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kaREWORQ
’ ; A portable ventilation system for fallout shelters has been developed for
the Office of Civil béfensé under Contract OCD-PS-6h;22.:»Military Speciiication
MIL-V-406L45 (Army-OCD), "PACKAGE VENTILATION KIT, 20-INCH FAN, MODULAR DRIVE
(CIVIL DEFENSE)", was prepared and issued on 16 August 1965. Additional devélop-
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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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-L4O6L5 (Army-OCD), "PACKAGE VENTILATION KIT, 20-INCH
FAN, MODULAR DRIVE (CIVIL DEFENSE)" dated 16 August 1965 was prep£red for pos-
gible large volume procurement of this system. The cost of the Fan Assembly
and Trive Module is estimated to be $89 und $65 respectively. This estimate

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

housing.

Fackage Ventilation Kit in Qperation
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SECTION ).

7
Al

INTRODUCTION

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

e, £

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

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

ey

Many shelters with better protection factors, that have been identified in
the National Fallout Shelter Survey are in belowground areas and are not venti-

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

sheiter ventilation and the development of novel ventilation techniques tailored

[SPCRE

specifically to identified fallout shelters. The goals of this development pro-
gram are pcrtability, low cost, manual and electiric drive, ease ané universality

of' application,

The resulting Package Ventilation Kit (FPVK) is a complete packaged mechanical
ventilation system that is portable, can be assembled and deployed by untrained
personnel, and can be driven either electrically or by human power. The PVK
(s ¢ Flgure 1) consists of two vasic packages —a Fan Assembly and Drive Module

(sce Bloure 2).

This roport discusses the deglgn and the pe: torman ¢ of the [VK. The unit ;

b8 been thoroughly fleld tested (see Tafe, I a.' 3) and au fallures occurred

Pt
i
=
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Figure 1 Puackage Ventilation Kit in Operation
’
aftar contiruous operation of the unit for two weeks, Specification MIL-V-LO6L5,
"PACKAGE VENTILATION KIT, 20-INCH FAN, MOIUIAR DRIVE (CIVIL DEFFNSE)", was
published by OCD 16 August 1965, based on techrical specification data developed
by GARD under this coutract, and is included as Appendix A. The assembly

instructions are presented in Appendix B.
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Drive Module Package

Figure 2 PVK Packaging
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SECTION 2
DESIGN

2.1 Drive Module

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

basic dimensions are the same as those of a standard bicycle (seé Figure 4),

The nain stru-tural 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

vo 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 £ locating and locking the spines were designed, fabricated, and

evaluated.

2.1.1 Connecting Joint

SRS

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

rvespectively, were evaluated.

The flange joint is comprised of flanges welded at each end of the Drive
Module and Faun Assembly spines. The separate assemblies are fastened Logether
with threaded studs welded tc the flange., The addition of several more parts
at each joint - the flanges, studs, nuts, washers and spacers - as well as
more welding operations make this joint considerably more enpensive than the
swaged-expanded Joint. Use of the threaded tasteners mzkes assembly by saelter

oceupants more difficult and time censuming.

The swaged-exparded joint 1s faoricated by forming the ends of the spine

Tublae to size to the corvecy fit. In proiuction quantities - several thousand

GENERAL AMEBRICAN REBEARTH DIVISION
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Figure 5 Flange-type Unit
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or more to spread the cost of the tooling — this method is the least costly.

2% S

Producticn tooling was developed to fabricate the joint parts to permit
evaluation. The ease of assembly, zlignment 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 applicatior. 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

P/
0
=
il

o
=
3.
P
£l

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

AR i

2,1.3 Saddle Aijustment

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. L, 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.

i, s

Quick-Adjustment Clamp Standard 1cy‘c‘§ amp

Fioare 3 Types of 3uadle Adjustment Clamps

GRNERAL AMEENCAN RESEARCH OIVISION
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Flgure 7a Types of lLocking Devices
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Blunt-End Pin With Spring-Lloaded
Retaining Ball

Taper
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Fixed Spring-Lcaded Pin

Removable Pin Clips

Flgure 7o Types of Locking Devices {Cuntinued)
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Slot and Bolt

Fecentric-Cam

Figure 7. Types of Locking Devices (Continued)
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2.1.4 Handlebar

Although the handlebar heed not be adjustable {Ref. L4, 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
combinatién handlebar-saddle (see Figure 10). This errangement was not suitable

as reported by the American Institutes For Research (Ref. L, page26).

Figure 10 Illuatration of Combinaticn Han'lebar-faddle

GENERAL AMERICAN REBEARCHM DIVIBION
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" 2.2 Fan Assembly

The components of the Fan Assembly are arranged for use with ducting on the
discharge side of the fan-shroud subassembly (see Figure 11). The PVK is thus
used to exhaust stale, hot and humid air from the shelter.

2.2.1 Impeller Selection

Specific speed (Equation 1) presents a simple way to determine which type
of blower will be most efficiont . 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 iz usually nct

possible to procure manufectured fans with these efficiencies for particular

Ns =-€§;¥§%; (1)

engineering applications.

QP
M. - &%s | (2)
where:
Ns = specific speed, rpm
N = impeller speed, rpm
Q@ = air flow rate, cfm
Ps = static pressure, inches of water gausze (w.g.)

static efficiency, percent

P |
n
H

o
L]

shaf't input power to the blower unit, horsepower

Investigation of many manufacturers indicated that no standard impeller
will develcp a static efticiency greater than 93 percert; however, one manuface
twer proposed to develop a vaneaxial tan ($155 each ln lots of 1000 or more)

which would have the tollowing characteristics:

p |
q 8 N P Ne 725
3250 ~fm .37 0 750 rpe. .21 hp 8E,000 rpm SO%
Lo 0.h o .7 59,000 63k
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t 2 3 4 567090 20 30 40%0 100 200 300 1000
SPECIFIC SPRED (Ng) IN THOUSANDS

KTTAINABLE PEAK STATIC EFFICIENCY to) - = PERCENT

Tigure 12 Peak Static Efficiency for Different impeller Types

Since propeller-type fans are far less expensive {$3.28 each in lots of
50,000 or more) and static efficiencies as high as L7 percent are cbtainable,
these impellers are selected for the Civil Defense Package Ventilation Kit.
Since The Torrington Manufacturing Company has the most complete fan performance

data available (brdke horsepower ), their data were used exclusively for the

_ fan selections. The specification (see 4.7 of MIL-V-406L45) permits substitution

of 4 fan which is equal in performance and interchangeable with this manu-
facturer's product. All comparisons in this gection aie based on catalogued

data and stendard air density (= 0.075 lts/cu it). See Section 3.1 for the

getual PVK fan-shroud performance uata.

The #low rate versus brake horsepower characteristics of all 16, 18,

2u, 22 and 2k-inch diamceter propeller fans with a static efriciency greater

than o' poroent at a static pressure of Q.4 inches are plotted on Iligure 13.
GENERAL AMESCAN RBEBLARCKM OVGRIODN
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The 20-inch diameter fans develop the greatei air fiow per uhit braké-horse;
pover; therefore, the empirical fan performance characteristics of these fans
are further compared in Figure 14. The best fan based on 0.2 pedal horsepower
and aﬁ overall,PVK'mechanical-efficiency of 92 percent (see Section 3.2) is
N-2016-3~llh0;i1’This fan will develop 1250 cfm ageinst 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 O.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/10C feet, see Ref. 5, p. 562). Since the equivalent,
length of duct systems in most sheiters will probably be less than 1670 féet of
20-inch diameter rigid duct, a fan is also selected for a 0.3-inch w.g. static
pressure drop application. All 1% and 20-incn dismeter fans with a static
efficiency greater than 4O percent at a static pressure 0.3 incheé w.g. are
compared in Figure 15. As can be seen from the fan characteristic curves of
Figure 1k, the E-202L4-L-1000 fan will develop 1800 cfm against a static pressure
of 0.3 inches when rotating at 1000 rpm. The btrake horsepower is 0.19 and the
static efficiency 44.6 percent. At this flow rate and pressure drop (0.04L8
inches/100 feet), the equivalent length of 20-inch dismeter shest-metal duct

is €29 feet.

