AVI ATI ON MAI NTENANCE TRAI NI NG

MOS 6492 LESSON GUI DES



PO OTITOTIFOTIPOTODOIOIOIOIOIIOIIO> >> > > P>>P>P> > 2>P> 2>

AVI ATI ON MAI NTENANCE TRAI NI NG

01 (F) Ther nohum di gr aphs

02 (A-1) Perfornms First Aid Procedures

02 (A-2) Performs Hazardous Material/Waste D sposal
Procedur es

02 (A-3) Denonstrates Safety Procedure Near Electricity

02 (A-3A) Denonstrates Safety Procedure Near Hi gh Pressure
Air (Pneumatic) Sources

02 (A-4) Utilizes Personal Protective Equipnent, (d oves,
Eye Protection CGoggles, etc.)

02 (A-5) Conplies Wth Safety Markings

03 (O Naval Avi ation mai ntenance program ( NAMP)

03 (D) Avi oni cs C eaning & Corrosion Control Manual

03 (F) Avi ation Hydraulics Mnual

03 (Q Met rol ogy Aut omated System for Uni form Recal |
and Reporting (MEASURE) Users Manual

03 (V) Naval Aviation Metrol ogy and Calibration
(METCAL) Program

03 (X) Calibration Facility Requirenments for Navy Field
Calibration Activities

03 (Y) Met rol ogy Requirenents Lists

03 (2) Techni cal Requirenent for Calibration of Test
and Monitoring Systens (TAM)

03 (GO Instrument Calibration Procedures

01 (A AC/ DC Vol t age St andar ds

01 (D Current Shunts & Measuring Systens

01 (E) El ectroni ¢ Counters

01 (G FIl ow neters

01 (N) Osci |l | oscopes

01 (P Pressure (Gages

01 (Q Resi stance Standards & Measuring Systens
01 (9 RF Power Measurenent Devices

01 (V) RF Spectrum Anal yzer

01 (W Si gnal Generators

01 (BB) Tor que Devi ces

01 (FF) Met er Cali brator

01 (GO Osci |l | oscope Cali brator

01 Si gnal Generator Calibrator

01
01

NN NN
nr- <« —T
QLCEZS

Frequency Counter Cali brator
Pressure Gage Cali brator

01 Pul se Generat or

01 Power Meter/ Sensor

01 (TT) Peak Power Meter/ Sensor

01 Vi bration Calibrator

MOS 6492 Lesson @ui des

E



DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

DATE

AVI ATI ON MAI NTENANCE TRAI NI NG

LESSON GUI DE NUMBER: Avi ation MOS 6492 A. 1 (F)

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

Support/ Speci al

YR/ MO DAY

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

REVI EVED

Equi pnment

BY

NAME/ RANK

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY




m O O W

n

LECTURE NUMBER  MOS 6492 A 1.F
TIME: 30 M nutes

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet
TI TLE:  Support/ Speci al Equi pnent

OBJECTI VES: To instruct the technician on the correct
procedures used wi th thernmohum di graphs.

I NSTRUCTI ONAL Al DS: 56912 series thernmohuni di graphs
REFERENCES:

1. OPNAVI NST 4790. 2H
2. NAVAIR 17- 35FR- 06

PRESENTATI ON:

1. | NTRODUCTI ON

2. BODyY:

a. Since environnmental conditions of tenperature and
hum dity are of such inportance to calibration,
continual nonitoring, and recording of the
tenperature and relative humdity of each | aboratory
area is a facility requirement. Thernohum di graphs
and/ or sensors used to nonitor environnental
conditions shall be placed within the working vol une
of the calibration area to represent accurately the
area of coverage, i.e. out of drafts and away from
heat sources, doors, w ndows, and vents.

b. Calibration facility environnental conditions shal
be nonitored on a qualitative routine basis at the
| ocal level. This requirenent applies to al
cal i bration, special purpose or hazardous areas
defined within. The environnental paraneters of
tenperature and hum dity shall also be nonitored on a



quantitative basis. These paraneters shall be

conti nuously nonitored, recorded and verified to be
within the limts specified in NAVAIR17- 35FR 06.

Mai ntain all recorded thernohum di graph charts on
file for a mnimumof one year. Charts and/or

| ogbooks shoul d be clearly marked and annotated with
any rel evant information when environnent al

condi tions are out-of-tol erance.

Port abl e hand- hel d devi ces having a sufficient
accuracy may be used to nonitor and record the
tenperature and humdity within the working vol une.
These devices may be preferred over conventiona

t her nohum di graphs or sensors, particularly if they
cannot be l|ocated within the working volume or when
the tenperature of the Tl is required such as during
artifact calibrations.

Measur enent accuracy i s dependent upon the anbient
tenperature of the environnent. Mintain a spatially
uni formtenperature, such that the deviation between
any two points in the working volune of a |aboratory
does not exceed the specified value for stability or
tenperature tolerance limts or 4 degrees/hour if no
stability requirenent is given. The working vol unme
is defined as any point where neasurenents are
conducted or sensitive equipnent |ocated, or within
+/- 3ft. elevation fromthe workbench |evel.

Hum dity bel ow 20% rel ative humdity (RH) can result
in static buildup, which is hazardous to sensitive
el ectronics, while humdity above 90 to 95% can
create condensation. |In the presence of falling
tenperatures, or when equi pnment is noved from cool er
to warner areas, condensation can occur at a nuch

| ower anbient humdity |levels. To protect

el ectronics fromstatic di scharge and condensati on,
humdity limts of 20 to 60% RH are |listed for nost
areas. However, hum dity above 50% RH can al so cause
rusting of steel and iron itenms, such as gage bl ocks
and ot her di nensional standards. Therefore, limts
of 20 to 45% RH are listed in areas where such
standards are used.

The maxi mum accept abl e condi ti ons have been
established in order to nmaintain a maxi mum | evel of
safety in all calibration areas. There are sone

I nstances when calibrations nmay need to be perforned



outside of the prescribed area paraneters. This nust
be evaluated in order to identify potential safety
hazards and possi bl e damage t o neasurenent standards.
For exanple, static discharge beconmes a potenti al
probl em when hum dity drops below 20% This may
cause problens with sonme nmeasurenents and pose shock
hazards when working with el ectroni c equi pnent.
Conversely, high hum dity may accel erate corrosion
and condensati on can cause possible shorts.
Therefore, appropriate SYSCOM approval nust be
obtained prior to perform ng neasurenents outside of
t he requirenents.

SUMVARY: (Observation of environnental factors is an
essential part of the calibration process. Therefore, a

t hor ough under st andi ng of thernohum di graphs and

envi ronnental conditions is nmandatory for all hands. Proper
record keeping and practices will ensure a quality product
and guarantee safe Tl and standard protection.

QUESTI ONS?
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LECTURE NUMBER  MOS 6492 A 2 (A1)
TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE: Safety Precautions and Procedures

OBJECTI VES: To instruct the technician on First Aid

Procedures and the steps required to performlife saving
t echni ques.

| NSTRUCTI ONAL Al DS:  Pictures
REFERENCES:

1. MCCS Handbooks 1A, 1B
2.  www. ou. edu/ oupd/ choke. ht m

PRESENTATI ON:

1. | NTRODUCTION: The purpose of this First Aid | esson
guide is to provide all |aboratory personnel with the
necessary skills to performlife-saving techni ques and
utilize safety precautions while perform ng these
techni ques. The four-lifesaving steps are:

a. Start the breathing.
b. Stop the bl eeding.
c. Protect the wound.
d. Treat for shock.

2. BODY: The infornmati on contai ned herein di scusses the
steps to apply basic first aid to start the breathing.

a. The Heimich maneuver is the best-known nethod for
renovi ng an object fromthe airway of a person who is
choking. You can use it on yourself or soneone el se.
These are the steps:



(1) Stand behind the choking person and wap your
arnms around the victimwaist. Bend the person
slightly forward.

(2) Make a fist with one hand and place it slightly
above the person's navel.

(3) Gasp your fist with the other hand and press
hard into the abdonen with a quick, upward
thrust. Repeat this procedure until the object
I's expelled fromthe airway.

(4) If you nust performthis maneuver on yourself,
position your own fist slightly above your
navel . Grasp your fist with your other hand and
thrust upward into your abdonmen until the object
I s expel | ed.

FI GURE 5-3. ADM NI STERI NG AN ABDOM NAL THRUST ( STANDI NG PERSQN)

b.

An upper airway obstruction (bl ockage) occurs when a
pi ece of food or sone other object enters the
person's trachea (w ndpi pe). Wien a person has
suffered a facial injury, blood clots, or |oose teeth
t hat have becone | odged in the person’s throat may
cause bl ockage. Bl ockage nmay al so occur when the
contents of the stomach are regurgitated (vomted)
and sone of the vomt is inhaled. The bl ockage nust
be renoved and full breathing restored. A bl ockage
that greatly reduces the anmount of air that can be

i nhal ed and exhal ed or that stops all air exchange



can quickly lead to unconsci ousness and death. A
person with an airway obstruction wll automatically
begin to cough or at least try to cough. In addition,
the person may clutch his or her or her throat. This
clutching action is natural, but it has al so been
adopted as the universal distress signal for choking.
This sign alerts other people that the problemis an
ai rway obstruction rather than another problem such
as a heart attack or nausea.

FI GURE 5-1. UNI VERSAL DI STRESS SI GNAL FOR CHOKI NG

(1) Partial Blockage Wth Good Air Exchange: If the
person with an obstruction can speak or cough
forcefully, the person is said to have a partia
bl ockage with good air exchange. (A parti al
bl ockage nmeans that the airway is not conpletely

bl ocked and air can still get to and fromthe
person's |lungs. Good air exchange indicates that
t he person can still inhale and exhal e enough
air to carry on all life processes.) A person

may have good air exchange even though he makes
a wheezi ng sound between coughs.

(2) Partial Blockage Wth Poor Air Exchange: A
partial bl ockage with poor air exchange is
I ndi cated by a weak cough, high-pitched noi ses
(l'i ke crowi ng) while inhaling, and signs of
shock (bluish tint of the fingernail beds and
the lips). A person with poor air exchange is
not inhaling sufficient air to continue carrying
on all life processes. If the person is not



hel ped, he or she may becone unconsci ous and
di e.

CAUTION: If you cannot deci de whether a
consci ous person has good or poor air
exchange, tell themto speak to you. If the
person does not speak, assunme the he or she
has poor air exchange.

(3) Conplete Blockage: If the person's airway is
conpl et ely bl ocked, he can neither speak,
breat he, nor cough at all (no air exchange
occurring) and may be clutching his or her neck.
Quick action is needed to clear the airway.

c. DETERM NE WHAT ACTI ONS ARE NEEDED

(1) Partial Blockage Wth Good Air Exchange: |If the
person has good air exchange, encourage the
person to continue his or her or her efforts to
cough up the obstruction. Don’t interfere with
the person’s efforts. Do not | eave the person
since "good" air exchange can rapidly
deteriorate to "poor" air exchange or conplete
bl ockage, either of which can result in
unconsci ousness and death. Be prepared to
adm ni ster manual thrusts should his or her
condi ti on worsen.

(2) Partial Blockage Wth Poor Air Exchange/ Conpl ete
Bl ockage: If the person has poor air exchange or
a conpl ete bl ockage, call for help and begin
adm ni stering manual (abdom nal or chest)
thrusts. If possible, send soneone to seek
medi cal hel p.

(a) Abdominal Thrusts. If manual thrusts are
requi red, abdomi nal thrusts are nornmally used
to expel whatever is blocking the airway.

(b) Chest Thrusts. If the person has abdom nal
injuries, is noticeably pregnant, or has a
wai st that is too large to encircle, chest
thrusts are used instead of abdom nal
t hrusts.




CAUTI ON:  The manual thrusts presented in This
| esson are used with a consci ous person who is
sitting or standing. If the person becones
unconscious or is lying down, start rescue

br eat hi ng

d. The follow ng procedures are used to restore
respiration (breathing) to an unconsci ous person who
i s not breathing. These procedures are al so used for
a person who becones unconsci ous (passes out or
faints) while you are attenpting to renove an upper
ai rway bl ockage. The nodi fi ed abdom nal and chest
thrusts can be used with a conscious person who is
| ying on his or her back.

WARNI NG Do not perform nouth-to-nmouth resuscitation
in a chem cal environnent.

(1) CHECK FOR RESPONSI VENESS: |f you conme upon a
per son who appears to be unconsci ous, check for
responsi veness by gently shaking the person's
shoul der and calling out, "Are you okay?" If the
person does not respond, assune that nouth-to-
mouth resuscitation is needed. If possible, send
sonmeone to get nedical help.

CAUTION: If you cone upon a person who is in a
dangerous area (under hostile fire, near a burning
vehicle, etc.), renove the person (and yourself)
fromthe danger before begi nning nouth-to-nouth
resuscitation.

(2) POSITION THE PERSON FOR MOUTH TO- MOUTH
RESUSCI TATION |If the person is not lying on his
or her back, position the person face up on a
firmsurface. Straighten the person's | egs.
Take the person's armthat is nearest to you.
Move it so that it is straight and above his or
her head. Repeat the procedure with the other
arm Kneel beside the person with your knees
near his or her shoul ders (leave space to rol



t he body). Pl ace one hand behi nd the head and
neck for support. Wth your other hand, grasp

t he person under the far arm (arnpit area). Rol
the person toward you using a steady and even
pul | . The head and neck should stay in line with
the back. Return the person's arns to his or her
sides. Straighten the person's | egs. Reposition
yoursel f so that you are now kneeling at the

| evel of the person's shoul ders.

CAUTI ON:  The person should be carefully rolled as a
unit so that his or her body does not twist. If a
spinal injury is suspected and assistance is
avai |l abl e, support the person's head and neck while
one or nore hel pers gently turn the person's trunk
and | egs.

(3) OPEN THE PERSON S Al RMAY: Many tinmes an
unconsci ous person's tongue may be bl ocking his
or her airway. The nuscles of the tongue rel ax
when a person | oses consci ousness. The tongue
may slide to the back of the nouth and cover the
opening to the trachea (w ndpi pe). Mving the
tongue away fromthe trachea may result in the
person resum ng breathing on his or her own.
Even if the person has not stopped breat hing,

t he procedures for opening the airway wll allow
himor her to breathe easier. The two preferred
nmet hods of opening the person's airway are the
head-tilt/chin-lift nmethod and the jaw thrust

nmet hod. The jaw thrust nethod is used if you
suspect that the person has suffered a neck
injury or severe head injury (deforned-I| ook,
maj or wounds, etc.). The jaw thrust keeps
novenent of the neck to a m nimum

e. D) Head-Tilt/Chin-Lift

CAUTI ON: Do not use the head-tilt/chin-lift nethod
if a spinal or neck injury is suspected.



(1)

Kneel at the side of the person's head. Place
one of your hands on the person's forehead and
apply firm backward pressure with your palm
This will cause the person's head to tilt back.
Pl ace the fingertips of your other hand under
the bony part of the person's lower jaw and lift
to bring the chin forward. The fingertips shoul d
not press deeply into the soft tissues under the
chin since the pressure could rmake breat hi ng
difficult. Use your fingertips, not your thunb,
tolift the chin

(2)

FI GURE 6-1. HEAD- TILT/CHI N-LIFT

Lift the chin forward until the upper and | ower
teeth are al nost brought together. The nouth
shoul d not be closed as this may bl ock the
airway. |If needed, the thunb may be used to
depress the person's lower |lip slightly to keep
his or her nouth open.

Jaw Thrust: Kneel at the top of the person's head
(1l ooking toward the person's feet). Rest your el bows
on the ground or floor.



(1)

FI GURE 6-2. JAW THRUST

Pl ace one hand on each side of the person's head
and place the tips of the index and m ddl e
fingers under the angles of the person's | ower
jaw. Place your thunbs on the jaw just bel ow the
| evel of the teeth. Raise your fingertips to
lift the jaw forward (upward). This action wl]|
al so cause the person's head to tilt backward
somewhat. If the person's lips are still closed
after the jaw has been noved forward, use your
thunbs to retract the lower |ip and allow air to
enter the person's nouth.

g. CHECK FOR BREATHI NG Pl ace your ear over the person's
nmout h and nose with your face toward the person's
chest. Maintain the open airway (head-tilt/chin-lift
or jaw thrust) during your check.

(1)

(2)
(3)

(4)

Look for the rise and fall of the person's chest
and abdonen.

Li sten for sounds of breathing.

Feel for his or her breath on the side of your
face.

If the person is breathing and has good air
exchange, keep his or her airway open and
proceed to |l ook for life-threatening injuries
(massive bleeding, etc.). If he is not breathing
or breathing weakly, start nouth-to-nouth
resuscitation. The exam nation process should
not take nore than five seconds.



FI GURE 6-3. CHECKI NG FOR BREATH NG WH LE OPEN Al RMAY

( HEAD- TI LT/ CHI N- LI FT)

h. I NI TI ATE MOUTH- TO- MOUTH RESUSCI TATI ON

(1)

(2)

(3)

Mai ntain Open Airway: Keep the person's airway
open during the rescue breathing process.
Keepi ng the person's |lower jaw forward prevents
t he tongue from bl ocki ng the airway.

Cl ose Person's Nose: If you are using the head-
tilt/chin-lift, use the thunb and i ndex finger

of your hand on the person's forehead to gently
pi nch the person's nose closed. Let the same
hand, pinching the nose closed, exert pressure
on the person's forehead to nmaintain the
backward head tilt and nai ntain an open airway.
Wth the other hand, |ift the chin while keeping
your fingertips on the bony part of the | ower
jaw near the chin. If you are using the jaw
thrust techni que (due to head, neck, spina
injury), close the person's nostrils by placing
your cheek tightly against them Do not tilt the
person's head backward or side-to-side.

Adm nister Two Full Breaths: Open your nouth

wi de and take a deep breath. Place your nouth
over the person's nouth. Make sure that your
nmouth fornms a good seal so that air wll not
escape when you blow air into the person's
nout h. Mai ntaining the open airway will keep the
person's nouth open slightly. Blow into the
person's nouth. As you bl ow, observe the



person's chest. If air is getting into the
person's lungs, his or her chest wll rise.

FI GURE 6-4. ADM NI STERI NG MOUTH- TO- MOUTH RESUSCI TATI ON
( HEAD- TI LT/ CHI N- LI FT)

(4) After blowing into the person's nouth, quickly
break the seal and take another deep breath.
Seal your nouth over the person's nmouth again
and bl ow. Adm nistering the two breaths
(ventilations) should take about two to three
seconds. Break the seal over the person's nouth
and rel ease his or her nose. This will allow the
person's body to exhal e.

FI GURE 6-5. ADM NI STERI NG MOUTH TO- NOSE RESUSCI TATI ON
( HEAD- TI LT/ CHI N- LI FT)

10



CAUTI ON: If you cannot seal off the person's nose
or if the person has injuries to his or her nouth
area that prevent you from adm ni stering nouth-to-

nmout h resuscitation, adm nister nouth-to-nose
resuscitation. Cl ose the person's nouth, seal your
nmout h over the person's nose, and bl ow two breaths
into his or her nostrils.

(5)

Eval uate Effectiveness of the Ventilations: If

t he person begi ns breathing again on his or her
own, look for injuries. Then evacuate the person
to a nedical treatnment facility. Do not |eave

t he person al one since his or her breathing may
stop again. The person may still require help to
keep his or her airway open. If air goes in and
out of the person's lungs but he does not start
breat hing on his or her own, check his or her

pul se. (Pul se beats nean that the heart is stil
punmpi ng bl ood.) You will normally check for a
pul se using one of the two major arteries in the
neck. One artery is in the groove on the |eft
side of the wi ndpipe; the other is in the groove
on the right side of the w ndpipe. (The grooves
are | ocated between the w ndpi pe (trachea) and
the large strap nmuscles of the neck). The
arteries are called the carotid (kah rot' id)
arteries; therefore, the pul se taken using
either artery is called the carotid pul se.

