrugated fiberboard package, which

BestCopy
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is less e:'ýpensive, weather resistant, and has a high stacking strength (up to

30 feet), was developed as illustrated in Figure 2h. A water-vaporproof bag

is place;d over this container and heat sealed.- Then a wax and/or resin

impregnated corrugated fiberboard container is placed over the bagged interior

box, sealed, and strapped with corrosion resistant polypropylene straps (see

Figure 25).

All items within this package have been further preserved (sere 5.1.1 of

MIXr-V,-40645, Appendix A) by either (1) a direct application of a strippable

compound, (2) a sealed gr'ýaseproof and waterproof bag, (3) a sealed water-

vaporprocf bag, or (4) a waterproof bag. These correspond to Methods IB-1,

IC-I, IA-8, and TC-3 of Specification MIL-Pll6.

2.5.? Drive Moduie Package

PLywood:, cujrled hair inserts, foaming-in-place with polyurethane, pre-

expanded poiystvr.-n'e' used with an adhesive, and molded polystyrene inserts

intarlor packages wer, evaluated by develcping a prototype of each and

•stablishing production costs. Based on the cost of material, labor, tooling,

and r;acUr-:ry required (such as tne lender for the bead-adhesive method) the

ro.Ided polystyrene package (see Figure 26) was selected for the Drive Module

packaging. Over this package is placed a ,-ater-vaporproof bag which is then

neat se:aled. A wax and/of resin impregnated corrugated fiberboard container

SIth2(n p1aced over the bagged interior package (see Figure 27), sealed,

and sr:apjp2..d witK corrosion resistant polypropylene straps.
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NOTE: Exterior Containv.r Marking Not Shown (see Figure 14 of
MIL-V-40645, AppendixA A).

F Iigurie 2.! Packaging of Drive Module

All appurtenarnces within thils package have been further preserved (see

5.2.i of MIL-V--4o645, Appen,:'LX A) by either a coating with a grease, Type P-I

if MIL-P-116, or a sealed greaseprioo arid water-vaporproof bag, Method IC-.

of ,IL-P-iI6.

Many difficulties were encountered with the foam-in-place method. The

foam would not spread everilj over the bottom of the container because of its

high viscosity; thus iranky voids remained around the irregular shaped drive

module. This packaging was estimated to cost more than eight dollars per

Drive Module. For these r.,asors this method of packaging was not considered

f ur ther.
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The bead-adhesive package does not satisfy the requirement for stacking.

In this method the pre-expanded polystyrene oeads are automatically mixed with

an adhesive and drying agent. The formulation then is blown around the product

after it has been encased in a polyethylene film bag and set into the cor-

rugated fiberboard container.

2.6 Cost Analysis

The cost of a Package Ventilation Kit based on large production quantities

is estimated to be $89 for the Fan Assembly, and $65 fov the Drive Module

(see Tables III and IV). A complete one-module PVK thus costs $154, and a

complete two-module PVK $219.

Ventilation cost per shtlteree have been dttermined based upon (1) the

above costs, (?) an assumed minimum ventilation requirement of 15 cfm per

shelteree, and (3) shelters with equivalent duct lengths of zero, 200,

and 400 feet. Theie costs are presented as a function of shelter capacity

for various stocking procedures.including all one-module PVK's, all two-module

PVK's, and for the combination of one-module and two-module FVK's that results

in the lowest ventilation cost in Figures 23a, b and c. Similar cost curves

could be generated for different minimum ventilation rates.

These cost curves provide an insight into the cost savings that are

possible if minimum cost combinations of one and two-module PVK's are stocked,

rather than stocking only one or two-module PVK1s. To do this it is neces-

sary to assume that there is a uniform di-t~ibution of shelters by size;

that is, that there are Just as many 50 man shelters as 51 man shelters, etc.,

up to 900 man shelters. Tht artas under the cost curves in Figures 28 a, b

BeSt AVaui a GENERAL AMEI~CAN RESEARCH DIVISION



TABLM III

Cost Analysis of Fan Assembly Per mL-V-O645

Pvchased Parts & Materials: ......... .............. ............. . .1.98

Drawing & Item Description Cost
1423A-1100 Item 6 Chain, Module-To-Fan V•2

Item 7 Nuts, Lock, Flange 0.038
Item 8 Chain, Shaft-To-Motor 1.56
Item 10 Rollpin 0.007
Item 11 Retaining Ring 0.005

-1101 Item 2 Nut, Weld 0.008
-1102 Item 3 Rivets 0.014
-1102-1 Shroud 2.77
-1102-2 Guard 1.137
-1103 Sprocket Subassembly 1.58
-1104 Fan 3.28
-1105 Item 3 Rollpin 0.007
-1105 Item 4 Cord 1.39
-1105 Item 5 Connectors, Parallel,

Insulated 0.033
-1000 Item U Adaptor, Grounding Cost included in -1105

Item 4, Cord
-1105-1 Motor 13.56
-1105-2 Sprocket, Motor Shaft 0.42
-i106 Pin Subassy, Locating 0.22
-1101 (material) Frame
-1300 (material) Stand 1.172

Packaging and Packing: 7.80
Cartons 5.4o
Bag 1.75
D•nnage 0.65

Finishing 4.36

lbor: 4.0 hours 0 $3.10/hr ........................... 12.40

Labor Overhead: (90%). ......................................... 1,.16

Accessoriest ........................................................... 13.56
1423A-1ooo Item 4 Dct 90 ft.) 2.50

Item 5 Duct (130 ft.) 3.61
Item 6 Tape (1-1/2 inch x 36 yds) 2.64
Item 7 Lubricant 0.030
Item 8 Scissors 0.22
Item 9 $crevdriver 0.10
Item 10 Wrench 1.00
Item 12 Adaptor, Plug 0.&

- Item 13 bnstructions (Furnished by OCD)- -
-401 ADuct Adaptor 0.788

Elbows m e3.7.3 of MIL-
v.44ý15, Appenadix A) 2.56

6ub-Total........... 79.10

Ge.az. \& Adi.ngtrative Servizes: (8%) ...................... ..

Sub-Tota......... 85-.3

Total ..... *88

MISS 1 ft d an .00,000 units.O No eiUt co•ts included.



