[R—,

BFCRL - Ji— 2205

INSTRUCTION MANUAL
EG &G Model 196
ARRCRAFT HYGROMETER SYSTEM

2¢0 63 &

Prepared for
Air Force Cambridge Research Lab

CONTRACT NO. F19628-69-C-0218
TM 71-200

Prepared by
EG&G International, Inc.
ENVIRONMENTAL EQUIPMENT DIVISION |
151 Beor Hill Road

Waltham, Massachusetts 02154

APR 19 1972

WU U
B

NOVEMBER 1971

Aprroved for public release; distribution unlimited.



AR

s

b

EETand

TRRSAN L o
MY,

(RN . N b agrutd

-

m:gymu@+ 3 IRAE SRR (e L gL 4 < *;r s

—t o ipe

Unclassified
Security Classification

-

.
v AL J—Kﬁ

DOCU' .HT CONTROL DATA - R&Dor—;-

7 (Secunly classification of title, body of abstract and indexing annotution must be cnte.’cd when the overall report is classified)

1. ORIGINATING ACTiVITY (Corporate author) 2a. REFORT SECURITY CLASSIFICATION
H:&G International, Inc. Unclassified
Environmental Egquipment Division 256 GROUP
151 B=ar Hill Roed, Walthsam, Massachusetts 0Q215%

3. REPORT TITLE
INSTRUCTION MANUAL EG&G MODEL 196 ATRCRAFT HYGROMETER SYSTEM

A. DESCRIFTIVE NOTES (Type of report and inclusive dutes)

Scientific. Tinol. 12 Febroary 1969 - 22 Wovember 1971

S. AUTHORIS) (First name, middle initial, last name)

Arthur Bisberg

6. REPORT DATE
Novemover 1971

7a TOTAL NO. OF PAGES 7b. NG. OF REFS

Sk 0

8G. ZONTRACT OR GRANT NO.
F19628-69-C-0218
& PROJECT, TASK, WORK UNIT NOS.
6020-02-01

c. DOD ELEMENT 62101F

.

d. oot supeLeMent  6310C0

9a. ORIGINATOR’S REPORT NUMBER(S)

S) (Any othe that be
9b. gx;ugiiezdﬂ,i‘sonr NO(S) {Azy other numbers may

AFCRL-T2-0208

10. OISTRIBUTION STATEMENT

A- Approved for public release; distribution unlimited.

11. SUPPLEMENTARY NOTES

TECH, OTHER

1Z SPONSORING MILITARY ACT{VITY
Air Force Cambridge Research
Leboratories (LY)
L. G. Hanscom rield
Bedfera, Massachusetts 01730

13, ABSTRACT

An aircraft optical dew-pcint bygiometer was designed and fabricated. Th

instrument Incorporates & cryogenic heat pump to providg an extended range of
mirror temperature depressional capability ( 5C tc -100°C) with rapid resnonse.
The hygrometer will be installed sbcard 2 C-130 aircrafc for fligh: testing.

[T I




TABLE OF CONTENTS

GENERAL INFORMATION
General Description
Specifications

INSTALLATION
The Control Unit
The Sensor

OPERATING INSTRUCTIONS
Circyit Description

Sensor
Cables
MODEL 912-C CONTROL AMPLIFIER

General Description
Adjustments

Balance
Current Limit
Guain
Compensation
Thickness

Power Amplifier

Temperature Measurement Circuit

APPENDIX A - Instructions for Cryogenic Refrigerator

APPENDIX B - List of Drawings

LIST OF ILLUSTRATIONS

Figure

Frontispiece

i Model 212~C Control Amplifier,

Schematic Diagrom

2 Model 912-C Control Amplifier Assy

Model 196, Aircraft Hygrometer System

w w

ON N O

10

10
10
11
12
12

18
19

14
15

(i it e

TR T T PR T

44 WY Wiy

R R 1300 U8 g v T 8 e e




(A RTL L]

QUL LR R T T P T T R I PRV Y R

"
)

IR LR 1A b P UNSHETPANSATALTIMA 60 TR PR o

LRI AR L EULIE P PR LA R S N ALY T il ¥ 474 m00as P om R FEF G

T s i nen

p

g 3 oo

S e

TR

ST

e e A ¥R e pedw M e e o

EG&G Model 196 Aircraft Hygrometer System

s e o % B3 A Wk NG e 6 W W s B W eeenm N W Rbmamesis e B W RN A 8 e

AATRON |1



nnnnnn e s ML L E R S i T i e P e Y A R s B P S P S
T e S R S S B S e B A A i e v Ao eh et o g e

— s At

GENERAL INFORMATION

General Description

The Model 196 Control Unit is designed for use in an Aircraft Hygrometer System

when used with the Model 196 Hygrometer Sensor Head.  The control unit contains the

control circuitry and power supply for the sensor and provides an output voltage for

recording temperature data as well as o meter for reading mirror temperature .

The Model 196 Sensor is designed for mounting within the aircraft. An air

sample flow of 4 to 6 SCFH must be provided by external means through the 1/4 inch

tube fitting.. The components are outlined in the Interface Drawing D12897.
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SPECIFICATIONS

Cooling Capability: Cools to -100°C in steady state ccndmon
with 120 psig air supply. Heats io - :35°C
in Test mode.

Sample rate: 4 30 6 SCFH
Air Requirement: Cooling air 3 SCFM (max) at 120 psig.
Dew Point Temperature Reudout: -100°C to +50°C on panel meter.
z Voltage output: -2,5V to +2.5V dc recorder output linearly
t correspcndmg to -100 Cio~ 0 Cer
! -50°C to 0°C or 0°C to +50°C selected
by switch.
Output Calibrate: Low scale and high scale as selected by
switch. :
Mirror Temperature Repeatability: +0.2°C | §
i Mirror Viewing: Micrescope ' é
Power: 115 VAC 60 to 400 Hz, 3 amp fuse. ’ :§
N 3
3
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INSTALLATION

The dimensions for the sensor and control unit are specified 1., Dwg B16423. The

location selected for the control unit must be within 50 feet of the sensor installation,

per Dwg C16282.

The Control Unit

The control unit is a 19" rack mounted panel which provides power and control
functions for the hygrometer system. On the front panel are the SELECTOR switch
which selects the output voltage range fed into the recorder output connector, the temper-
ature meter which reads the mirror tempercture over the range of ~100 to +50°C whenever
the instrument is turned on, the control condition meter, the ON/OFF switch, the fuse
holder, and the ON/OFF indicator light. At the rear panel are two connecrors J1 and J2
vthich are conneciad to the sensing head by means of cables W1 and W2. (See Dwg C16282.)
Also, connector J3 provides recorder output signals and connector J4 is the power input

connector. Input power to the system is applied only at the control unit rear pane! and
is 115 VAC, 60 to 400 Hz.

The reguirements for the electrical installation are shown in Dwo C16282. Power
is applied to the POWER IN receptacle located at the rear of the control unit. Connection
to the sensor is shown in Dwas B16428 and B16424. The data output for the readout device
is obtained from the DEW POINT DATA OUT receptacle located at the rear of the control

unit, Dwg B16427.