Either artery may be used to check the person's
pul se. Continue to maintain the person's airway.
If the head-tilt/chin-lift nmethod is being used,
keep one hand pressing on the person's forehead.
Use the index and mddle fingers of your free
hand to feel for the artery in the groove next
to the person's Adanmi s apple (larynx).

11



FI GQURE 6-6. FEELI NG FOR CAROTI D PULSE

(6) Once the artery is |located, press on the pul se
area gently with your two fingers for five to
ten seconds and feel for a pulse. Look for signs
of spontaneous breathing (rising and falling of
the person's chest, etc.) while checking the
pul se.

CAUTI ON: Do not use your thunb to feel for the
person's pulse. If you use your thunb, you may feel
the pulse in your thunb instead of the person's

pul se.

i. Evaluate the situation and perform needed acti ons.

(1) 1If the person has no pul se, seek nedical help
i medi ately. If a person is without a pul se
(heartbeat) for nmore than six mnutes, he or she
probably cannot be revived.

(2) If the person has a pulse but is not breathing
on his or her own, continue nouth-to-nouth
resuscitation.

(3) If the person resunes breathing on his or her
own, check for bleeding and other injuries.
Continue to nonitor the person's breathing and
be prepared to resume nouth-to-nouth
resuscitation if needed. (NOTE: If a person is
breathing on his or her omn, he will also have a
pul se.)

12



(4) |If the person's chest did not rise and fall,
then fresh air is not getting into his or her
l ungs. Try to open the person's airway nore. (If
the head-tilt/chin-1ift method is being used,
lift the chin nore. If the jaw thrust nethod is
bei ng used, tilt the head backward slightly.)
Then adm nister two full breaths again. If the
person's chest still does not rise, a foreign
obj ect is probably blocking his or her airway.
Adm ni ster finger sweeps (see Perform Finger
Sweep) and manual thrusts (see Perform Abdom nal
Thrusts or Perform Chest Thrusts) as needed in
order to unblock his or her airway. Once the
airway i s unbl ocked, adm nister two full breaths
agai n and reeval uate.

PERFORM FI NGER SWEEP, |F NEEDED. If you can see a
foreign object in an unconsci ous person's nmouth or if
you strongly suspect the presence of a foreign object
i n an unconsci ous person's nouth, a finger sweep
shoul d be perforned.

WARNI NG

Do not use the finger sweep technique if the
person is conscious. The finger sweep can
trigger the person's "gag refl ex" and cause
himto vomt.

(1) Open the person's nouth. If the person's nouth
does not open readily, cross your finger and
t humb and push his or her teeth apart. Lift the
person's jaw using the tongue-jaw lift. G asp
the person's tongue and | ower jaw between your
thumb and fingers and |ift the jaw. Moving the
t ongue and jaw makes foreign objects easier to
| ocate. Look inside the person's nouth to see if
you can | ocate the obstruction. Insert the index
finger of your free hand down al ong the inside
of the person's cheek to the base of his or her
tongue. Sweep the throat with a "hooki ng"
notion. Many foreign objects can be disl odged by
usi ng a hooki ng acti on when novi ng your finger
fromthe side of the person's nmouth toward the

13



center. You nay need to push the object to the
side of the person's throat before you can
secure the object to be renoved.

CAUTI ON: Take care to avoid forcing the object

deeper

(2)

into the person's airway.

Pul | the object out of the person's throat.
Renove the object with your fingers. Try to
ventilate the person again (nouth-to-nouth or
nout h-t o- nose) and check for breathing. If the
person is breathing on his or her own, treat any
maj or injuries and evacuate the person. If the
person's chest rises and falls but he does not
breat he on his or her own, check the person's
pul se. If you are unable to ventilate the person
(chest does not rise), perform manual thrusts
(see Perform Abdom nal Thrusts, Fig. 6.8 or
Perform Chest Thrusts, Fig. 6-10).
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SHEEF AND "HOOK" DBJECT REMOYE DBJECT

FI GURE 6-7. PERFORM NG A FI NGER SVEEEP

PERFORM ABDOM NAL THRUSTS, | F NEEDED

15




FI GURE 6-8. ADM NI STERI NG AN ABDOM NAL THRUST

(3)

(PERSON I N SUPI NE PGCsI TI ON)

A manual thrust acts like an artificial cough.
Each thrust is performed with the intent of

di sl odgi ng the obstruction wi thout having to
perform additi onal thrusts. The abdom nal thrust
Is usually the preferred nmethod of adm nistering
a manual thrust.

WARNI NG

If the person has an abdom nal wound, is
noti ceably pregnant, or is extrenely
overwei ght, use the chest thrust nethod.

(4)

(5)

(6)

Kneel astride the person's thighs. Place the
heel of one hand agai nst the mddle of the
person's abdonen. The heel should be slightly
above the navel (belt buckle) and well bel ow the
tip of the breastbone (xiphoid process) with
your fingers pointing toward the person's head.
Do not nmake your hand into a fist. Place the
heel of your other hand on top of the heel of
the hand on the person's abdonen. Press into the
abdonen using a quick forward (inward) and
upward thrust. Locking your elbows and shifting
your body weight forward can deliver the thrust.
Rel ease the pressure on the person's abdonen
(shift your body wei ght backward). Quickly

eval uate the effectiveness of the thrust.

I f the obstruction has been di sl odged, performa
finger sweep to renove the obstruction,

adm nister two full breaths, and evaluate their
ef fecti veness.

If the obstruction was not di sl odged, adm nister
additional thrusts (up to five). If the
obstruction is not expelled, call for help
again. Then repeat the procedures for initiating
resuscitation, performa finger sweep, and
adm ni ster abdom nal thrusts again. Continue
until the object is expelled and the person's

16



CAUTI ON:

airway i s open (chest
ventil ations).

ri ses during

If the person vonits, turn himonto his or

her side and use a quick finger sweep to renove

vom tus fromhis or

k. PERFORM CHEST THRUSTS,

her nout h.

| F NEEDED: The chest thrust is

used to renpbve an airway obstruction in an
unconsci ous person if the person has an abdom nal

wound,
over wei ght .

is noticeably pregnant, or
Kneel

is extrenely
cl ose beside the person's chest.

Locate the | ower edge of the person's rib cage.

FI GURE 6-9. LOCATI NG COWRESSI ON SI TE FOR CHEST THRUST

(1)

Run the fingers of one hand (usually your

dom nant hand) along the | ower edge of the rib
cage until you conme to the notch where the rib
nmeets the breastbone at the mddle of the
person's chest. Place your middle finger on the
notch. Then pl ace your index finger next to your
m ddl e finger. Your index finger should now be
on the | ower end of the person's breastbone.
(NOTE: This step assunes that your index finger
Is closer to the person's head than your m ddle
finger. If not, put your index finger on the

not ch and your mddle finger on the breastbone.)
Pl ace the heel of your other hand next to your
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two fingers and over the person's breastbone. Do
not forma fist. The heel of your hand is on the
conpression site.

CAUTI ON: Make sure that your heel is on the
breast bone and not resting on the ribs.

(2) Renove your fingers fromthe notch area and
pl ace that hand on top of the hand on the
conpression site. Either extend or interlace
your fingers. Straighten your arns and | ock your
el bows. Position your shoulders directly above
your hands.

FI GURE 6-10. ADM NI STERI NG A CHEST THRUST
(PERSON I N SUPI NE PCSI TI ON)

(3) Using the weight of your body, apply enough
pressure straight down to depress the person's
breastbone 1 to 2 inches.

CAUTI ON: Do not bend your el bows, rock, or allow
your shoulders to sag while delivering the thrust.
If the thrust is not delivered properly, it wll

| ose sonme of its effectiveness and could result in
addi tional injury.

(4) Release the pressure by shifting the weight of
your body from your arns. Do not renove your
hands fromthe conpression site. If you renove
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your hands fromthe site, repeat the procedures
for locating the conpression site. Delivering a
thrust at the wong conpression site can injure
t he person.

(5) Quickly evaluate the effectiveness of the
t hrust.

(6) If the obstruction has been di sl odged, performa
finger sweep to renove the obstruction,
adm nister two full breaths, and evaluate their
ef fecti veness.

(7) 1If the obstruction was not dislodged; adm nister
addi ti onal chest thrusts (up to five). If the
obstruction is not expelled, call for help
again. Then repeat the procedures for initiating
resuscitation, performa finger sweep, and
adm ni ster chest thrusts again. Continue until
the object is expelled and the person's airway
I's open (chest rises during ventilations).

| . CONTI NUE MOUTH- TO- MOUTH RESUSCI TATI ON
(1) Open the person's airway.
(2) Take a breath.
(3) Cose the person's nostrils.

(4) Seal your nmouth over the person's nouth.

CAUTION: If the person has face injuries that
prevent you from adm ni stering nouth-to-nouth
resuscitation, close his or her nouth, seal your
nmout h over his or her nose, and adm ni ster nout h-
t 0-nose resuscitation.

(5) Blowthe breath into the person's lungs. Qbserve
the rising of the person's chest to ensure that
the ventilation is effective.

(6) Break your seal over the person's nouth and

rel ease his or her nose. (Cbserve the person's
chest fall and listen for exhal ati on.
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CAUTI ON:

If the chest does not rise and fall,

reposition his or her airway (tilt head back nore
or lift jaw nore) and try again until the chest
rises and falls.

(7)

(8)

(9)

(10)

(11)

(12)

Repeat nout h-to-nouth (or nout h-to-nose)
ventilations at the rate of about 10 to 12
ventilations per mnute. Cbserve the chest to
make sure that it is rising and falling.

After about one mnute (12 ventilations), stop
ventilating the person and check the person's
carotid pul se. Observe the person's chest for
spont aneous breathing (breathing on his or her
own wi thout your help) as you feel for the

pul se. The procedure should take 3 to 5 seconds.

Eval uate the situati on and determ ne needed
action.

If the person has no pul se and you are not
qualified to adm nister CPR, seek nedical aid
for the person. If you are qualified to
adm ni ster CPR, adm nister CPR and send soneone
to seek nedi cal help.

If the person has a pulse and is breathing on
his or her own, check for other injuries while
continuing to nonitor the person's breathing and
pul se.

If the person has a pulse but is not breathing
on his or her own, continue to adm nister nouth-
to-nouth (or nouth-to-nose) resuscitation at the
rate 10 to 12 ventilations per m nute. Check the
person's pulse at the end of 12 ventilations to
ensure that his or her heart is still beating.
When checking the person's pul se, al so observe
the person's chest to see if he is breathing on
his or her own. Continue adm nistering rescue
breat hi ng until spontaneous breathing occurs,
you are relieved, you nust seek nedical help, or
you are too exhausted to conti nue.

m MONI TOR THE PERSON: Once you have established that
the person is breathing on his or her own (breathing
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spont aneously), continue to nonitor the person's
breat hi ng. Ensure that the person's airway renains
open. |If breathing difficulties arise, call for help
and repeat the steps for clearing the airway and
perform ng rescue breathing, as needed.

(1) The information contained herein discusses the
steps to apply basic first aid to stop bl eedi ng.

(2) After you have established that the individual
I's breathing or that it has been restored, you
shoul d check for any wounds that may be
bl eeding. Look for both an entry and an exit
wound.

(3) Once you identify the wound, you want to
identify the pressure points of the body and
apply a pressure dressing, or use your hand, to
prevent the wound from further bl eeding.

Warning: Do not try to renove objects fromthe
wound.

(4) If the wound is in an armor |leg, elevate the
injured |linmb above the | evel of the heart.

Warning: Do not elevate a |inb with broken bones
unless it is properly splinted.

(5) In the event that the wound does not stop
bl eedi ng once pressure has been applied, apply a
t our ni quet .

(6) Tie the tourniquet between the wound and the
body trunk or between the wound and the heart.

(7) Never place the tourniquet directly on the
wound.

(8) Mark the person with a visible capital “T” on
his or her forehead, wite the tinme and date to
I dentify when the tourniquet was applied.

(9) Seek imedi ate nedical attention.
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(10) The information contai ned herein discusses the
steps to apply the basic first aid to protect
t he wound.

(11) Securely cover wound and organs with a bandage
but do not try to replace organs that are
out si de the body.

(12) Act quickly but remain calm reassure the
person, and seek nedi cal assistance as soon as
possi bl e.

(13) The information contained herein discusses the

steps to apply the basic first aid to treat for
shock.

Warning: Unless shock is prevented or treated,
death may result even though the injury is not
fatal.

n. ldentify the synptonms of shock.

(1) Restlessness, thirstiness, pale skin, and rapid
heart beat .

(2) Sweating, and cool, clamy skin.
(3) Gasping breath or shallow, rapid breathing.
(4) Staring blindly into space.
(5) Blotchiness or bluish color around the nouth.
0. Keep the person warm reassure the person by
remai ni ng cal myourself, and assure the victimher or

she will be taken care of.

p. Place the person in a confortable position and
continue nonitoring until relieved by nedical
per sonnel .
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SUMMARY: This | esson guide has covered the 4 life saving

techni ques. Wen these techni ques are perfornmed properly,
the likelihood of saving the individual will be inproved
significantly.

QUESTI ONS?
1. Wat should you do after you apply a tourniquet?

a. Mark the person with a visible capital “T" on his or
her forehead, wite the tine and date to identify
when the tourni quet was appli ed.

2. |If a person is choking, should you continue to |let them
cough before attenpting First Aid?

a. T or F
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LECTURE NUMBER  MOS 6492 A 2 (A 2)
TIME: 1 hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE: Safety Precautions and Procedures

OBJECTI VES. To assure that miniml harmto people, other

organi sns, and the environnment will not result fromthe
di sposal of waste |aboratory chem cal s.

| NSTRUCTI ONAL Al DS:  None
REFERENCES:  MsDS

PRESENTATI ON:

1. | NTRODUCTI ON: Hazardous waste di sposal is the nost
costly and nost regul ated nmet hod of managi ng expired or
unneeded hazardous materials. The cost of disposal is
often nore than the purchase cost of the material, thus
every effort should be made to avoid di sposal as a
hazardous waste. In the next 30 mnutes | will be
di scussing with you the proper way to perform hazardous
mat eri al / waste di sposal. The purpose of this lesson is
to assure that mnimal harmto people, other organi sns,
and the environnent will not result fromthe disposal of
wast e | aboratory chem cal s.

2. BODyY:

a. If a hazardous material is determned to no | onger be
suitable for its intended purpose and all other
routes of utilization have been attenpted, the |ast
managenent alternative is disposal as a regul ated
waste. The waste di sposal program shoul d specify how
waste is to be collected, segregated, stored, and
transported and include consideration of what
materials can be incinerated. The follow ng are
general steps in perform ng hazmat disposal:



b. Di scarding Chem cal Stocks: unlabel ed containers of
chem cal s and sol uti ons shoul d undergo pronpt
di sposal ; if partially used, they should not be
opened. Before workers |eave the area, chem cals for
whi ch that person was responsi bl e shoul d be di scarded
or returned to storage.

c. Frequency of D sposal: Waste should be renpoved from
| aboratories to a central waste storage area at | east
once per week and fromthe central waste storage area
at regular intervals.

d. Method of Disposal: Incineration in an
environnmental |y acceptable manner and is the nost
practical disposal method for conbustible |aboratory

waste. Indiscrimnate disposal by pouring waste
chem cals down the drain or adding themto m xed
refuse for landfill burial is unacceptable. Hoods

shoul d not be used as a neans of disposal for
vol atile chem cals. Disposal by recycling or
chem cal decontam nation should be used whenever
possi bl e.

SUMVARY: Everyone is responsible for performnng proper
hazardous material and waste di sposal so that the |east
anmount of danmge is done to people, other organisms, and the
environnment. This can be acconplished through properly
identifying waste that has out lived its shelf |ive and,

t hrough the proper procedures, disposing of it frequently.
By doing this we are providing a safe working environnent.

QUESTI ONS?

1. Who is responsible for ensuring hazardous waste is
di sposed of properly?

2. Wat is a nethod of disposal?
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LECTURE NUMBER  MOS 6492 A 2 (A 3)
TIME: 1 hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE: Safety Precautions and Procedures

OBJECTI VES: To fanmiliarize technicians on electrical

safety. The main objective of this course is to ensure
safety procedures are followed at all tines.

| NSTRUCTI ONAL Al DS:  None
REFERENCES:  NAVOSH ASTM F 496-85

PRESENTATI ON:

1. | NTRODUCTION: Technicians, quite often, do not place
sufficient enphasis on electrical safety within
calibration | aboratories. Conplacency while performng
safety procedures cause potentially hazardous
circunstances to be overl ooked. Most technicians have
respect — or even fear — of electricity when first
introduced to it. But, over tinme many technicians fai
to identify and/or avoid potentially hazardous
situations. The majority of shock victins are not new
techni ci ans, rather experienced technicians who are
confortabl e working around electricity. Technicians do
not have to fear electricity to avoid personal injury
due to electrical shock, but electricity should al ways
be respected. The nobst inportant concept to renenber is
this to BE CAUTI OUS.

2. BODY:

a. ldentifying electrical hazards at hone and at the
work center. This is basically what the Marine Corps
I's about; identifying the problembefore it becones a
problem At honme, it should be noted if too many
power cords are connected to an extension cord it
m ght cause a short. Also, |ook for water around




outlets as well as burned or aged cords/outl ets.
Renmenber that electricity produces heat and may cause
fires. If you notice corrosion, alert a technician
who has the proper training to correct the
deficiency. Mre inportantly, pay attention to high

vol tage signs and labels. |f a hazard, w thout a
warning label, is identified ensure that a | abel is
pl aced over the hazard pronptly. A basic guideline
for identifying hazards is, “If it does not | ook

right, it is a hazard.”

Precautions and Procedures. Al work or repair of
electrical circuits or equipnment wll be perfornmed by
aut hori zed and qualified technicians/electricians.
Personnel working within 4 feet of electrica

equi pment/circuits shall renmove rings, wistwatches,
bracel ets, and other netal objects. Wrk will not be
performed with wet hands, while wearing wet cl othing,
or while standing on wet/danp surfaces. Rubber

el ectrical gloves shall be worn if the technicians
likely to come in contact with live wres,

conductors, or current carrying parts. Electrical

gl oves shall be checked, as per ASTM F 496-85. The

t wo- per son concept shoul d al ways be applied when
working on live equipment. Al nmetal hand tools
shal | be properly insulated with plastic handle
grips, dip coating, or rubber insulated tape. The
shanks of screwdrivers used inside of electrical

equi prent shall be insulated with insulating sheaths
| eavi ng only 3/16'" i nch exposed. Fuse boxes and panel
covers will be closed at all tinmes unless work is
bei ng conducted. AlIl circuit breakers shall be
properly | abeled and all circuits identified and
reval i dated annually. Power panels shall be
identified as to the power panel nunber/source
supply; anps, volts, cycle, and phase actually in use
and each circuit uniquely identified. Check

resi stance between the netal bases and franes of

el ectrical equi pnent and ground.

Tool inspection & equipnent inspection. This is very
i nportant when it comes to safety; the condition of
tools may save a |life. Mke sure that electrica
tools do not have frayed wires or any exposed
circuits. Ensure that electrical tools are not wet
or danp. Pay attention to the equipnent for nmaxi mum




i nputs and capabilities and use PPE as required.
Check tools and equi pnent for rust and corrosion.