- - TABLE IV

Cost Analysis of Drive Module Per MIL-V-40645

"Purchased Parts & Materials: ......... ......... $27.05

Drawing & Item Description Cost

-- 1423A-1200 Item 2 Crank $1.40
Item 3 Bearing Cups 0.22
Item 4 Bearings 0.094
Item 5 Cone, Adjuoting 0.128
Item 6 Locknut 0.048
Item 7 Washer 0.011
Item 8 Cone, Lockine 0.128
Item 9 Pedals 0.46
Item 11 Saddle 0.87
Item 12 Thumbscrew 0.022
Item 17 Chain, Module-To-Module 3.86
Item 18 Clamp, Saddle Post 0.09
Item 19 Bolt 0.0m4
Item 20 Nut 0.02

-1201 Item 3 Nut, Weld 0.008
-1203-1 Sprockets i.84
-1203 Item 2 Rivets 0.036
-1106 Pin Subassembly, Locating 0.22
-1201 (material)
-1202 (material) 2.50
-2104 (material)
-1501 & 1502 Containers(polyatyrene) 5o75

Packaging & Packing Materials: 3.50

Carton 1.70
Bag 1.42
Dwuege 0.38

Finishing 5.76

Lebor: 5.2 hours @ $3.10/hr ....... . ..... .. .......... o, ........... . 16.12

Labor Overhead: (90%) ............................................... . 14.51

Sub-Tota.......... 57.68

Gererel h Administrative Services: (8%) .......................... o... 4.61
Sub-Totel........... 62.29

Prt~fit: (4Q) ........... .o........................ o ..... o.... o....0 ...... 2.•

11r'ota. ......... •7

N=TES: 1) Based on 100,000 unitS.
2) NQ freight costa included.
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and c are then directly proportional to the cost of ventilating the country's

identified shelters using PIK's. The area under the lowest curve is pro-

portional to the lowest cost (for each equivalent duct length), and the shaded

area is proportional to the increase in ventilation costs if only one-module

PVK's were stocked. The cost of stocking only one or two-module FVK's exceeds

the minimum cost combinations of one and two-module PVK's as follows:

Table V
PVK Cost Analysis

Equivalent Duct Ratio of 1-module PVK Ratio of 2-module PVK
Length, feet Stocking Costs to Min- Stocking Costs to Min-

imum Combination of imum Combination of
I & 2 Module PVK's I & 2 Module FVKXs

0 1.03 1.34

200 1.07 1.22

400 I. o6 1.20

GARD is conducting a comprehensive evaluation of the distribution of

shelters according to size, ventilation requirement, and equivalent duct length

in order to determine what size and design styles of FVK's best meets OCD's

needs. If this study (Stanford Research Institute Subcontract B-70925(4949A-

28)-US, OCD Work Uni.t 1423A) confirms that there is a large need for one-

module PVK's, it will be possible to modify the present design and reduce the

cost of shelter ventilation below those indicated in Figures 28a, b and c.

2.7 Patent

Patent Application S.N. 455,694 was filed in behalf of the Office of

Civil Defense under Contract OCD-PS-64-22. This application is based on the

unit (see Figure 29) completed and demonstrated at the Pentagon on 5 March

1964, and described in GATC Report KrD 1244, "Package Ventilation Unit For

identified Shelter Spaces", dated February 1964 by E. J. Rollo, et. al.

3cstAv&kIn Cr)."I
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S~SECTION 3

.7 -

SPERFORMALNCE ..

iziS3.1 Fan

-Asshown-in the fan selecticn analysis (see 2.2.1), The Torrington MWg.

Co. Model E-2O24'4 is the best impeller for, application to a ventilator driven

by 1, 2, or 3 persons at nominal speeds of 800,1000, and 1140 rpm respectively.

For these speeds the fan-shroud performance characteristics were established at•.

The Torrington Laboratories per-.NMA Code FVA1-7.02 (see Figure 30).'j

3.1.1 Standard Air

To obtain the fan speeds of 800, 1000, 1140 rpm for the 1, 2, and 3

man-drive unit respectively the pedal speeds required are approximately 4.1,

52, and 59 rpm respectively (see 2.3.2). When operating at these constant

speeds, the power capability of the-operators (1/10th horsepower each) a

shown, in Figurf 30 -is n-t- uti.4ized tlzoughout the entire range of duct lengths

or system pressure drops;, therefore., performance curves (see Figure 31) based

on a constant fan brake horsepower of 0.10 per drive position (up to pedal

speeds of 62 rpm) were developed using the following fan law (Ref. 5, page 584):

For- constant- power and variable speed:
S(Constant Air Density- Constant System)

2 N2 V

N (6)

2r

SP N

1& 1

___ ... .. . . *Yl,- ''- -• - n••'' - -- -- " -- --
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1I

where:

Q - air flow, cfm

N fan speed, rpm -

SP Static pressure, -inches of water gage

IIP. brake horsepower,

The fan performance curves are superimposed on the systenm characteristic curves

,for 4-mil, 20-inch diameter polyethylene tubing (Ref. 9). The constant power

curves in Figure 31 which require pedal speeds greater than 62 rpm are shown

dotted since it is difficult for people to pedal effectively at these higher

speeds. The two and three-man PVKs have the same performance curve from free

air to 150 feet of duct because of the pedal sper.d limitation. For the three-

man IPVK to be economical the sprocket ratio must be increased and an additional.

PVK-style must be carried in inventory.

3.1.2 Effect of Elevation and Exhaust Air Conditions

Ven±tilation rates developed by the PVK Tan increases with increasing
i0

elevation because of the decreased air density and decreased duct resistance

to flow. However, the air density reduction due to altitude redrces the

co••ing ability of Lhe air more rap".dly, The net effect is that the PVK has

less cooling ability at increased altitudet th-refore, caution must be

exercised when finalizing the PVK stocking procedures.

If" the ih•ltr vrn.tlation r ulr'rn"-. ar! xprt-sied in terms of the

actual shAiter a.r Jý.ris.ty, that is, In t -rt, f ihMlter elovation and the

psychrom-trti "xha,i•air c)ndltrons of iry-v..ib and vet-bulb temperatures

r
Las 1A ý aofl ý-V Ts'~htwi;1'.t.' Aut- -,-,ract B-6041f4L,'),-

LtS utr4rr W2' WAk 'nit, A] ýjt tyi- F1 pf~rfri anc' frI~ sv.aniari air can

r 'N iiAk. ANfU3UCrAN VOgDUAMCM 01VIVt~ON

- ~ -- - - - - - -



be used with The selected logistic program (see Section 2.6). This

simplified procedure is conservative in that it underestimatesthe PVK air

handling capacity by as much as 13 percent at an elevation of 5000 feet (see

Table VI). NOTE: Any of the stocking programs inherently has excess venti-

lation above the design ventilation rate since the PVK-system air flow rate

remains constant and The number of shelterees per PIK unit varies considerably

(see Figure 28). If a more exact and economical procedure is required for

use with the selected logistic program, then PK performance curves must be

aeveloped for other elevations, and the shelter elevation, as well as the

actual shelter air requirement, must be specified. Included herein (see

Figure 32) is the PVK performance for 5000 feet elevation. This PVK perfor-

mind rating was developed using the following fan law end Equations 4, 5, and 6.

For variation in air density:
(Constant Volume - Constant System - Fixed Fan Size - Constant Fan Speed)

Q2  " 1 ~ (7)

SP2  (8)

SP!

nP2  (9)

where:

Q a air flow, cfm

SP a static pressure, inches of water gage

H? a brake horsepower

P a air dnsity# lbs./cu. f't.

~Ue•,!AA. A~mm~eAM. ,*UUAI,., ogveso~o5
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If the ventilations requirements are presented in terms of standard air

at sea levea. [as documerted in the 1964' ASJ1A!i Guide and Data Book, Applications,

Figure 12 (from Ref. 10)] the vgntilation requirements for shelters at higher

elevations must be corrected to actual flow rates. 'rhen the PVK rating for

standard air, which results in a ccnservative and simplified stocking procedure,

or the .VK rating at th-' r&-pctrive elevation, which results in a more exact

and economical stocking m., thod, cart be usd with the selected logistic method.