The Sersor

The 196 Sensor is an cptically sensed dew point hygrometer utilizing a Sterling

heat pump as a cooling source ond a copper zonstantan thermocouple as a mirror temperature
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sensor. The sensing head should be *:cated necr the sample stream. Connection
to the somple stream is made b means : f a short length of 1/4" stainless steel tubing to
the sample inlet. The sample flow is returned to the sample system through the sample

outlet by means of 1/ tubing. A pres: “re tap is provided at the sensor by means of a

N

1/4" tube fitting wuch thai pressure meassrements can be made in the sample chamber

I

during operotior Know!i~dge of the chamber pressure is useful for establishing the

LAY

"Jll(‘.

proper flow anc * . ppl;“ag cesroeitions based on # : pressure of the sample in the cham~-

ber. The sensor. - be :uvid d ... a hiyl: pressure air supply for the ope.ation of the

e

Sterling heat pump.. These c~ir.:: ons are shown ¢ Dwg D12897.  Connections to the
control unit are made by means oi two connectors in the upper portion of the sensor. The
upper and lower porticn of the sensor are interconnected by means of a short cable. A

microscope is provided in the upper portion of the sensor to allow the operator to observe

N AR NE A &

the mirror surface during operaiion if desired. The sensor can be mounted through a

VEREAT 4%

hole in a horizontal surface by means of the flange provided. The upper portion of the
sensor can be removed after removing the three hold down screws. Removal of the

upper sensor is requii<d for mirror surface cleaning. Several controls are provided in

A b

the upper portion of the sensor for operation of the instrument. These are the control
condition meter, the balance knob and the control switch which provides the function 3

of COOL, OPERATE, or TEST. . ;
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OPERATING INSTRUCTIOINS

After initial installation wherein power is applied to the control unit, sample

lines are connected to the sensing head and a source of air pressure is provided for .he

Sterling heat pump, the instrument may be placed into operation by opening the air
supply to the Sterling heat pump and allowing 20 to 30 minutes for the heat pump to
reach equalibrium temperature. This preliminary cool down should be accomplished

with the power switch ia the OFF position or with the control switch in the COOL posi-
tion and the POWER switch on. If the CONTROL switch is in the COOL position with
power On, the temperature meter viill indicate misror femperature and will show a
gradual drop in temperature as the Sterling heat pump cools the mirror. The Sterling
heat pump should come on immediately when pressure is applied, accompanied by a
recipricating motion of the piston. [f the piston is hung up initially, remove theknurled
screw at the bottom of the plastic dome under the sensor unit and manually move the piston
until it runswith a recipricating motion of its own accord, then replace the plastic dome.
See Appendix for further instructions. The instrument canbe put into operationin a shorter
periadof time if it is not desired to use the entire range of the instrument capability. Within
1tor 15 minutes the instrument will be cold enough to measure ambient dew point temperatures.
After the mirror has cooled down, the mirror surface may be cleaned by removing the
three hold down screws at the rim of the upper sensor and then lifting the upper portion
of the sensor off. Frost will accumulate on the mirror surface and this may be dispelled
by placing the control switch in the TEST position. This causes the mirror surface to be
heated to approximately +35°C, causing the ice to melt. At this point the gold plated
mirror surface may be gently cleaned using @ Q~tip. The upper portion of the sensor
may now be replaced by first seeing that the O-ring is in pluce and then lining up the
alignment pins in the upper sensor portion. With the CONTROL switch still in the
TEST position adjust the balance knob for & reading on the control condivion meter of

between 0.3 cnd 0.7.  If this adjustment is beyond the range of the balance knob

:,;
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it is indicative of an unbalance in the optical system. If the mirror surface is clean

- and the light source is working, a course adjusiment that will have the same effect as ]
= the balance knob can be made by using a small Allen wrench on the bias adjust screw

at the light source mount. To achieve access to the light source, the upper housing

that supports the contro! switch, the control condition meter, and the balance knob on

the upper sensor must be removed. With the control condition meter balanced to

mid-scale through the use of the balance knob, the instrument may now be placed into

RS ISV Bl wabn e o P R B, A Ay g BT AL e mmummwwm&w

operation by placing the control switch in the OPERATE position. Nermal operation
of the instrument at this point is indicated by a rapid drop in the conirol condition meter
indication, indicative of the fact that zero current is being fed fo the heater and there-

fore the mirror surface will cool at the maximum rate.

Once the instrument has been on long enough to be able to cool to a temperature
of ~90°C and the balance of the control condition meter can be accomplished with the
Test switch in the TEST position, then the instrument is ready for operation. The air

flow rate should be about 4 to 6 SCFH. At low frost points higher flow rates are helpful

in improving the speed of response of the instrument. At the higher frost points (-10°C)

a high flow rate will tend to cause oscillations in the system output. A significant
pressure change in the sample will result in a change in dew point. For this reason,

a pressure tap is provided at the side of the sensor to make pressure measurements during

vt ol € AR O RS VB0 8, Ao e 0 L S S b S il

set up of the sample flow system.

A

Proper hygrometer operation is checked by checking the balance of the control

condition meter in the test mode and by then observing the dyramic operation when

the control switch is returned to the OPERATE position. The proper dynamic operation

=2 is the following sequence.
1. Control condition balance in test mode, with mirror temperature near

+30°C.

: 2. When control switch is placed in OPERATE, the control condition meter

}“ i
u”uu.uwu","

drops to 0 reading (indicating zero heating) and the temperature drops at a

Wl
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: maximum rate.
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3. When temperature reaches frost point of sample, it overshoots. Then
control condition meter rises.

4. The size and duration of the overshoot depends on the frost point temperature
(large and long for low frost points). At high frost points the hygrometer will

tend to oscillate as it settles down on a frost point reading. Excessive

oscillation cun be 1educed by a reduction in flow rate.

A B S A 1D R

5. When the system reaches the steady state the control condition meter will
read a number indicative of the heater current required to maintain the
mirror temperature near O for lowest frost points and near 1 for highest
dew points. The meter will make rapid fluctuations about the mean reading

for small variations in sample frost point.

Circuit Description

R B AR

Wi

AR

v

The schematic of the Model 196 Aircraft Hygrometer is shown in Dwg E16551.

The sensor is shown at the left and is divided into the upper sensor and the lower sensor.

Dbk

The control unit is made up of four sections, the power supply, the control amplifier, |

the power amplifier and the temperature measurement circuit.

A LA

Sensor: i

i

The lower sensor is electrically quite simple. While it contains the Sterling -
heat pump which is totally mechanical and pneumatic in operation, electrically it only
contains the resistive heater on the mirror assembly and the copper constantan thermo-
couple imbedded in the mirror surface. The thermocouple leads are brought through all
connections with thermocouple connectors to eliminate errors in the measuring circuit.
All lower sensor leads are brought to the uppe r sensor prior to connection to the control
unit. For test purpuses the resistance of the heater is 4.2a * 20% ond the thermo-

couple is less than 102 as measured on a Simpson meter.

The upper sensor houses the light source, photo cells, balance control, contrel

0D R T A A s S A W, B A

switch, and thermocouple reference junction.
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The thermocouple reference junction is a self contained potted unit with
internal battery which has a life of 2000 hours and a sheif life of 2 yeais. The battery
is off when the power is off or when the cable is disconnected. The thermocouple
reference provides an output from the measuring thermocouple which is referenced to
0°C and eliminates the necessity of using thermocouple wires in the cabling from the

sensor top to the control unit.

The lamp is the light source for the optical frost defector and is potted into the
screw in lamp assembly iogether with the bias photo c21l. The lamp is connected in
series with a 47a , 1W resistor to the +10V regulared power sspply. The light to the
bios photo cell in the lomp assembly is controlled by means of an Allen screw shutter
adjustment which is set during alignment io result .a center scale reading of the control
condition meter when the balance pot is centered and the control switch is in the

Test mode with the mirror clean and dry.