Effects of current types of shock (mld or sever) and
how to identify a shock victim The severity of
injury fromelectrical shock depends on the anount of
el ectrical current and the length of tine the current
passes through the body. For exanple, 1/10 of an
anpere (anp) of current passing through the body for
just 2 seconds is enough to cause death. The anpunt
of internal current a person can withstand and stil
be able to control their armor hand nuscles can be

| ess than 10mA. Currents above 10mA can paral yze or
"freeze" nmuscles. Wen this "freezing" happens, a
person is no longer able to release a tool, wire, or
other object. In fact, the electrified object nay be
hel d even nore tightly, resulting in | onger exposure
to the shocking current. For this reason, hand-held
tool s that conduct electricity can be very dangerous.
If the technician cannot let go of the tool, current
continues through his/her body for a |onger tine,
which can lead to respiratory paralysis (the nuscles
that control breathing cannot nove). Usually, it
requi res about 30mA of current to cause respiratory
paralysis. Currents greater than 75mA may cause
ventricular fibrillation (very rapid, ineffective
heartbeat). This condition nmay cause death within a
few m nutes unless a special device called a
defibrillator is used to save the victim Heart
paral ysis occurs at 4 anps, which neans the heart
does not punp at all. Currents greater than 5 anps
burn tissue. A severe shock can cause far nore
damage to the body than what is visible. An

i ndi vi dual may suffer internal bleeding and
destruction of tissues, nerves, and nuscl es.
Sonetimes the hidden injuries caused by el ectrical
shock result in a del ayed death. Electrical shock is
often only the beginning of a chain of events. Even
If the electrical current is too small to cause
injury, reaction to the shock may cause an i ndi vi dual
to fall. This may result in bruises, broken bones, or
even death. The electrical shock duration greatly
affects the amount of injury. |If the shock is short
in duration, it may only be painful. A |longer shock
(lasting a few seconds) could be fatal if the |evel
of current is high enough to cause the heart to go
into ventricular fibrillation. A small power dril




uses 30 tines nore current than required to kill a
human being. At relatively high currents, death is
certain if the shock is I ong enough. However, if the
shock is short and the heart has not been damaged, a
normal heartbeat may resune if contact with the

el ectrical current is elimnated. The anmount of
current passing through the body al so affects the
severity of an electrical shock. Higher voltages
produce higher currents. So, there is greater danger
from hi gher vol tages. Resistance hinders current. The
| ower the resistance (or inpedance in AC circuits)
the higher the current will be. Dry skin nay have a
resi stance of 100,000 ohnms or nore. Wet skin may
have a resistance of only 1,000 ohns. Wt working
conditions or broken skin will drastically reduce
resi stance. The | ow resi stance of wet skin allows
current to pass into the body nore easily. Wen nore
force is applied to the contact point or when the
contact area is larger, the resistance is | ower,
causi ng stronger electrical shocks. The path of the
el ectrical current through the body affects the
severity of the shock as well. Currents passing

t hrough the heart or nervous system are nost
dangerous. If alive wire contacts with a head, the
nervous system coul d be permanentl|y damaged.
Contacting a live electrical part with one hand-while
grounded at the other side of the body will cause

el ectrical current to pass across the chest, possibly
injuring heart and lungs. Once a victimis no |onger
in contact wwth electricity, call for medical help
and check the follow ng:

(1) Shock: Signs include cold or clammy skin,
weakness, shallow breathing and a rapid pul se.

(2) Burns: Cool mnor burns with cold, running water.
Don't touch the burn, break blisters, or renove
burned clothing. Get nedical help; electrical
burn danmage nay not be inmedi ately apparent.

(3) Shut off the electricity if the victimis still
in contact with the energized circuit. At the
same tinme, have soneone else call for help. |If
getting to the power shut off switch quickly is a
problem pry the victimfromthe circuit with
sonet hing that does not conduct electricity such
as dry wood. Do not touch the victimif he or she
is still in contact with an electrical circuit!
Do not becone a victim Do not |eave the victim



unl ess there is absolutely no other option. Stay
with the victimwhile Enmergency Medical Services
(EM5) is contacted. The caller should return
afterwards to report that the call was made. |If
the victimis not breathing, does not have a
heartbeat, or is badly injured, quick response by
a team of Enmergency Medi cal Technicians (EMIs) or
Par anedi cs provi de the best chance for survival.
Once it is clear that electrical current is no

| onger flow ng through the victim call out to

the victimto see if he or she is conscious. |If
the victimis conscious, tell the victimnot to
nmove. It is possible for a shock victimto be

seriously injured but not realize the severity of
his or her injuries. Quickly exam ne the victim
for signs of shock, which include cold or clanmy
ski n, weakness, shall ow breathing, and a rapid
pul se. Check for burns. Cool mnor burns with
cold, running water. Do not touch the burn,
break blisters, or renove burned clothing. Get
medi cal hel p; electrical burn danmage nay not be

i medi ately apparent. Al so, |ook for mgjor
bleeding. |If there is a |arge anmount of

bl eedi ng, place a cloth (such as a handkerchi ef
or bandanna) over the wound and apply pressure.
If an armor leg is wounded and t he bl eedi ng does
not stop, gently elevate the injured area while
keepi ng pressure on the wound. Keep the victim
warm and talk to himor her until help arrives.
If the victimis unconscious, take the necessary
steps to ensure he/she is breathing. Wile this
i s happening, nove the victimas little as
possible. If the victimis not breathing, soneone
trained in CPR should begin artificial breathing
and then check to see if the victimhas a pul se.
Quick action is essential! To be effective, CPR
nmust be perfornmed within 4 mnutes of shock
setting in.



e. How to perform CPR

1. CALL

Check the victim for unresponsiveness. If there is
no response, Call 911 and return to the victim. In
most locations the emergency dispatcher can
assist you with CPR instructions.

2. BLOW

Tilt the head back and listen for breathing. If not
breathing normally, pinch nose and cover the
mouth with yours and blow until you see the chest
rise. Give 2 breaths. Each breath should take 2
seconds.

3. PUMP

If the victim is still not breathing normally,
coughing or moving, begin chest compressions.
Push down on the chest 11/2 to 2 inches 15 times

right between the nipples. Pump at the rate of
100/minute, faster than once per second.

CONTINUE WITH 2 BREATHS AND 15 PUMPS UNTIL HELP ARRIVES

NOTE: This ratio is the same for one-person & two-person CPR. In two-person CPR
the person pumping the chest stops while the other gives mouth-to-mouth breathing

SUMVARY: electrical safety is very inportant. Safety
should be the first and | ast thought technicians should have
whil e working. They need to be famliar with their
surroundings (circuit breakers, PPE, and signs).

Continually check for m suse and abuse of el ectrical

i nstrunents, proper |abeling of hazardous environnents, and



personal care to avoid shock or bodily harm This will
ensure injury due to electrical shock is avoided.

K. QUESTI ONS?
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LECTURE NUMBER  MOS 6492 A. 2 (A 3A)
TIME: 1.0 Hours

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE: Safety Precautions and Procedures

OBJECTI VES: St udents shall be well informed and skill ed

in the application of safety procedures near high-pressure
air sources within the work center.

| NSTRUCTI ONAL Al DES: Local work center safety board,
signs, and Personal Protective Equi pnent (PPE).

REFERENCES:

1. OPNAVI NST 5100
2. Series NAVSEA OD 55147
3. Rev 2 NAVSEA 48930

PRESENTATI ON:

1. | NTRODUCTION: The purpose of the follow ng period of
instruction is to instruct students on safety procedures
near high-pressure pneumatic sources. This instruction
contai ns several safety guidelines that nust be foll owed
to ensure operator safety and to prevent damage to any
hi gh- pressure equi pment being used. Please refer to the
manuf acturers’ equi pnent operation manual for any
equi pnent - speci fic safety procedures.

2. BODY: The followng is a list of safety precautions
that should be followed to ensure your own personal
safety while operating high-pressure pneunatic
equi pnent :

a. Be know edgeabl e of the pressure system under test.

a. Always wear a face shield and/or safety goggl es when
operating pressurized test equipnent.



a. Post a "Danger-H gh Pressure"” sign near your work
ar ea.

a. Doubl e-check all pressure and unit sel ections.

a. Check the condition of all high-pressure fittings and
connectors prior to each use.

a. Always open air valves slowy, paying close attention
for |eaks.

a. OQbserve the instrument while increasing pressure.

a. Never apply twisting force to a pressure gage or test
i nstrunment case.

a. Use properly fitting wenches on the instrunents
wrench fl ats.

a. Never |eave any pressurized system unattended.

SUMVARY: This instruction was a brief overview of several
gui delines that nust be considered when worki ng on or near

hi gh- pressure pneunati c sources. These, and other steps, are
necessary to protect the operator, other people in the area,
and the equi prment itself. Al ways renmenber to exercise
extrene cauti on when using hi gh-pressure pneunmati c sources
and renenber to refer to the manufacturer’s publication for
answers to any question about the proper set-up, operation,
and breakdown of high-pressure systens.
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LECTURE NUMBER  MOS 6492 A.2 A-4

TIME: 30 Mnutes

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE: Safety Precautions and Procedures

OBJECTI VES:. To fam liarize technicians on the correct

enpl oyment and mai nt enance of Personal Protective Equi pnment
( PPE) .

| NSTRUCTI ONAL Al DS: Face Shield, Goggles, Electrical

3 oves, Hazardous Material d oves and Apron, Earnuffs,
Crani al, and Safety Boots

REFERENCES: OPNAVI NST 5100. 23E

PRESENTATI ON:

1. | NTRODUCTION: For proper protection, one needs to
determ ne the correct PPE for the task bei ng perforned.
When the correct PPE is selected and used properly the
risk of a job-related injury or illness is dramatically
reduced. Many protective devices, through m sapplication
or inproper naintenance, can becone ineffective and can
have potentially serious consequences. Therefore, proper
equi pnment sel ection, maintenance, enployee training
(i ncluding equi prent limtations), and nmandatory
enf orcenent of equi pnent use are key el enents of an
effective PPE program

2. BODyY:

a. Any technician required to wear PPE shall receive
training in the proper use and care of PPE. OSHA
shall offer periodic retraining to both the enpl oyees
and the supervisors as needed. This training shal
I ncl ude, but not necessarily be |limted to, the
foll owi ng subjects:



(1) When PPE is necessary to be worn.
(2) What PPE is necessary?
(3) How to properly don, doff, adjust, and

wear PPE.
(4) The limtations of the PPE
(5) The proper care, maintenance, useful life, and

di sposal of the PPE
b. Types of and use of PPE:

(1) Face Shield — used for entire face protection.

(2) Goggles — used for eye protection fromliquids.

(3) Electrical doves — used for high vol tage/current
t asks.

(4) Hazwat d oves — used for hydraulic fluid,
synthetic lubrication oil.

(5) Apron - used for hydraulic fluid, synthetic
| ubrication oil.

(6) Earnmuffs — used anytime 100 psi or greater is
present.

(7) Cranial — used anytine overhead hazards or fal
hazards exi st.

(8) Safety Boots — Need to be worn at all tines in
production, storage, and inspection areas of the
wor k center.

c. It is inportant that all PPE be kept clean and
properly maintained. Cleaning is particularly
i nportant for eye and face protection where dirty or
fogged |l enses could inpair vision. PPE should be
i nspected, cleaned, and nmintai ned at regul ar
Intervals so that the PPE provides the requisite
prot ection.

J. SUWARY: The three nost inportant things to remenber are:

1.

2.

Choose the correct PPE for the task; PPE is specifically
desi gned for the hazard you wll face.

Under stand how to use the equi pnment; PPE nust be used
correctly to protect you effectively. It is designed for
your benefit. For your sake and for your fellow Mrines,
| earn how to use PPE. If you don’'t know, ASK

Clean and maintain the PPE, dirty or mal functioni ng PPE
could result in serious injury or death.



4. PPE is an all hands responsibility. Know the hazards
present in your work area. |Informanyone entering the
area of the hazards they may face.

K. QUESTI ONS?
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LECTURE NUMBER  MOS 6492 A .2 (A 5)
TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE: Safety Precautions and Procedures

OBJECTI VES:. Students will know and understand how to

conply with safety markings in the work center and know
where to find references on safety and rel ated areas.

| NSTRUCTI ONAL Al DS: Local work center safety board,
NAVAI R publications, and NAVOSH publicati ons

REFERENCES:

1. OPNAVINST 4790. 2H

2. OPNAVI NST 5100. 23

3. MCO 3500. 27A/ OPNAVI NST 3500. 39
4. OPNAVI NST 5100. 8G

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY:

a. Safety is all about preventing accidents. Personal
injury typically occurs because safety precautions
are either not |learned or they are not practiced.

b. Standard safety markings are used in all areas of the
shop as aids to conmunicate informati on on hazards,
the need for personal protective equipnment, and the
| ocati on of safety equi pnent and ener gency
facilities, such as the eye wash stations, first aid
kits, and fire extinguishers. Furthernore, they
provi de gui dance and instruction in emergencies.



C.

One reason for safety markings is to rem nd Marines
to use Personal Protective Equipnment (PPE). PPE is
required in many areas both in and out of the work
center. Safety nmarkings pertaining to PPE are
established to be a rem nder to utilize earplugs,

gl oves, and face shields as well as other necessary
protection. Adhering to such marki ngs saves nmari nes
fromhearing | oss, eye |loss, and any ot her persona
injury.

Saf ety markings al so pertain to HAZMAT. There are
often signs posted which direct Marines to where the
HAZMAT busi ness plan and MSDS bi nder can be found.
This is inmportant because it gives Marines

i nformation, contacts, and instructions on how to
deal with m shaps. This provides the |ocation of the
bi nder and MSDS i nformation in case of a HAZVAT

I nci dent .

Exanpl es of safety signs are:

(1) Danger signs indicate an inmnently hazardous
situation, which, if not avoided, will result in
death or serious injury. This signal work is to
be limted to the nost extreme situations.

(2) Warning signs indicate a potentially hazardous
situation, which, if not avoided, could result

in death or serious injury.

(3) Caution signs indicate a potentially hazardous
situation, which, if not avoided, could result
in mnor or noderate injury. It may al so be used
to avoi d unsafe practices.

3. Activity:

a. At this time proper safety procedures for the shop

shoul d be denpnstrated to include the correct
procedure in case of an electrical accident, the
proper P.OC. to notify in case of any energency, and
what to do and what not to do in case of electrical
fires.

SUMVARY: Safety is something that should al ways be

practiced, rather than | earned froman incident or
experience. By followng all of the proper markings posted,



many dangers can be avoi ded. The bi ggest safety | esson one
can learn and al ways practice is to be vigilant and aware of
ones surroundi ngs.
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LECTURE NUMBER.  MOS 6492 A 3 (C)

TIME 1 hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE:  Publications, Diagrans, Sketches, and Draw ngs

OBJECTI VES: To instruct the technician on the Naval

Avi ati on Mai ntenance Program (NAMP), specifically Vol. V Ch.
19 concerning the METCAL program

I NSTRUCTI ONAL Al DS:  4790. 2H

REFERENCES:  4790.2H Vol . V Ch. 19

PRESENTATI ON:

1.

| NTRODUCTI ON:  The NAMP section addressing the Metrol ogy
and Calibration (METCAL) programis Vol. V Ch. 19 and
covers the procedures and responsibilities at the
Internedi ate | evel. There are six sub-sections and each
cover a different aspect of calibration. Al so included
in this chapter are illustrations of |abels, tags, and
sanple formats for invoices and di screpancy reports.

BODY:

a. Section 19.1 covers the introduction to the METCAL
programand lists all references that the NAWP draws
fromto create |I-level policy concerning calibration.

b. Section 19.2 provides requirenents of calibration,
expl ains neasure formats, and outlines calibration
stickers and their different uses. This section is a
good qui ck reference, which defines various aspects
of the METCAL program Along with defining itens it
also lists the reference and, in nost cases, who is
responsi bl e for that aspect of calibration, i.e.
TYCOMs.



c. Section 19.3 lists all pertinent information and
duties of all personnel involved in the METCAL
Program It lists responsibilities for the Field
Calibration Activity (FCA), Aircraft Mintenance,
Avionics Division Oficer (AM)), Internediate
Mai nt enance Activity METCAL Program Manager (PME
Chief), Organizational Level (I-Level) METCAL Program
Manager, Quality Assurance (QA) Oficer, Program
Manager, |ndividual Material Readiness List (IMUL)
Manager, Work Center 67A, and the Wrk Center
Super vi sor.

d. Section 19.4 covers depl oynent -operating procedures.
This section outlines the responsibilities of the
squadron and the FCA during two different depl oynent
| engt hs. (Less than 90 days and greater than 90 days.

e. Section 19.5 address the METCAL extension policy.
This section entails who has the authority to extend
an interval and tags used for the extension. The AMO
I's authorized to extend calibration intervals for
support equi pnent (SE), except for flight or safety
of personnel SE. Safety of flight and personnel
extensi on requests can only be approved by the
responsi bl e TYCOM Radi ac SE cal i bration extensions
can only be approved by the responsi ble SYSCOM When
extending the calibration interval a speci al
calibration | abel shall be affixed to the SE next to,
but not over, the previous cal sticker. It shal
list the approving authority and the length of the
extension. Also, this sub section provides gui dance
on how to designate safety of flight and personnel in
measure formats. This is done with the (#) synbol
next to the last character in the sub custodian
field.

f. Section 19.6 addresses enbedded calibration standards
and pool site functions, as well as |-1Ievel
procedures for acquiring new standards from pool
sites. These are standards enbedded into automated
benches that allow self-calibration before each use.
Further, the listing of all enbedded standards is
found in 19.6. There are only 5 in the 4790.2H
revi sion of the NAMP.

SUMVARY: The NAMP covers all Naval Aviation M ntenance
functions. As calibrators, our primary focus is the METCAL



program covered in Vol. V Ch. 19. This section defines who
is accountable for calibratable itens and outlines
procedures and policies that provide the foundation for the
METCAL Program
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LECTURE NUMBER.  MOS 6492 A 3 (D)

TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE:  Publications, Diagrans, Sketches, and Draw ngs

OBJECTIVES. To instruct the technician on the purpose of
avi oni cs cl eaning and corrosion control manual.

| NSTRUCTI ONAL Al DS:  None

REFERENCES.:

1. OPNAV 4790.2

2. NAVAIR 17-1-125

3. NAVAIR 16-1-540

4. NAVAIR 01-1A-509

PRESENTATI O\

1. | NTRODUCTION: A successful corrosion prevention program

is the result of concentrated efforts by all operating,
mai nt enance, and ot her support personnel involved with
Support Equi prent (SE). An organi zed and vi gi | ant
preventive mai ntenance effort will reduce maintenance
time spent repairing corrosion damage, reduce the nunber
of mai ntenance actions, and increase SE reliability,
avai lability, and longevity. In accordance with

OPNAVI NST 4790. 2 series, activities responsible for the
mai nt enance of SE will establish a maintenance schedul e
for each piece of equipnent. Conpleted Visual

I nformati on Di splay Systeni Mai nt enance Action Forns

(VI DS/ MAFs) and OPNAV Form 4790/ 60 are used to schedul e
and record mai ntenance actions for each piece of

equi pnent. When properly docunented, this form provides
val uabl e past, present, and future preventive

mai nt enance i nformation. The preventive mai ntenance
schedul e, in conjunction with the Mintenance

Requi renents Cards (MRCs), shall be devel oped with
regards to the type of equipnent, its intended use, its



service environnent, its storage |location, and this
| esson.