3.2 Transrmiss,.on

Th• power ]osss i n th- transmission we• determined by measuring the torque

required to d:v, t.h.- a mby at vario-is spet-ds with the far, removed. The

pedal shaft was dr-iver. by a ec,,rpound-woid (d.c.) motor with a Power .[nstruments

inc. Model. , Tor,lrnei.r iocat-d t-et4, n the motor and the pedal shaft (see

Figure '3), Th, cranrk 4atz ro.ifi.w. to a'ccm-.nodat• this direct-drive arrangement.

The fan shaf't sp- wa ; r--a--.ur,-d with a ro.,scop and the power required to

drive t,. svst-m calculat-d w n;ýig " lo~lowing -xprission.

(10):,~~ 6.,25

where.

11', tranr.-,rissior pow - '.;, hcrs,'epow'r (hp)
1!

T 1 iu O!U,0 iOr

N - irrktl- r shaft spt-d. ,rrm

R sp-•.-d ratio from shaft, tc i-dal crank shaft
(1q,46). dint.nSionl•:,-;

The result• of th-se tý--ts ar- Fhowr, .:,.:g.rI ý4. Fu:' any of the systems the

transmissicri power lo:. es do nol t..c-•d 8 F.-rc-nt of thp. total. input based on

0.1 hp inp-'t p,--- dri r_-powi , ,-, ( - Tabl]e V-'.')

23est hvaiaae Copy
IC
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Table VII

Transmission Pcwer Lossa

Number of Fan Shaft I Power Mechanical
Drive Modules Speed (N), Losses (P L Efficiency,

rpm ,Percent

800 0.007"3 92.7

2 1000 0.0122 93.9

ll40 0.0167 94.4

3.3 Motor

The performance characteristics of the specially wound permanent split-

capacitor (PSC) motor, as manufacturE by the Emerson Electric Meg. Co., i:

presented in Figure 35. This same motor was installed in a PVK, and tested

at The Torrington Laboratories per NEMA Code FM1-7.02. The results of this

test are shown in Figure 36, and the air flow- static pressure data are also

shcwn in Figure 31, pane 55, PVK Performance jor Standard Air. This Emerson

motor, Model No. K55HXCTD-1916, is certified to meet all the quality assurance

provisions of Sectior 4, Spenification MIL-V-40645. This motor aiso meets

the Underwriters Laboratories requirements for approval. The maximum measured

temperature rise of the motor windings is 26.5 0 C when operating at 1/3 horse-

uower. (Ref. 11).
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16 August 1965

LIMITED COORDINATION

MILITARY SPECIFICATION
PACKAGE VETILATION KIT, 20-INCH FAN, MOWLAR MIVE (CIVIL DWSME)

This limited coordination military specification has been prepared by the
Office of Civil Defense based upon currently available technical inform-
tionr, but it has not been approved for promulgation as a coordinated
military specification. It is subject to modification. However, pendi ng
its promulgation as a coordinated military specification, it may be used
in procurement.

1. SCOPE AND CLASSIFICATION

1.1 Scope. This specification covers the fabrication, assembly,
performance, and packaging of a pedal operated and electrically driven
portable ventilation fan and ducting (see Figure 1) for use in fallout
shelters.

1.2 Classification. Package Ventilation Kits shall be of one type,

size, and style, composed of two(2) units (see 6.1 and 6.2 and Figure 1).

UNIT A - Fan Assembly with stand, duct adaptor and accessories

UNIT B - Drive Module with saddle, pedals, chain and handlebar

2. APPLICABLE SPECIFICATIONS, STANDAIRS, DRAWINGS ALM OTHER NJE 1ICATIONS

2.1 Specifications and standards. The following specifications and
standards of the issue, in effect on date of invitation for bids, form a
part of this specification to the extent specified herein.

SPECIFICATIONS

Federal

L-P-378 Plastic Film (Polyethylene Thin Gage)
"PPP-B-636 Box, Fiberboard
PFP-F-00310 Fiberboard, Corrugated, Wax and/or Resin

Impregnated
PPP-B-64O Boxes) Fiberboard, Corrugated, Triple-Wall
aGG-S-278 Shears and Scissors h
PPP-T-45 Tape, Gumued, Paper, Reinforced
FPP-T-76 Tape, Pressure-Sensitive Adhesive Paper, (PFr

Carton Sealing)

FP"C 410K]
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PPP-8-760 Strapping, Nonmetallie, (and Connectors)
cc--636 Motor, Alternatingo-Crrent (Fractioml

Horsepov")
PP-T-66 Tlapes Preusure-Sensitive Adhesive, Vinyl

Plastic Film

MIL-C-27227 Coating, Polyurethane, For Aircraft Application
MIL-B-121 Barrier Material, Oreaseproofed, Waterproof,

Flexible
MIL-P-lI9 Plastic Coating Coopound, Strippable (Hot

Dipping)
MIL-A-lO1 Adhesive, Water-Pesistant, For Sealing

Fiberboard Boxes
MiL-P-116 Preservation, Methods of
MIL-B-131 Barrier Material; Water Vaporproof, Flexible
MIL-T-7928 Terminals; Lug and Splice, Crimp-Style, Copper
MIL-P-I9&4 Plastic Foam, Molded Polystyrene

(Rznanded. Bead Type)
MIL-L-8937 Lubricant, Solid Film, Heat Cured

STANDUMW

Militarv

MIL-STD-171 Finishing of Metal and Wood Surfaces
MIL-STD-I05 Sampling Procedures and Tables for

Inspection by Attributes

Federal

FED-STD-595 Colors

(Single copies of this specification and other product specifications
required by activities outside the Federal Government for bidding purposes
are ivailable without cltrge at the Gweneral Services Administration Regional
Office in Boston, New York, Atlanta, Chicago, Kansas City, Mo.; Dallas,
Denver, San Francisco, Los Angeles, Seattle and Washington, D. C.)

(Copies of the Military Specifications and Standards required by nontractors
in connection with sj~ecific procurement functions should be obtained from
the procuring agency or as directed by the contracting officer.)
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2.2 Drmwings
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" 1100 ran, Assem!fb of
"1101 Frame Subassembly, Fan
"1101-1 Guide, Handle Bar, Fan

" 1101-2 Support, Handle Bar Guide
"1101-3 Spine, Fan
"1101-4 Angle, Motor Mount
"1101-5 Leg, Left, Fan

" 1101-6 Leg, Right, an
" 1101-7 Shaft
" 1102 Guard-Shroud Subassembly
" 1102-1 Shroud
" 1102-2 Guard

"31l03 Sprocket Subassembly, Fan
" 1103-1 Sprocket, 75 Tooth, Fan
" 1103-2 Sprocket, 17 Tcoth

"1103-3 Bearing, Sleeve, Sprocket
" 1104 Fan, 24)-Inch Diameter
" 1105 Motor-Sprocket Subaest, bly
" 1105-1 Motor

"1105-2 Sprocket, Motor Shaft
"1106 Pin Subassembly, Locating
1200 Module Manual Drive, Assembly of

"Frame Subassembly, Module -

" 1201-1 Bracket, Cheek
"1201-2 Guide, Handle-Bar, Mcdule

" 1201-3 Support, Mast, Right
" 1201-4 Support, Mast, Left

" 1201-5 Mast
" 12i01-6 Spine, Module
" 1201-7 Hanger, Crank
" 1202 Handle Bar Subassembly
" 1202-1 Crossebar, Handle Bar
" 1202-2 Upright, Handle Bar

"1203 Spreockt Subassemblyp Module
"1203-1 Sprocket, Module

" 1203-2 Spacer, Sprocket
" 1203-3 Spider

1204 Post, Saddle

-3-



IL2 A-130 0 td Ass emibl of

Ut1302 LOS# eftbj Stand

* 1303
" 1402. .Aftytor, Dact

Goatainer, Tottsm Y$411ia Module

(OoPIee-of 4 Irivgs required Zy ozratosqn mft peen ithS ine
as directed, by the contracting officer.)