The direct photo cell which looks directly at light reflected from the mirror
surface is potted into a mount and screwed into the upper sensor housing. There is no
adjustment associated with the direct cell i.st the lens surface should be maintained in

a clean condition which is also true of the lens on the lamp assembly.

The bias pot is a multi=turn pot electricc'ly connected to the photo cell bridge
p p Y P g

circuit and is used for fine adjustme. : ¢ 1 the bridge balance.

The cuntrol switch is a three-position switch used to provide normal operating

mode, test mode and full cooling mode of operation of the system.

Cables:

The cables are shown in the schematic drawings and referenced to individual
cable Dwgs B16424 and B16426. Note that some of the leads are shielded and if the

cables are run near sources of high amplitude high frequency sources, an overall cable
shield would b » desirable.
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Mode! 912-C Contro! Amplifier

Geneial Description

The Model 912-C Cont-ol Amplifier is a general purpose, high gain, stable

dc amplifier used extensively in Cumpbridge Systems dew point hygrometer. This unit

S L VS Fa e s SV £ 1 b 2 S LA

serves as the main fzedback wmplifier in the dew point mirror servo loop, amplifying the

output of the dc-excited photoresistor bridge to ¢ sufficient level to drive an emitter

1 follower chain. The emitter followers contro! the direct current furnished to the sensor. f
: ‘ The 912-C printed circuit card contains a portion of the photoresistor bridge,
Z including a balance pot which is adjusted to trim the range of operation of the main b

BALANCE control of the hygrometer in which the 912-C is installed; an adjustable offset

resistance control labeled THICKNESS utilized in the hygrometer operate mode us a

reference against which the photoresistor resistance (which varies as a function of the

dew layer thickness) is automatically compared, thereby establishing the dew layer

ERTREL T TR

A

N5 thickness on which the hygrometer will operate. The output of the photoresistor bridge .

is amplified by a solid state amplifier module (A1) which drives an emitter follower cir-

cuit. A rate compensated fuedbock loop is used around the ampiifier-emitter follower

chain to electrically compensate for the thermal lag charocteristic of the

o g M o
CINEITERE ST ST ¥

cooling device in the instrumznt sensing head. The first emitter follower stage provides

output current o operate a 0-1 ma mefer indicating the CONTROL CONDITION (or

“
5
H

amplifier output signal) of the 912-C amplifier. An cdjustable current limit resistor,
located in the first emitter follower stage, controls the maximum current which can be
fumished to the mirror heater when the cord is ir-talled in a hygrometer. The
last emitter follower in the chain contains an adjustable gain control which sets the
mognitude of the change in the direct current output ror a given increment in photo-
resistor bridge change (dew luyer thickness). Power for the photoresistor bridge and
all amplifier circuits is derived from the zener referenced transistor-regulated supply

on the unit. The card operates directly from 115 VAC.
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Adjustments 3

Balance

TR

The 912-C BALANCE control performs the same function as the BALANCE con-

trol on the hygrometer, providing additional adjustment range over the hygrometer control.

The 912-C BALAMCE control may be adjusted as follows:

NOTE

This adjustment procedure assumes proper
adjustment of the dew point sensor optics.

(a) With 912-C card plugged into its card holder, and CONTROL switch in
TEST position, first set the BALANCE control on the hygrometer control panei

to its center position against the stop.

(b) Then, observing the CONTROL CONDITION meter, adjust the BALANCE
control on the 9212-C card to set the CONTROL CONDITION center scale.

Current Limit

(@) The CURRENT LIMIT adjustment is made for the purpose of setting the
maximum current through the mirror heater when the controi circuit
is full on demanding maximum current. The adjustment is always
made with the 912-C card installed in a hygrometer, with the
amplifier in its full on operating state, and while the voltage to
the mirror heater is mcnitored in accordance with the hygrometer

unit instructions elsewhere in this manual.

11
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(b) Adjust the CURRENT LIMIT starting from a fully counterclockwise position

to obtain the desired voltage on the sensor heater terminals of 8V.

Gain

The GAIN control functions to adjust the overa!l gain of the optical-system :

mirror-tempearature control loop in the hygrometer. The GAIN control has numbers

embossed on the face of the pot which serve as index markes only and do not indicate the

Comen g

actual gain in the control loop. The setting of this control should be made with the

following physical mechanisms in mind:

The overall gain of the control loop is dependent on both the electrenic gain in
the amplifier and the gain of the condensation phenomena. The gain of the conden-

sation phenomena is related to the mobility of the condensate, which is both a function

of absolute temperature and the state of the condensate (water or ice), being high for

high temperatures and water deposits ~»< low for low temperatures and ice deposits.

> —p oy

The electronic gain control may be used to compensate for this change in gain of the

condensate phenomena.

ey

When the 912-C card leaves the factory, the GAIN control will have been :

adjusted for optimum performance over the intended range of application, if that range

has been stated by the customer, or to a compromise setting that will insure proper oper-

ation over the entire instrument range. A setting of approximately 6.5 is normal for

o i St R T R R R R L

operation over the entire instrument range. Higher settings of 8 or 9 will resuit in

improved dynamic performance when the instrument is measuring dew points of -60°F or .

b a0 B L K N 0500 I 0 S0l 0 L s R v S RS bl N 3 2 AL a2 NP B o S S

lower. Settings lower than 6.5 may be used when measuring dew points of 100°F or

higher and will reduce the tendency toward instrument oscillation at these dew points.
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In this case, the proper setting will be found to be somewhat less than that which causes
instrument oscillation, as indicated by the CONTROL CONDITION meter altemately
going from full upscale deflection to full downscale deflection. For best performance
under these conditions, the GAIN must be adjusted in combination with the COMPEN-
SATION control, below.

Compensation

The COMPENSATION control serves to introduze phase lead into the electronic
amplifier to compensate for the thermal phase lag characteristic of the thermeelectric
cooling device used in the dew point sensing head. Introduction of this phase lead into

; the optical-~system-mirror-temperature control loop permits the loop to be operated a! a

higher gain seiting without oscillation resulting in improved dynamic performance. The

frequency response of this compensation network is such that it is effective only at dew

A R

points of 20°Cand cbove. The setting of the control is unimportant if measuring dew

points below 20°C.

The proper adjustment of the COMPENSATION control is achieved by introduc~
ing a gas sample into the hygrometer ut the highest dew point anticipated. With the !r
instrument operating normally on this dew point rotate the COMPENSATION control full
counterclockwise (25 turn pot with no stop, pot clicks once per rotation when end of

resistance range is reached) point and advonce t-¢ GAiIN control until o steady oscil-

A e ———

lation is obtained. Next, rotate the COMPEMSIATION control clockwise in increments

of 5 turns allowing a few minutes between each increment, until the oicillation stops.

Rebalance the instrument.

Thickness

: The THICKMNESS control functions to set the thickness of the condensate layer

required on the hygrometer mirror before the optical-system-mirror-temperature control
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loop begins to maintain the preset thickness by detecting small changes in the thickness
and adjusting the mirror lemperature in @ direction that tends to hold the layer thickness
constant. The THICKNESS control has numbers embossed on the face of the pot which
serve as index marks only and do not indicate the actual thickness of the condensate layer.
The setting of the THICKNESS control has no effect on the accuracy of the instrument.
Any setting represents a compromise between fast dynamic response and insensitivity to
contaminants, making the setting primarily dependent on the characteristic most desired
in the application of the hygrometer. The best setting can only be found through experi-
mentation in the actual application. The unit is shipped from the factory with a setting
of approximately 1.5. This setting provides fast response and has been found satisfactory
for clean samples such as room air, bottled gas, etc. For operation on samples of higher
contamination levels the THICKNESS control may be advanced to higher settings result-
ing in longer operational intervals between mirror cleaning, but with the most apparent

sucrifice in the time required to establish the initial operating layer thickness and some

sacrifice in the response of the instrument to changes in dew point.