BODY:

a.

The maj or concern in corrosion control is
“PREVENTI ON’. The detection and treatnent of
corrosion are inportant skills and all rmaintenance
personnel should be famliar with these nethods to
ensure the integrity of all aircraft systens,
conmponents, and equi pnent.

(1) Types of corrosion:
(a) Direct surface attack.
(b) Galvanic or dissimlar nmetal corrosion.
(c) Inter-granular corrosion.
(d) Pitting.
(e) Exfoliation

(f) Crevice attack or concentrated cel
corrosi on.

(g) Fretting corrosion.
(h) Stress corrosion.
(i) Corrosion fatigue.

Prevention of corrosion should be conpleted on a
schedul ed basis. This will insure the integrity and
safety of the equi pnent being used. Intervals are
desi gnated for equi pnment that requires corrosion
control to pronote long-termquality. Intervals may
vary due the climate or conditions in which the

equi pnrent is being used. Al preventive nmaintenance
shoul d be done in accordance with the references

| i sted and/ or that equi pnent MRCs.

(1) Only qualified personnel that are trained in the
preparation of surfaces, application of
mat eri als, and renoval of corrosion will perform
treatment of corrosion. This wll ensure that



proper procedures are followed to prevent
conti nued corrosion of the affected materi al .

(2) Safety in corrosion cannot be overenphasi zed. It
is the responsibility of each individual to
ensure a safe work environnment for workers, as
wel |l as all other personnel |ocated in or near
the i mmedi ate area. Extrene caution should be
used when handl i ng hazardous material. For
exanpl e: paints, solvents, carbon fibers, paint
renovers, resins, and epoxy adhesives.

SUMVARY: Corrosion control inpacts all aspects of

mai nt enance as well as the environment. However, wth
adherence to existing instructions it can be a safe well -
managed programthat will greatly reduce the deterioration
of aircraft, systens, conponents, and the equi pnent used in
mai ntai ni ng these assets. This program saves |ives and
assets when personnel actively participate.

QUESTI ONS?
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LECTURE NUMBER  MOS 6492 A 3.F

TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE:  Publications, Diagrans, Sketches, and Draw ngs

OBJECTI VES. To instruct technicians on the procedures and
policies of the Aviation Hydraulics Manual (AHM .

| NSTRUCTI ONAL Al DS: Aviation Hydraulics Mnual
REFERENCES. Aviation Hydraulics Manual (NA 01- 1A-17)

PRESENTATI ON:

1. |INTRODUCTION: This lesson will cover Aviation
Hydraul i cs Manual procedures and policies. The manual
will be thoroughly dissected to include its key
conmponent s.

2. BODyY:

a. The purpose of the Aviation Hydraulics Manual is to
provi de general mai ntenance requirenents for aircraft
hydraul ic systens and rel ated support equi pnent (SE)
The manual pertains to all naval aircraft hydraulic
systens, airborne hydraulic equipnent, and rel ated
hydraul i ¢ servicing and test equi pnent.

b. Al nodern naval aircraft contain hydraulic systens
used for operating various nechanisns. The average
operational aircraft has nunmerous hydraulically
operated units. There are several different types of
hydraulic fluids with various specifications.

(1) ML-PRF-5606: This was the principal hydraulic
fluid used in naval aircrafts prior to the
I ntroduction of hydraulic fluid M L-PRF- 83282.
5606 consists of petrol eum products wth
additive materials to inprove viscosity



C.

tenperature characteristics, inhibit oxidation,
and act as an anti-wear agent.

(2) ML-PRF-83282: This is the principal hydraulic
fluid currently used in mlitary aircrafts.
This fluid is a fire-resistant type fluid
devel oped to replace hydraulic fluid 5606. The
fluid consists of a synthetic hydrocarbon base
and contains additives to provide the required
viscosity and anti-wear characteristics to
i nhi bit oxidation and corrosion. It is used in
hydraul i ¢ systens that have a tenperature range
of -40 degrees F to +401 degrees F. There are
many different fluids; these are just two that
are nost commonly used.

Hydraulic fluid contam nation nay be described as any
foreign material or substance whose presence in the
fluid is capable of adversely affecting system
performance or reliability. It nmay assume nany
different fornms including Iiquids, gases, solid
matter of various conposition, sizes, and shapes.
Solid matter is the type nost often found in aircraft
hydraul i c systens and is generally referred to as
particul ate contam nati on.

(1) Oganic Contam nation:

(a) Oganic solids or sem solids found in
hydraul i ¢ systens are produced by wear,
oxi dati on, or polynerization. Mnute
particul ates of O-rings, seals, gaskets, and
hoses are present due to wear or chem cal
reacti ons.

(b) Metallic Solid: Metallic contam nations are
comonly present in hydraulic systens and
will range in size fromm croscopic
particles to particles readily visible to
t he naked eye. These particles are the
result of wearing and scoring of bare netal
parts and plating materials, such as silver
and chrom um

(c) Effects: Contam nation of hydraulic fluid
with particulate matter is one of the



princi pal causes of wear in hydraulic punps,
actuators, valves, and servo val ves.

(2) Air Contam nation:

(a) Hydraulic fluids are adversely affected by
di ssol ved, entrained, or free air. Ar may
be introduced through inproper maintenance or
as a result of systemdesign. Any
mai nt enance action, such as di sconnecting or

removing a line or conponent, will invariably
result in sonme air being introduced into the
system

(b) Effects: Free or entrained air affects the
systemin many ways. |If the fluid supplied
to a punp has high air content, resulting
cavitation can cause sever nechani cal danage
within the punp and partial or conplete |oss
of output pressure.

(3) These are just two of the contam nations that
affect the hydraulic system

El ectronic Particle Counter: Two conmon particle
counters are the 8011-3 and the CM20.9090. Both
units use the principle of light extinction to
determne particle size. Light shines through sanple
fluid to a photo detector. As the fluid fromthe
sanple flows past the photo detector at a constant
rate, particles in the fluid block the Iight creating
a shadow that reduces intensity of Iight shining on

t he photo detector. The bigger the shadow is, the

| arger reduction in intensity. The photo detector
converts intensity to an electrical inmpulse whose
anplitude is then converted to particle sizes. The
fluid fromthe sanple is drawn past the sensor at a
constant flow rate by use of a notor controlled

syringe punp.
(1) Differences:

(a) The CMR0.9090 (CWMR0) is portable and has a
smal |l er sanple size, thus it is nore critical
i n obtai ning and preparing a good sanpl e.



(b) The CMRO requires operator presence to turn
the dial to start test and performa few runs
of clean hydraulic fluid to clean out |ines
in the sensor after processing dirty sanples

(c) The CMRO particle counter uses white |ight
verses a | aser

(2) Operators should be trained and qualified to use
the particle counters. NATEC representatives
provide training for all personnel.

(3) Section 4 provides a discussion of
decont am nati on net hods, contam nati on sequence
control, and decontam nati on procedures.

(4) The purpose of section 5 is to outline the Navy
Hydraul i ¢ Contam nation Control Program

(5) Section 6 is servicing the hydraulic system
Such service will usually fall into one of the
foll ow ng categories:

(a) Fluid Servicing: consists of addi ng new
filtered hydraulic fluid to the systemto
replace fluid | ost through | eakage or as a
result of system naintenance or mal function.

(b) Filter Servicing: some aircraft and SE are
equi pped with indicating devices (buttons or
pins), which will extend when the
differential pressure across the filter
exceeds a predeterm ned value indicating a
| oaded el enent.

(6) Section 9 addresses the controlled environnment
work center. In order to establish this
control, depot and intermnedi ate mai nt enance
activities shall establish prograns, which
ensure that dirty conponents will not
contam nate hydraulic systens.

| NSTRUCTOR NOTE: Have Marines browse through the
Hydraulics Manual to gain a famliarization of the
Avi ation Hydraulics Manual




SUMARY: The mgjority of the Aviation Hydraulics Mnual
was covered in this lesson. Section 3 is the main section
that pertains to calibration technicians. |t explains what
the particle counters do and how they work. The other
informati on given is tools to help the technician understand
how i nportant aviation hydraulics is to aircraft operation.
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LECTURE NUMBER  MOS 6492 A .3 (Q

TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE:  Publications, Diagrans, Sketches, and Draw ngs

OBJECTI VES. Metrol ogy Automated System for Uniform Recal |
and Reporting (MEASURE) Users Manual

| NSTRUCTI ONAL Al DS:  ( MEASURE) Manual and Meter Card
REFERENCES:. OPNAV Manual OP43P6B

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY:

a. MEASURE provides information and technical data
commonly requi red by system comands to adm ni ster
the Navy Metrology and Calibration Programin
accordance w th NAVELEXI NST 4355. 3.

b. The procedures prescribed in OP Manual OP43P6B apply
to all Navy calibration |aboratories/activities, all
activities obtaining services there from and to
ot her Navy activities whose use of MEASURE has been
approved or directed by its cognizant authority.

c. MEASURE is designed to provide participating
activities with a standardi zed system for the recal
and scheduling of netrology assets into calibration
| aboratories/activities, docunentation of data
pertaining to calibration actions and rel ated
transactions performed by those calibration
| aboratories/activities, as well as for reporting al
actions perfornmed on those assets. MEASURE al so
provi des col |l ection, correction, analysis and
collation of technical data, as well as distribution



of data and products/fornmats to calibration
| aboratories/activities and custonmer activities. In
addi tion, MEASURE has the follow ng functions:

(1) Develop and support Navy Mt Cal Program resource
budget s.

(2) Plan/analyze calibration |aboratory/activity
wor k| oad.

(3) Record/docunent configuration changes and update
dat abase fil es.

(4) Provide technical data to the Metrol ogy
Engi neering Center for TAMS reliability,
anal ysis, and calibration interval assignnent.

(5) Docunent traceability of neasurenents to
standards nmi ntai ned by the National Institute
of Standards and Technol ogy.

CHANGES AND REVI SI ONS - Navy activities having
proposed changes or revisions to MEASURE
procedures/di sciplines, or related docunentation
shall forward themvia appropriate chains of command
to the appropriate SYSCOMfield activity in that
geogr aphi c area.

SYSTEM OPERATI ON - The initial cycle of MEASURE
begins with the conpletion of the inventory forns for
equi pnent held by each customer activity. The

cogni zant MOCC or CDBF will establish the database.
The custoner activity is then provided with a printed
i nventory and a set of preprinted METER cards. The
Cogni zant Met Cal Representative ensures recal
schedul es of equi pnment due for calibration in the
following nonth are provided to custoner activities
and calibration |laboratories/activities. Qutput
formats are provided to managenent personnel by MOCC.
As METER cards are processed, the database is updated
and the system continues to cycle.

Performance - In accordance with recall schedule, the
customer activity submts equi pnment for calibration,
acconpani ed by a METER card, to the calibration

| aboratory/activity. The calibration

| aboratory/activity perforns the required service,




conpl etes the METER card, and enters the data via
renote termnal, if available. Oherw se, the FCA
forwards the WH TE copy to the appropriate data entry
site and returns the equipnment and the PINK copy of
the METER card to the custoner activity. The data
entry site updates the database, which produces
oper ati onal docunments and nanagenent reports. The
operati on docunents are distributed to custoner
activities and calibration | aboratories/activities.
The managenent reports are distributed to system
comands, type conmanders, aircraft controlling
custodi an activities, MetCal Reps, custoner
activities, and calibration |aboratories/activities.

Appendi x Features - The OP43P6B appendi xes contain a
wealth of information for personnel required to
conpl ete METER cards and for data entry via E-Term

(1) Appendix A Conpletion of Inventory Form This
section of the publication outlines the
conpl etion of the MEASURE TNVDE | NVENTORY form
Though this formis no | onger used, (superceded
for nost applications by other inventory formns)
It remains useful as a guide for information
required to be collected when adding an itemto
t he MEASURE i nventory.

(2) Appendi x B: Conpl etion of MEASURE METER Card.
Appendi x B contains detailed instructions and
regul ati ons on the individual blocks that nake
up the METER Card. This section includes
I nformation on the purpose and uses for the
different col ored copies that nmake up the METER
Card. Information on the bl ocks of include:
Block #, Title, Al pha/Nuneric entries,

Conpl etion instructions, Field Size
(characters), and an exanpl e.

(3) Appendi x C. Conpletion of Equi pnent
Identification and Recei pt Tag. This section
contains detailed instructions on the
appropriate conpletion of the “bottom section”
of the METER Card and includes information on
the use of the colored copies of the receipt
t ag.



(4) Appendi x D: Exanples of METER Card Transacti ons.
Thi s appendi x provi des qui ck reference exanples
of common METER Card transactions including:
addition to inventory, calibration transaction,
del ay status docunentation, deletion from
I nvent ory/ change of sub-custodi an, placing
equi pnent in inactive status, placing in NCR
status, rejecting itenms, and repair only
docunent ati on.

(5) Appendi x E: Required Customer Activity Functions.
This section outlines the responsibilities for
the custoner activity and program manager to
perform These include format distribution,
METER Card handling, etc.

(6) Appendix F. Required Calibration
Laboratory/ Activity Functions. This section
outlines the responsibilities assigned to the
calibration | aboratory for the upkeep of the
METCAL program

(7) Appendi x G Managenent Functions. This appendi x
descri bes the responsibilities of SYSCOMS and
t heir METCAL personnel

(8) Appendix H: Central Database Facility/ MEASURE
Operational Control Center Functions. Appendix H
contains information on the operation and
responsibilities of the METCAL database and its’
managenent .

(9) Appendix |: MEASURE Qperating Procedures. This
section contains instructions for such speci al
cases as non- MEASURE custoners, sub-custodi an
owner shi p of equi pnent, classified equi pnent,
et c.

(10) Appendi x J: MEASURE Fornmats. This appendi x
details the MEASURE product formats (310, 350,
311, 802, etc.) including their |ayout and
function. Al so includes exanpl es of these
formats.

(11) Appendi x K- d ossary



(12) Appendix L: Operating Suppl enments. Qperating
suppl enents are information that is issued upon
request when a need arises to neet specific
requi renents. These requests are submitted via
the chain of commuand.

SUWARY:. In an effort to ensure all equi prment requiring
calibration/servicing is maintai ned at maxi num
dependability, the scheduling of equipnment and reporting of
managenment data i s automated under MEASURE. The system goal
is to provide a uniform managenent information systemfor
the Navy METCAL Program This systemapplies to all Navy
Calibration Laboratories/Activities and their supported
activities as directed by cogni zant authority. Test

equi pnent cust odi ans, custoner activities, and calibration
| aboratories/activities are provided with periodic
informati on on the status of test equi pnent requiring
calibration. The outputs obtained from MEASURE are
essential to the cost effective operation and nanagenent of
the METCAL Program
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LECTURE NUVBER  MOS 6492 A 3 (U

TIME: 1 hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EMED:.  On separate sheet

TI TLE:  Publications, Diagrans, Sketches, and Draw ngs
OBJECTI VES. To give an overview of the METCAL Program and to
enhance the Technician’s knowl edge on the usage of the MEASURE

program METPRO, and the METRL. The main objective of this
course i s continuous Calibration Program training.

| NSTRUCTI ONAL Al DS: None
REFERENCES:

1. O©OP43P6B Measure Manual

2. METPRO, MEASURE MANUAL
3. NAVAI RI NST 13640. 1A

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY:

a. The Naval Aviation Metrology and Calibration Program also
known as the METCAL Program is the authority for all
policies and procedures pertaining to calibration Support
Equi pmrent (SE) utilized by the Departnent of the Navy
(DON) and Marine Corps Calibration Activities. The METCAL
Program provi des policies and procedures for
I npl ement ati on and managenent of the Naval Aviation
Mai nt enance Program ( NAMP) i ncl udi ng Support Equi prent
cal i bration requirenents, |evel of support, and procedures
for managenent of calibration and rework at the three
| evel s of mmintenance. It also directs the Naval Air
Systens Command (NAVAIR) to inplenment and nmaintain a
conpl ementing METCAL program as part of the NAMP.

b. The Metrol ogy Automated System for Uniform Recall and
Reporting (MEASURE) is the data systemfor the Navy’'s

1



Met rol ogy and Calibration METCAL Program This manual

outlines the procedures that apply to Navy Calibration

Laboratories/ Activities utilizing the system ship and

shore activities obtaining services there from and ot her

mlitary activities whose use of MEASURE has been

directed. MEASURE will be used to report data for fleet

and shore activities as directed by the Naval Sea Systens

Command ( NAVSEASYSCOM) and Naval Air Systens Conmand

(NAVAI RSYSCOM. I n addition MEASURE is designed to

provi de participating activities wwth a standardi zed

systemfor the recall and scheduling of netrol ogy assets.

MEASURE al so provides for the collection, correction,

anal ysis and collation of technical data, as well as

di stribution of data and formats. Sone of the benefits of

MEASURE to the fleet are:

(1) Calibratabl e equi pnent status indicator.

(2) Identification of calibration problens.

(3) Equipnent reliability based on usage, environnent,
and percent short cycle.

(4) Autonmated recall.

(5) Automatically updated TAMS and standards inventory.

The MEASURE nmnual is divided into several different
secti ons.

(1) Section 1 contains general information about the
MEASURE program In section 1 you will find the
pur pose of the MEASURE Uses Manual, the MEASURE
policy, and a description of the MEASURE Program

(2) Section 2 System Surmary — In an effort to ensure al
equi pnent requiring calibration/servicing is
mai nt ai ned at maxi num dependability, the scheduling
of equi pnent and reporting of managenent data is
aut omat ed under MEASURE. The systemgoal is to
provi de a single, uniform managenent infornmation
system for the Navy METCAL program

(3) Section 3 Staff Functions Related to Technica
Operations- This section contains details necessary
to provide staff inputs to MEASURE. Additionally,

this section will explain the characteristics and
nmeani ng of the information the system produces as
out puts.

(4) Appendi x A Conpletion of Inventory Form - The
I nformati on entered on these inventory forns by each



(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

customer activity is the initial input source of al
data for MEASURE

Appendi x B Conpl etion of Measure Meter Card — The

Met rol ogy Equi prent Recall and Report (METER) Card is
the source of all data w thin MEASURE subsequent to

t he subm ssion of the Initial Inventory Fornms. The
METER card will be conpleted in accordance with the

i nstructions of OP43P6.

Appendi x C — Conpl etion of Equi pnment ldentification
and Receipt Tag. A five-part receipt that is
attached to the METER card.

Appendi x D — Exanpl es of METER Card Transactions. A
series of figures that provide exanples of the

vari ous transactions for which the METER Card is
used.

Appendi x E — Required Custoner Activity Functions.
Each Customer Activity nust ensure that the TAVS and
St andards, for which that activity has been assigned
primary responsibility, are submtted in a tinely
manner to a Calibration Laboratory/Activity for
required calibration.

Appendi x F — Required Calibration Activity Functions.
It is the responsibility of each calibration activity
to ensure that required calibration is performed on
equi pnment submtted in accordance with the MEASURE
Recal | Schedul e and as directed by the cogni zant
VETCALREP.

Appendi x G — Managenent Functions. The METCAL groups
performthe managenent functions for the Navy METCAL
program

Appendi x H — Measure Operational Control Center
Functi ons. Under MEASURE, the MOCC wil | produce
certain MEASURE formats and preprinted METER cards.

Appendi x | — MEASURE Qperating Procedures. Standard
MEASURE operation procedures will be pronul gated
jointly by the METCAL groups to the users of MEASURE

Appendi x J — MEASURE Fornmats. The data coll ected
fromthe inventory forns, and from METER card i nputs.