2.3 Other Publications. The following publication* of the isstae in
effect on date of invitation for bids, forms a peart, or this specificattion:

Tational ELectrical Manufacturers Association

Publication 114-1955 - EMectric Fans
Publication mi1-i963 - motors and Generators

(Oopies of N34& PaUbications may be obtained from the National Ilectrical 4

Manufacturers Association., 155 But 14.4th Street,, Now Yorkc 17, A". Y-)

3. EMUnEMEM1'

3.1 Drawings. Unless otherwise specified herein, the materials and
assembly tbereof shall be its shwn on tthe drawings (see 2.2 and Figures.
2P 3 sand 14); Loweverp minor changes will. be allowed.. Any minor change or
substitute of materials must not a:ffect the rigidity of the unit andi the
performance requirements specified lierein and wast be approved by the
contracting officer. Drawinpa are 14iwrche4 for contractor guidance and
informational purposes only, to illustrate details of the required equip-
ment, While every precaiat~on hac be,.:., taken to assur their accuracy,
the contractor is reqponsible for di.mensional adeqiuacy wan accuzate fit*
for proper equipment sassmblys, alig~nment, and operation.

3.1.1 Metal Fabrication. MsaWL used in the fabrication of the
equipment shall be ftee :fro kinks. The straightening of material shall
be &onv by methods t1iat wi.l raot cause in~5uzy to the Ob~a, shexarg and
chipping shall be done neatly and cpcurately. Corners haill be sqware and
true. The dimensions of the soagd and expanded surfaces sawwn on drawings
11423A-ilm-3 Lad 1423A-1201-0" m&V be altered sligbt1V frm those ohmv;
hm~vr,t time x it musv ce approved ay the cont.'ct.±ing officer or his
auathoriz~ed representative.

3.1.2 Machine Work. Tolerances and saees f'or mietal flits *hall
confors to the limitations specified herein end otherwise to the staaderds
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of best commercial practice. Finished contact .,nd bearing surfaces shall
be true and exact. Adequate gage shall. ce util.ztd. to assure proper
connecting-joint fit, interchangeability, alignmeft;, chain tension, and

.fan concentricity with respect to the shroud.

3.1.3 Bolted and Riveted Connections. Bolt l ales shall be accurately
punched or dri1ed and shall have the burrs removed. All bolts and nuts
shall be tight.

3.1.4 Welding. The surfaces of parts to be welded shall be free
from rust, scale, paint, grease and other foreign matter. Welds shall
develop adequate strength in the parts connected.

3.1.5 Reat treatment shall be as specified on drawings.

3.1.6 Painting. Major units and subassemblies shall 1e painted
as specified herein or on draviWs.

3.2 Fian. The fan-shroud assembly shall meet the performance
character'istics as shown in Figure 5. The fan diameter shall be 20.00!
0.05 incheR, the leading and trailing edges shall be in line vithin 0.11
inches and shall be ,itatically balanced within 0.16 ounce-inches. The
fan rotation shall be clockwise (facing air discharge), and the lesain
edge shall be from 1/8 to 1/4 Inch frm the air discharge side of 'the
shroud such that the fan does not project beyond the shroud. (See 4.4.1).

3.3 Motor. The motor shall be pervanent-split capacitor, clasa A
insulation, continiaous duty, 115 volt, 60 cp&., 1 phase, counter-clockwise
rotation (facing the end of the motar opposite the drive shaft) conformlng
to Specification CC-M-636. The torque-spetd characteristics shall be as
indicated in Figure 6, and the allowable variation in spead Is L3 per cent.
The current at 1/3 hp shall not exceed 4.5 aweree, the w tor efficiency
not exceed 58 per tort In the range frro I14te•t 1/3 horsepower# WAd the
power factor shall exceed 0.75 in this same range. The looked rotor

torque shall exceed 5.7 oo•uce-feet and the locked rotor current shall not
exceed 11 amperes. (see 4.4.2.) The motor shall be capable of operating
continuously at an elevation of 5,500 feet and shall have an automatic
reset thermal overlcad prrttector set to allow the motor to operate
continuously at a ainlaw cutput of 1/3 horsepower. The bearings shall
be sleeve, babbl'ed steel, vith a felt or wick-type oil reoarvoir with
oiling acceess The w•o' ohall b protected (d4u'bVle-4.ped) f'rOhIgh
humidity comditiona and moieturte coadensation. The motor ahl baveS
terinal box vith one (see 3.5) knockots aA shall be finished and
painted by the st~ndaz'4 mthod* of ahe manufteturer exept as noted an the
dr*eving. no thromgb-Its mt be uaed tar Umtng thi motor.

3.4 TM. sD.et n. 'IV. ratio of ten chat tci a dsl, speed sha ll
be 19.146/1.0. Tho pmwtr lootees in the bwsa~pp sprwckstsp Man chais
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for 1, 2 and 3 drive modules cormected to the fan assembly shall not
exc,3ed -8 per cent of the power input based on 0.1, 0.2 and 0.3 horsepower
respectively (see -The chain shall be American Standards Association
No. 35. All chains shall be endless riveted.

3.5 Cord, Electric. The cord shall be type SPT (National Electrical
Code Standard), -wire, 18 gauge, 50 feet. The male plug shall be molded, U-
gromd, 15 ampere, 125 volt. The opposite end shall have the wires
separated 3 inches, the wireq stripped 3/8 inch, and shall have a molded
strain relief device suizable for knockout not exceeding 1/2 inch. The
ground wire shall have an uninsulated solderless number 8 ring tongue.
terminal. The cord shall be coiled and tied at two locations.

The cord shall be attached to the motor leads with a sulderless insulated
parallel connector conforming to MIL-T-7928. The g.ound te-minal shall
be attached to the retaining screw uf the Junction box cover. A tag con-
taining data ar indicated in Figure 7 shall be affixed to the cord one -to
two inches below the male plug.

3.6 Saddle. The seat shall have full three paint spring suspension,
and shall be a minimum of 9 inches long and 9-3/4 inches wide. The top
shall be vinyl covered rubber padded. The seat clamp shall be 7/8 inch
and the nut shall be hexagon, 9/16 inch across the flats. The saddle
shall be finished by the standard methods of the manufacturer.

3.7 Accessories.

3.7.1 Instructions. Each Unit A shall include assembly and operating
instructions. This publication will be furnished by the Office of Civil
Defense at time of contract award. (See 5.1.1.6)

3.7.2 Duct, Polyethylene. Two rolls, ninety (90) feet and one
hundred and thirty (130) feet, of 4 mil thick polyethylene tubing with
a flat dimension of 31 inches gussetted to 15-1/2 inches conforming to
type II, grade C, finish 1 of specification L-P-378 shall be supplied with
each Unit A. (See 5.1.1.1.)