—
TN T AT e O] T T ] TR B HENIIURT R W TR

R Ty v e T M T T T T T T T e o A T T T T T TR T T T R L

, T T T T I O N I N T O T T YT LTI S T

— e wer e o B N mee e wn e S o . eno.

woiBpyg oupwaYdg ‘saijijdwy [o4uUOD D-Z14 |IPOW | einbly

O Bwl e DB PRV
AQu NG QY LOY *ARL BV e @l DIV VM IA VIN
PRV G WD ONY Lh0w UV LNIFUND Cala SRV . v

@@ 20 Vie NYILIR A o

v WS VNG DO FUO LB BNV IS L VIR e VY Y
l VS 3 R BT WD Ied W
= - CTia Vet Da TAINL DTN
e xy a0
. 2NN .
3 , _uuu:ﬁ.{awn.c 2ePUNED V.
XA LY 0
WY (=) | v OWD X IENE-1] i
| ST S @2 > 2 1y w IYA QU
ASZ) nsa 3¢ Iy .0n !
ws| % !
Yo |- '
[ b {
! - — OO
G 2 | im0 ]
, — b R4 Xl P d-)
L — - t——
te - o3 coowmt | % 1 Y s—= Ao {
& : N S LN O S v
A Y™ i T {
A2 21 .
— > 1 a— G - -3
2 %l _1| [-1Y i -
ﬁ y it )
Lg S i
oxd — vl 1y |
h- —il —y Gl _ _
9! 7 H
)
A k., ol - oy V-3
a0 m a > Yo e
o 5 61 1> VAW :
3371 r (
» y1zhs. —l.lL
b Sye B {
Oy 221 e van
m‘ﬁ»u BN~ | '
Moo2
L I e e e et e e e




U AL L CR EP R T BT R
RN :,.:,.,‘Si%;__.:g.

e P AT A A R s O A et b W L R L o R R T R A T e e b e A L L e A U M e S e

(€ 40 | 498Ys) Ajquiassy 4ayyljduy [olU0D D-16 [9POW 7 @unBiy <o

1, MIVIS SO TYIN NIIND VP NILT dwls.n L4

! ARA AVGY R 1D VYRS TGNV AN T

# A D Sty Ay N )I.S‘n.“

i 2T S v Iny GT iy T30 o b AN SEany Dl ¢ 274

A, ANIIY AT QN WL H IR LY
ST WA A0 K1 SV daNG 43 Aun Ghillvny

Y al's Y22 an% 3w NOAE AV L00D Kaiv

HOUGININ G sreves NS 1D Teenava
Tt i 2Q 420 2BE ey,
AR QIAINLIIN %N WY WG

GLT Te™ VW 133 ¥ W idh v

H T

el e B 7 > 7 O R e
—.ll

_..ii..:uns -

m
o . _.||ll~uﬂaﬂ.|.| ot —

15

Sl e

SN QRO . 5 s i

RO <ONU g s

: ey " Pl L

§ ..E?._:%o.s ‘ “‘u_

. N — \.Hl\t“l.“ ' - .W, ﬁnn! m !

®
\.

& S4ON IPF

q {2av)ice |

i
.

~—

(e S Bl il i



=2 ,52—‘; E‘Zue:{-v; o AR e By e AT g T R AR T I A A R g s m e s e = 2T w e o
. ~ ———t R
k3

NO | nO IDENT NO ary DESCRIPTION ftq
) D-11281 | | PRINTED WIRING BD (MASTER DWGY|
2 ; RCOGF322T |3 | RES.COMP, 32K _aw , MiIL-R-1 'ﬁgﬁé‘u
3 :\l? RCOTGFI0RT | 2 [RES. coMw, IOK ,‘14\;/, MIL-R-1U | l
4 [R3RCOIGV242T | | | RES. COMP, 2.4K jifaw, MIL-R -1
|5 | BENuons 202 T | 2 | REC. COMP, 2K ,Maw, WL R 11 . ,
G |RS|RCOIGFS432T || | RES. COME, 42K, 4w, MH_-R -1 {
7 |RG[RCOTGF 02T | | | RES. "OMP 1.OK l/4w, M|L-2-l\
& %7 .R('.07L7F33l3' \ RES comp :330:;.,!/4\»/ MILR- -1
'5-?211 RCOTGFI52T | | PES. C_OMP,\SK-:/;W MIL-R-1\ :
10| =9 77PR.\K n é;:s VAE, \K,""l-l.é;_i:rém\(BECKMAh})
\'I- g‘g RCOTGY ;:.;_-; _é Qas ComP,; 1K V4w, MIL-R-\\
12 |R12|RNGSDEBIF | | |RES. FIXED, 6.81K, MIL-R-1050
13 B2 Reo76F 18T | 2 |RES.ComP, 100K, H4w, MIL-R-1
_;-\Z Rie RCO?C:F-Z.&}”"\” Egs COt;/\P 2c50§< V4w, M- R-1 1 <
15 [Ri7| 77PR200K T RES. VAR ‘200.< HELITRIM (BECK AW
{6 [R19 EC—07GF2433' -\ ‘Rr.-s- -c:v-\;_'aqx,x/qw MiIL-R -\ .
17 [BYReorGra11T |2 [RES. COMP, 4700, 4w, MIL-R-11 ¥
18 [R2Y] 77PR 5K I |RES.VAR, 5K, HELITRIM|[BECKNMAN)
19 [Rz4 Rcovc;vaznﬁj‘ RES. COMP, 220, ‘/4w,—m—.\té 1"
20|rElTyee 310 | 1| |[RES, VAR, 10 (\RC)
5] 21 |R2RCOTGF394T |1 |RES. cOMP, 390K, Y4, MIL-R-1Y
é 221Ra1 RNG:SD&Q;:ZF \ _RC:-: ;"l-XED ;4——52 -r;\_lLk \osoa
23 [728|RCOTGF753T | | [RES. COMP, 75K, ;q; WILR-1L
24 {Rzo Rc.o‘rGF\?.aJ' 1| |RES.COMP, lZK, 16 W, MIL-R -1\
25 |R30 TYPE ao || Ré_\};ﬁz 2K (IRQ).‘_-_
LMjzzo0s | Y\D42 K !
scALE WGNE | [ sneer 2 of 3
+
Figure 2. Model 912-C Control Amplifier Assembly (Sheet 2 of 3).
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26|52 | TEROT . |2 | CAPACITOR ,S0.ut, SOVOC { SPRAGUE)
o 27 C3~C_:D\9FSb\J \ | CAPACITOR , S60p¢ (cDG_S )
zalca —;é; . a:; NL 1 c;x%;ig\\OR ,noo& -I—Z_JETC(SPEAI&GS_
29iS3] TE120a |2 | CAPACITOR,10us , 25VDC (spRAGd;) T
308 In23s |2 | ewn conDUCTOR DEVICE- DIODE.
‘ 31 [cw2| MDR-220A-3] V. RECTIFER (MOTOROLA)
- 32|ca _1;&\_5-0—9-””\ | semiconpucior vevice -mone | |
A\33]|a B =108 ‘L\”— ameuiriee (NEXUS)
\ 34|98 2nz242A |2 | TRANS IS TOR (Reay
35|Q2] RaA \ [TRansisTOR (Ge)
36|32 2N3565 |2 | TRANSISTOR (FARCHILD)
, 37| | alcgo7 | | TRANSFORMER -
-yl D8 .412-40 2 sc.saew » BILG PN HD
- 29 =4 |2 | WASHER, FLAT SST
4 AR]4o «a 2 _\_A/X«-E:Héé_ .r.ocw, TNTERNAL TEeTH
E 41 112-40 |2 | NUT, HEX
a2 g AR| WIRE BUSS
43 %8 AR| SLEEVING , TEFLON,CLEAR
aa D240  |[REA SCHEMATIC
45| | 7717-sN || | PAD,TSTR, WHITE  (LAFAYETTE)
A ANS\S REF | PROCEDURE, CHECH OUT
NOTE i3
1. MILITARY TIYPZ DESIGHATIONS MAY E
: RE. |SUPPLIED AS COMMERCIAL
. EQPILAVEDT, ;
L LM|2z005 | W242. |'K
SCALE NONE | . [ sneer 3 or 3 EE
)
- Figure 2. Mode! 912-C Control Amplifier Assembly (Sheet 3 of 3). g
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i Power Amplifier