Provides the information required for the fornulation
of various types of program out puts.

(14) Appendix K — @ ossary. Definitions are presented in
this Appendix for the terns, sone of which are
abbrevi at ed, which appear in the various bl ocks of
the METER card and on the Receipt Tag.

(15) Appendi x L — METCAL MEASURE Operational Suppl enents.
Oper ati onal suppl ements are issued when there is a
needed to tailor the use of MEASUE to neet specific
requi renents of a Systens Conmand or when cogni zant
activities require further guidance and direction in
the inplenentati on of MEASURE operating procedures.

Customer activities of NAVAIR calibration facilities,

I ncl udi ng Naval Sea Systens Command ( NAVSEASYSCOM
activities receiving support fromNAVAIR facilities, wll
conpl ete form OPNAV 4790/ 58 Metrol ogy Equi prent Recal |l and
Report (METER) Card, per the OP43P6B users nmanual. The
METER card is a five-part form which has been col or-coded
to assist in its use and for ease of handling. The five
col or-coded parts or copies of this docunent are to be
used as foll ows.

(1) Wiite Copy: Forwarded to MEASURE operational contro
center (MOCC) via mail or renote term nal by the
custoner activity when an action occurs which
requi res update of the custoner’s database or when
calibration or servicing is conpleted. This copy
will be forwarded on the sane day that any
transaction is conpl et ed.

(2) Geen Copy: Used by NAVAIR type |V calibration and
Forwarded to Al MD data anal yst for processing.

(3) Yellow Copy: Calibration activity personnel use this
copy to advise MOCC of a delay status and to indicate
the cause of the del ay.

(4) Pink Copy: This copy, when conpleted, is forwarded
by activity to the custoner activity to provide a
report of the data collected during
cal i bration/servicing.

(5) Buff Copy: This copy is to be utilized by the
calibration activity as a permanent record of work
per f or nmed.



e.

G ven the Aviation 3Minterface Handbook the technici an

wi |l accurately provide 3Mdata for the METER card.

(1) The Aviation 3Msystemis the current programfor
providing the Navy with a standardi zed managenent
tool for maintenance and material support of aviation
weapon systens and their rel ated equi pnent.

(2) This systemprovides information to |ocal AIMD s
upper |evel nmanagenent and the Naval Aviation
Mai nt enance Support O fice (NAMSO) via the input
source docunents referred to as the Mintenance
Action Fornms (MAFs)

(3) The feedback system of aviation 3Minformation is the
Mai nt enance Data Systens (MDSs), which provide
various reports that reflect:

(a) Expended nman-hours.

(b) Identification of maintenance trends.
(c) Readi ness Posture.

(d) Equi prent failures.

(e) Material support requirenents.

(f) Technical directive conpliance.

Section 1 General — G ves detailed procedures for filling

out the 3Mdata in block 20 of the neter card.

(1) The 3Mdata elenments will only be preprinted in this
bl ock for those workload itens nornmally calibrated by
the FCA as indicated by block 7 (schedul ed cal | ab)
of the METER card.

(2) The 3Melenments nust be nanually inserted when it is
not preprinted and mai ntenance is to be perforned
at an FCA

(3) Most of the interface is nothing nore than an

i nterpretation of MEASURE data, which already is or
wi Il be recorded on the METER card.

(a) Job Control Nunber (JCN) — Athree part, 9 or 11-
character nunber assigned to each itemsubmtted
for mai ntenance.

1 Most Inportant of the data el enents.



(b)

(c)

(d)

(e)

2 It identifies the supported aviation or non-
aviation activity.

3 It is assigned by the supported activity
Producti on Control.

4 Correlated with the activity in block 5 or 6 of

t he METER card.

5 Consists of organization code, Julian date and
serial nunber.

Wrk Center (WO):

1 A three-letter code that identifies the Al M
wor k center perform ng the mai ntenance as
desi gnat ed by OPNAVI NST 4790.2 (series)
vol une V appendi X.

2 Corresponds with block 21 of the METER card.
Wrk Unit Code (WUC) — A five or seven digit
al phanuneric code, which identifies a system

subsystem and/or a conponent part of an end item

1 This element identifies the itemin block 1 of
t he METER card.

N

For itenms or conponents with no WUC assi gned,
al ways use the Not Ot herwi se Coded (NOC) numnber
of the group of equi pnment nost closely rel ated
to the TI.

3 Can be annotated in bl ock 14.

Organi zation Code (ORG — A three-character

al phanuneric code that identifies the activity
perform ng the nmai ntenance.

Transaction Code (TR):

1 A two character nuneric code that identifies
the type of data being reported.

2 TR-31 will nornmally be used since 3M data was
devel oped for VIDs/ MAFs and not NMETER cards.



(f)

(9)

(h)

(i)

(1)

(k)

()

Mai nt enance Level (M.) - A one-character nuneric
code representing the level at which the

mai nt enance i s perforned.

1 This elenment is preprinted.

2 Indicates the maintenance |evel of the activity
in block 21 of the METER card.

Action Taken Code (AT):
1 A one character nuneric or al pha code that
descri bes what action has been perfornmed on the

item

2 Relates to information found in block 59 and 63
of the METER card.

Mal f uncti on Code (MAL):

1 A three character nuneric code used to describe
t he mal function occurring on/in the equipnent.

2 Relates somewhat with block 61 of the METER
card.

Itens Processed (IP) — A two-character numeric
code indication the nunber of itens processed
under this JCN

1 WIIl always be “01” except during work center
assi st.

2 Relates to block 15 of the METER card.
Man- hours (M HRS):

1 The total man-hours expanded by assigned work
center personnel on this naintenance action.

2 The sumtotal of all man-hours perfornmed under
the JCN rel ated to bl ocks 40, 42, and 44 of the
METER card.

El apsed Mai ntenance tine (EMI) - The actual clock
time, which el apsed during the maintenance acti on.

Type Equi prent Code (TEQC)

7



(m

(n)

(0)

(p)

(a)

|=

A four character al phanuneric code that
identifies an end item or equi pnment category.

2 This code has a basic relationship to block 60
of the METER card.

Serial Nunmber (SER) - This is the serial nunber of
the itemin block 1. If the nunber consists of
six characters, it will be identical to bl ock 4.

1 |If less than six characters, precede the nunber
W th zeros.

2 |If greater than six characters, use only the
| ast six characters.

When Di scovered Code (DI SC):

1 A one character al phabetic code that identifies
when the need for mai ntenance was di scover ed.

2 No associ ated MEASURE bl ock.
Type Mai ntenance Code (TM:

1 A one character al phabetic code that identifies
the type of maintenance perforned.

2 Relates to blocks 18 and 23 for schedul ed and
unschedul ed mai nt enance and/ or cali brati on.

Renoved/ Recei ved Dat e:

1 The four-digit Julian date the equi pment was
recei ved for service.

2 Relates to block 23 of the METER card.
In Work Date:

1 The four-digit Julian date the equi pment was
recei ved for service.

N

Rel ates to bl ock 23A except for work center
assi st METER cards.



(r) Conpletion Date- the four digits Julian date on
whi ch mai nt enance was conpl et ed.

Appendi x A When Di scovered Codes- Contains the Wen
Di scovered Codes used by Calibration activities.

Appendi x B Type Mai ntenance Codes - Contains the Type
Mai nt enance Codes used by calibration activities.

Appendi x C Action Taken Codes - Contains the Action Taken
Codes used by calibration activities.

Met rol ogy Requirenents List (METRL) - an authoritative

ref erence docunent that contains data applicable to
calibration for Navy TAMS and standards. The information
is used as a ready reference to deternine authorized
calibration intervals, approved calibration procedures and
rel ated technical data.

Navy Calibration Equi pnent List (NCE) - An authoritative
ref erence docunent containing data applicable to Navy
calibration standards, equipnent, and | ab | ocations.

METPRO — Designed to all ow easy access to the Naval
Warfare Assessnent Division (NWAD) Metrol ogy data. The
METPRO al | ows users to query data in the METRL, NCE, NCA
and conpany information such as cage codes and nane
searches. The METPRO is divided into two different
categories used to access calibration data. These are the
Query and the publications databases. First let’s talk
about the Query database.

(1) The Query database is sub-divided further into six
nore categories listed as: METRL Model Standards,
| CP, Lab, Manufacturers, and METRL Sect. 5.

(a) METRL Model — this feature is used to | ook up part
nunbers and correspondi ng approved ICPs. It also
lists cage codes and special instructions such as
remarks or NCR itens.

(b) Standards Query - Contains part nunbers for
standards w th correspondi ng cage codes. This
section al so contains approved substitutions for
st andar ds.



(2)

(c)

(d)

(e)

(f)

ICP - This section of the METRL contai ns al
NAVAI R approved I nstrunent Calibration Procedures
(1 CPs)

Lab - This section of the query contains updated
| ab codes and information specific to their
activities.

Manuf acturers - This section of the METRL contains
a listing of cage codes and correspondi ng conmpany
manuf act urers.

METRL section 5 - This section of the METRL
contains the nost current NAVAIR supported
publ i cations on SE and operating procedures.

The Publications database is sub-divided further into
categories listed as: METRL (sections 1,2,5,and 6)
NCA (sections 1 and 7) and the NCE (sections 1 and 8)

(a)

(b)

(c)

(d)

METRL section 1 General Information - This
docunent has been prepared for use by personnel
concerned with the Navy Metrol ogy and Calibration
(METCAL) program It is an authoritative

ref erence docunent and contains data applicable to
the information contained within section 1. It is
to be used to determ ne authorized calibration
intervals, approved ICPs, and related technical

dat a.

METRL section 2 Generic Intervals — This

i nformati on has been prepared for use by personnel
concerned with the METCAL program It is an

aut horitative docunent and contains generic
calibration procedures that enconpass bl anketed
test equipnent with a generic |CP.

METRL section 5 Cal Rel ated Docunents — This
section contains calibration related docunentati on
pertaining to the METCAL program

METRL section 6 Navy METCAL policy — These
policies are the “who”, “what”, “where”, “how’,
and “why” of calibration. Policy issuances are
witten orders, which nust be followed unless you
have a specific waiver from your conmandi ng
officer or fromthe policy-issuing agency.

Devi ation from established policy may jeopardize

10



proper operations, technical integrity, safety,
and the ability to acconplish m ssions.
Conflicting or unworkable requirements should be
brought to the attention of all responsible
parties for proper resolution.

(e) NCA section 1 General Information — The NCA is an
authoritative reference docunent descri bing
aut hori zed standards and cal i bration | aboratories,
field calibration activities, and contractor
calibration facilities, which support the METCAL
program

(f) NCA section 7 Gossary — The NCA gl ossary provides
definitions pertinent to calibration activities
and standards. It is a description of METCAL
t ermi nol ogy and nonencl at ure.

(g) NCE section 1 General Information — The NCE is an
authoritative reference docunent containing data
applicable to Navy Calibration Standards and
Equi prent .

(h) NCE section 8 A ossary — The NCE gl ossary provides
definitions pertinent to calibration activities
and standards. It is a description of METCAL
t er mi nol ogy and nonencl at ure.

SUMVARY:  Student shoul d now have a good overvi ew of the METCAL
program During this period of instruction the METCAL prograns
policies, procedures, and doctrine were discussed. The MEASURE
program the METER card, and how to utilize the METPRO to access
calibration data such as specific |ICPs, standards, authorized
substitutions, calibration activities, ternms, and definitions
were di scussed as well.

QUESTI ONS?
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LECTURE NUMBER.  MOS 6492 A 3 (X)

TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE:  Publications, Diagrans, Sketches, and Draw ngs

OBJECTI VES: Students will know and be able to

denonstrate/ apply know edge of calibration facility
requirenents for Navy Field Calibration Activities (FCAs).

| NSTRUCTI ONAL Al DES:  4790. 2H, NAVAIR 17- 35FR- 06
REFERENCES:

1. 4790.2H
2. NAVAIR 17- 35FR- 06

PRESENTATI ON:

1. |INTRODUCTION: The following | esson on Navy Calibration
Facility Requirenents was derived primarily from NAVAI R
17-35FR-06. It is an extrenely informative docunent
containing informati on necessary for the calibration of
preci si on neasurenent equi pnent, as well as the
calibration of test equipnment (electrical,
physi cal / di mensi onal , etc.).

2. BODY:
a. Many factors mnmust be consi dered when designi ng and
preparing a calibration | aboratory. These factors
I ncl ude:
(1) Site |ocation.
(2) Building.

(3) Facility work areas.

(4) Electrical services.



(5) Heating, Ventilation, and Air Conditioning
(HVAQC) .

Site |l ocation considerations should include factors
such as vibration fromrailroad lines or aircraft
| andi ng ar eas.

These factors can be net unless the facility is

shi pboard. Building factors may include isolation
from weat her and other harnful effects from outside
the | aboratory. Also, due of the nature of the

equi pnent and publications contained inside, security
of the installation should be a high priority.

When desi gning an FCA, one should take into account
the layout or facility work areas within the

| aboratory. The | aboratory should be separated into
several general areas. These general areas include,
but are not limted to:

(1) Electrical/Electronic Calibration.
(2) Physical/Mechanical Calibration
(3) Optical /D nensional Calibration.
(4) Electro-Optical Calibration.

After the general calibration areas have been

consi dered, Special Purpose or Hazardous Areas shoul d
be identified. These areas include, but are not
limted to:

(1) Electrostatic D scharge Areas (ESD).
(2) Liquid Flow Calibration
(3) Oxygen-C ean Calibration.

El ectrical Services is the next topic that should be
di scussed since they play a major role in al nost
every aspect of a calibration |aboratory. All

el ectrical services nmust neet the National Electric
Code, National Fire Protection Association Standard
No. 70. Al power outlets, connectors, or receptacles
in calibration areas shall be properly |abeled to



provi de a technical description of the type of power
source (voltage, power rating, and phase) or
connection schene as applicabl e.

g. Basic laboratory electrical service shall consist of
a 480 V, 3-phase, and 60Hz supply. The foll ow ng
st epped down or converted sources shall be required
wWith respect to the calibration facility workl oad:

PHASE FREQUENCY VOLTAGE
1 60Hz 120/ 220 +/- 5%
3 60Hz 120/ 208 +/- 5%
1 400Hz 120/ 220 + - 5%
3 400Hz 115/ 220 +/- 5%
pC -----  ------- 28 +/- 1 Volt

(1) Heating, Ventilation and Air Conditioning (HVAC
Systens control the primary paraneter CLI MATE.

h. The HVAC system controls the heating, cooling, and
filtration of airborne particles in the |aboratory.
The following is a sunmary of general facility
environnental conditions that nust be maintained to
ensure the stability of high-accuracy calibration
standards and equi pnment .

PARAMATER ACCEPTABLE RANGE
TEMPERATURE 60-85 F
HUM DI TY 20- 609RH
AIRBORNE >2.4 X 100,000,000,000.
PARTICLES particles per cubic meter > .5 micro-meters
VI BRATI ON .032 in/s or less and
.046g or less for
8 — 100Hz
BACKGROUND 55dB(A) or |ess
NO SE
| LLUM NANCE 50 ft-c or less

SUMVARY: This | esson guide described nmany necessary
calibration |aboratory facility requirenents. For answers to



further questions regarding this topic refer to NAVAIR 17-
35FR- 06, and 4790.2H, VOL 5, Chapter 19.

QUESTI ONS?

1. Wat is the voltage |level and tol erance of the dc power
recept acl e?

Answer: 28 Volts +/- 1 Volt

2. Nane three inportant factors to consider when desi gning
and preparing a | aboratory for use with precision
measuri ng equi pnent ?

Answer: Site location, electrical service, HVAC
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LECTURE NUMBER.  MOS 6492 A 3 (YY)

TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE:  Publications, Diagrans, Sketches, and Draw ngs

OBJECTI VES: To famliarize the technician with the

Metrol ogy Requirenment List, it's functions and uses, and its
rel evance to the calibration field.

| NSTRUCTI ONAL Al DS: METPRO
REFERENCES: 17- 35MIL-1

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY: Wiat is the METRL (Metrol ogy Requirenents List)?
The METRL is “an authoritative reference docunent and
contains data applicable to calibration of Navy Test and
Monitoring Systens (TAMS) as well as calibration
standards.” The METRL is a docunent that provides all
information calibration technicians need to perform
calibration procedures. The METRL contains calibration
intervals and procedures as well as other technical
data. The METRL is divided into 6 sections, each
covering a different aspect of the Navy Metrol ogy and
Calibration (METCAL) program

a. Section 1 provides general information about the
METRL such as the arrangenent of the METRL as well as
different METCAL policies. Also, it includes
requi renents for the calibration of certain
categories or types of TAMs.

b. Section 2 of the METRL |lists TAVS by type as well as
the recommended calibration interval for each asset.
Section 2 is to be used only when the nodel nunber
and manufacturer are not listed in Section 3. It
shoul d be noted that the presence of an interval for
a nodel nunber in Section 2 does not necessarily mean

1



that itemrequires calibration. Ensure NCR (No
Calibration Required) criteria is checked before
submtting itens from Section 2.

c. Section 3 is one of the nobst inportant sections of
the METRL. Section 3 contains all calibration
requi renents of Navy and Marine Corps TAMS and
standards. Divided into 5 sections, Section 3 lists
nodel nunbers, CACE codes, descriptions, calibration
I nterval, and approved calibration procedure. There
is also a remarks col um where mai ntenance manual s or
suppl enental data is shown when applicable. The
first section, Mdel Nunmber, nerely list the test
equi pnrent wi th an al phabetic, nuneric, or
al phanunmeric identifier. Section 2 is a five-digit
code (CAGE Code) signifying the manufacturer. The
next section is sinply the nonmenclature of the test
equi pnment as assigned by the manufacturer. The next
section enconpasses Calibration Intervals. It lists
t he maxi mnum nunber of nonths the test equipnent is
al l owed before submtting for calibration. The final
section |lists all Approved Calibration Procedures.
Li ke the other sections, this section provides the
procedure nunber to be used during the calibration.

d. Section 4 list calibration procedures. They are
listed with the procedures publishing/revision date
as well as the date of the latest change. This is to
ensure that procedures are current.

e. Section 5 lists various calibration docunents, which
I ncl ude Engi neering Crcles, Engineering Reports,
Fabrication Instructions, Mdification Instructions,
Trai ning Manual s, and other simlar publications.
They are listed by date of publication/revision.

f. Section 6 |lists METCAL policies.

SUMVARY: The METRL is a useful tool in the field of
calibration. A technician can utilize the resources of the
METRL to ensure the highest quality of calibration
performance i s being obtained. Through the METRL, the
techni ci an can guarantee that the test equipnent information
is correct, the procedure is up to date, and access the

| at est publications.