3.7.3 Elbows. Two (2) elbows shall be supplied with each Unit A.
The elbows shall be fabricated from 4 mil thick, type II, grade C. finish I I
polyethylene conforming to Specification L-P-378 with a minimum flat dimen-
sion of 31 inches. The elbows shall be 90 degrees, smooth, with one heat
sealed seam at the minimum and maximum radii (see Figure 8). The center- !
line radius shall be 40 inches and each end shall have a straight cuff length
of 2 inches. The elbows shall be capable of withstanding an internal pressure
of 1.0 inches, water guage pressure. (See 5.1.1.7.)
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3.7.4 Tape. One roll of pressure-sensitive tape 1-1/2 inches in
width by 36 yards in length shall be furnished with each Unit A. The
tape shall conform to Specification PPP-T-66. (See 5-.I.1.8.)

3.7.5 Adaptor, Plug, Screw-base. A 660 watt, 125 volt, parallel
blade, screw-base adaptor plug, with plug-in receptacle end, for electric
power cord attachment to a light socket shall be furnished with each Unit
A. (See 5.1.2.2.)

3.7.6 Adaptor$ Grounding, 3-Wire. A 3-wire, 15 ampere, 125 volt
grounding adaptor with a 3-1/2 inch thermoplastic lead shall be supplied
with each Unit A. (See 5.1.2.2.)

3.7.7 Lubricant. One and one-half (1-1/2) ounces of SAE 20 lube
oil in a clear plastic container shall be furnished with each Unit A.
The container shall be 1 inch by 4-5/8 inches, shall be marked in 5 equal
increments by volume, and shall have a blind dispenser tip head.

3.7.8 Screw-driver. The screwdriver shall be suitable for the purpose
intended; namely, attaching the power cord grounding adaptor i-o a standard
wall plate or ceiling fixture. A stamping with a blade of 7/32 inch by
1/16 inch and length of 2 inches is acceptable. No stamping or marking
of this item is required. (See 5.1..13.)

3.7.9 Wrench. A double-headed wrench, open-end ac one end and box-
socket double hexagon (12 point) at the other end, each with 9/16 inch
opening, with a minimum length of at least 6 inches and a head thickness
fron 11/64 to 1/4 inch, shall be supplied with each Unit A. The wrench
shall be hardened carbon steel, milled, and black enameled finish. This
wrench in intended for both saddle and pedal tightening. If a pedal or
saddle other than as indicated on drawings is furnished and has a different
opening size required or thickness at attachment point, a similar appropriate
wrench must be furnished. (See 5.1-1.4.)

3.7.10 Scissors. Contractor will furnish one 4 inch, blunt point
scissors with each Unit A. Scissors shall be FSN-7340-290-3766 in accor-
dance with Federal Specification GGG-S-278, dated November 27, 1956,
Type II, Class 3, Style A and/or Style B, Size 4. (See 5.1.1.5.)

3.8 Lubrication at Assembly. The crank bearings shall be permanently
lubricated with a lubricant formulated with a non-soap, organic-type
thickner (di-amide-carbonyl) such as American Oil Company "MYKON" Grease
No. 2. The grease shall be suitable for long shelf life stability without
further lubrication during use. The two motor bearings shall be adequately
lubricated with a high grade SAE 20 lubricating oil recommended by the
motor manufacturer.

-7-
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3.9 Finish and Color. All parts shall be free from burrs, roughness.
and rust. The subassemblies and assemblies, except the sprockets, fan
frame and module frame, shall be finished as follows unless otherwise
-noted herein or on the drawings. All tubular pieces shall be finished
on the inside.

Cleaning - Finish 4.2 of MIL-STD-I171.
Surface Treatment - Finish 5.3.1.3 of MIL-STD-171.
Prime - Finish 5.2 of MIL-STD-171.
Finish - One coat, semi-gloss white untinted (Number 27875

of FED-STD-595), polyurethane certified to equal or
exceed the performance requirements of MIL-C-27227.

The sprockets, fan frame and module frame shall be finished as follows:

Cleaning - Finish 4.1 of 1.,NI,-STD-l71.
Surface Treatment - Finish 5.3.1.3 of MIL-STD-171.
Finish - Solid film lubricant qualified under MIL-L-8937. j
3.10 Marking. The fan and drive module assemblies shall have a

metal plate affixed that is stamped as shown in Figures 9 and 10.

.3.11 Workmanship. All materials used in the unit shall be of good
commerical quality, entirely suitable for the purpose intended. The
units, including all accessories, shall bc constructed and finished in I
a thoroughly workmanlike manner. Particular attention shall be given to
neatness and thoroghness of machining, fitting of parts, welding,
riveting and markI.ng of assemblies. Visual defects will be cause for.
rejection.

3.12 Preprouction Sample. When specified in the contract or
order (see 6.2) before production is commenc ad, a sample machine shall
be submitted or made available to the contracting officer or his authorized
representative for approval in accordance with 4.2. The approval of the
preproduction sample authorizes the commencement of production, but does
not relieve the supplier of responsibility for compliance with all
applicable provisions of this specification. The preproduction sample
shall be manufactured in the same facilities to be used for the manufacture
of the production items.

4. QWALIT' ASSURANCU PROVISIONS I
4.1 Inspection Responsibility. The supplier is responsible for the

performance of all inspection requirements as specified herein. Except as
otherwise specified, the supplier may utilize his own or any other
inspection facilities and services acceptable to the Government. Inspection

-8-
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records of the examination and tests shall be kept complete and available
to the Government as specified in the contract or order. The Government *
reserves the right to perform any of the inspections set forth in the
specification where such inspections are deemed necessary to assure
supplies and services conform to prescribed requirements.

4.2 Preproduction Sample Inspection. When a preproduction sample
is required (see 3.12), it shall be examined in accordance with applicable
paragraphs of Section 3 and Section 4 (with laboratory tests at the
contractor's expense). Tests shall be required for the fan, motor and
transmission used in the preproduction model, if these components are
different than the proven prototype components suggested for use in 4.7
and 4.8 or on drawings 1423A-1000. -

4.3 Production Inspection.

4.3.1 Performance. The inspector shall ascertain that the units
meet the performance requirements specified herein.

4.3.2 Workmanship. The units shall be inspected for rigidity,
chain tension, alignment, interference of components, interchangeability
of fan assemblics and drive modules, finish, color and marking. (see
3.10).

4.3.3 Packing and Marking. The inspector shall ascertain that the
packing and marking of the containers conform to this specification.

4.4 Tests. If there is any change or substitution in the fan-ebroud
assembly, motor, or transmission, other than the proven prototype
components suggested for use in 4.7 and 4.8 or on Drawings 1423A-1000,
then performance tests for these items covered in 4.4.!, 4.4.2 and 4.4.3
shall be required.

4.4.1 Fan Assembly Performance. The fan-shroud assembly shall be
tested per NEMA Code R41-7.02 at 1000 rpm.

4.4.2 Motor Performance. The motor shall be tested per NEMA
Standard Publication MGl-1963, Part 12, and shall meet the performance
requirements therein.