The power amplifier drives the 4.2 sensor mirror heater using a 2N3055
silicon power transistor to control heater current from the regulated +10V power supply.
In addition to amplifying the signal from the 912 contiol amplifier, the power amplifier
has a variable gain feature to improve the dynamic response of the instrument over a wide
range of measured frost points. At low frost points where the mass transfer of woter vapor
to the mirror surface is low, a high gair is required for rapid response while at hign
{rost points the inverse is true. This variable gain is accoraplished by means of a
variable resistor (a lamp coupled photocell) in the feedback loop of the input ampiifier
A2. The 912 control amplifier feeds A2 at R14. The gain of A2 is determined by the
resistance of R15 in series with the coupled photocell HP~5082-4522 and the factory

setting of the Dew Gain pot R6. The variation in gain of A2 i< controlied by the
voltage fed to the lamp of the coupled photocell which in turn is derived from the
temperature measurement circuit. A voltage proportional to mirror temperature, OV at
-100°C and +10V at +50°C is fed to R10 of A3 and then drives Q3 to control the lamp
and therefore the resistance of the HP-5082-4522. The cutput of A2 which is the
control signal from the 912 amplifier with varicble gain is taken from R5 and fed through
the control switch at the upper sensor and then returned to the summing junction of Al

together with the voltage from the temperature measuring circuit. The injection of a

current proportional to mirror temperature at the summing junction of Al makes the

mirror control circuit a temperature servo. In hygrometers not utilizing this feature,

a step change in frost thickness would result in a step change in mirror current but due

AN AL A A A A s L A AR AL o B i EX e AL A e A o ok R RN s st G SO BN A A A e

to the mirror thermal lag the mirror temperature changes exponentially with a time

constant. With the temperature servo feature, a step change in frost thickness tends to

e A
NG RO

o

force a siep change in mirror temperature resulting in a reduction of the mirror thermal

)
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response lag equal to the loop gain or about a factor of 10. The output of Al then feeds

. emitter followers Q1 and Q2 to drive the mirror heater.

Temperature Measurement Circuit

The temperature measurement circuit accepts a low level signal from the misror
thermocouple vio the reference junction and amplifies it to a 10 volt level and linearizes
it to provide signals for the panel temperatre meter and the servo feedback required in
the power amplifier. Additionally,a switcl.ing network and signa! conditioning is avail-
able to provive : #itched output signals of -2.5Y to +2.5V in three tempercture ranges of
~100°C io -SOOC, -50°C to OOC, and 0°C to + 50°C. The inzut signal is the refer-
enced thermozouple signal of approximately 40 [Lv per degree C and is amplified by the
chopper stabilized amplifier A2. The voltuge output of the zopper constantan thermo-
couple is not linear with temperature but is slightly concave downward. Linearization is
accomplished in the amplifier A2 by the use of biased switching transistors in the feed-
back network. The adjustment of the network pots R6 through R12 and R28, R29 is
described in drawing D16289. Please riote that in this detailed drawing the reference
designa ion numbers of the pots are not the same as those in the overall schematic.

The adjustment has been performed at the factory and should not be repeated often in the
field. Input voltage to simulate temperature can be obrained with a thermocouple
potentiometer or from a low variable source and a list of thermocouple voltage vs temper-~
cture. With veference to the overall schematic, the temperature meter is calibrated at

+50°C input with R33 while the -2.5V to +2.5V output is adjusted as follows:

N =asure the output at pin A of I3 to ground and with the output selector switch
at.-100°C to -50°C and input corresponding to -100°C set R63 for 2.5V out. Then
with input simulating -50°C set R43 for +2.5V out. With switch in -50°C to 0°C posi=-
tion and with -50°C simulatad set R38 for output of =2.5V. With switch in 0°C to
+50°C position set R40 for -2.5V out. The next two switch positions set the output to

the ends of the range ~2.5V and +2.5V regardless of hygrometer temperature reading.
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These can be used in the aircraft to aid in setting up the recorder zero or to aid in 3
i setting the output select adjust.nent R48 for desired recorder sensitivity. :
: ;
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APPENDIX A

Instructions for Ciryogenic Refrigerator
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CRYOGENIC REFRIGERATOR AIR SUPPLY SYSTE™1

AIR SUPPLY
\ T0P
AlR
MAIN /@
LINE p
| ook
L 1 1 [) _h
SO
A. Supply pipe - 1/2" recommended - take from top of main line
B. Drip leg 1/2"
C. Drip leg blowdown valve 1/2"
D. Shutoff valve - 1/2"
E. Coarse filter and water trap 1/2"
F. Oil fog fine filter 3/4" in, bushed 1/4" out (furnished)
G. Gauge snubber valve
H. 0-150 psi pressure gauge
I. 1/4" air hose, 12'long, 1/4" male pipe connection one end,
SAE female flare {itting other end to {it K {furnished)
J. Cryogenic Refrigerator
K. Excess liquid water warning indicator with fittings to connect

t0 I and J (furnished)
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AIK SUPPLY

Air supply pressures from 65 psi to 125 psi may be used with the Series 3152
Refrigerator. The higher the air supply pressure, the lower the limiting
temperature, and the shorter the cool-down period. A supply pressure of 85 psi,
which is available ia most laboratories, gives a no load limiting temperature of
about -140° C (-220° F). This is satisfactory for small loads such as leak
detector traps.

Air consumption is about 2.1 standard cubic feet per minute (85 psi) at the
start of the cool-dovn period. Consumption decreases io about 1 cubic foot
per minute as the Refrigerator reaches iis limiting temperature.

We suggest an afler-cooler or long runs of pipe to permit the air to cool down

to room tempersture before it gets to the Refrigerator's filter system. The
cooled air should be passed through a discharge water separating trap (E), or
through a tank, to collect the water that normally condenses after air is com-
pressed. This trap (E) should be as cool as, or cooler than, any other part of the
branch air line system so that 21l water condensate will collect here. This is
especially necessary in the summer months when humidity is high. The liquid
water warning indicator () shows if these conditions have not been fulfilled.
Corrective action must then be taken.

Variations in air pressure due to typical on-off compressor pressure control
do not cause the temperature to rise or fali significantly.