The fan characteristics for both of the above selected fans (fhe N-2016-
311540 rpm at O.b-inch static pressure, and the F-202L.4<1000 rpm at 0.3«inch
static vressure) are cuperimposed on various sheet-metal duct system char-
aoteristic curves in Figure 16, The fans are compared in Table I with various

cqulvalent lengsths of 20-inch dismeter sheet-metal duct. The E-2024-L fan,

RePer to Floure 13 or fan nomenclature.
GENNERAL AMERICAN RESEARCH DIVISION

'u‘
(o

S, Gkl L - . . [ - A S o SRR W, B

it




susd S91BPTPUB] JO SOTALTID}OBIBYD SOUBUIOJIDJ 11 3adty
33 no xad qT GL0°0 Jo L37suUaq 3@
. RID - MOl WXV
005y 000Y 005E 000t 0052 0002 0051 . 2001

&

o

\

-ONTT-€-4202-8

ﬁomm?numaon.n

‘uncys 30a OyTT-H~4208-8 PUe ‘COOT-4-2LgT-K ‘Onli-4-4Syi-K “S
TAINYNOUIBCL VIS Iu7 E1 dInPYL 0% IeH  °q

SAUTT PIYSE™ °*°TCcC 200 UL} INWMEaAF Jemodestdn’ | INBAL ued
. QUYT PIIO® ***°°*°**°° £oaT au 270 Jo awmodasicy aveaq uvd s
*(20°2-TWd POJ WIWIN) waup Foreawd *o) *3IK covwﬁuaua Ul 9o pedM "2
*8.mgsald 013838 *E’A SIUOUT #°0 & POt UNYI a:3TALE ( E.v £ou9y33339 21388 "1
* SR1I0K

t - 73
i ’
_
_ I
s
.54
’
vt
U
-
-
R . 5 »
$°c
9°C

BFED IDINN JU IROUT - aITURDNd 1AWIG

-

2N T s

LS E R

AN

LBy

RIS N 2

19

T m Y A . W T L
N




—.”"’::MEE PR N

| N - o N« s
0.22 //,
o Fa2015-521550 s, 4 /
x-xaa*-u-looo = /
0. ) ¥
- .hl,l
E-1838-412000 N\ b Ne182Uebeq1ko
0.19 4$i\\:;74 .
' N— 3-2ol-4-1000
s / T
5-1832-3-1140 Q\
n-*om-u-mo
0.1% -
s §-1832-4-1000 J//(/,
g - l P
= 0.1
5 N
& s-1832-3-nF00 : §-2416-3-1550
0.15 /
o §=-132444-1000
| —  P-18244ka1140
0.1 Ef"A‘.
’l— P-1844-4-1000
: 8-2024.3-10¢0
o vee |Ee20154-1
u7 \Q_ E-{824<4a100
/ N-2Q1643-1000
0.1 -
|
s ;
0. 18+ 4 {
1000 1200 1400 160 1400 2000 2200 24!

Alr Flow, CIN ot Donetity of Q073 Lba per u £t

HOTES: | Dats based on The Torrirgton Kfe. (o. catalog test duta (NEMA Jode PE-7,02),

2 Refer t- Flgure 13 for fan acmenclature,

Figure 15 Fan Impellers at 0.3 Inches W.G. Static Pressure lLoss
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Stati~ Pressure, inches of Water Gsge

Prake Norsepower

NOTES:
1l. Nomenclature:
Key  Fan No. Series Dia, (in.) Pitch (deg.,) Blades Speed (rpm)
N N-2016-3 N 20 16 3 1140
T E-2024=h E 20 2h 4 1000
2. Fan Characteristics shown dotted if brake horsepover exceedr 0,2.
3. Fan Characteristics based on catalog Cata.
E
Y
¥ \
.
0.6 % ' ,
{ 4
|
i
' 300 ft. (Equitalent length o
0454 B
0.k
0.3
0.2
Q.1
!
nd
BN i
Alr Flow, ofm at Louslty of 4,073 b per -
Flgure 10 Fen and System Characteristics tor a Two-Man PVK
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Table ¥

Comparison of Fans and System Characteristics
For a Two-Man P¥K

Equivalent N-2016-3 E-202Lab
I;ength of 1140 RPM 1000 RPM
20" pia. D ‘ P,
Sheet Metal |} CFM HP 1nches CFM HP inches
Duct, Feet Welo Wele
e “1# '
100 2200 | 0.11 0.07 2650 | 0.1k | 0.10
200 2150 | 0.12 0.13 2500 | 0.17 | 0.18
300 2050 | 0.13 0.18 2250 | 0,18 | 0©.22
Loo 1950 | 0.1k 0.23 2000 | 0.17 | o.24
500 1870 | 0.15 0.25 1900 | 0.18 | 0.26
600 lF 1750 | 0.16 0.27 1800 | 0.19 | 0.29
800 1550 | 0.17 0.28 I 1700 | 0.20 | 0.35
— oo o e e

NOTES: 1. Data from Figure 16.
2. Shaded area indicates fan breke horsepowers exceeding 0.l per person.

which rotates at 1000 rpm as compared to 1140 rpm for the other fan, will
develop more air fliow 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 18 and 20-inch diamcter tans require the minjmum brake horse-

power per unit air flow. All id-inch fan characteristics curves with a

GENERAL AMERICAN ARERIARCH OIVIRION
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static efficiency greater than 4O percent at a brake horsepower of 0.1 are
compared to the two-man PVK 20-inch diameter fan selection (E-202L-L) in £
TMigure 17. The best 18-inch diameter fan (E-1824-4-1000) is compared to the

two-man E-2024-4 fan at 800 rym in Table II. The E-202L-U fan can accommodate

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

can be used with 300 feet of duct {[18-inch diameter). Both selections are
based on approximately 0.1 horsepower. With the same duct system the E-2024-k

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

selection for a one-man FVK,

2.2.103 Three-M&n WK

The PVK can be assembled to handle more than two coperators if
desired. The E-202L~!i fan (the fan also recommended for the two-man and one-
man drive PVK's) rotating at 1140 rpm has the best static efficiency (L6.5
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-202L-4 fan
rotating at 1140 rpm develops 2850 cfm when operating against 200 féet of
20-inch sheet-metal duct and 2000 cfm at O.4 inches stati~ pressure (see

Fizure 18).

2.2.1.4 Summary of Impeller Selection

The fan-system characteristics for tie esele:ted E-202L-4 fan
cperating at constant speeds of 800, 1200, and LiLO rpm for the cne, two,

and threc-man PVK's arc presented ln Figure LY. Refer o Figure 31, pare 59,

ST by e s

for the as-testod FVK rating.
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NOTES:

1. STATIC EFFICTECY (7)) GREATER THAN Lok
2.. 0.1 BHP (UNLESS OTHERWISE SHOWN AS DOTTED)
3, ROMENCIATURE:

3 KEY BN KO, SERIES DIA, () PITCH (DBG.) BLADES SPEED (RPM)
3 1 pe1824.4 P 18 2k 4 1000
2 ge82k-k g 18 2 " 1140
3 N-1816-3 N 18 ‘ 16 3 1140
4L E.1816-% E 18 16 b 1140
5 ge182h-4 8 18 2k N 1000
6 NwiBléeh 18 16 k 1000
. 7 Ge18%ke3 8 18 2 3 1000
A
0.6 l T
0.5
f
i
|
O.k
o
(5]
5 i
s ! | ,
Y o3 { i L
8 : 0.106 BHP 1 ! 1
2 i | !
¢ / ! i |
& ; !
. | | g
£ o N\ S E—
v \ pe E 1824 -4-1000
& :
4 ,
2
o = §,.2024-4-800
0.1 17 e e D S R
S b -mt--,. el ¢ . £
S00 100 bt 200x) 0 30600 150¢ 000

AT FLW » PV

ar Tesplry F 5007 lb pep oy £

£
v

Sigur. 17 Far Lharacte-ristices Uop Tne.man FVK

QENERAL AMEMCAN RENEARCKH OIVIBION

B T L g ————r S —
"

Pl




Table II

~

ok

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

Equivalent E-202L-4 E-1824-4 %
Length of | 800 RPM ' 1000 RPM §
20" Dia. i |
Ps, Ps, :
Sheet-Metal CFM HP inches CFM HP inches
Duct, Feet W Welo
100 2100 | 0.072 | 0.06 1900 | 0.075| 0.09
200 T 2000 | 0.087 | 0.12 1750 | 0.08 | 0.16
300 1750 | 0.092 | 0.1k 1600 | 0.10 |} 0.20
400 1600 | 0.087 | 0.16 | '
500 I 1500 | 0.092 | 0.17 - - -
600 0.19 - - -
800 - - -
1000 - - -

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

P

2.2 Shroud

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

and dimensions c¢f the orifice. The four factor.: in the design of an orifice

which affect the periormance of a propeller fan are

L.