4.4.3 Transmission Efficiency. The power loss in the transmission
shall be measured with a transmission dynamometer or torque-meter and
stroboscope. The unit shall be driven at the drive module by replacing
the crank arm with a shaft suitable for adapting to the driving and
measuring device. The fan shaft shall be driven at 800, 1000, and
1140 rpm for the 1, 2 and 3 drive module units respectively. The power
losses shall be based on 0.1, 0.2 and 0.3 horsepower for 1, 2 and 3
modules respectively.

-9-I
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4.4.4 Packaging. Cleanliness, leakage, heat seal tests are
required per Specification MIL-P-116, Jtable 3.

4.5 Quality conformance inspection.

4.5.1 Lot. Alot shall consist of one day's production or all units
offered for acceptance at one time.

4.5.2 Sampling.

4.5.20.1 Sampling for Examination. Sampling for examination shall
be in accordance with MIL-STD-l05. The AQI shall be 2.5 per cent defective
for major defects.

4.5.2.2 Sampling for Tests. Sampling for tests shall be in accordance
with Standard MIL-STD-105, at inspection level II. The AQL shall be 1.0
per cent defective.

4.5.3 Examination. Each unit selected in accordance with 4.5.2.1
shall be examined for defects listed in Table I. Any sample having one
or more defects shall be considered a defective unit.

TABLE I - Classification of Defects

Category Defect
Major:
101 Fan not as specified.
102 Guard-shroud subassembly not as specified.
103 Motor not as specified.
104 Transmission not as specified.
105 Materials not as specified.
106 Dimensions not as specified.
107 Metal fabrication, including fit of swaged

joint not suitable.
108 Fasteners not as specified.
109 Chain and sprocket alignment defective.
110 Chain tension incorrect.
i11 Crank locknut adjustment incorrect.
112 Fan not properly centered.
113 Appurtenances (saddle, pedals, electric cord)

not as specified.
114 Workmanship, including welds, not acceptable.
115 Stability of unit not acceptable.
116 Finish not as specified or acceptable.
117 Marking of fan and module riot as specified.
118 Accessories not as specified.
119 Preservation not as specified.
120 Packaging not acceptable.
121 Package marking not as specified.
122 Components missing, including technical publicatiG.

"-10-
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4.5.4 Tests. Samples selected in accordance with i.5.2.-2 shall be
t,:sted as specified herein. Any sample failing to pass any test shall be
considered a defective unit.

4.6 Inspection of Preparation for Delivery. The preservation,
packaging, packimg, and marking shall be inspected to determine compliance
with the requirements of Section 5 of this specification.

4.7 Fan. The fan shall be equal to or interchangeable with
The Torrington Mfg. Co., Fan Number E-2024-4. Any substitution shall
meet or exceed performance requirements stated in 3.2.

14.8 Motor. The motor shall be equal to or interchangeable with
Enerson Electric Mfi. Co., Model K55HXCTD-1916. Any substitution shall
meet or exceed performance requirements stated in 3.3.

5. PREARATION FOR DELIVERY

5.1 Preservation and Packaging of Fan Assembly and Accessories.

5.1.1 The following preservation procedures in conformance with
MIL-P-116 shall be effected.

5.1.1.1 Duct. The gussetted tubing shall be wound on a substantial
core with an approximate inside diameter of 3 inches and approximately
16 inches in length, and shall be suitable restrained from unwinding.
Diameter of the rolled tubing shall not exceed 6-3/4 and 5-7/8 inches
for the 130 and 90 foot rolls, respectively. (See 5.1.2.1)

5.1.1.2 Module-to-Fan Chain. The module-to-fan chain shall be
preserved and packaged in conformance with Method IC-1 of MIL-P-116.

5.1.1.3 Screwdriver. The screwdriver shall be preserved and packaged
in conformance with Method IB-1 or IC-l of MIL-P-116 (type 1 material
of MiL-P-149).

5.1.1.4 Wrench. The wrench shall be preserved and packaged in
conformance with Method IB-1 or IC-1 of MIL-P-116 (type 1 material of
M3h-P-149).

5.1.1.5 Scissors. The scissors sl-all be packaged in conformance
with Method IA-8 or Method IB-l (type I material of MIL-P-iI9) of
MIL-P-116.

5.1.1.6 Assembly and Operating Instructions. The assembly and
operating instructions shall be preserved and packaged per method IC-3
of MIL-P-116. (See 5.1.2.2).

-11-
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5.1.1.7 Elbows. The two elbows (see 3.7.3) shall be laid out flat,
one of trop of the other. The elbows shall then be folded fanwise four
times and then folded once across the length, resulting in a folded
package approximately 17 inches by 7 inches by 1 inch in thickness.
The folded elbows shall then be packaged per Method IC-3 of MIL-P-116.
(See 5.1.2.2).

5.1.1.8 Tape. The roll of tape (see 3.7.4) shall be packaged in
conformance with Method IA-8 of MIL-P-116.

5.1.2 Packing of Unit A., The fan assembly, components and accessory
boxes shall be packed in conformance with Method IA-14 of MnI-P-il6.
The interior box shall be style E. class 2, grade A, triple-wall, corrugated,
in conformance with Specification PPP-B-640, with inside dimensions of
approximately 25-1/2 inches in length, 25-1/2 inches in width and 15-3/i
inches in depth. The bottom and the top flaps shall be secured by a
center seam strip of 3 inch width of pressure sensitive tape overlapping
the end panels a minimum of three (3) inches. The tape shall be in con-
formance with Specification PPP-T-l5 or PPP-T-76.

5.1.2.1 Intermediate Packaging of Accessories. The duct (130 feet),
tape, lubricant, module-to-fan chain, screwdriver, wrench and scissors I
shall be packaged in a style RSC, type CF, domestic class, 125 pound
bursting strength, fiberboard box fabricated and closed in conformance
with Specification PPP-B-636. Approximate inside dimensions shall be
6-3/4 inches in length, 6-3/4 inches in width, and 24-3/4 inches in
depth. The roll of duct shall be inserted into the box, then a ]Ad
approximately 6-3/4 inches by 6-3/4 inches of the same material as the
box shall be inserted flat against the end of the roll of duct. The I
packages of tape, lubricant., chain, screwdriver, wrench and scissors
shall be placed within the remaining space with sufficient packing
material and the box closed. i

The ninety (90) foot roll of duct shall be packaged in the same style,
type and grade fiberboard box as above with approximate inside dimensions
of 5-7/8 inches in length, 5-7/8 inches in width, and 16-1/4 inches in I
depth.

5.1.2.2 Interior Box Packing. See Figure 11. The duct adaptor shall I
be placed within the triple-wall box. A paperboard heavy duty tube with
approximate dimensions of 1-3/8 inch inside diameter by 2-3/4 inches in
length shall be placed over the fan hub, the locating pin insertel in the
spine, and the fan assembly ylaced in the carton with the duct adaptor nested I
within. The drive module support stand shall be then placed in position,
with a pad of cushioning material between the drive module support and the
fan guard. A pad of cushioning material shall then be placed on the fan I

-12-
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guard and the accessory box containing 130 feet of duct, then placed in
position between the drive module support and the motor. Accessory box of
90 feet of duct shall be located as shown with a piece of fiberboard 6 i

inches by 6 inches by 7/8 inches thick placed between the fan assembly
and this box. A triple-wall fiberboard cell approximately 18 inches by
5 inches by 6 inches shall be placed in position in the void space
remaining and the electric cord inserted therein and cushioned to
prevent abrasion. The electrical adaptors shall be affixed to the male
plug of the electric cord (see 3.7.5 and 3.7.6 and 3.5). The packaged
elbows shall be placed alongside of the triple-wall fiberboard insert
(see 5.1.1.7), and the assembly and operating instructions (see 5.1.1.6).
shall be placed in the box.