If a separate compressor is used to operate the Cryogenic Refrigerator, the
compressor rating must be at least 2.5 standard cubic feet per minute while
operating at 85 psi discharge pressure. The compressor should be equipped with
controls for constant running.

If a separate compressor is used that has no excess capacity, it must be designed
for continuous duty. Many compressors are designed only for light duty cycles.
Only pressure oiled compressors are recommended.

If the air corapressor is worn, abnormally large amounts of oil may be
introduced and two oil fog filte~s (F) may be required instead of the single one
showmn.

If uninterrupted operation is desired for as long as possible, 2n automat’c,
regenerating, heatless desiccant air dryer, as made by the Gilbert and Barker
Company or the Kahn Company, is desirabie. Using such dryers, The Welch
Scientific Company has obtained uninterrupted operating periods of as long as

six months. The filter (K) should precede the dryer fo keep oil from the dessicant.
Another filter (K) should follow to keep dessicant dust from the Cryogenic
Refrigerator. A wick type lubricator should fcllow this second filter. (Instructions
for making this modification are presented later in this text.)

Mechanical refrigerator air dryers are the next best in performance. They are
less expensive than desiccant éryers where more than one Refrigerator is used.

Simple, non-regenerating chemical or deliquescent éryers are about as effective
as mechanical refrigerator dryers but will probably have a higher operating cost.
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The snubber valve (G) protects the gauge (H) from being worn out by the
fluctuating pressure caused by operaticn. i

E The gauge (H) acts as a safety device by indicating if the filter (F) is clogged and
shows whether air pressure is in the correct range for optimum operation. ’

TR [T

If the leak detector or system employing the Refrigerator is frequently moved

z , from place to place, 1t may be convenient to mount the oil filter (F) on the

3 leak detector and use a short hose. A longer hose can be run over to the wall

at (D). Quick, plug-in air hose disconnectors with bujit-in valves are especially
convenient for this purpose. These fittings are available from industrial hard-

ware dealers.

e

N

TG PV

The oil fog filter (F) mnay eventually clog with dirt, but oil is continuously
trapped without causing clogging. Oil must be drained from the filter occasionally.

gt
LA

The Refrigerator's regenerator effectively rejects gaseous oil in the air supgly.
However, liquid oil, normally present as fog in the compressor discharge,

can pass through the regenerator in sufficient quantity to eventually jam the dis-
placer. A very {fine filter, such as that furnished, can remove most of tiais fog.
It is however, not desirable to remove 21l of the oil. The Refrigerator requires a
minuie amount of oil normally met by the residual oil passing through the ,
recommended oil mist filter. [f extremely oil free air is used, sucn as that which '
comes from "oil-less" compressors, special means must be employed to maintain
adequate Jubrication. These means may sometimes be necessary with oil
lubricated compressor systems alsa, if routine maintenance indicates inadequate
oil. The liguid wuater warning indicator may he converted into a wick type
Igbricator as follows: Interchange connections so that inlet and outlet are
reversed. Make a wick of 260 cotton thread stiffened by a thin tag wire which

can feed oil from the bottcm of the small green bowl up into the short brass tube .
connecting to the reirigerator. Use air compressor oil or SAL 20 weight, medivm :
grade oil. Oil fed by this means is about 1/10CC per month.
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INSTALLATION ON LEAK DETECTORS

SR

To install the Refrigerator, remove the liquid nitrogen ‘'bucket" from the leak
deteator cold trap. Six captive screws, reached by removing the transparent
dome and the plastic foam air silencer, hold the Refrigerator in place. Follow the i

BB H NI OB P A g B L S el

installation requirements for thc various leak detectors listed below.

2 Veeco Leak Detector: The Model 3150 Refrigerator fits without

= any adapters.
; i CEC Leak Detector: The Model 3150A Refrigerator uses 2 {lange
-5 adapter. Xote: The lezk detector cover must be cut away at one

E edge to close with the Refrigerator in place. Do not completely
i iighten the screws holding the Refrigerator. Atmospheric pressare
4 will compress the "O' ring cufficiently to cause a leak tight seal.

=3 This will eliminate any metallic sound path between the Refrigerator
e and the leak detector flange.

NRC Leak Detector: The Model 31508 Refrigeralor uses a flange

E adapter and "O" ring (3-3/8 x 3-5/8 x 1/8). The trap cover must be

T
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removed.

General Electric Leak Detector: The Model 3150B Refrigerator
uses a.flange adapter and "O" ring (3-3/8 x 3-5/8 x 1/8). The
table cover must be removed or trimmed to clear the Refrigerator.

After placement in the cold trap, tighten ihe captive screws and reinstall the plastic
form air silencers. After connecting the air supply, the Refrigerator may be
started.

STARTING

Turn on iull air pressure. If the plunger is in the down position, the Refrigerator
will start itself. Otherwise, depress the plunger with your finger.

The Refrigeravor can be started automatically if an electric air valve and clock
t{imer switch are insialled in the zair line. The plunger should be pushed down

in preparation for automatic stariing. Full air pressure is necessary immediately,
not a2 gradual rise.

COOL-DOWN PERIOD

Once the Refrigerator is started, it needs no further attention, but be sure that
the trap is evacuated. The Refrigerator will not reach its limiting temperature
unless there is vacuum insulation in the trap.

The cold indicator, divided in 10 arbitrary units, registers the progress of the
cool-down period. With an 85 psi air supply pressure, the Refrigerator reaches
its limiting temperature in about 45 minutes. You may find that your particular
leak detectur is sufficiently cooled in 30 minutes for sensitive operation. The
cold indicator meter will register between 8 and 8-1/2 at limit temperatures.
(At 85 psi this corresponds to a temperature between ~130°C and ~150°C). The
Refrigerator normally slows down to about 100 strokes per minute 2s il reaches
limiting temperature.

If actual temperature measurements of the top of the cold end sleeve urd desired,
remove the two iron-constantan thermocouple leads from the meter and connect
them to the usual thermocouple-potcntiometer type of instrument normally employed
for suck measurements. The lower end of the copper sleeve, where the extended
surfaces connect, can be as much zs 40° coider than the upper end of the sleeve,
where the supplied thermocouple is installed.

" STOPPING

To stop the Cryogenic Refrigerator, turn off the air supply.

SUGGESTIONS FOR DESIGNING CUSTOM COLD TRAP EXTENSIONS

Make the cold area which "sees" the warm trap walls ro larger than necessary
consistent with good trap design. If the extension replaces a liquid nitrogen
“"reservoir" it is not always necessary to have the extension surfaces as large

as the completely filled reservoir. If eperation of the trap was satisfactory when
the reservoir was half full, then operation with an exiension cquivalent to a half full
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trap would likewise probably be satisfactory. ''Cut and try" methods can be help- ¢
ful in reaching the best compromise between the size of the exiended area and the
lowest possible temperature.

* Polish the extension surfaces and the facing of the trap. This reduces radiant
e heat transfer. ;

The demcuntable joint between the cold extension and the cold end of the Ref-

— rigerator, {copper sleeve) should incorporate a soft crushed lead washer between
the mating faces. The area of contact between the cold extension and the Ref-
rigerator must be as large as possible to maximize thermal conductance across the
icint. Use the 1apped hole and shoulder provided to apply crush force. Refer to
The Model 3150 drawing for an example. Avoid more than one demountable joint
in the heat flow path. !

All joints across which heat flows should be full cross section fusion joints.