e

the type of crifice,
the clearance between the impeller blade tips and the arifice,
the axial depth of the orifice, and

the position of the impeller in tne orifice
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Static Pregeure, inches of Water Gage

NOTES:

‘1, Nomenclature:

No. of
Key Fan Ko, Feries Dia, (in.) Pitch (dex.) [Diades Spedd (rpm)  Operatore
E E-202k-bk B 20 24 4 800 1
B''  E-202kh B 2 24 ' b 1000 2
B R-202kel B 20 - b 114 3

2, Fen characteristics shown dotted 12 brake icrsepover per operator exceeds U.l.
3. Pan characteristics based on catalog data, )

N

N

/}

0,6

1doo £,

o ft., (Equivalent length Jf 20-inch
/ diageter sheet-metdl duct)
4 300 ft.,

| wf

200 £t
0.4
0.3T..._
0.2 L 100 ft. )
o . %t
okm. irm"*-”fti

Ale Tlow, ofm ut Denplity of 2,075 jue per vy ft

Floure 17 Preliminary FVK Fan and System Characteristics
CCAUTION: Pefer to Flgure 31, page 59, for Lhe
as-tested FVK rating.)
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Of these three basic types of orifices (Figure 19) - sherp edge, cylindrical,
and converging (cone or bell-mouth) — the bell-mouth orifice develops higher
static pressures 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 the blade tips and orifice allows leakage of air from
tle high-pressure intake side of the fan. As the tip clearance becomes larger,
there is & 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
percent, as defined in Equation 3, results in an impeller performance very
nearly equal to that {cr zero tip clearance, and yet permits production with

commercial tolerances.

g_ o
g

Converging
sharp Edge Cylindrical Cone Bell-mouth

Axial Fosition

Trailing Edge
- Loading Edge

@ Alr Plovw

Pigure £9' Orifice Types
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FRRESre. g

. - TIP CJEARANCE = —S——L  percent o (3)

B e 3

v}
n

inside shroud diameter, inches

=)
[}

bladé‘tip diameter, inches \ 7 - IR o 1

Tha»éxial depth of & bell-mouth orifice is equal to the radius (R). A

 radius of 10 percent of the blade tip diameter is generally recommended (Ref. 6),

since larger radii prbduce negligible increases in performance. If the bell-
mcuth radius is less.than 10 percent of the blsde tip diameter, the static

efficiency drops.

The axial position of the fan in the orifice is the mcst critical factor
affecting the performance of the fan. Based on test results (see Section 3.1)
the optimum position of the fan wes found tc be flush with the discharge end
of tne shroud. For packaging, the fan is recessed approximately 1/8-inch within

the shrou¢ to protect the blades and the motor from damage.
2.2.3 Motor

The motors considered for use in the PVK were the split phase, permanent-
split capacitor, capacitor start-induction run, shuied pole, and the capacitor
start-capacitor run. The significant characteriatics of these motcrs are shown

in Figure 21.

The high start, split phase motor has a high resistance auxiliary winding

whichi 1s in the circuit durlng startip-. but is disconnected through the

e

action of a centrifugal switch as the motor comes up to approximetely 75 percent.

L s
5% 2 TR

of the speed at full load Under running conditions it uperates as a aingle-
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phase inductior. motor with one winding in the circuit. The starting torque
is high, about 250 pesrcent of full load torque. The locked rotor torque of
the general purpose motor is 125 percent of full loed 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 ﬁot cut out wheﬁ 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.

Tha capacitor start-induction run motor develops high starting torque
(350 percent) in the fractional horsepower sizes. During the starting period
& winding with a capacitor in series is connected to the motor circuit, and

when the motor comes up tn i _.zed 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 tc provide the starting tcrque. The
starting torque is low, about 25 percent of full load torque. The speed is
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

drive oniy, since air-over the motor 1s regrired for cooling.

The capacitor start-capaclitor run motor develops high starting torque,
about 275 percernt of full load torque. This design employs a starting capacitor

end a running capacitcr., The starting capacitor s cut out by a centrifugal

switch,
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The permenent-split capacitor and the shaded pcle 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:

l.

On

TR e e s T Y i T ST WP—< ey
T ——— T

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,
the starting torque of the PSC motorvis considerably higher, 125
percent of full load torque as compared to 25 percent of full load
torque for the shaded pole motor,
the mechanicel efficiency of the PSC motor is considerably greater,
61 percent as ~-mpared to 37 percent for the shaded pole mctor,
the full load current at 1/3 horsepower for the PSC motor is 4.3 amperes,
as compared to 0.8 amperes for the shaded pole motor,
tﬁe 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
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, if stuck in the
closged position the motor will not attain speed and the starting
winding will qaickly heat up. The motor may also fail to start
{f the —ut-coff points of the switch are out of adjustment or

coated with an oxide,
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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 usin~ roller chain and sprockets.
2.3.1 Chain

Roller chain is used in the PVK 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 thz fan. Gear, chain, and belt dfives 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 inefficlert, and gear drives too expensive for the PVK.

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,l/3 smaller in diameter. and
reducing the storage volume required. Greater reliability is offered by
ASA 35 chain since it has a rated tensils strength of 2100 pounds as compared

to 1600 pounds for ticycle chain.

¢.3.2 Sprockets

Au overall increase in spesd from 55-€2 rpm at the pedal crank to
1070-1206 rpm at the fan is obtained in two equal ratios. The first step-
up (4.4l ratio) occurs between tne 7 toovh module sprocks=t and the 17 tooth
sprochet of the »d.-: shaft sprocket subass mbly. An ldentical speed step-

up occurs between the 75 toork sprocket of this suvassemtly (integral with

UM BT AN SGIZANM IS ARk [0S ln
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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,

hence there is no speed change between modules.

Excessive wear in the teeth of the 17 tooth sprockets in an endurance
test (Ref. 4, page 23) pointed out the need for their being hardened. Case
hardening the teeth to Rockwell C 40-U45 wes sufficient to correct this deficiency.
No hest treatment was necessary for the large sprockets. The wear was con-
cenﬁrated in the small sprockets only, because the load is transmitted by

relatively few teeth.
2.3.3 Clutch

A ratchet and pawl device integral with the dual module sprocket was
designed, fabricated and evaluated (see Figures 22 and 23). This device
allows an operator to stop pedaling while the others continue, without creating
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.
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
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Figure 23 Illustration of the Clutch



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 axiel position

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

clearances are controlled. E

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

v

stability grease. This grease contains an organic gelling agent thickenar,
rather than the more commonly used metallic soap, thus minimizing bleeding of
0il from the grease, and providing a strong positive anti-oxidation protection

for the grease.

2.3.k.2 Idler Shaft Bearing

A flanged, sintercd bronze, oil impregnated sleeve Learing was
selected for the sprocket subassembiy {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 finash.

Ihe bearing is fabricated from metal powders to form a material containing
thoucands of Interconnected vores, With these pores filled with oil, a
reservoir is formed that has a volume of approximately 20 percent of the total
~ bearins volume, Oil is drawn to tine bearing swiece when there is motion of
the bearin. relative tv the shatt. When ili¢ bearing is motionless, the oil

i8 reabscrved into the bearins by cepillary astion.
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The sliding coefficient of friction for sintered bronze sliding on steel,
lubricated by oil from within the bearing, ‘ranges from 0.02 to 0.10. The range
is great because many variables affect the coeéficient_of friction = such as
bearing unit pressure, lubricant viscosity, velocity of sliding, ahd the
smoothness of the bearing surfaces. The static coefficient Ef 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 aree 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 &70 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-vacked 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 reaquirements of MIL-L-8937 and MIL-L-25504A) because (1) this

‘&E {:}%‘- F\ 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 aésembly of the unit is
assured since seizing is reduced, (L) the transmissién losses are minimized

since the sprockets are dry-filmed, and (5) the ability to adjust tke saddle and
handlebar is increased. Those parts which do not reéuire dimensional control and
lubricatiun, such as the shroud and module stand, are finishedlwith 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. Phos;hated panels, when- painted or dry-filmed and then
scrived with a sharp instrument so as to expose the base metal, will show no
evidence of corrosion, excepting the exposed metal, when éubjected to a salt
spray for 20C 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 crzeping 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 thq Drive Module are
water-vaporproof meeting the requirements of Method IA-1k4, 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 triple-wall corrugated fiverboard boxes were considered for

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

et e
Nest Avallable Copy
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©3s expensive, weather resistan®, and has & high stacking strength (up to

n
[

i

3

(]

feet), was developed as ilustrated in Figure 2k, A water-vaporproof bag
is placed over this container and heat sealed. - Then a wax and/or resin
impregnated corrugated fiberboard ccntainer is placed over the bagged interior
box, sealed, and strapped with corrosion resistant polypropylene straps (éee
Figure 25).