5.1.2.3 Barrier Bag. The packed interior box shall be enclosed in aI close fitting heat sealed bag fabricated from barrier material conforming
to Specification MIL-B-131, class 1.

5.1.2.4 Exterior Container. The bagged interior box shall be packed
in a 6tyle RSC box fabricated and with both top and bottom flaps secured
with adhesive in conformance with Specification PPP-B-636. Approximate
inside dimensions shall be 27-1/4 inches in length, 18-1/I inches in
width and 27-1/2 inches in depth. The corrugated fiberboard shall be
wax and/resin impregnated type SW, 275 pound grade, in conformance with
Specification PPP-F-00310. (See 5.1.3.2.)

5.1.2.4.1 Closure. The top and bottom flaps of the box specified
in 5.1.2.4 shall be securely sealed with water-resistant adhesive conforming
to Specification MIL-A-l0O. In addition, the top center seam shall be
sealed by the application of a strip of minimum width 3 inch pressure
sensitive tape in conformance with Specification PPP-T-76. The strip
of tape shall overlap the side panels a minimum of 6 inches.

5.1.2.4.2 Strapping of Exterior Fan Assembly Box. The box shall be
strapped with two straps, centered girthwise and lengthwise. The straps
shall be nylon or polypropylene 1/4 inch nominal width and nominal
thickness of 0.025 inches in conformance with Specification PPP-S-760,
type IT. Sealing of straps shall be with crimped seals as recommended
by the manufacturer of the strapping.

5.1.3 Marking of Unit A Containers.

5.1.3.1 Marking of Individual Item Packages and Intermediate Box.
The individual item packages need not be marked. The intermediate boxes
(see 5.1.2.1) sha.l be marked on one panel with a listing of the contents.

5.1.3.2 Marking of Exterior Fan Assembly Box. The exterior fan
assembly box shall be marked as illustrated in Figure 12. All printing
shall be white in color and boxes shall be printed prior to being
im•pregnated. (See 5. 1. 2.4).

-13•-
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5.2 Preservation and Packaging of Drive Module aid Components.

5.2.1 When assembly of the Drive Module unit is completed, the
following preservation procedures in conformance with MfL-P-II6 shall be
effected.

5.2.1.1 Crank. The threaded portion of each end of the pedal crank
shall be coated with grease preservative, type P-1f of MIL-P-II6. Ech
end of the pedal crank shall then be enclosed in a wrap or bag of barrier
material conforming to MIL-B-121, loosely applied and secured by taping,
tying or other suitable means.

5.2.1.2 Pedals. The pedals shall be preserved and packaged in con-
formance with Method IC-I of Specification NIL-P-116. The pedals shall
be placed' flat on top of each other in a bag of maximum outside dimensions I
to fit in' cavity in plastic insert.

5.2.1.3 Saddle. All unpainted surfaces shall be coated with type P-1
preservative in accordance with Method I of Specification MJL-P-116.

5.2.1.4 Module-to-Module Chain. The module-to-module-chain shall
be preserved and packaged in conformance with Method IC-I of
Specification MIL-P-116. The chain shall be rolled. 'lat and placed in
a bag of maxim-um outside dimensions to fit in cavity in plastic insert.

5.2.2 Packing of Unit B. The drive module and components shall be
packed in conformance with Method IA-14 of Specification MIL-P-116.
The interior container shall be two piece (see Figure 13) molded polystyrene
plastic foam conforming to MIL-P-19644., type N. The halves shall be nested
to prevent slippage of one half with respect to the other half. The
minimum allowcble material thickness is 1/2 inch, and the material density
shall be 1--/4 t. 1/4 pounds per cubic foot. Cavities for the components I
(see 5.2.1.2., 5.2.1.3., 5.2.1.14), drive module and handlebar, must be of
such proportions to enclose the particular unw-apped or wrapped component.
The locating pin shall be inserted in spine at expanded end. j

Packing shall not be effected arior to ten days from shie ent of the
foam inserts from the manufacturer to the assembler contractor.

5.2.2.1 Parrier Bag. The packed plastic foam insert shall be enclosed
in a close fitting heat sealed bag fabricated from barrier material conforming
to Specif 4.cation MIL-B-131, class 1e

5.2.2.2 Exterior Container. The bagged foam insert pack shall be
packed in a style BBC fiberboard box fabricated in conformance with
Specification PPP-B.636. Approximate inside dimenclions shall be 26-1/2
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inches in length, 8-1/2 inches in width, and 35 inches in depth. The
corrugated fiberboard shall be wax and/or resin impregnated type SW, 275
pound grade, in conformance with Specification PPP-F-00310. (Sea 5.2.3.)

5.2.2.2.1. Closure of Exterior Container. The top and bottom flaps
shall be securely sealed by applying a strip of minimum width 3-inch pressure 4
sensitivýe tape in conformance with Specification PPP-T-76 across the center
seam. Tape shall overlap the side panels a minimum of 3 inches.

5.2.2.2.2. Strapping of Fbterior Container. The exterior container
shall be strapped with 2 nylon or polypropylene straps of 1/4 inch nominal
width and 0.025 inch nominal thickness in conformance with Specification
PPP-S-760, type II. Sealing of straps shall be with crimped seals as
recommended by the manufacturer of the strapping. One strap shall be
centered over the top, bottom and front and back panels. One strap shall
be centered over the front, back and side panels.

5.2.3 Marking of Drive Module Box. The drive module box shall be
marked as illustrated in Figure 14. All printing shall be white in color
and boxes shall be printed prior to being impregnated (see 5.2.2.).

6. NOTES

6.1 Intended Use. Package ventilation kits are intended for use
in identified fallout shelters to provide the necessary ventilation air
to maintain thermal and atmosphei Ic control of the shelter's environment
during a national emergency. The unit can be pedal operated by the
shelterees or by an electric motor of 110-volt alternating °current if
available. A maximum of three drive modules can be used with the fan
assembly. The number of drive units depends on the size (air flow and
pressure requirements) and location (air flow requirements as a funetiot
of the local weather history) of the shelter.

6.2 Ordering Data. Procurement documents should specify the
following:

a) Title, number and date of this Specification.
b Nu•m•ber of Unit A assemblies required. (See 1.2)
c Number of Unit B asseablies rv-'uire-. (See 1.2)
d Contact point for Instruction Matmals. (See 3.7.1.)