QUESTI ONS?
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LECTURE NUMBER  MOS 6492 A 3 (2)

TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE:  Publications, Diagrans, Sketches, and Draw ngs

OBJECTIVES. To instruct the technician on the purpose of
the TAMS program and use of the TAMS publications.

| NSTRUCTI ONAL Al DS:  None

REFERENCES:

NAVAI R 17- 35TR- 1
NAVELEX P4734- 3

NAVSEA TT700- AA- CAL- 010/ TR 1
OD 56732 ( SSPO)

USMC TI - 4733- 45/ 13

ab~hwWNE

PRESENTATI ON:

1. | NTRODUCTION: The Purpose of the Technical Requirenents
for Calibration of Test and Monitoring Systens (TAM)
publications is to set guidelines on technical
requi rements for the Navy Metrol ogy and Calibration
(METCAL) Program It has been prepared by the Metrol ogy
Engi neeri ng Center on behalf of the Chief of Naval
Material and for the METCAL Lead Systens Conmand, Naval
El ectroni ¢ Systens Command, and the Commandant of the
Marine Corps in executing the center’s role as
scientific and technical authority for the Navy METCAL
Program as delineated in NAVMAT Instruction 4355. 67B,
and Marine Corps Order MCO 4733.1. The TAMS nanua
consi sts of 9 sections that cover an introduction to
TAMS, TAMS cal i bration support requirenents and
approaches, calibration test requirenents, calibration
procedures, calibration equi pment and standards,
calibration intervals, |aboratory environnmental/facility




requi renents, personnel capabilities and training, and
nmeasur ement process control

BODY:

a. The information contained herein discusses the needs
of netrol ogy, objectives of calibration, neasurenent
traceability, and elenments of a calibration system

b. The need for nmetrol ogy support within the Navy and
Marine Corps is growng with technol ogy. As nore
noder n weapons and systens are being used there is
al so a need for increased accuracy and increased
performance to test those weapons and systens.

c. In order to maintain readi ness, the objective of
calibration is to ensure the overal |l neasurenent
integrity and traceability of TAMS. Proper
cal i bration nethods shoul d guarantee TAMS are
returned to the user within tol erance and operabl e.

(1) Traceability is mandatory for all TAMS supported
by the Navy METCAL Program Traceability is
defined as follows: “The process by which the
assigned val ue of a neasurenent is conpared
directly or indirectly through a series of
calibrations to the value assigned to the U S.
nati onal standard or to natural physical
constants.”

d. TAMS calibration support requirenments and approaches
revolve around reliability.

(1) In general, areliability target of 85% average
over-the-period is applied to General Purpose
Test Equi prent (GPTE) and 92% to Special Purpose
Test Equi pnent (SPTE). The 85% and 92%t ar gets
are also used as TAMS reliability requirenents
unl ess other specific reliability requirenents
are required. Reliability of TAMS can be
affected by factors such as handli ng,
envi ronnment, operating personnel, utilization,
| ocati on, and nmai ntenance practices. TAMS
reliability is controlled through assignnment of
calibration intervals.



(2) For the nobst part, any itemthat is used to nake
quantitative nmeasurenents or provide accurately
known outputs nust be calibrated at certain
intervals to maintain the accuracy of the item
A criterion for determning if a device requires
calibration is provided in Section 1 of the
MVETPRO.

(3) TAMS shoul d always be calibrated to their actua
use requirenents. Situation dictating, TAVS
users can identify limted use requirenents for
any TAMS dictated to support specific
applications. This type of calibration would
receive a “Special Calibration” |abel or tag
attached to the TAMS identifying performance
[imtations.

General Purpose Test Equi prent (GPTE) is equi pnent
that is used to support two or nore operationa
systens of different design. GPTE is calibrated at
aut hori zed calibration facilities to manufacturer’s
specifications. Special Purpose Test Equi pnent
(SPTE) is equiprment that is used to support a single
or peculiar operational system or equipnent.
Approved calibration docunentation and calibration
intervals are listed in METRL for GPTE and SPTE.
Enbedded Test and Monitoring Capabilities (ETMC) are
test and nonitoring capabilities that are consi dered
to be an integral part of an operational system or
equi prent. Automated TAMS (or aut omated test

equi pnent (ATE)) is TAMS where the testing process is
under sone form of preprogramred control, where the
test steps, equi pnent set-ups, and tol erance

deci sions are enbedded into a conputer or

m croprocessor rather than a technical nanual

Metrol ogy and Calibration Standards in the Navy
METCAL Programare listed in the Navy Calibration
Equi prent publication (NAVAIR 17- 35NCE-1).

TAMS out-of-tol erance eval uators and perfornmance
criteria are generally defined two ways, “perform
satisfactorily” and “significant out-of-tol erance”.
TAMS are considered to performsatisfactorily when
Its performance neets all prescribed calibration
criteria. When TAMS performance can adversely affect
product quality, measurenent integrity, or ability to



provide valid test data it is considered
significantly out-of-tol erance.

In general, each paraneter that is directly rel ated
to Test Instrunent accuracy or specified perfornmance
shall be tested periodically to verify it neets the
speci fied requirenents.

(1) Tests are separated into two categories;
tol erance tests and functional checks. Tol erance
tests are intended to verify that the Test
Instrunent is performng within the specified
tolerance Iimts or other applicable criteria at
the tine of calibration. Tolerance tests are
usual |y quantitative. Functional checks are
intended to ensure that the Test Instrument is in
sati sfactory operational condition and is
functioni ng adequately at the tinme of
calibration, as opposed to tol erance tests, which
assess the specified performance of the Test
| nstrunent.

(2) The tolerances used as pass-fail criteria for
calibration are generally those used by the
manuf acturer to specify the published performance
of the Test Instrument. Calibration tolerances
are usually given in the general description
section of the applicable operation and
mai nt enance manual . Tol erances shall be incl uded
in the applicable calibration procedure in a form
conpati ble with the nmeasurenent systemto be
used. If the Test Instrunment indications are to
be conpared with those of a standard, the
t ol erances shoul d be expressed as upper and | ower
[imts in terns of neasurenent units.

(3) There are four factors that shall be considered
in establishing the calibration test sequence of
functional checks and tol erance tests. The
first, dependence or interaction, is where the
measur enent of one paraneter is dependent on the
prior calibration of another, or where circuits
or corrective adjustnments interact, a test
sequence shall be adopted which satisfies the
dependence or nminimzes the effects of the
interaction. The next factor is test efficiency.
Tests shoul d be grouped so that the tests



h.

requiring the sane calibration equi pnent setup
are perfornmed consecutively. Third, m ninmm
retesting (test of paraneters or functions which,
when out of tolerance the corrective adjustnent
or repair could affect a nunber of other tests)
shoul d be perforned early to mnimze the need
for retesting. Lastly, |ogical grouping occurs
after all other factors have been satisfied. The
remai ning tests should be arranged in
functionally rel ated groups. For exanple, al
tests relating to an oscill oscope verti cal
anplifier should be grouped as nuch as possibl e,
consistent with the foregoing requirenents.

METCAL i ncludes hundreds of calibration activities
whi ch use in excess of 4,000 nodel nunbers or types
of calibration standards foll ow ng the nethodol ogy of
approxi mately 5,500 authorized Instrunment Calibration
Procedures (1 CPs) to support nore than 19, 000 nodel
nunbers of test equi pnent.

(1)

(2)

(3)

Uniformty of calibration standards and equi prment
wi thin the Navy METCAL programis nanaged by the
Navy Metrol ogy Engi neering Center through the
sem - annual publication of the Navy Calibration
Equi pnent List (NCE) NAVAIR 17-35NCE- 1, NAVELEX
0969- LP-170- 5010, and NAVSEA OD 48939. The NCE
is the authoritative reference docunent that
contains information applicable to Navy

Cali bration Standards and equi pnent.

The purpose of the NCE is to provide a uniform
list of calibration equipnent and standards to
facilitate uniformty throughout the Navy METCAL
Program Navy and contractor personnel use this
information to determ ne what specific node
nunbers are known to be available for use in
writing calibration procedures.

Equi prment performance nust neet the m ni num

requi rements of the Navy METCAL Program i ncl udi ng
par aneters, accuracy, range, environment,
portability, etc. The evaluation of potenti al
standards and the thorough preparation of
procurenent docunmentation and first
articlelacceptance testing are necessary to
ensure new standards neet the required



Cal
equi

(1)

(2)

The

performance specification. Reliability and
mai ntainability are primary factors in the
acceptability of new standards.

bration Intervals are necessary to ensure that
prent maintains a required reliability |evel

These calibration intervals are naintained and
revised as calibration data becones avail abl e.

To ensure calibration intervals are optinmm a
conput eri zed candi date sel ection systemis used
to identify equipnment with apparently non-optinum
intervals, which becone candidates for interva
changes.

The calibration data is analyzed as required to
determ ne proper calibration intervals for

equi pnent on a nodel nunber basis. The intervals
are published in METPRO. METPRO i s updated every
mont h.  Wen sufficient calibration data is

avail able, it is analyzed to determ ne the
correct calibration interval. Wen data is

ei ther not available or is not of sufficient
quantity, an interval based on simlar equipnent,
engi neeri ng recommendati on, or generic category
is used. A generic interval is an interval
representing equi prent of a simlar class.

environnent in which that calibration is

preformed is a significant factor in the quality of

t he

calibrations that directly affect the reliability

of TAMS.

(1)

(2)

Envi ronmental factors to be considered include
tenperature, humdity, vibration, |ine power,
lighting, etc. The acceptable limts associ ated
with the factors vary dependi ng upon the nature
of the workl oad supported and | ocation of the
facility.

An effective environment for a calibration
facility must consider the various el enents of
the total process. Typically, the five critica
el ements are equi pnment, the calibration process,
per sonnel perfornmance, safety and operations, and
el enents not affecting technical calibration.

The equi pnent el ement eval uates the operating



speci fications of the calibration standards and
the TAMS submtted for calibration. The
calibration process sonetines depends on
controlling the power input or the tenperature
and humdity in order to produce valid and
meani ngf ul calibrations. The work environnent
directly affects the personal performnce of
calibration technicians. During the workfl ow
process, the safety of both the technician and
t he equi pnent are paranmount. Al so, environnenta
factors such as storage space, adequate

adm ni stration space, overall cleanliness, and
general guidelines should be considered.

SUMVARY: The Navy Test and Monitoring System (TAMS) is a
basel i ne for technical decisions being applied in analysis
of calibration requirenents, determnation of calibration
approaches, selection and application of calibration

equi pnent, preparation and review of calibration procedures,
and rel ated requirenents for calibration support.

QUESTI ONS?

1. Wat is the purpose of TAWMS?

2. Nanme some environnental factors to consider that ensure
qual ity calibration?
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LECTURE NUMBER MOS 6492 A .3 (GO

TIME: 30 Mnutes

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE:  Publications, Diagrans, Sketches, and Draw ngs
OBJECTI VES. To give the technician background infornmation

on and illustrate the proper format of instrunent
calibration procedures (ICPs).

| NSTUCTI ONAL AIDS:  Any 17-20 or 17-50 ICP

REFERENCES:
1. NAVAIR 17-35POP-01
2. 17-35TR-4 Or 17-35TR-50

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY:

a. Calibration of support equipnent (SE), including TAMS, and
calibration standards used to nake quantitative neasurenents

I's mandatory, and shall be perfornmed wth approved

Instrument Calibration Procedures (ICPs). The primary
purpose of ICPs is to provide information that enables
calibration personnel to determ ne whether the SE and

standards being calibrated are operating within prescribed
tol erances or performance criteria. I1CPs also serve the
foll owi ng purposes: establish and maintain uniformty of
cali bration test nethodol ogy and agreenent of calibration

results anong NAVAIR calibration | aboratories; provide

detailed instructions concerning calibration equipnent setup
and connections, required standards/ancillary equi pnent,

test instrunment connections, control adjustnents, tolerance
val ues, test criteria, performance of the various tests,
interpretation of the results; and they serve as training

and reference materi al .



b. Approved ICPs are listed in METPRO, and are, typically,
NAVAI R 17-20 series I CPs that have been devel oped and
approved for use by the Navy METCAL Program These | CPs may
have been devel oped for METCAL sponsors ot her than NAVAIR
The NAVAIR 17-20 series |ICPs, devel oped for different
sponsors, do not necessarily utilize standards available to
NAVAI R | aboratories. The recently introduced NAVAIR 17-50
series I CPs nmaintain NAVAIR configuration control and fully
utilize NAVAIR noderni zation standards. Mdernization
standards are NAVAIR preferred calibration standards that
have been carefully selected to support a w de range of
requi renents, to be conpatible with and use nodern
calibration techniques, to replace several nodel nunbers
presently in inventory, and to have a programw de
utilization. The NAVAIR 17-50 series is specifically witten
for NAVAIR, and its use is preferred over 17-20 series |ICPs
for NAVAI R workl oad. The driving force behind this series is
the use of nodern equi pnment in harnmony with new neasurenent
techniques to provide a quality-based engi neering process.
As appropriate, I1CPs shall be witten follow ng the
gui deli nes of NAVAIR 17-35TR-4 or NAVAIR 17-35TR-50.

c. ICP Formt:

(1) Title Page - This page provides the nodel nunber and
nonencl ature of the SE/ TAMS bei ng cali brat ed.
I nformati on such as what 1CP this | CP supercedes (if
any), revision date, destruction notice.

(2) List O Effective Pages - The purpose of this list is
to identify the pages in the ICP affected by any
techni cal content changes nade since the previous
rel ease of the docunent.

(3) Table O Contents - This page provides a quick
reference to the contents of the ICP; i.e. different
sections of the procedure, tables, and illustrations.

(4) Section 1 (Introduction And Description) — It provides
an overvi ew of the performance specifications and test
met hods used to calibrate certain characteristics of
the SE/ TAMS (herein referred to as the Test |nstrunent
or TI).

(5) Section 2 (Equi prment Requirenments) - This section has a
|ist of standards needed to calibrate assets whi ch have
been verified to be 4 tines nore accurate than the



asset it is calibrating (mninmumtest accuracy ratio=
4:1). This section also has a list of non-standard

i tenms needed such as shielded | eads, binding posts,
etc.

(6) Section 3 (Prelimnary Operations) - This section
infornms the technician of any prelimnary steps that
must occur prior to starting the calibration i.e., TI
control settings, test equi pnent control settings, and
self calibration for certain standards bei ng used.

(7) Section 4 (Calibration Process) - This section
describes the calibration of the TI. Be sure to pay
special attention to the notes and warnings in this
section because they can be very hel pful to the
technician. This section nmay contain many subsecti ons,
dependi ng on how nmany paraneters of the TI are being
t est ed.

(8) Calibration Checklist - This checklist correlates with
the calibration process. Wien the calibration process
is asking for certain tolerance limts, they can be
found here. This checklist explains the function being
tested by a particular step nunber, the nom nal val ue
being tested, the | ower and upper tol erance val ues, and
a space to fill in the first and second neasured
val ues.

(9) Appendix - This section provides such information as,
adj ustnments, wiring diagrans for test jigs that need to
be constructed for the calibration process, and test
poi nt | ocati ons.

SUMVARY:  Throughout this | esson we discussed the inportance of
ICPs and the uniformty they provide. |ICPs provide guidance to
calibration personnel to ensure the SE and standards being
calibrated are operating within prescribed tolerances or
performance criteria. W discussed the two types of ICPs (17-20 and
17-50). Knowing the format of ICPs is inportant. It makes it easier
for the technician to quickly reference critical information

t hroughout the calibration process.

QUESTI ONS?
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LECTURE NUMBER MOS 6492 B.1 (A)
TIMEE 30 Mnutes

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet
TI TLE:  Precision Measuring Equi pment

OBJECTI VES: To instruct the technician on the correct
procedures for the operation and use of AC/ DC Vol tage
St andar ds.

| NSTRUCTI ONAL Al DS: 5700AN

REFERENCES: 5700AN | nst ructi on Manual

PRESENTATI ON:

| NTRODUCT| ON:

a. FEATURES

(1) Internal environnentally-controlled references
(2) Automatic neter error cal cul ation
(3) Keys that multiply and divide the output val ue
(4) Programmable entry limts to restrict |evels
(5) Ofset and scaling nodes that sinplify linearity
testing
(6) Extensive automatic internal self testing and
di agnostics of analog and digital functions

BODY: The Fl uke Mbdel 5700A Calibrator has the ability
to calibrate a wide variety of electrical instrunents.
The 5700A has the capability of calibrating voltage,
current and resistance. For the followng class we wl|
cover AC and DC vol tage calibration.

a. DC MEASUREMENTS:

(1) The 5700A" s DAC assenbly generates DC voltages
i n six ranges:



)

©)

220mv
2.2V
11V
22V
220V
1100V

The DAC assenbly generates the 11V and 22V
ranges and its output is routed to the Switch
Matri x. The Switch Matrix resistively divides
the 11V range by five and ten, which creates the
220mV and 2.2V ranges. Anplifying the 11V range
t hrough the Power Amplifier Assenbly generates
the 220V range and anplifying the 11V range

t hrough the H gh Vol tage/ H gh Current assenbly
generates the 1100V range. Reference Anplifiers
mai ntain DC accuracy and stability. Depending on
whi ch range the 5700A is in the resolution can
vary from 10nV to 100uV.

To set a DC voltage out put, nmake sure the 5700A
is in standby, connect the Test Instrument (TI),
and set it to neasure DC voltage on the
appropriate range. Press up to eight nuneric
keys to select a voltage, which can be changed
bet ween negative and positive. Select mcro (u),
MIli (m, or kilo (k) if necessary. The Control
Di spl ay now shows the anplitude of the selected
entry. If there are m stakes nmade when maki ng
the entry, press the clear key (CE) and reenter
the value. Press (ENTER) cl ears the entry from
the Control Display and copies it into the

Qut put Display. No voltage is available at the
output termnals until pressing Operate/ Standby
(OPER/ STBY). After pressing the Operate/ Standby
key, the TI will respond to the applied voltage.

b. AC MEASUREMENTS:

(1)

The Gscillator Qutput assenbly is the AC signal
source for the 5700A. AC vol tages are generated
in the follow ng ranges:

2.2nv
22mv
220nv
11V



22V
220V
1100V

(2) The 2.2V and 22V ranges are generated by the
Oscillator Qutput assenbly and routed to the
Switch Matrix. The Switch Matrix resistively
divides the 2.2V range by ten to create the
220V range and divides the 2.2V range or 22V
range by 1000 to create the 2.2nmv and 22nVv
ranges respectively. Anmplifying 22V range
t hrough the Power Anplifier Assenbly generates
the 220v range and anplifying the 22V range
t hrough the Hi gh Voltage Control Assenbly
generates the 1100V range. The frequency range
for all AC voltage outputs are from 10Hz to
1VHz. The 5700A achieves its exceptional AC
vol tage accuracy by using a Fl uke RM5 sensor to
make real -time AC/ DC conpari son neasurenents.

(3) To set an AC vol tage out put, make sure the 5700A
Is in standby, connect the TI, and set it to
nmeasure AC voltage on the appropriate range.

Sel ect a voltage output by entering up to seven
nunmeri c val ues, which can be changed between
negative and positive. Select mcro (u), mlli
(m, or kilo (k) if necessary. Now enter up to
five nuneric values to select a frequency,
followed by kilo (k) or Mega (M if necessary.
The Control Display now shows the anplitude of
the selected entry. Pressing (ENTER) clears the
entry fromthe Control Display and copies it
into the Qutput Display. No voltage is avail able
at the output termnals until pressing the

Oper at e/ St andby ( OPER/ STBY) key. Press the

Oper at e/ St andby key and the TI will now respond
to the applied voltage.

SUMVARY: The 5700A is configured internally as an

aut omated cal i bration systemw th process controls and
consi stent procedures. Internal m croprocessors control al
functions and nonitor performance using a switching matrix
to route signals between nodul es. AC/ DC vol t ages produced
fromthe 5700A are extrenely accurate over a w de range.

QUESTONS?
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LECTURE NUMBER.  MOS 6492 B.1 (D)
TIME: 1 HOUR

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet
TI TLE:  Precision Measuring Equi pment

OBJECTIVES. To instruct the technician on the correct use
of current shunts, as well as the proper use of the 242D

Resi stance Measuring Systemand its capabilities.
| NSTUCTI ONAL Al DS: 242D/ AND CURRENT SHUNT
REFERENCES.  Equi prent manuf actures manual s

PRESENTATI ON:

1. |INTRODUCTION: This lesson will teach the proper usage
of current shunts as well as the 242D Resi stance
Measuring Device and its calibration paraneters.