All items within this package have/been fufther preserved (see 5.L.1 of
MLL-V-LOGLs, Appendix A) by either (1) a di;ect applicatibn of a strippable
- compound, (2) a sealed greaseproof ard wate}proof vag, (3) a sealed water-
vaporprocf bag, or (4) a waterproof bag. These correspond to Methods IE-1,

10-1, 1A-8, and TC-3 of Sperification MIL-P~116.

2.5.2 Drive Moduie Package

Pilywood, curled hair ingerts, foaming-in-place with polyurethane, pre-
expanded poliystvrane used with an adhesive, and molded polystyrene inserts
intarlor packages were evaluated by develcping a prototype of each and
zstablishing production costs, Fased on the cost of material, labor, tooling,
ard racninery required (such as the bSlender for the bead-adhesive method) the
molded poiystyrene package (see Figure £6) was selected for the Drive Modﬁle
packaging, C(ver this package is placed a +ater-vaporproof bagdwhich is then
keat scalad. A wax and/or resin impregrated corrugated fiberboard container
15 then placed over the bagged interior package (see Figure 27), sealed,

and strapp-ed with corvosion resistant polypropylens straps.
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‘trteetor Triple-Mall o . S S S5 .
Jorrugated Fiburboard S : :
Containay »* 4 R ! :

Hnter-noof Bz |
et -

gErepiop Sootalrer

NOTE: Exterior Container Marking Not Shown {se¢ Figure 12 of
MIL-V.406kS, Appendix A), :

Figure 25 Far:kngin.g of Fan Assembly
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Figure 2C Drive Module Package
Clutch-type PVK module shown (see MIL-V-iOikLS, Fijgure 13, Appendix A).
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NOTE: Exterior Container Marking Not Shown ( see Figure 14 of
MIL-V-LO6LS, Appendiz A).

Figure 27 Packaging of Drive Module

All appurtenances within this package have been further preserved (see
5.2.1 of MIL-V-LO6u4S, Appeni:ix A) by either a coating with a grease, Type P-1
of MIL-P-116, or a sealed greaseproot and water-vaporproof bag, Method IC-1

of MIL-P-116.

Many difficuities were encountvered with the foam-in-place method. The
foam would not spread evenly over the bottom of the container because of its
high viscosity; thus many volds remained around the irregulesr shaped drive
module. This packaging was estimated to cost more than eight dollars per

Drive Module. For these rcasons this method of packaging was not considered

further.
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The bead-adhesive package does not satisfy the requirement for stacking.
In this method the pre-expanded polystyrens peads are automatically mixed with
an adhesive and drying agent; The formulation then is blown around thé product
after it has been encased in a poly:thylene film bag and set into the cor-

rugated fiberboard container.

2.6 Cost Analysis

The cost of a luckage Ventilation Kit based on large production quantities
1s estimated to be $89 for the Fan Assembly, and $65 for the Drive Module
(see Tables III and iV). A complete one-module PVK thus costs $154, and &

complete two-module PVK $219.

Ventilatlon cost per shelteree have been determined based upon (l) the
above costs, (2) an assumed minimum ventilation reguirement of 15 cfm per
shelteree, and (3) shelters with ejulvalent duct lengths of zero, 200,
and 400 feet. These costs are presented as a function of shelter capacity
for various stocking procedﬁ}es.including all one-module PVK's, all two-meodule
PVK's and for the combination of one-module and two-module FVK's that results

in the lowest ventilation cost in Figures 23a, bt and ¢. 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 combinaticns of one and two-module PVK's ere stocked,
rather than stocking only one or two-module PVK's. To do this it is neces-
sary to assume that there is a uniform distributicn of shelters by size;
that is, that there are just as many 50 man shelters as 51 man shelters, etc.,

ub to 900 man shelters. The areas under the cost curves in Figures 28a, b
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TABLE III

Cost Analysis of r@ Aiumb}z Per MiL-V-bO@oi

MCMICG mt. & htel'i.l!: AQO'l..l!..lll»lllo.lll'.AOIOIOOIOl.l0!00!00“1.98

Drawing & Item - Description Cost -
In_maaa-fi 00 Item 6 Chain, Module-To-Fan 328
' 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 0.01L
=1102-1 Shroud 2.7 .
=1102-2 Guard 1.137
-1103 Sprocket Subassembly 1.58
<1104 Fan 3.28
=1105 Item 3 Rollpin 0,007
<1105 Item b4 Cord 1.39
=1105 Item & Connectors, Farallel,
. Insulated 0.033
=1000 Item 11 Adeptor, Grounding Cost included in -1105
. Item b, Cord :
=1105-1 Motor 13,56
~110542 Sprocket, Motor Shaft 0.L2
-1106 Pin Subassy, locating 0.22
~1101 (material) Frame 1.172
=1300 (material) Stand :
Packaging and Packing: 7.80
Cartons 5.40
Bag 1,75
Dunnage 0.65
Firishing _ k.36

I‘hor: h.o hour. . sa.lo,’lhr 8460000080000 000080000 CENIRIOIIRGIIERLERGRTSY 12.“0

mwh“d: (%) ...l‘..".'.‘..l..l!.....l..l'l....’....."'.l..' n.16

ACCOBBOries: ...iviiiiiiitiitniieiiiatiiiettertstaisesriorsiarennsosasss 13,56
1423A-1000 Item b Duct (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 9.030
Item 8 Scissors 0.22
3 ltem 9 Screwdriver 0.10
Item 10  Wrench 1.00
i Item 12  Adaptor, Plug 0.178
: Item 13  Instructions (Furnished by OCD)= =
«1k01 Duct Adaptor 0.788

;; Elbovs e 30703 of Ml-

V-LOBLS, Appendix A) 2.56

A Bub-Total.ccvveae.ss 9410

Geaera! & Administrative Services: (88) ......ccvciiiiiiiiiiiiiiinne 6,33

Bub-Total..covavans, 85,03

- Profit: (hi)...................‘......................;..............,.._j_._kL
L | TotAleiuiiineniel s $88.88

NOTES: 1; Based on 100,000 units.
2) No freight costs included.
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TABLE IV

Cost Analysis of Drive Module Per MIL-V-LO645S

m‘chasedhmts & wterials: l.ﬁ...d'.ll...ll"’.l0.0“'.l........"........ $27.05

Drawing & Item

1423A-1200 Item 2

Item 3
Item b
Item S
Item 6
Item 7
Item 8
Item 9
Item 11
Item 12
Item 17
Item 18
Iten 19
Item 20

~1201 Item 3

-1203-1

-1203 Item 2

-1106

-1201 (material)
-120? (material)

Description

Crank

Bearing Cups

Bearings

Cone, Adjusting

Locknut

Washer

Cone, Locking

Pedals

Saddle

Thumbscrew

Chain, Module-To-Module
Clamp, Saddle Post

Bolt

Nut

Nut, Weld

Sprockets

Rivets

Pin Subassembly, ILocating

~-2104 (material)

-1501 & 1502

Containers (polystyrene)

Packaging & Packing Materials:

Carton

Bag
Dunnage
Finishing

Lebor:

hbor Overhe‘d: (M) .l'..“l...l‘.l.l‘.‘b‘!‘l....l.l'.l...“‘.......'. 1“.21

1.70
1.k2
0.38

Gereral & Administrative Services:

Hbfit: (hi) AR E RN N Y P E AN E N NN N NN SN NN NN NN NN NENEEENNNEENENENEEREENNENNERN] 2'“2

1) Based on 100,000 units.
2) My freight costg included.

Cost

$10w
0.22
0.094
0.128
0.048
0.011
0.128
0.6
0.87.