Listing of Serial Numbers for Unit A Assaablia. See 3.10)
Listing of Serial Numbers for Unit B Assemblies. oee 3.10

g When prep'oduction sample is required. (See 3.12)

M15-
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Notice. When Government drawings, specifications, or other data
are daeirr any purpose other than in connection with a definitely related
Government procurement operation, the United States Government thereby
incurs no responsibility nor any obligation whatsoever; and th6 fact that
the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other dati is not to be regarded by
implication or otherwise as in any manner licensing the holder or anW
other person or corporation, or conveying bny rights or permission to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

Custodian: Preparing Activity:

Office of Civil Defense Office of Civil Defense

1

-16-



MIL-V-4064 (Army OCD)

ccV
X.
Lfl

I-f'



MIL-V-4064s ( Army OCD)

.U.

-AJ

C,



MIL-V-40645 (Army OCD)

7'I

-----------

ILI

L 20



MIL-V-40645 (Army OCD)

_.j.

LW

(A)

-cr

- LLI



MIL-V-40645 (Army OCD)

I i-

L&

IL

If F l I I
LUj

LU

IFI

IF T

I -

- LU.

f-4 I - r -

cc

T- 4-HU.

I-4

r j~r 74
-T-7__ __ __

f' 7717



M1L-V-40645 (Army OCD)

1 11
IA 1 1

IL (A
I X-IRI

f4

0j

I Pillx 1 1
I I I I L

1 I-CT I
IFI

Ilk



L- v - 4o645 (Anw&--oD)

3/8"1

CAUTION
DO NOT PLUG IN 3/8"

UNTIL YOU HAVE RECHECKED
ASSEMBLY & OPERATING INSTRUCTIONS
* BE SURE MODULE TO FAN CHAIN 3/16

HAS BEEN DISCONNECTED
PERSONNEL SHOULD BE CLEAR OF EQUIPMENT

TAG SHALL BE APPROXIMATELY 5 INCHES BY 3 INCHES-

RED IN COLOR - PRINTED IN BLACK BLOCK TYPE.

FIGURE 7-PACKAGE VENTILATION KIT, ELECTRIC CORD TAG.
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FAN, PACKAGE VENTILATION KIT

115 Vs AC MOTOR-2O INCH FAN

FSN
NAME OF CONTRACTOR

CONTRACT NO.

SERIAL NO.

us

FIGURE 9 - FAN ASSEMBLY IDENTIFICATION PLATE

MODULE, MANUAL DRIVE, PACKAGE VENTILATION KIT

FSN

NAME OF CONTRACTOR

CONTRACT NO.

SERIAL NO.

us

FIGURE 10- DRIVE MODULE IDENTIFICATION PLATE
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SUIVIVAL SUPPLIES
1`1111S3111 s 'FN ACAEVUIIT I

OFFCE F CVILIEFUSE115 V AC MOTOR 261 ICI FAN

PACKAGE VENTILATION KIT * Approx. Approx. NAEO CONTRACT O R

DATE PUS (MONTI ANl YEAR)

UNIT A 3/4l, WT
FAN ASSEMBLY -- - 3/4"0 hu N.aC

NOTICE TO SHELTER MANAGERS 3/4"-
READ ENCLOSED INSTRUCTION SHEET -3/4"-

FRONT PANEL ONE S IDE PANEL

V Drox. Note: Size, type, spacing of wording
Z~' 1 )ia.and layout can be varied provided

- T all data Is printed on specific boxI panel indicated.

IV IICIIf CVII INFNIXTHIS SIDE UP

TOP PANEL

BACA PANEL

FIGURF 12? SHIPPING CONTAINER MARKINIGS FOR UNIT A -FAN ASS[MBLy



MIL - V - 40645 (Army-OCD)I

rr

FIGURE 13 -DRIVE MODULE -PACKAGING IN MOLDED POLYSTYRENE INSERT
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SURVIVAL SUPPLIES FURNISUEI It CIVIL DEFENSE 3/4

* UPACKAGE VENTILATION KIT

UNIT I
I" DRIVE MODULE

12'- NOTICE TO SHELTER MANAGERS

ASSEBILY aid OPfRATING INSTRUCTIONS
314"-1 ARE PACKEI IN

UNIT A, FAN ASSENMLY BOX Note:
Size, Type, Spacing of
wording & Layout can
te varied provided all
data is printed on
specific box panel
indicated.

FRONT PANEL
Approx Approx

Approx SNIVIVAL SUPP$1S rILvIsum NY
3" Dia IfFlt[ of CIVIL KFINS!

ONE S IDE PANEL

A-pro- Approx Certered

NOWU NIU SEhIAt 3, 10-S.I
Ap•r WtAE P11I (eoti i Teal

NAME Of CONTRACTN Vi j

OPPOSITE SID-E PAINCI*

FIGURE 14 - SHIPPIn., cGNITA!•NR MAPfK!ýS- FOR UNIT 8- DRIVE MODULE
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ISS:ME•,;IN5 TIHE VENTTILATOR:

TQncve the contents of the cartons and] proceed as follows:

Sti!: 1: ;nsc-rt a driv'- module into the fan assembly-do not insert
th, Licking pin yet.

Fan
Assembly

-- Drive Unit

If a second drive module is supplied in the kit insert this
into the other drive module-do not insert the locking pin

Locking Pin
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Step 3: -Slip the " shaped stand over the end of the last drive module;
,line up- the holes and insert a pin thrcugh the holes. This will
-lock th e stand in place.

Step 4: If' electric power is a~vailable, go to Step L4~.
If' only one drive modble is supplied, cy- to Step 7.
If there are two drive modules, go to Step 5.

Step 5: If' two drive modules are supplie-2-install the LARGEST chain
between the drive modules on the INSIDE sprockets. The chain
should be installed with one crank pointing vertically arid
the other pointing horizortally.
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Step 6: Line up the holes at the joint between the two drive modules
and insert one of the locking pins. This-locks the two modules
in place and maintains the proper chain tension.

Step 7: Install the shorter chain between the fan and the first drive
module on the OUTSIDE sprocket.

NOTE: THERE WILL ALWAYS BE ONE CHAIN LEFT-OVER.

Step 8: Line up the joint between the faa and the drive module and
insert the locking pin. This locks the units together an,i
maintains proper chain tension.
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Step 9: Using the wrench supplied with the kit install the pedals marked
"T' on the left side of the bicycle-fan by threading in a counter-
clockwise direction.

Install the pedals marked "R" on the right side of the bicycle

by threading in a-clockwise direction.

Use the wrench to be sure the peadls are on securely.

Step 10: Install the bicycle seats on the post and tighten them securely
with the wrench.
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Step 11: Adjust the seat to the desir-d he-ight and use the wrench to lock

the seat post in that position.

Step 12: Insert the handlebars and lock them' into position with t'hle
thumbscrews, Use the thumirb,-cr-cws fur'.-est from, the fan± onK
t-he fan assembly.

Step 13: Lightly oil the ch~ains wirrn *ne oiL supplied in t~he kit while
slowly turning the pci-dals.
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Step 14: Using the tube of oil supplied in the kit, squirt a few drops of
oil into each of the two small ports o.tetp ftemto aig

THE VENTIIATOR IS NOW COMPWLETELY ASSEMBLED. CONNECT TIM PlASTIC DUJCTWORK TO
THE FAN ýXROUD USING THE TAPE PROVIDED IN THlE KIT.

, 

-4

VOTE: THE PlAST.TC DUCTING SHOULD BE COMPLETELY 1AID OUIT kND ASSEMBLED
BEFORE IT IS TAPED TO VTH FAN SHROUD.
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