2. BODyY:
a. CURRENT SHUNTS

(1) Acurrent shunt is a known, |ow val ued resistor
that is placed in a circuit so as not to cause
any inbal ance within that circuit. The vol tage
drop neasured across the shunt (resistor) is used
to determne the current. The current is
determ ned by using Chns law | = E/R For
exanple, if the shunt resistance is .01 ohns and
a current of 100 anps is applied, the voltage
drop would equal 1 volt. In a 120-v circuit, 1-
volt would not be significant and the current
measur ement woul d be very precise. The proper use
of current shunts allows the technician to exceed
the current capability of the neasuring device by
using its voltage-neasuring capability.



(2) SR-15, SR-100, and the SR-300 are current shunts
comonly used in calibration | aboratories.
Primarily, these | ow resistance standards or
shunts are used in accurate neasurenents of |arge
currents utilizing the potentioneter nethod.
These standards may be used as conpari son
standards by either the adjustable ratio Kelvin
Bridge or the potentionetric method. Resistance
measurenents are neasured between the potenti al
contacts. These shunts are designed to provide
anple radiating surfaces in air at ordinary room
tenperature at their maxi mum current capacities.
A resistor of this type nay be used in place of a
Rei chsanstalt type if a +\- 0.04%Ilimt error is
satisfactory.

(3) The next nodel is the Fluke Y5020 current shunt.
It is a precision, four-termnal, current shunt
designed for calibrating ac/dc current sources at
ranges fromO to 20 anps, and dc to 5 kHz. The
shunt is housed in a forced-air cool ed case that
enhances the accuracy of the standard.

Ranges of the 240C:

Nom nal resistance 0.01 ohms +/ - 1%
Accur acy +/- .01%

Stability (30ppm per 6 nont hs)
Maxi mum cur r ent 20A dc or RMS ac

| NSTRUCTOR NOTE: Refer to manufacturer’s manual
and denonstrate the proper setup and operation to
t he students.

b. MEASURI NG DEVI CES

(1) The 242D Resi stance Measuring Systemis a highly
accurate, reliable nmeasuring systemrangi ng from
10Mohns to 120M ohns with an operational speed
i deal for production and quality control. The
direct reading accuracy is 10 ppm which is
mai nt ai ned over a wi de range wi thout the need for
correction tables or conputations of any sort.
The 242D Resi stance Measuring System consists of
t he nodel 801B DC Cenerator Detector, nodel 240C
Kel vin Ratio Bridge, and nodel RS925D Decade
Resi st ance Standard.



| NSTRUCTOR NOTE: Denonstrate, to the students,
the correct operational procedures and set up | AW
t he manufacturer’s manual .

(2) The RS925D Decade Resi stance Standard is a four
termnal, continuously variable 1.2 M ohm
resi stance standard, which sinplifies resistance
measurenents. Its’ decade capacity ranges from
100K ohns per step to 10m ohns per step. A
conti nuous rheostat with 100 m cro- ohns per
di vi sion provides resolution down to 20 mcro-
ohnms. The first four decades may be individually
trimed for increased accuracy.

m—m m g
gﬂb ® ® £ Q Q
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RS925D DECADE RESI STANCE STANDARD

TR Ty

(3) The nodel 240C Kelvin Ratio Bridge used in the
nmodel 242D system al |l ows conpari son of resistors
to 0.5 ppmeither by interchanging the units or
reading their values directly. Direct readout is
possi ble to an accuracy of .001% using the nodel
RS925D resi stance standard. This bridge can al so
be used to determ ne deviation of an unknown
resistor froma standard.

Ranges of the 240C:

0. 1ppni di al division +/ - 6ppm
1. Oppni di al division +/ - 60ppm
0. 001%li al devi ation +/-0. 06%
0. 01%li al devi ati on +/-0. 6%
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(4) The nodel 801B is an integral part of the Model
242D Preci sion Resistance neasuring System The
DC generator has six different ranges. The six
ranges are continuously variable fromO - 600v.
Its’ power is limted to 1W
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BLOCK DI AGRAM 801B

SUMVARY: This | esson covered current shunt theory and

capability, as well as resistance nmeasuring devices. Current
shunts are | ow-val ued resistors that provide a neasurable
vol tage drop. Its voltage neasuring capability can exceed
current neasuring capabilities of current measuring devices
such as a 34401A. Specifications of the 242D were cover ed.
This neasuring device is incredibly accurate and resilient
because its system conponents may be used individually.
Knowi ng the paraneters of these test sets will ensure snooth
operation and error free neasurenents.

Questions?
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LECTURE NUMBER.  MOS 6492 B.1 (E)
TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet
TI TLE:  Precision Measuring Equi pment

OBJECTI VES. To provide the technician with basic
know edge of el ectronic counters.

| NSTRUCTI ONAL Al DS: HP 53132A Uni versal Counter and its

manufacturer’s manual . Application Note 200 El ectronic
Counters Series from Agil ent Technol ogi es web site.

REFERENCES: 53131A/ 53132A

PRESENTATI ON:

1. |INTRODUCTION: There are many types of frequency-
nmeasuring devices. During this period of instruction we
wi || discuss the specifications of nodels 5335A, 5345A,
and 5351B frequency counters. Further, we wll discuss
the specifications and operation of the nodel 53132A.

2. BODY:
a. 5335A Uni versal Counter, 200MHz

(1) The 5335A Universal Counter is capable of
measuring signals up to 200 MHz. If option 030
Is installed, this counter will neasure signals
from150 MHz to 1.3 GHz on channel C.

(2) This counter’s basic functions include
frequency, period, time, ratio, and totali ze.
Also, it has the capability to create user-
defi ned neasurenent function keys for
statistical data, nmath functions, pulse w dth,
rise/fall time, slew rate, duty cycle, and phase
rel ati onshi p.



b. 5345A Uni versal Counter, 500MHz

(1) The 5345A Universal Counter is capable of
measuring signals from50 nHz to 500 WH and 2ns
to 20, 000s.

(2) The counter’s basic functions include frequency,
peri od, period average, single-shot tine
interval, tinme interval average, and ratio. It
al so provides a totalize function whereby two
signals can be sinultaneously totalized.

c. 5351A Universal Counter, 500VHz

(1) The 5351B Universal Counter is capable of
measuring signals from500 MHz to 26.5 Gz
applied to the channel 1 input and 10 Hz to 525
MHz applied to the channel 2 input.

(2) It has exceptional sensitivity down to —40 dbm
1 GHz/s tracking speed, 60 ns acquisition tine
in automatic node and 20 ns in manual node, 100
nmeasurenents/s (HP-1B) in automatic node, and
sel ectable resolution from1l Hz to 1 MHz.

(3) Built in features include a self-check,
di agnosti cs, display and keyboard | ockout, and
an overl oad indicator.

(4) WMath functions are scale, offset, and snpoth
(exponential averaging).

d. 53132A Universal Counter, 225 MHz

(1) The 53132A Universal Counter is a high
performance counter, which is capable of giving
fast and precise frequency neasurenents. It
nmeasures frequencies as high as 225 MHz on
channels 1 and 2. An optional channel 3 (option
030 or 050) extends this capability to 3.0 or
5.0 GHz respectively. This counter features an
intuitive user interface and one-button access
to frequently used functions for quick and easy
nmeasurenents. The 53132A is equi pped with 3
di fferent manual s; operating, progranm ng, and
assenbl y-1 evel service guides.



(2) Its’ basic nmeasurenent functions include
frequency, period, pulse width, duty cycle,
rise/fall times, tinme interval, frequency ratio,
totalize, phase, and peak voltage.

(3) Frequency and tine interval resolution is 12
digits in 1 second and 150 Pico seconds.

(4) Operating the counter: the counter presets the
menus to default states and val ues at power up.
Cycling the power key presets the counter. The
counter automatically displays neasurenent(s)
shortly after a measurenent function is
sel ected. For a detailed description of how to
operate the HP 53132A, refer to the
manuf acturer’s manual .

(5) Calibrating the 53132A: hold the Scale & O fset
key and cycle the power key to access the
calibration nenu. Al calibration factors and
security settings are stored in non-volatile
menory and do not change when power i s not
appl i ed.

(6) The security code is set to 53132 when the
counter is shipped fromthe factory. If the
code i s changed and by chance forgotten,
resetting all of the non-volatile nenory to a
default state will reset it to the nodel nunber
defaul t.

(7) Wiile in the calibration nenu, the technician
can initiate the counter’s calibration routines.
It also allows the technician to view the
calibration count. This indicates the nunber of
times that the counter has been calibrated. It
counts to a max of 32,767 before w appi ng around
to 1. A calibration count of 0 indicates that
the counter is conpletely uncalibrated.

Fundament al s of Conventional Counters
(1) Functions of the Conventional Counter
(a) Frequency neasurenent: the frequency (f) of

repetitive signals nmay be defined by the
nunber of cycles of that signal per one unit



of tinme. It may be represented by the
equation: f = n/ t. Wuere n is the nunber
of cycles of the repetitive signal that
occurs in time interval (t). If t =1
second, the frequency is expressed as n
cycles per second or n Hertz. As suggested
by the equation, the frequency (f) or a
repetitive signal is nmeasured by the
conventional counter by counting the nunber
or cycles and dividing it by the tinme

i nterval.

(b) Period neasurenent: the period (p) of an
i nput signal is the inverse of its frequency
(p =1/ f). The period of a signal is
therefore the tinme taken for the signal to
conpl ete one cycle of oscillation. |If the
time is measured over several input cycles
the average period of the repetitive signal
is determined. This is often referred to as
mul ti pl e period averagi ng.

(c) Frequency Ratio of two input signals: the
ratio of two frequencies is determ ned by
using the | ower-frequency signal for gate
control while the higher frequency signal is
counted by the counting register. Accuracy
of the nmeasurenent may be i nproved by using
mul ti pl e averagi ng techni ques.

(d) Time Interval neasurenent: tinme interval is
t he neasurenent of el apsed tine between two
events. This requires two independent
i nputs; the start input opens the gate and
the stop input closes it. During the el apsed
time clock pul ses are accunul ated. The
accunul ated count represents the tine
i nterval between the start event and the stop
event. Tinme interval averaging is a
techni que used for reduci ng neasurenent
errors of a random nature by taking the
statistical average of a |arge nunber of
measur ement s.

(2) Inportant Basic Considerations that Affect
Per f ormance of the Conventi onal Counter.



(a)

(b)

(c)

(d)

(e)

()

Sensitivity: the sensitivity of a counter is
defined as the m ni num speci fied input signal
that can be counted. Sensitivity is usually
specified in terns of the RVS val ue of a

si nusoi dal input.

AC-DC Coupling: AC coupling of the input is
commonly provided to enable signals with a DC
content to be count ed.

Trigger Level: the function of the trigger
| evel control is to shift the hysteresis

| evel s above or below electrical ground to
enabl e positive or negative pul se trains
respectively, to be counted. Counters
provi de a continuously adjustable trigger

| evel control, adjustable over the whole
dynami c range of the input and signal
anplitude that is consistent with the
counter’s sensitivity.

Dynam ¢ Range: the dynam c range of the input
is defined as the input anplifier’s |inear
range of operation.

Attenuators: it is not good practice to
exceed the dynam c range of the input. To
avoid this on |arger |evel signals,
attenuators are provided. Inputs with w de
dynam ¢ ranges usually enpl oy step
attenuators with attenuation positions such
as X1, X10, and X100. Another variation is a
vari abl e attenuati on schene. This is
mandatory for | ow dynam c range inputs, but
it al so provides the additional advantage of
vari ably attenuating noise signals to

m nimze the noise while maintai ni ng maxi num
signal anplitude.

I nput | npedance: for frequencies up to 10
MHz, a 1 MV input inpedance is usually
recommended. Beyond 10 MHz, however, the

i nherent shunt capacity of high inpedance

i nputs rapidly reduces input inpedance. For
this reason 50W i npedance | evels, which can
be provided with | ow shunt capacity, are
preferred. Wile sensitivities of 10 nV are



technol ogi cal |y feasible, because of noise
and related problens, 20 nvV to 25 nV are
consi dered opti mumw th 50W nput s.

(3) Sources of Measurenent Error

(a) 1 Count Error: when an el ectronic counter
makes a measurenment a 1 count amnbiguity can
exist in the |least significant digit or
gquanti zation error. This occurs because of
t he non-coherence between the internal clock
frequency and the input signal.

(b) Time Base Error: any error resulting fromthe
di fference between the actual tine base
oscillator frequency and its’ nom nal
frequency is directly translated into a
measur ement error.

(c) Trigger Error: trigger error is a random
error caused by noise on the input signal and
noi se fromthe input channels of the counter

(d) Systematic Error: for tinme interval
measurenents, any slight m smatch between the
start channel and the stop channel anplifier
rise tinmes and propagation delays results in
internal systematic errors. M smatched
probes or cable | engths introduce externa
systematic errors.

SUMVARY: During this period of instruction we discussed
the specifications of the nodel 5335A, 5345A, 5351B, and the
53132A frequency counters. Also, we discussed sone of the
basi ¢ fundanental s and i nportant considerations that affect
performance and sources of measurenment errors using

el ectroni c frequency counters.

QUESTI ONS?
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LECTURE NUMBER  MOS 6492 B.1 (G
TIMEE 30 Mnutes

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet
TI TLE:  Precision Measuring Equi pment

OBJECTI VES. To teach the technician the operational
principles of a flow neter and its applications.

| NSTRUCTI ONAL AIDS: AN series flow neter
REFERENCES: Instructors discretion

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY:

a. Flow neters are designed with exceptionally w de
application in the areas of testing and control. They
nmeasure the rate at which a fluid passes through a
medi um such as a hose or hard line. Wth a w de
range of sizes, AN fittings neet the requirenents for
nost applications with a accuracy of +/- .25% of
r eadi ng.

b. The flow neter neets nmany calibration needs with its’
wi de flow range and fast response to rate changes.
The sinplicity of construction with few parts nakes
it cost effective and traceable to N.I.S. T.

c. Wth nost liquid fl ow nmeasurenment instrunments, the
flowrate is determ ned by neasuring the liquid's
velocity or the change in kinetic energy. Velocity
depends on the pressure differential that is forcing
the liquid through a pipe or conduit. There are three
basic types of flow sensors and flow neters. Mss
flow neters neasure flowrate in terns of the mass of
the fluid substance and have units such as | bs/mn.
Volunetric flow neters neasure flowrate in ternms of
how much of the material is flow ng and use units

1




that measure niL/mn. Velocity flow sensors and fl ow
neters nmeasure flowrate in ternms of how fast the
material is noving and neasure ft/sec. Any of these
sensors can handl e liquid or gas.

d. Critical specifications for flow sensors and fl ow
neters are the neasuring range, what type of medi um
and neasurenent is to be used, and the operating
tenperature and pressure ranges. Anal og outputs can
I ncl ude voltage, current, frequency, or a pul sed
signal. Digital output can be a conputer signal such
as serial or parallel, or another digital signal,
such as TTL. Turbine flow neters neasure the rate of
flowin a pipe or process line via a rotor that spins
as the nedia passes through its bl ades. The
rotational speed is a direct function of flow rate
and can be sensed by a magnetic pick-up,
phot oel ectric cell, or gears.

e. Test cell and hydraulic generators are exanpl es of
test equipnment that require calibration using flow
meters. Ensure fittings are tight when using flow

neters. Do not over tighten, as it will strip the
fitting, create F.OD., and lead to bad fit and
| eaks.

f. Inportant parameters to consider when specifying
turbine flowneters include velocity flow rate range,
liquid volunmetric flow rate, operating pressure,
fluid tenperature, material density, and nateri al
viscosity. Velocity flowrate range applies only to
those turbine flow neters that are velocity fl ow
sensors or nmeters. It is the range of flowin
di stance/time. Liquid volunetric flow rate applies
only to those turbine flow neters that are liquid
volunetric flow sensors or neters. It is expressed
as the range of flowin volune/tinme. The operating
pressure i s the nmaxi mum head pressure of the process
medi a the nmeter can w thstand.

SUMVARY: Flow neters are highly reliable for calibration

when they are properly used and nai ntai ned. The neasurenents
made when using a flow neter can save a corporation, as well
as the Marine Corps, an enornous anount of noney.

QUESTI ONS?
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LECTURE NUMBER  MOS 6492 B.1 (N
TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet

TI TLE:  Precision Measuring Equi pment

OBJECTIVES. To instruct the technician on the correct
procedures for the operation and use of oscill oscopes.

| NSTRUCTI ONAL Al DS: TDS620A, Oscil | oscope probe, BNC
cabl e and the 33120A

REFERENCES: TDS620A and HP54602B user nanual s

PRESENTATI ON:

1. | NTRODUCTION: Oscilloscopes are instrunments used for
two purposes in the 6492 MOS, calibration of support
equi pnent/ st andards and troubl eshooting. The
oscill oscope is a useful instrument to the METCAL field
due to the fact that it can neasure and graphically
di splay a voltage. One reason to use an oscilloscope
vice a multineter is that it can display the voltage
across time instead of a single reading, therefore
allowi ng the user to see wave shapes. Through triggering
an oscilloscope can provide a small nunber of periods of
an oscillating signal so that even high frequencies may
be di spl ayed.

2. BODY:

a. When setting up neasurenments on an oscilloscope, it
Is best to set all dial and buttons to their highest
setting before taking a neasurenent of a signal to
avoi d damagi ng any internal conmponents. \Wen using an
osci |l | oscope probe, always renenber to conduct a
probe conpensation test, allow ng the oscill oscope to
adjust to the specific probes electrical properties.



After these prelimnary operations are acconpli shed,
the oscilloscope is ready to nake neasurenents.

Once a signal is applied to channel 1 or channel 2,
the technician has three options to obtain a stable
signal on the oscilloscope (four when dealing with

digital oscilloscope, i.e. auto scale).

(1) The vertical nmenu allows the technician to
mani pul ate the vol ts-per-division aspect of the
osci |l oscope, al so known as the anplitude of the
signal. If the signal were off screen the
techni cian woul d increase the volts-per-division
di spl ayed bringing the signal onto the screen.
I nversely, if the signal is too small reduce the
anmount of volts-per-division for an onscreen
waveform There are three types of voltage
nmeasurenents comonly made with AC signals on an
osci |l | oscope: volts peak, voltage peak to peak,
and volts RMS. Volts peak is the nunber of
di vi sions a waveform crosses above the zero
graticule nmultiplied by the volts-per-division
selection. (4 div x .5 volts/div= 2 volts) Volts
peak-to-peak is just the sane fornula but adding
on the negative half of the signal. Volts RM5is
just volts peak tinmes .707, so 2vp would be 1.414
VRIVS.

(2) The horizontal menu allows a technician to contro
how many periods of a signal is displayed. If a
techni cian was | ooki ng at a waveform and he or she
di d not have enough periods of the signal to make a
measur enment, the technician could reduce the anount
of seconds-per-division to achieve the right
anount. |If too many periods are displayed on the
screen to the display |ooks Iike a straight bar,

t he technician could increase seconds per division
and stretch out the signal across the screen. To
measure the frequency, count the nunber divisions
covered by one period and nmultiply by the seconds-
per-division, i.e. If the oscilloscope is set for
100uS-per-division and the period is 5 divisions
the period is 500uS. Since period and frequency are
reci procal s of each other, (1/frequency=period and
1/ peri od=frequency) a 500uS period would be a
frequency of 2kHz.