3.50

5-76

502 hOurB@$3olO/hr I AR ENEREENNENEENENEENNENNENENNENBEENENENRENSEENENEENNENNE SN 16012

Sub-Tbtnl.. see s s e 57-68

(8%) vvvierearenssornrsornsavasnaees .61

Sub-TOtll..... [ RN} 62.29

Tot.ll~-o-oooo-io'm.18
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and c are then directly'proportional to the cost of ventilating the country's
identified shelters using PVK's. The area under the lowest curve is pro-
portional to the lowest cost (for each equivalent dﬁct length), and the shaded
area is preportional to the increase in ventilation costs if only one-module
FVK's were stocked. The cost of stocking only one or two-module PVK's exceeds

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

Table V
PVK Cost Analysis
Equivalent Duct Ratic of l-module FVK Ratio of 2-module PVK
Length, feet Stocking Costs to Min- Stocking Costs to Min-
imum Combination of imum Combination of
1 & 2 Module PVK's 1l & 2 Module PVK's
= ——————— —
0 1.03 1.34
200 1.07 1.22
400 1.06 ’ 1.20

GARD is conducting a compr=hensive 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(43L9A-
28)-US, 0CD Work Unit 1423A) confirms that th:sre is a large need for one-
module PVK's, 1t 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
1664, and described in GATC Report MSXD 124k, "Package Ventilation Unit For
ldentified Shelter Spaces", dated February 1964 by E. J. Rollo, et. al.
st Availasle Copy
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- K8~ shown in the fan selecticn anelysis (see 2. 2 l), The Torrington MTg»,

Co. Model E-eo2h M is the best impe11e1 for, appllcation to u ventiletor driven

by l, 2, or 3 persons at nomlnal speeds of 800 lOOO, and 11&0 rpm respectively.}k )
For these speeds the fan-shroud performance characteristics were established At

fThe Torrlngton ieboratories per»NEMA Code;FMl-?,Oz (see Figure.SO}.

W

3.1;1, Standard Air
To obtain the fan speeds of 800, 1000, 1140 rpm for the‘l, 2, and 3
man- drlve unit respectively the pedal speeds required are approximately bLl,

52 and 59 rpm respectively (see 2.3. 2) When operating_et these constant

speeds, the power C&p&bll’ty of the Operators (l lOth horsepower each) as

- fshown in. Figure 50 is nct‘utlllzed +hroughout the entire range of duot lengths

eir,—t"—.\;— . :‘_, sz \e i ~

: "or system pressure drops therefore, performance curves (see Figure 31) based

ko ‘w.ww‘ﬁ RS L e A 2 L Rt Bl o -t 1

ou s eonstant fan brake horsepower of 0.10 per drive position (up to pedal

‘fr§t°peed° of 62 rpm) were developed using the following fan law (Ref. 5, page 58&).

- For. constant power and variable speed:
, (Coﬁstant Air Density — Constant System)

QN (L)
5P, N, i (5)
, 3

- I (6)
P, W,
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’ Q= atrfloyem .o
‘l;i‘flg ‘.§; ;st=i §tgtié pfeséure,~inch§s;of:ﬁater.gagé‘, | :

; :f Mﬁf1= iﬁréké‘h¢rsepoﬁér* ’ 4’““‘ - ‘ ‘l‘ o . %}
Thé5f;nyéérformaqge curvés are sﬁpj;impbsed oﬂ the syStem?charaCteristic curves i

:for-h—mii, 20-iﬁch‘digmetér polyethylene tubing (Ref° 9),7"The éonstant power | i{

’curVes in§Figufé 31vwhich requiré pédalhspeeds greatér ﬁhan 62 rpm are shown 'fg

dotted éince'itiis difficult for people to pedal effectively at theée higher -

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

air to 150 feet of duct becguse of tﬁe pedal speed limitation. For the three- _;
man FVK to be economical the sprocket ratio must be increased and an additional. :;

PVK-style must be carried in inventory. . -

i 3°l;2 Effect of Elevation and Exhaust Air Conditions N
Ventilation rates developed by the FVK Uan increases with increasing R

elevation because cof the decreased air density and decreased duct resistance e

to flow. However, the air density reduction due to altitude redices the
( cocling ebility of the air more rapidly. The2 net effect is that the PVK has

% less cooling ability at increased altitude: therefore, caution must be ..

exercised when finalizing the PVK stocking procedures.,

If the shelter ventilation regquirements: are expressed in terms of the

actual shaiter a.r Jdensity. that is, In t res of shelter elevation and the

—

pevehrometric exhaust alr vonditions of dryv-bulb and wet=buldb temperatures
r . - 3 by + N 2 g . .
| a8 GARL 13z 3oing on Jractord Research Instltute 3ub- voracy B-60Lel{LgLoA.n)-

US under 770 Work ‘nit 2313A]. then th« F'¥ performance {or standacrd a‘r can
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be used with he selected loglstlc program (see Section 2. 6) This‘

simplified procedure is conservative in that it underestimateS'the PVK air

handling capac1ty bj as much as 13 percent at ah 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 FVK unit varies considerably

(see Figure 28). If a more exect and economical’procedure is-reonired for

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

ueveloped for other elevations, and the shelter elevation, as well as the
actual shelter air reguirement, must be specified. Included herein (see

Figure 32) is the PVK performance for 5000 feet elevation. This PVK perfor-
mand rating was developed using the following fan law end Equations k4, 5, and 6.

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

QL = Q (‘7)
Fa . R (8)
SPl ‘?

T . R (9)
B, e |

where:
Q = air flow, cfm
SF = static pressure, inches of water gage
HF = trake horsepcower

P = air density, lbs./cu. rt.
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If the vertilations requirements are presented in terms of standard air
at sea level [as documented in the ]96hiASHRAE Guide and Data Book, Applications,
Figure 12 (from Ref, loﬂ_.iﬂm,ventilation reﬁuiieﬁents for shelters at higher
elevations must be corrected to actual flow rates. Then the PVK réting for
standard air, which results in a ccnservative and simplified stocking procedure,
or the PVK rating a* the respectivs elevation, which resu}ﬁs in a more exact

and economical stocking method, can be used with the selected logistic method.

3.2 Transmission

The power losses 1n th~ ‘ransmission wer< determined by measuring the torque
required to dri:v.- the assembly at various speeds with the fan reﬁoved. The
pedal shaft was driver. by a cowpound-wound (d,c.) motorywith a Powar Instruments
inc. Model 784 Torimeter locat-d betwe:n the motor and the pedal shaft (see
Figure 33)V The crank waz wedifisd to aﬁrcmmodat= this direct-4drive arrangement.

The far skaft sp-=1 was r—aszur~d with a <s*rohoscops and the powst required to

drive the syst-m calculat-d using 2 foliowing ~xpression.

{w/e)
AU b/ SRSV 10)
i, 64,029 (10]
where,

P, = tranamission power l0s5es, horsepowar (hp)

T « inaput tornue, lb-1in
N = impeller shaft speed, rpm

E =  spe-d ratic rrom shaft to p~dal crark shaft
(19.4F), dimensionless -

The results of th-ss« te-ts are chowr 1n Figur= 4, For any of thebsystems the
transmissicn power losses do not wxc-ed 8 percent of the total input based on

vy

0.1 hp 1nput p~r driv--positior (g=- Table V')
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Table VII

Transmission Pcower lossas

Number of Fan Shaft Power - _ Mechanical
Drive Modules Speed (N), Losses (PL),' Efficiency,
rpm g Percent

0.0073

2 1006 0.Cl22 93.9
. 1140 0.0167 ol b
3.3 Motor

The performance characteristics of the specially wound permanent. split-
capacitor {PSC) motor,vas mgrufacture . by the Emerson Flectric Mig. Co., i:
presented in Figure 35. This same motor was installed in a PVK, and tested
a*, The Torrington Laboratories per NEMA_Code FM1-7.02. The results of chis
test are shown in Figure 36, and the air flow — static pressure data are also
shcwn in Figufe 31, pace 55, PVK  Performanc- ior Standard Air, -Tﬁis Emerson
motor, Model No. K55HXCTD-1916, is certified to meet all the quality assurance
provisions of Section 4, Specification MIL—V-MOGMS. This motor also meets
the Underwriters lLaboratories requirements for approval. The maximum measured
temperature rise of the motor windings is 26.5°C when operating at 1/3 horse-

power {Ref. 11).
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LIMITED COORDINATION

MILITARY SPECIFICATION
PACKAGE VMZII.A’I‘ION KIT, 20-INCH FAN, MODULAR IRIVE (CIVIL DEFENSE)

This limited coordination military specification has been prepared by the
Office of Civil Defense based upon currently available technical informa-
tion, but it has not been approved for promulgation as a coordinated

militery specification. It is subject to modification. However, pending

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 (zee 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, STANDARDS, DRAWINGS AND OTHER PUBLICATIONS

2.1 Specificatiorie 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 Plestic Mlm (Polyethylene Thin Gage)
PPP-B-636 Box, Fiberboard
FFP-F-00310 Fiterboard, Corrugated, Wax and/or Resin
"~ Impregnated
PPP-B-640 Boxes, Fiberboard, Corrugated, Triple-Wall
GGG-8-278 Shears and Scissors
PPP-T-45 Tape, Gummed, Paper, Reinforced
PPP-T-76 Tape, Pressure-Sensitive Adhesive Paper, (For
Carton Sealing)
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MIL~V-406l5( Army-0CD)