Welding, brazing, and soldering are advised. It is difficult to make an aluminum

solder joint that will not deteriorate. Copper is recommended as the special ext- .
ension material. Copper is easy to connect with silver solder or lead-tin solder ;
joints. ;

Make the heat flow path cross-section generous. Do not introduce "bottlenecks"
where the heat flow path is obviously constricted. However, the heavier gauge

the extended surface is, the longer it will take to be cooled dovm by the Refrigerator.
Fortunately, weight 2lone is not a limiting factor in determining the lowest
temperatures attainable. In most cases it will be Letier to err in making the
extensions "on the heavy side''.

Keep the partial pressure of non condensible gases, such as air, below 1 milli-
torr. The refrigerator extersion surfaces will reduce the partial pressure of

water and oil to negligible levels as far as thermal conductivity is concerned.
However, the purap system must remove the non condensible gases to below milli-
torr levels in order to maintain the vacuum insulation of the cold surface extensions.

gl g

Heavy deposits of condensate greatly increase the radiant heat load. A limitation
of cooled surface area, or frequent cleaning may be necessary. On diffusion
pumps 4" and larger, an air cooled baffle is recommended between the pump and
refrigerated baffle to intercept heavy backstreaming and splashing.

MAINTENANCE

Under typical 24-hour work day operation, 6 days a week, turn the Refrigerator i
off once a week and let it warm up and stay warm one day. Oil and water inside H
the Refrigerator will usnally drain to a place where they will not stop the Ref-
rigerator should they re-freeze.

Under seven-day-a-week continuous operation, once a week pull out the mechanism,
(marked 3150G on the exploded view). This can be done withou! warming.

Briskly wipe the displacer 34 with a cloth so that frozen oil, water, and carbon
dioxide are melted and removed. Quickly replace before frost deposit from the air
gets too thick.

29
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If a mechanically refrigerated dryer, and especially if a dessicant type dryer is
used, the time between defrosting by either method above can be extended to many
weeks or several moaths. Some experimentation to determine the time is re-
quired. )

Inspect the drive piston 33 once a month at first. See Repair Section for disassembly

iustructions. Wipe off :;13' sticky black sludge deposits. On older models, replace
teflon rings (Nos. 11, 12, 13 on exploded view) with 5/8" 0.D. x 1/2" I.D. buna

N rings (Welch Pc. No. 41-4343). These replacement rings form little or no
sludge. Drive piston rings should be oily. If they are not, increase oil content

of the compressed zir. With rubber O-Rings on the drive piston and correct oil
this inspection period may be safely extended to six-month periods.

To insure proper thermal contact between the thermocouple lead and the copper
sleeve, apply a bead of vacuum grease at that junction.

3150 REFRIGERATOR REPAIR INSTRUCTIONS:

Refer to Exploded View & Parts List in connection with these instructions.

Section 1) When the Refrigerator Keeps Stepping.

A) If there is any water in the liquid water indicator, there is an
excessive amount of condensation in the air supply lines. Such
a condition must be remedied before there is any hope of the
Refrigerator operating properly.

B) If there is no water in the waler indicator, allow the Refrigerator
to defrost overnight, then restart the next morning.

C) Should the Refrigerator continue to stop after dzfrosting has been
tried, inspect sub-assembly 3150G (sce section 2 below), and the
inside of displacer cylinder (21) (see section 3 below), for ex-
cessive water and oil. This is recommended as preventive
maintenance; the machanism should be examined more or less
frequently as indicated by experience for each application.

Section 2} Removal & Cleaning of Operating Mechanism 3150G.
(Can “e done while cold)
A) Remove cover 17.
B) Remove muifler pads 6.
C) Disconnect air line at 24.
D) Remove 5 screws 51.
E) Pull out 3150G - it is not necessary to disassemble further to
clean.
1. Wipe fiber displacer 34 with cloth to remove {rozen water
and oil, if any. Just before reinsialling rewipe if more frost
has condensed on displacer.
2. If displacer O-Rings 1 a1e choked with black sludge, wipe clean.
3. If felt lubricator ring 9 is glazed with hard sludge, turn ring
inside out for fresh grease surface, or replace, or wash in
gasoline and relubricate lightly, preferably with air compressor
oil. Rings must be oily for rcinsertion.
4. Rcinsiall 3150G mechanism in reverse order of removal
procedures. Screws 51 about a quarter turn. Replace screws
51 if stripped.
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Section 3)
A)
B)

Inspection & Cleaning of Cylinder 21,
Remove 3150G mechanism as in Section 2 above

Use a flashlight to inspect bore of cylinder 21. Look for

frozen oil and water film on wall. Powdery white matter is
carbon dioxide snow which usually does not cause stopping.

If frozen wates: and oil seem present, swab out cylinder with cloth
on wooden stick after thawing. Do not use solvent. Cylinder 21
need not be removed from vacuum system. Allow it to thaw
naturally, or put an air hose in all the way down to warm quickly
by blewing. Before reinserting mechanism 3150G, very lightly
oil upper cylinder walls so displacer O-rings 1 can be easily in-
sertcg.

The above procedures, when performed regularly, are usaally
sufficient for proper operation with average air supply. However,
should difficulties recur and further repairs are necessary,
continue below.

Section 4) Removal & Inspection of Valves, Inlet 16 & Qutlet 15.

A)
B)
C)

D)

E)

F)

G)

Remove cover 17.
Remove screws 51 and bumper bar 7.
Remove knob 40 thus:
1. Pull knob up. Back cut set screw 53. Grasp rod 33
between thumb and forefinger between nylon disk 41
and plate 31. With other hand, screw k.nob 40 off counter-
clockwise. Knob was installed at factory finger tight. If
there is difficulty unscrewing knob and {ools must be used,
grasp rod only with wood-protected surfaces or the like.
Valves 16 and 15 can be pulled a1l the way out, moving disk 41
out of the way as necessary.
Inspect valves. They should show a very slightly oily appearance
from air line oil. If they are “squeaky dry' they may jam from
wear debris or may rapidly abrezde and ultimately destroy the valve
bores in the bronze block.
The valves themselves do not wear when the air system has enough
oil. They normally fall all the way in with an "oily feel" and have
little play Jaterally when fully inserted. Design sliding clearance
is .0005", If they seem too tight, it may be because of gummy
deposits in the sliding clearance. Put in a little oil and work the
valves up and down while rotating them until they work freely.
Under good conditions of oil in the air supply, this happens nat-
urally and valve cleaning and oiling is never necessary.
Reinstall valves and knob. The outlet valve 15 has the most
grooves and goes on the right.

Section 5) Drive Piston 33 Removal & Cleaning

A)
B)
Q)

D)
E)

Remove mechanism 3150G as in section 2 above.

Unscrew knob 40 as in section 4C above.

Remove retaining screw 52 in centering plug 43. {Not in split
collar 20)

Grasp cisplacer 34 and pull displacer and attached drive piston out.
Inspect rings 11, 12, 13 on drive piston. Ideally, they should be
slightly oily. A littic black sludge, formed by oxidation of air
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line lubricating oil, does no harm providing it is soft.

If there is insufficient air line oil, the sludge gets hard in
the ring clearances. The rings then jam in the drive cylinder
bore. It is recommended that the original teflon rings 11,
12, and steel ring 13, be removed and replaced by three
ordinary buna-N rubber O-rings 5/8 O.D. x 1/2 I.D. (carried
as W=lch Pc. No. 41-4343). The rubber C-rings have far less
tendency to make sludge thau the original parts.

F) Reinsiall the drive piston 33. Be careful to not cut O-ring 2
within plate 31 as the edrre of the rod 33 enters the ring.
Similarly, be carefu? cf the three rubber drive piston rings as
they entcr plate 36. FRoughly center them by hand as they enter
to avoid pinching.