PPP-8-T60
CC-M-636

PPP-T-66

Military

MIL-C-27227
MIL-B-121

MIL-P-149
MIL-A-101
MIL-P-116
MIL-B-131
MIL-T-T7928
MIL-P-196kk
MIL-L-8937
STANDARDS
Military

MIL-STD-1T71
MIL-STD-105

Federal
FED-STD=595

Strapping, Nommetallic, (and Connectors)
Motor, Alternating-Current (Frsctional
Horsepowver)

Tape: Pressure-Sensitive Adhesive, Vinyl
Plastic Mlm

Coating, Polyurethane, For Aircraft Application
Barrier Material, Greeseproofed, Waterproof,
Flexible ‘ Lo
Plastic Coating Compound, Strippable (Hot

Dipping)

Adhesive, Water-Resistant, For Sealing

- FMberboard Boxes

Preservation, Methcds of

Barrier Material; Water Vaporproof, Flexible
Terminals; Lug and Splice, Crimp-Style, Copper
Plastic Foam, Molded Polystyrene

(Expanded Beed Type)
Lubricant, Solid Film, Heat Cured

Finishing of Metal and Wood Surfaces
Sampling Procedures and Tables for
Inspection by Attributes

Colors

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

(Copies of the Military Specifications and Standards required by rontractors
in connection with syecific procurement functions should ve obtained from
the procuring agency or as directed by the contracting officer.)
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MIL-V-40645(Army-0CD)

2.2 Drawings
Y523-1000 PACKAGE VERTILATION KIT, 20-INCH
MO DRIVE (CIVIL E)
" 1100 mi Assembly of
L . e Subassembly, Fan
" 1101-1 Guide, Handle Bar, Fan
" 11012 Support, Handle Bar Guide
" 1101-3 Spine, Fan
" 1101k 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
" 1103 Sprocket Subassembly, Fan
" 1103-1 Sprocket, 75 Tooth, Fan
" 1103-2 Sprocket, 17 Tcoth
" 1103-3 Bearinyg, Sleeve, Sprocket
" 1104 Fan, 20-Inch Diameter
" 1105 Motor-Sprocket Subasse ibly
" 1105-1 Motor ,
" 1105-2 Sprocket, Motor Shaft
" 1106 Pin Subassembly, Locating
Y1200 Module, Manual Drive, Assembly of
" 1201 Yrame guﬁsamﬁy, NoZuTe
" 1201-1 Bracket, Cheek
" 1201-2 Guide, Handle Bar, Mcdule
" 1201”"" Support’ Mast’ Leﬁ
" 12015 Mast
" 1201-6 Spine, Module
" 1201-7 Henger, Crank
" 1202 Handle Bar Subassembly
" 1202-1 Crossbar, Handle Bar
" ol202-2 Upright, Handle Bar
" 1203 Svrockat, Subassembly, Module
" 1203-1 Sprocket, Module
" 1203-2 Spacer, Sprocket
" 1203-3 Spider
" 120k Post, Saddie

e3e




m.-v-hdéhs(w;ocn) o

a3 Leg, Bight, Stewd
s-1303 o . oChammel . . .
" 1%e2 - Container, Top, Rigid, Module .

- (Copics of drevings required by contractore in connaction ﬁ.’ch ppecific
procurement functions should be odtaineld from the procuring activity or
as directed by the contracting officer.) -

2.3 Other Publications. The following pubiication, of the issue in
effect on date of invitation for bids, forms a part of this specification:

National Electrical Mamufacturers Association

Publication PM1«1955 - Electric Fans
Publication MG1=1963 - Motors and Generators

(Oopies of NIMA Publications mey be cbtzined from the National Electrical
Manufacturers Associatiocn, 155 East Lith Street, New York 17, . Y.)

3. REQUIREMENTS

3.1 Drawings. Unless otherwise specified herein, the msterials and
assembly thereof shall be as shown on the drawings (see 2.2 and Figures
2, 3 and b4); Lowever, minor changes will be alloved. Any minor change or
substitute of materials must not affect the rigidity of the unit amd the
performance requiremeats specified herein and must be approved by the
contracting officer. Drawings ave furniched for contractor guidance and
informational purposes only, to illustrate detaile of the required equip-
ment. While every precautlon has beun taken %o assure their accuracy,
the contractor is responsible for dimensional adequacy and accurege fits
for proper equipment assembly, alignment, and operation.

3.1.1 Metal Fabrication. Metal usad in the fadrication of the
equipment shall bDe free fior kinka. The straightening of material shall
be done by methods tuat will rot cause injury to the uatal, Ehearing end
chipping shall be done neetly and sncurately. Comers shall be square and

true. The dimensicns of the swaged and expanded swifaces soovn on drevings

1423A-1101-3 and 1L23A«12016 may be altered slightly from those showm;
novever, tne rit musu oe approved oy the coatoacting officer or his
suthorized representative.

3.2:2 Machine Work. Tolerances and gages For aetal fits ahall
conform to the limitations specified harein and otherwise to the standerds
aliw
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~-of best ,comﬁércial practice. Finished contact ~nd dearing surfaceé shall -
“be true and cxact. Adequate gages shall ve utillzed to assure proper
connecting-joint £it, interchangeability, alignmeni, chain tension, and

. fan concentricity with respect to the shroud.

 3.1.3 Bolted and Riveted Connections. Bolt }oles shall be accurately
punched or drilled and shall have the burrs removed. All bolts and nuts
shall be tight. -

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

3.1.5 Heat treatment shall be as specified on drawings.

3.1.6 Paiuting. Major units and subassembiies shall be painted
as spacified herein or on drawings.

3.2 Fan. The fan-shroul assembly shall meet the performance
characteristics as shown in Figure 5. The fan diameter shall he 2C.00%
0.05 inches, the leading and trailinyg edges shall be in line within 0.1
inches and shall be statically balanced within 0.16 ounce-~inches. The
fan rotation shall be clockwise (facing air discharge), and the leeding
edge shall be from 1/E to 1/k inch from the air discharge side ol the
shroud such that the fan does not project beyond the shrond. f(See %.4.1).

3.3 Motor. The motor shall be permanent-split capacitor, clasa A
insulation, continuous duty, 115 volt, 60 cpc, 1 phase, couater-clockwise
rotation (facing the end of the motcr oppesite the drive shaft) conforming
to Specification CC-M~636., The tcrque-speed characteristics shall be as
indicated in Figure 6, and the allowable variation in spead is 13 per cemt,
The current at 1/3 hp shall not exceed 4,5 amneres, the mctor efficiency
mst exceed 58 per cert in the range from 1'% te 1/3 horsepower, and the
power factor shall exceed 0.75 in this same range. The Jocked rotor
torque shall axceed 5.7 ounce-feet and the locked rotor current shali 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 bave an automatic
reset thermal overload protector set to allov the motor to operatu
continuously at a minimum cutput of 1/3 horsepcwer. The bearings shall
be slaeve, babdited sieel, vith a falt or wick-type oil reaorvoir with
»iling sccess. The motny shall ta protected (doudle-dinped) from high
humidity conditions and moisture condensation. The motur shall have o
terminsl box wit: one (see 3.5) knockout, ard shall be finished and
painted by the standard methods ol the manufucturer except as noted on the
draving. The tarough-holts must be uded for aounting the motor.

3.4 Transwissicn. he retico of fan chaft spesd to pedel speed shall
be 19.56/1.0. The power loszes in the beavings, sprockets, and chains

“Ya
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for 1, 2 and 3 drive modules connected to the fan assemtly shall not
.exceed .8 per cent of the power input based on 0.1, 0.2 and 0.3 horsepower
regpectively (see L.4.3). The chain shall be American Standards Association
No. 35. All chains shall be endless riveted.

3.5 Cord, Electric. The cord shall be type sp'r (National Flectrical
Code Standard), ~-wire, 18 gauge, 50 feet. The male plug shell be molded, U-

-gronnd, 15 ampere, 125 volt. The opposite end shall have the wires .
separated 3 inches, the wires stripped 3/8 inch, and shall have a molded

.8train relief device suitable for knockout not exceeding 1/2 irch. The

- ground wire shall nave an uninsulated solderless number € 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 ground terminal shall
be attached to the retaining screw of the Junction box cover. A tag con-
taining data ar indicated in Figure T shall be affixed to the cord one o
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. Bach 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 FElbows. Two (2) elbows shall be supplied with each Unit A.
The elbows shall be fabricated from & mil thick, type II, grade C. finish 1
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 heet
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. )

b=
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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 witk each Unit A. The
tape shall conform to Specification PPP-T-66. (See 5.1.1.8.)

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

N -‘.~.'m»i§ o

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.

wriere At

3.7.8 Screwdriver. The screwdriver shall be suitable for the purpose -
intended; namely, attaching the power cord grounding adaptor io a standard N
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 reguired. (See 5.1.1.3.)

3.7.9 Wrench. A double-headed wrench open-end at one end and box-
socket double hexagor (12 point) at the othe:' end, each with 9/16 inch
opening, with a minimum length of at least 5 inches and & head thickness
fron 11,6& to 1/h inch, shall be supplied with each Unit A. The wrench
. stull be hardened carbcn steel, milled, and black enameled finish. This
wrench is intended for both saddle and pedal tightening. If a pedal or

saddle other than es 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.k.)

. 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 k. (See 5.1.1.5.) , o

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

-T=
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3.9 Finish and Color. All parts shall be free from burzs, 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-3TD-1T1. '

Surface Treatment - Finish 5.3.1.3 of MIL-STD-1T1.

Prime - Finish 5.2 of MIL-STD-1T1. ’

Finish - One coat, semi-gloss white uniinied (thber 27875
of FED-STD-595), polyurethane certified to egual or
exceed the pericrmance requirements of MIL-C-27227.

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

Cleaning - Finish 4.1 of MIT-STD-1T1.
Surface Treatment - Finish 5.3.1.3 of MIL-STD-1T1. -
Finish - Solid film lubricant qualified under MIL-L-8937.

"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 materlals used in the unit shail be or good
commerical quality, entirely suitable for tne purpose intended. The
units, including all accessories, shall be constructed and finished in
a thoroughly workmanlike marner. Particular attention shall be given to
neatness and thoronghness of machining, fitting of parts, welding,
riveting and marking of asseﬂblies Visusl defects will ve cause for.
rejection. = ' '

.3.12 Preproduction Sample. When specified in the contract or
order (see 6.2) before production is commencad, & sample machine shall
be sutmitted or made aveilable 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 productiorn, but does
not relieve the suppiier 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 producticrn items.

L, QUALTIY ASSURANCE PROVISIONS

4.1 1Inspection Responsibility. The supplier is responsible for the
performance of all inspection requirements &s 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 presclihed requirements.

A G R o L

1.2 Preproduction Sample Inspection. When a prenroduction sample -,
is required (see 3.12), it shall bé‘examined»in accordance with applicable
paragraphs of Section 3 and Section &4 (with labtoratory tests at the
contractor's expense). Tests shall be required for the fan, motor and
transmission used in the preproduction model, if these components sre
dlfferent than the proven prototype components suggested for use in L.T
and 4.8 or cn drawings 14234-1000. :

4.3 Production Inspection.

4.3.1 Performance. The irnspector 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, flnlsh 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.

L. 4 Tests. If there is any change or substitution in the fan-cbhroud
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 4.4.1, 4. 4.2 and 4.4.3
shall be required.

k. h.,1 Fan Assembly Performance. The fan-shroud assembly shall be
tested per NEMA Code FM1-7.02 at 1000 rpm.

4. k.2 Motor Performance. The motor shall be tested per NEMA
Staundard 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 dynemometer or torgue-meter and
stroboscope. The unit shall be driven at the drive module by replacing i
the crank arm with a shaft sultable for adapting to the driving and :
measuring device. The fan shaft shall be driven at 800, 1000, and i
1140 rpm for the 1, 2 and 3 drive module units respectively. The power i
losses shall be based on 0.1, 0.2 and 0.3 horsepower for 1, 2 and 3
modules respectively.

. 1
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b.h.4 Packeging. Cleanliness, leakage, heat seal tests are
required per Specification.MIL-P-ll6,,tab1e 3.

k.5 Quality conformance inspection.

k.5.1 Lot. A lot shall consist of one day's production or all units
offered for acceptance at one time.

4.5.2 Sempling.

» 4.5.2.1 Sempling for Examination. Sampling for examination sﬁall
be in accordance with MIL-STD-105. The AQL 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. FEach 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 _ Chein and sprocket alignment defective.

110 Chain tension incorrect.

111 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 not 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 publicatic.

=10=-
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4.5.4 Tests. Samples selected in accordance with 4.5.2,2 shall be
tested as specified herein. Any semple failing to pass any test shall be
considered a defective unit.

4,6 Inspection of Preparation.for Delivery. The preservation,
packaging, packing, 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. -

4.8 Motor. The motor shall be equal to or interchangeable with
Emerson Electric Mfy. Co., Model K5SHXCTD-1916. Any substitution shall
meet or exceed performance requirements stated in 3.3.

5. PREPARATION FOR DELIVERY
5.1 Preservation and Packaging of Fan Assembly and Accessories.

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

5.1.1.1 Duct. The gussetted tubing shall be wournd on & 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/h 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-l1 or IC-1 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-l of MIL-P-116 (type 1 material of
MIL~-P-149).

5.1.1.5 Scissors. The scissors shall be packeged in conformance
with Method IA-8 or Method IB-1 (type 1 material of MIL-P- -149) 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).
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5.1.1.7 Elbows. The two elbows (see 3.7.3) shall be laid out flsat,
one of tep of the other. The elbows shall then be folded fanwise four
times and then folded once across the length, resuliing 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.

5.1.1.8 Tape. The roll of tape (see 3.T.k4) 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 acceséory
boxes shall be packed in conformance with Method IA-l4 of MIL-P-116.

The interior box shall be style E. class 2, grade A, triple-wall, ccrrugated,

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/k
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 overlepping
the end panels a minimum of three (3) inches. The tape shall be in con-
formance with Specification PPP-T-45 or PPP-T-T76. o

- 5.1.2.1 ‘Intermediate Packaging of Accessories. The duct (130 feet),
tape, lubricant, module-to-fan chain, screwdriver, wrench and scissors
shall be packaged in & 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/L inches in width, and 24-3/4 inches in
depth. The roll of duct shall be inserted into the box, then a pad
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
packages of tape, lubricant, chain, screwdriver, wrench and scissors
shall be piaced within the remaining space with sufficient packing
material and the box closed.

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
depth.

5.1.2.2 Interior Box Packing. See Figure 11. The duct adaptor shall
be placed within the triple-wali 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 inserted in the

spine, and the fan assembly rlaced in the carton with the duct adeptor nested

within. The drive module support stand shall be then placed in position,
with a ped of cushioning material between the drive module support and the
fan guard. A pad of cushioning material shall then be placed on the fan

-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
inches by & inches by 7/8 inches thick placed between the fan aseembly :
and this box. A triple-wall fiberboard cell approximately 18 inches by 2
5 inches by 6 inches shall be placed in poeition 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. ‘

B e SR

5.1.2.3 Barrier Bag. The packed interior box shall be enclosed in a
close fitting heat sealed bag fabricated from barrier material conforming
to Specification MIL-B-13l1, class 1. )

5.1.2.4 Exterior Container. The bagged interior box shall be packed
in a style 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/L4 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.% shall be securely sealed with water-resistant adhesive conforming
to Specification MIL-A-101. In addition, the top center seam shall be
sealed by the application of a strip of minimum widbh 3 inch pressure
sensitive tape in conformance with Specification PPP-T-T6. The strip
of tepe 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/h inch nominal width and nominal
thickness of 0.025 inches in conformance with Specification PPP-S-T60,
type II. 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) shadl be marked.pn one panel with a listing of the contenta.

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
impregnated. (See 5.1.2.4).

s 12
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5.2 Preservation and Packeging of Drive Module and Components.

5.2.1 When assembly of the Drive Module unit is completed, the
following preservation procedures in conformance with MIL-P-115 shell be
effected.

5.2.1.1 Crank. The threaded portion of each end of the pedal crank
ghall be coated with greese preservative, type P-11 of MIL-F~116. Bach
end of the pedal crank shall then be enclosed in & wrap or bag of barrier
- material confcrming 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-1 of Specification MIL-P-116. The pedals shall
be placed flat on top of each other in a bag of meximum outside dimensions
to fit in cavity in plastic insert.