G) Reinstall the retzining screw 52 in centering plug 43.

H) Slicde a buffer 10 over protrudmg end of rod 33. Put on backup
disk(s) 35. Put on nylon disk 41, maniyulating rod 33, or valves
15 and 16 as necessary. Screw on knob 40 and tighten screw 53.

1) Reinstall mechanism 3153G as in section 2 above.

Section 6) Rod Seal Ring Inspection & Replacement

A) A leaky rod seal ring 2 often makes 2 "rippi.g" or "flapping"
sound when worn, or when so oii-free that it is distorted by
friction drag. A drop of oil where the rod comes out of plate 31
may stop the leak in the latter case. A large leak at O-ring 2
may decrease the rod in-thrust so much that the refrigerator stops.

B) To inspect the O-ring 2 visually, remove bar 7 knob 40, disk 41,
and washer 35 as described in section 5 above. Unscrew studs 5
and screws 50 Pull out valves 15 and 16. Pull off plate 31,
tapping to unstick from gasket 4 Gt necessary. Pick out retainer
disk 3 and O-ring 2.

C) O-ring 2 shouls hug the rod 33 elastically. Replace the O-ring
2 if loose.

D) When reassembling the parts be sure that the reduced diameter
shoulder of disk 3 enters the 5/ 8" drive cylinder bore in bronze
block 32. Plate 31 is retained by a quarter turn of screws 50
and studs 51 from {inger tight position. Do not cmit bumper 10
between plate 31 and washer 35.

If these field remedies do not correct refrigerator stoppage, then contact The
Welch Scientific Company, Commercial Service Department, for further information.

e oF -

P




= = ot Sy A i A I S R A it ol =T R Y _
O R S S e AN ROR R T R R R ST A N S R e L e Thmee S D T

[]
»
o
~
%
\
K
[+2]

MR B AN AR Rk W I R I e R R

/ -1i2

2 / -148

4 : -166

Ladits
J
0.0}
S
\
\
~8s

i ReAt
® 4
(o] Qo
T~
\N;‘
P
Ps/
s
AN
< \
\\ \
\\
@

°F

A AT,

PR R

™.
N
\/O
/
¢)
GA\
TEMPERATURE -
Nt el B B0 B e )

TEMPERATURE -~ °C

7
-130 / / / -202

N
AN
AN

o 1,‘:4“' i T

AN
\

DS

<

%

1
n
N
o

-140
Ve
-150 .

Y,
,’
-160 / /
G TEST

4 —T L‘
e {POINT :
-170 // | HEATER -274

N
’
N
wl
@

404 et VR 0 D b

-180 -292
o 2 4 6 8 i0 12 14 e 18 20 22
HEAT LOAD — WATTS

et h b o iy ag s w

TYPICAL PERFORMANCE WELCH 3150 REFRIGERATOR

33

M !
?:lfhw Al g A2 et B




TREEENE 2 o

S e

S re et 3

p " prepenym— — ey T 74 T , AR TR 5L A i 9
RIS AR L SNDATIHY A AR T M S M IR T R A A s
bon e ien S A

ST ,*_,.{vgéz%ﬁégﬁﬁ%ﬁ?iﬁ%ﬁé_ggEég.3:53%._gyxz_,l,q.%%éﬁ_,sﬂﬁ;é%gg;j

[N\ 2

-~

DRIVE PISTON &
ROD ASSEMSLY
(EARLIER MODELS)

CAL.*3150G

3150 Cryogenic Refrigerator Exploded View

.. \»__.\\

@)

</

1

3

|t o g ¢ M

LA e b ik ol S0




=T T .-

T g 2
i
3150 CRYOGENIC REFRIGERATOR PARTS LIST
Item
No. Quan. Pec. No. Description
B |
1 2 41-4402 "O" Ring, 71/8 D x 1-1/8 0D x 1/8 W ’ 2
2 1 41-4404 "O0" Ring, 1/4ID x3/8 0N x 1/16 W
3 1 41-4503 "0O" Ring Retainer
4 1 41-4504 End Plate Gasket-Front
5 3 41-4407 Stud :
6 2 41-4411 Air Silencer 3]
7 1 41-4415 Valve Stop Plate
8 1 41-4416 Inspection Cover Screw :
9 1 41-4417 Lubricator Felt
10 2 41-4419 End Buffer .
11 2 41-1420 Piston Wear Ring > Replace with 3 rubber "'O" - 3
12 1 41-4421 Piston Seal Ring (Outer)| Rings, 5/8 OD x 1/2 ID, I
13 1 41-4422 Piston Seal Ring (Inner) Pc. No- 41-4343 -
14 1 41-3323 Pilot Valve :
15 1 41-4425 Supply Valve .
16 1 41-4426 Early Cut-Off Valve :
17 1 41-4427 Inspection Cover i
18 1 41-4502 Retainer Ring !
19 1 41-4431 Hose Assembly--10 I't. Long
20 1 41-4433 Split Collar :
21 1 41-4437 Cylinder Assembly -
22 1 41-4438 Cylinder Flange Gasket HE |
23 1 41-4440 Thermo Couple 1
24 1 41-4471 Air Connection Assembly
25 1 41-4444 Thermo Couple Clip il
26 1 41-4445 "O" Ring, 5/321ID x 9/32 0D x 1/16 W 3.
27 1 41-4537 0il Mist Filter (Replacement Element is Pc.No.41-4528) i
28 1 41-4449 Water Trap Filter g
29 1 41-4451 Retaining Ring
30 1 41-4452 Grommet 3
31 1 41-4505 End Plate Assembly (Front) 33
32 1 41-4456 Motor Block Assembly i
33 1 41-44317 Drive Piston & Rod Assembly
34 1 41-4459 Regenerator-Displacer Piston Assembly 3
35 1 41-4460 Back-Up Washer 3
36 1 41-4506 End Plzte Assembly (Back) 3
37 1 41-4462 Cold Trap Housing Assembly :
38 1 41-4463 Cold Indicator Meter Assembly
39 1 41-4485 "O" Ring, 3/16 ID x 5/16 OD x 1/16 W
40 1 41-4466 Manual Starter Bution
41 1 41-4467 Valve Actuator Disc
42 1 41-4468 Reducer Bushing 3/4 NPT x 1/4 NPT
43 1 41-4469 Centering Plug
44 1 41-4470 Flare Connec:o: Body
45 1 41-4472 Compression Connector Body
46 1 41-4507 End Plaie Gasket-Back
47 1 41-4490 Lead Washer
48 1 41-4495 Cold Surface Extension Assembly
Not shown 1 41-4496 Cold Surface Extension Assembly for Mode) 3150A
Not shown 1 41-4497 Cold Surface .. .cnsion Assembly for Model 31 0B
49 6 2-00-2606 Fil.Hd.Steel Machine Screw NP #8-32 x 3/8 LG.
50 6 2-00-2706 Fil.Hd.Steel Machine Screw NP £10-32 x 3/8 LG.
51 1 2-00-2708 Fil.Hd.Sticel Machine Screw NP #10-32 x 1/2 LG.
52 6 2-20-6304 Socket 11d.Stainless Steel Cap Screw #4-4C x 1/4 LG.
53 1 2-00-9603 Socket Steel Set Screw NP #8-32 x 3/16 LG.
54 1 41-4443 Throttling Screw
55 1 41-4498 Washer
56 1 41-4491 Slotted Bolt
57 1 2-40-3607 Hex Nut £-32
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