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

a 5 2.1. h Module-to-Module Chain. The module-to-module-chain shall
be preserved and packaged in conformance with Method IC-1 of
Specification MIL-P-116. The chain shsll be rolled Ilat and placed in
& bag of maximum 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 TA-1hk of Specification MIL-P-116.
The interior container shall be two plece (asee Figure 13) molded polystyrene
plastic foam conforming to MIL-P-1964l, type N. The halves shall be nested
to prevent slippage of one half with respect to the other half. The
minimum allowable material thickness is 1/2 inch, and the material density
shall ve 1-3/4 * 1/b pounds per cubic foot. Cavities for the components
(see 5.2.1.2, 5.2.1.3, 5.2.1.4), drive module and handlebar, must be of
such proportions to enclose the particular unwrapped or wrapped component.
The locating pin shall be inserted in spine at expandad end.

Packing shall not be effected prior to ten days from shipment 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 Specification MIL~B-131, class 1.

5.2.2.2 Exterior Container. The bagged foam insert pack shall be
packed in a style RSC fiberbocard box fabricated in conformance with
Specification PPP-B-636. Approximste inside dimencions shall be 26-1/2

wlb.
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~ pound grade, in conformance with Specification PPP-F-00310. (See 5.2.3.)
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inches in lergth, 8-1/2 inches in width, and 35 inches in depth. The
corrugated fiberboard shall be wax and/or resin impregnated type SW, 275
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. 5.2,2.2.1. Closure of Exterior Container. The top and bottom flaps
shall be securely sealed by applying & strip of minimum width 3-inch pressure
sengitive tape in conformance with Specification PPP-T-T6 across the centex
sean. Tape shall overlsp the side panels a minimum of 3 inches.

B T

RES B

5.2.2.2.2, Strapping of Fxterior Container. The exterior container 4
shall be strapped with 2 nylon or polypropylene straps of l/h inch nominal f
width and 0.025 inch nominal thickness in conformance with Specification

PPP-8-760, 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 end back panels. Opne 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 5.2.2.2.).

6. NOTES

6.1 Intended Use. DPackage ventilation kits are intended for use
in identified fallout shelters to provide the necessary ventilation air
to maintain thermal and atmospheirlc 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
assewbly. The number of drive units depends on the size (air flow and
pressure requirements) and location (air flow requirements as & functiou
of the local weather history) of the shelter.

6.2 Ordering Dsta. Procurement documents should specify the
following:

&) Title, number and date of this Specification.
Number of Unit A assemblies required. is« 1.23

Number of Unit B assemblies re uired. (See 1.2

Contact point for Instruction Manuals. (See 3.7.1.)

Listing of Serial Mumbers for Unit A Assemdblies. (Bee 3.10? 3

Listing of Serial Numbers for Unit B Assemblies. (See 3.10; b

When preproduction saaple is reguired. (Seze 3.12) %
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Notice. When Govermment drawings, specifications, or other data
are used for any purpose other than in connection with a definitely related
Government procurement operation, the United States Government thereby
incurs no responsibility nor any obligstion whatsoever; and thie fact that
the Govermment may have formulated, furnished, or in any way supplied
the zaid drawings, specifications, or other data is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying asny 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
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FIGURE 3. - FAl\i, ASSEMBLY OF ( DRAWING NO. 1423A-1100)
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3/8"

_/
 CAUTION
DO NOT PLUG IN——>*

, et g R 335
O R QTR ntn e e s RS . _,%

UNTIL YOU HAVE RECHECKED
ASSEMBLY & OPERATING INSTRUCTIONS %
o BE SURE MODULE T0 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.

3
FIGURE 7- PACKAGE VENTILATION KIT, ELECTRIC CORD TAG.
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FAN, PACKAGE VENTILATION KIT ‘f
115V, AC MOTOR--20 INCH FAN | |
FSN

NAME OF CONTRACTOR
CONTRACT NO.

SERIAL NO.
usS

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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up | ,
SOAMYAL SUPPLIES g - =
FURNISNED 8Y - 172 :
FAN, PACKAGE VENTILATION XIT
WGE OF CIRL DEFENSE 1157 AG MOTOR - 20 INCH FAN _,,
1" FSH i
/ NANE OF CONTRACTOR

@ rackac vemuamion kit @) amo S C | conTuier m.
MTE PO (AT 40 YO

UNIT A —t3/8" ¢
FAN ASSEMBLY 3/8" SERAL NO. 0CD-A-
NOTICE TO SHELTER MANAGERS 314"
READ ENCLOSED INSTRUCTION SHEET 34" §
ERONT PANEL ONE S1IDE PANEL
gqp;?:: Note: Size, type, spacing of wording
| and layout can be varied provided
all data is printed on specific box
panel indicated,
@ g
P4
THIS SIDE UP
SURMVAL SUPPLIES FURMISIED BY OFFICE OF CYWL DEFENSE
YOP PANEL ;
BACK PANEL ‘
?i
FIGURE 12 - SHIPPING CONTAINER MARKINGS FOR UNIT A - FAN ASSEMBLY ;
b

»
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FIGURE 13 - DRIVE MODULE - PACKAGING IN MOLDED POLYSTYRENE INSERT
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172"

34"

OPPOSITE SIDE PANEL

SURVIVAL SUPPLIES FURNISNED BY CIVIL DEFENSE - 314"
PACKAGE VENTILATION KIT @
/ UNIT B
DRIVE MODULE
3,4"——_/
— NOTICE TO SHELTER MANAGERS
S ASSEMBLY and OPERATING INSTRUCTIONS
ARE PACKED IN
(UM A, FAN ASSEMBLY BOX e Type, Soaciog o
wording &'Layout can
be varied provided all
data is printed on
specific box panei
indicated,
FRONT PANEL
Approx Approx
O o e |4t
ga\{* | |
Qworpx_.i_.__. SYRVIVAL SUPPLIES FUEXISHED BY @
" Dia OFFICE OF CIVIL BEFENSE
\
—S— e
ONE SIDE PANEL
ngﬁ ’t-—m--«- Approx Certered —mem——s-|
NODLE, DRivE SERIAL Ma_ 4CD-D.
11 | BATE PKD (Mcath § Yen|
NAME OF SONTRACTOR L ]
CONTRACT NO. o

FIGURE 14 - SHIPPING CONTAINER MARKINGS FOR UNIT 8- DRIVE MODULE
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ASSEMBLY INSTRUCTIONS
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ASSEMBLING THE VENTILATOR:

Femove the contents of the cartons and proceed as follows:

Stern 1 insert a drive module into the fan assembly—do nol insert
the locking pin yet.

Step 200 I a
into
yel,

B e i e a0

Fan y
Assemoly

D?i&e Unit

second drive module is supplied in the kit insert this
the other drive module—do not insert the locking pin

Locking Pin

GUENERAL AMVILTITICAN RCSEARCH DIVISION
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Step 3::

Step L:

Step 5:

. e

‘Slip the "v" shaped stand over the end of the last drive module;

iine up the holes and insert a pin thrcugh the holes. This will
lock the stand in place. ;

If electric power is available, go tc Step 1i.
If only one drive module is supplied, g2 to Step 7.
If there are two drive modules, go to Step 5.

If two drive modules are suppliel-—install the LARGEST chain
between the drive modules on the INSIDE sprockets. The chain

should be installed with one crank pointing vertically and
the other pointing horizortally.

GUMERAL Al ‘.rmcmN AEBREARTH QIVISION
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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 AIWAYS BE ONE CHAIN LEFT-OVER.

Step 8: Line up the joint between the fan and the drive module and
insert the locking pin. This locks the units together and
raintains proper chaln tension.




Step 9: Using the wrench supplied with the kit install the pedals marked
"L" on the left side of the bicycle-fan by threading in a counter-
clockwige 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 szcurely
with the wrench.

GENERAL AMERICAN RESEARCHK DIVISION
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gtep 11: Adjust the seat to the desired height and use the wrench to lock
the seat post in that positiorn. ‘ ‘

SRV SRR TL P RS A T i)

Step 12: 1Insert the handlebars and lock them into pesition with the
thumbscrews. Use the thumbscrews fur’lest from the fan on
the fan assembly. .
o i

.
P

&
3

Step 13: Lightly oil tne chaine witn *n= o1l supplied in the kit while
slowly turnirg the pedals,

GENERAL ANLIUCAN REPSEARCH
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Step 1lk: Using the tube of oil supplied in the kit, squirt a few drops of
oil into each of the two small ports ca the top of the motor casing.

THE VENTILATORVIS NCW COMPLETELY ASSEMBLED, CONNECT THE PLASTIC DUCTWORK TO
THE FAN LHROUD USING THE TAPE PROVIDED IN THE KIT.

NOTE: THE PLASTIC DUCTING SHOULD BE COMPLETELY LAID OUT AND ASSEMBLED
; BEFORE IT IS TAPED TO THE FAN SHROUD.
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