(3) The triggering nmenus function allows a technician
to stabilize repeating waveforns and capture
si ngl e-shot waveforns. There are a coupl e of
controls to remenber on the triggering nenu,
first is the slope function. This allows a
technician to decide where the waveformw || be
triggered. Positive slope will follow rising edge
and a negative slope is the falling edge. Al so,
there is AC/ DC coupling, which in DC node all ows
all conponents of the signal to pass, while in AC
node a capacitor is added to the circuit that
will block all DC conponents of the signal. A
technician can also trigger a channel 1 signal
with a signal applied channel 2, Sone calibration
procedures occasionally require this process and
usually explain it in detail. There is also an
auto-triggering node for nost new oscill oscope.

c. Anot her neasurenent that can be acconplished using an
oscilloscope is the timng in pulses or pulse trains.
Measuring the anmount of pulses in a tinme frane,
measuring how long a pulse is, or neasuring the tine
bet ween pul ses are a few exanples. This can be
acconplished by enlarging the pulses with the sec/div
switch to where a viable reading of the graticul es
can be achieved, or if using a digitizing
oscil |l oscope use the cursor functions. Wth the
cursor functions a technician can set one cursor to
t he beginning of a pulse and set the other cursor to
t he point where he/she needs to nake a tine

nmeasurenment. There will be a delta synbol with the
time difference displayed at the top or bottom of the
screen.

SUMVARY: During this period of instruction the basic

functions of scopes were discussed that are utilized to nmake
measurenents during calibration or troubl eshooting. W

di scussed how to set up voltage and tine neasurenent on the
scope while using the trigger function to stabilize the
signal, which also allows a technician to make basic
measurenments of voltage i.e. volts peak, volts peak to peak
and volts RVB. Ti ne neasurenent al so was di scussed was

di scussed as well. During this portion of the | esson we

| earned how to nake frequency and peri od neasurenents and

| earned that the two were reciprocals of each other. W

di scussed pul ses and pul se trains and neasuring their



timng. The oscilloscope is a versatile instrunment in both

calibration and in troubl eshooting and should be utilized
of t en.

QUESTI ONS?

1. Wiat is the fornula for volts RVS?
a. Volts peak tines .707.

2. How does one convert frequency to period?
a. Use the reciprocal of frequency 1/frequency.
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LECTURE NUMBER  MOS 6492 B.1 (P)
TIME: 30 Mnutes

DATE PREPARED. 14 Septenber 04
DATE REVI EWED. On separate sheet
TI TLE:  Precision Measuring Equi pment

OBJECTIVES. To faniliarize technicians with the different
types and uses of pressure gages.

| NSTRUCTI ONAL Al DS: (1) Bourdon-tube Gage (1) Bell ows
Gage, and (1) Di aphragm Gage

REFERENCES:  NAVAIR 17-35QAL-2
PRESENTATI ON:

1. | NTRODUCTION: The types of pressure gages used in the
Avi ation calibration field are bourdon-tube gages,
bel | ows, and di aphragm gages. Bourdon-tube gages are
general ly used for neasuring pressures above and bel ow
at nospheric pressure. Bellows and di aphragm gages and
manoneters are generally used to nmeasure pressure |evels
bel ow 15 pounds-per-square-inch (psig). They are al so
used for | ow vacuum pressure. Low vacuum pressure is
slightly less than 14.7 pounds-per-square-inch absol ute.
Oten, pressure-neasuring instrunments have scal es
calibrated in inches-of -water (in H20 to allow greater
accuracy.

2. BODY

a. Bourdon-tube Gages: The device usually used to

i ndi cate tenperature changes by its response to

vol une changes or to pressure changes is called a
bourdon tube. A bourdon tube is a C-shaped, curved or
twi sted tube that is open at one end and seal ed at
the other (fig. 11-1). The open end of the tube is
fixed in position and the scaled end is free to nove.
The tube is nore or less elliptical in cross section;
it does not forma true circle. The tube becones nore




circular when there is an increase in the volune or
the internal pressure of the contained fluid or gas.
The spring action of the tube netal opposes this
action and tends to coil the tube. Since the open end
of the bourdon tube is rigidly fastened, the seal ed
end noves as the pressure of the contained fluid or
gas changes. There are many types of bourdon-tube
gages used in the Navy. The npbst conmon are the

si npl ex, dupl ex, vacuum conpound, and differenti al
pressure gages. They operate on the principle that
pressure in a curved tube has a tendency to

strai ghten out the tube. This curved tube is nmade of
bronze for pressure under 200 psi and of steel for
pressures over 200 psi.

SERLED END
ILFREE TO WMOVE)

TIP
TRAVEL

STATIOHARY
S0CKET

BOURDON
TUBE

PRESSURE
CONHECTION

Fig 11-1

Si npl ex Bourdon-tube Gauge: Figure 11-2 displays a
si npl ex bourdon tube installed in a gauge case.

Noti ce that the bourdon tube is in the shape of the
letter C and is welded or silver-brazed to the
stationary base. A |linkage assenbly connects the free
end of the tube to the indicating nechanism The

t hreaded socket, welded to the stationary base, is
t he pressure connection. Wen pressure enters the
bourdon tube the tube tends to straighten out. The
t ube novenent through |inkage causes the pointer to
nove proportionally to the pressure applied to the
tube. The sinplex gage is used for neasuring the
pressure of steam air, water, oil, and simlar
fluids or gases.
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c. Dupl ex Bourdon-tube Gauge: The dupl ex bourdon-tube
gage (fig. 11-3) has two tubes and two separate gear
mechani sns within the sane case. As shown in view B,
a pointer is connected to the gear mechani sm of
each tube. Each pointer operates independently.
Dupl ex gages are normally used to show pressure drops
between the inlet and outlet sides of |ube oi
strainers. If the pressure reading for the inlet side
of a strainer is nuch greater than the pressure
reading for the outlet side, one may assune that the
strainer is likely to be dirty and is restricting the
flow of lube oil through the strainer.
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Fig 11-3



d. Bourdon-tube Vacuum Gauge, Conpound Gauge, and

Differential Pressure (auge:

(1)

Bour don-tube vacuum gages are marked off in
i nches-of -mercury (fig. 11-4).

(2) When a gage is designed to neasure both vacuum

(3)

and pressure, it is called a conmpound gauge.
Compound gages are marked off both in inches-of -
mercury (in Hg) and in psig (fig. 11-5).

Differential pressure may al so be neasured with
bourdon-tube gages. One ki nd of Bourdon-tube
differential pressure gage is shown in figure 11-
6. This gauge has two bourdon tubes, but only one
poi nter. The bourdon tubes are connected in such
away that they are the pressure difference of the
two, rather than either actual pressures

i ndi cated by the pointer.

Laid
i ariuar 11}

Fig 11-4 Fig 11-5



Fig 11-6
Bel | ows Gages: A bell ows gage contains an elastic

el ement that is a convoluted unit that expands and
contracts axially with changes in pressure. The
pressure to be nmeasured can be applied to the outside
or inside of the bellows. However, in practice, nost
bel | ows neasuring devices have the pressure applied
to the outside of the bellows (fig 11-7). Like
bourdon-tube el enents, the elastic elenments in
bel | ows gages are made of brass, phosphor bronze,
stainless steel, berylliumcopper, or other netal
that is suitable for the intended purpose of the
gage. Most bel |l ows gages are spring-loaded; that is,
a spring opposes the bellows, thus preventing ful
expansi on of the bellows. Limting the expansion of



the bellows in this way protects the bell ows and
prolongs its’ life. In a spring-I|oaded bellows

el ement the deflection is the result of the force
acting on the bellows and the opposing force of the
spring. Although sone bellows instrunents can be
desi gned for neasuring pressures up to 800 psig,
their primary application is in the neasurenent of

| ow pressures or small pressure differentials. Many
differential pressure gages are of the bell ows type.
In sonme designs, one pressure is applied to the

i nside of the bellows and the other pressure is
applied to the outside. In other designs, a
differential pressure reading is obtained by opposing
two bellows in a single case. Bellows elenents are
used in various applications where the pressure-
sensitive device nust be powerful enough to operate
not only the indicating pointer but also sone type of
recordi ng devi ce.
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DI APHRAGM GAGES: Di aphragm gages are very sensitive
and give areliable indication of small differences
I n pressure. D aphragm gages are generally used to

measure air pressure in the space between the inner




and outer boiler casings.
I ndi cati ng nmechani smof a

mechani sm consi sts of a tough,

r ubber nenbrane connected

Figure 11-8 shows the
di aphragm gage. This
pl i abl e, neoprene

to a metal spring that is

attached by a sinple |linkage systemto the gage

poi nter.

One side of the diaphragmis exposed to the

pressure being neasured while the other side is

exposed to the atnosphere.
to the di aphragm
system noves the pointer

it noves and,

When pressure is applied
t hrough a |inkage
to a higher reading on the

di al .

When the pressure is | owered,

t he di aphragm

noves the pointer

back toward the zero point.
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There are severa
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different types of gages,

e

1

Hﬁ'ﬂﬁfﬁf%?ﬂffﬂﬂfé{ﬁwzﬁﬁ‘ﬁ b e

whi ch

have unique roles in the Aviation Calibration field.
Under st andi ng how to operate and identifying the differences

bet ween gages w | |

prol ong the |

fe of gages and ensure

maxi mum accur acy when using gages for calibration.
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LECTURE NUMBER  MOS 6492 B.1 (Q
TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet
TI TLE:  Precision Measuring Equi pment

OBJECTI VES. To provide training on the use of resistance
standards and neasuring systens.

| NSTRUCTI ONAL AI DS: 3458A, and decade resi stor
REFERENCES:

1. 3458A Manuf actures Pub
2. NAVAI R 16-45-1829

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY:

a. The multineter measures resistance by supplying a
known current through unknown resi stance being
measured. The current passing through the resistance
generates a voltage across it. The nultineter
nmeasures this voltage and cal cul ates the unknown
resi stance (resistance = voltage/current).

b. Two-wire OHMS i s nost commonly used when the
resi stance of the test leads is much | ess than the

val ue being neasured. |If the |lead resistance is
| arge conpared to the resistance to be neasured,
readings will be inaccurate.

c. The 4-wire OHVS node elim nates the nmeasurenment error
caused by test lead resistance. In 4-wire COHVS node
the voltage is neasured across the unknown resistance
only, not the conbined resistance. This is inportant



when the test |ead resistance is high in conparison
to the resistance bei ng neasured.

Decade resistors are primarily used for precision
measur enment applications that require higher
accuracy, greater stability, and | ow zero resistance.
They are conveni ent standards for checking the
accuracy of resistance nmeasuring devices and are
often used for conponents in DC and | ow frequency AC
bridges and ot her precision neasuring circuits. Many
nodel s can be used in the RF frequency range. All
nodel s are easily rack-nmounted for use during

preci sion adjustnents in nmeasurenent and contro
systens.

(1) Overall accuracy - the resistance difference
bet ween any setting and at the zero setting is
equal to the indicated value +-(.02%2nmohm .

(2) Zero resistance (Ro) - .001 ohns per dial at DC
.04 ohns per dial at 1Mhz; proportional to square
root of frequency at all frequencies above 100
KHz.

(3) Tenperature coefficient of resistance - Less than
+-10 ppm per degree C for val ues above 100 ohns
and +-20 ppm per degree C for 100 ohns and bel ow,
at roomtenperatures. For the 1433s, the box
wiring will increase the over-all tenperature
coefficient of the .1 and .01 ohns decades.

3. DEMONSTRATI ON

a.

Students receive a denonstration of the two-wire
resi stance neasurenent/ node of operation

Students receive a denonstration of the four-wre
resi stance neasurenent/ node of operation

4. PRACTI CAL APPLI CATI ON

a.

Student denonstrates the two-wire resi stance
measur enent / node of operation

St udent denonstrates the four-wire resistance
nmeasur enment / node of operation



SUMVARY: Resistance i s measured using a known current
applied through an unknown resi stance. The increase in
accuracy required of today’'s instrunentation tends to

i ncrease the conplexity and cost of nmintaining calibration
of these instrunments. The 3458A nmultineter neasures DC and
AC as well as resistance with unmatched accuracy, precision,
and speed in a cost-effective manner. The calibration of
all resistance ranges for the 3458A requires only a single
resi stance standard. All adjustnents are done

el ectronically with the 3458A. Standard decade resistors
are sinply a collection of rotary switches with precision
resistors in series used in steps to provide an unknown and
accurate resistance.

QUESTI ONS?
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LECTURE NUMBER. MO 6492 B.1 (S)

TIMEE 2 HOURS

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE:  Precision Measuring Equi pment

OBJECTI VES. Student will be capable of perforning RF
power measurenents using the 8902A RF Measuring Receiver.

| NSTRUCTI ONAL Al DS:  8902A Measuring Recei ver
Manuf acturers Publicati on

REFERENCES. HP 8902A Qperation And Calibration Manual

PRESENTATI ON:

1.

| NTRODUCTION:  This |l esson is designed to provide
students with the know edge necessary to perform basic
RF power neasurenents. There are several nethods and
vari ous pieces of equipnent that can be used to nake

t hese neasurenents. For this period of instruction, the
8902A Measuring Receiver will be utilized.

BODY:

a. To begin using the 8902A, several steps nust be taken
by the operator to ensure the neasuring receiver is
in an operational state. Performthe follow ng steps:

(1) Check the system and cabl es for proper connection
and set up.

(2) Check the main line fuses and apply the
appropriate power source to the 8902A

(3) Turn on the 8902A and all ow for proper warmup
tinme.



J.

b. To begin nmaki ng an RF power measurenent, the sensor
head nmust be zeroed and calibrated. This ensures the
speci fied neasurenent accuracy. Performthe foll ow ng
st eps:

(1) Enter the calibration factors of the sensor head
into the 8902A.

(2) Zero the power sensor

(3) Setup the 8902A to neasure its’ 1mw RF power
ref erence.

(4) Scal e the subsequent power neasurenent to the 1lnw
cali bration.

c. To make an RF power mneasurenent:

(1) Ensure the sensor head has been properly zeroed
and cal i brated.

(2) I'n this case, select RF Power.

(3) Connect the sensor head or the m crowave cable to
t he signal source.

(4) Turn on the RF power source. The 8902A Measuring
Recei ver should automatically self tune and begin
di spl ayi ng a readi ng.

(5) If the 8902A Measuring Recei ver does not display
a reading wwthin a few seconds, or it displays an
error code, consult the manufacturer’s
publ i cati on.

SUMVARY:

1. This lesson was a brief overview of the steps necessary
to make a sinple RF nmeasurenent using the 8902 Measuri ng
Recei ver. Make note that the 8902A has many different
functions and options the operator should be famliar
with prior to operating this system There are also
several different techniques of naking RF power
measurenents that the technician should be famliar wth
as wel | .



2. As with any type of electrical equipnment or device,
safety is the nost inportant issue and should al ways be
consi dered. Also, the applicable manufacturer’s
publication should be readily accessible to answer any
guestions that m ght arise during equi pnent operation.

K. QUESTI ONS?
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LECTURE NUMBER.  MOS 6492 B.1 (V)
TIMEE 30 Mnutes

DATE PREPARED. 14 Septenber 2004
DATE REVI WED; On separate sheet

TI TLE:  Precision Measuring Equi pment

OBJECTIVES. To instruct the technician on the correct
procedures of the operation and use of the 8562A RF Spectrum
Anal yzer.

I NSTRUCTI ONAL Al DS: 8562A Spectrum Anal yzer

REFERENCES. 8562A Manuf act ures nmanual

PRESENTATI O\

1. | NTRODUCTI ON:

2. BODY:

a. The 8562A is a portable spectrum anal yzer capabl e of
measuring signals from-119. 9dBmto +30dBm over a
frequency range of 1kHz to 22GHz. It has a warm up
time of 5 mnutes fromanbient tenperature, 30
m nutes to neet frequency response specifications
W t hout presel ector peaking, and a 2-hour warm up for
condi tions of internal condensation.

b. The trace alignnment procedure and the reference | evel
calibration should be preforned after the spectrum
anal yzer is warned up. To performthe trace alignnent
procedure, press the PRESET key, the RECALL key,

[ MORE], and [CRT ADJ]. Adjust the rear-panel TRACE
ALIGN until the leftnost line of the test pattern is
parallel with the CRT bezel. Adjust the rear-panel X
PONS until the leftnost “@ characters and the soft
key | abel s appear just inside the left and right
edges of the CRT bezel. Adjust the rear-panel Y PONS
until the soft key labels align with their
appropriate soft keys. Press the PRESET key to return
the anal yzer to normal operation.



c. To performthe reference | evel calibration, connect a
50-ohm coaxi al cabl e between the front-panel CAL
OQUTPUT and the RF I NPUT 500hm connector. Set the
center frequency to 300 MHz by pressing the FREQUENCY
key, enter 300 on the keypad and then press the MHz
key. Set the span to 20 MHz by pressing SPAN, 20 on
t he keypad, and the MHz key. Press the PEAK SEARCH
key, set the reference level to —10dBm by pressing
AMPLI TUDE key, and then -10 on the key pad fol |l owed
by the dBm key. Press [ MORE] and [ REF LVL CAL].
Rotate the cursor knob until the marker reads —10dBm
+/-.17db. Press [STORE REF LVL] and then press the
PRESET key.

d. The 8562A uses the frequency, anplitude, and span
functions for nobst neasurenents. The frequency
function can allow you to set a center frequency, and
a start and stop frequency. The anplitude function
enabl es one to set the reference | evel. The span
function enabl es one to set the span width and set
the sweep tinme. The 8562A al so has a marker function,
whi ch enabl es one to read single peaks, or find the
difference in frequency or anplitude between two
peaks.

e. It is extrenely inportant not to exceed the limts of
the spectrum anal yzer. The RF input range is 1lkHz to
22GHz wth OV max, and +30dBmw th a m ni nrum of 10dBm
I nput attenuation. The Probe powers max input is
+15V, -12V (150mA max). The cali brator output has a
frequency range of 300MHz with-10dBm max. The IF
I nput has a frequency range of 321.4M4z with OV nax.
The Lo output has a frequency range of 3GHz to
6.81GHz wi th 16dBm max.

NOTE: Applying DC power to the RF input can destroy the
i nternal attenuators!

J. SUWMARY: The 8562A spectrum anal yzer is designed to read

frequency and anplitude through a range of 1kHz to 22GHz and
-119.9dBm to+30dBm It is inportant to understand its
functions to inprove test accuracy and prevent damage.

K. QUESTI ONS?
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LECTURE NUMBER  MOS/6492/B.1 (W
TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet
TI TLE:  Precision Measuring Equi pment

OBJECTI VES: To instruct the technician on the use of the

HP83630A Synt hesi zed Sweeper, HP8648B Si gnal Generator, and
the HP33120A Arbitrary Waveform Generator.

| NSTRUCTI ONAL AI DS: The HP 83630A, 8648B, and 33120A
REFERENCES. HP 83630A Manufacturers User Quides

PRESENTATI ON:

1. | NTRODUCTI ON:

a. This lesson will discuss the follow ng topics:
b. Specifications and options.
c. Common wor kl oads for each item
d. Correct setup and operation (denonstrate to students
as not ed) .
2. BODY:

a. The HP 83630A is a versatile instrunent. It can
generate CW swept, AM FM and pul se-nodul at ed
signals. It has a broad range of uses and workl oad.
Sonme exanpl es are: Spectrum Anal yzers, Wapon and
Radar test equipnent, RF voltneters, etc. The 83630A
may al so be used in conjunction with a Scal ar Network
Anal yzer, for exanple the 8003, to calibrate or check
VSWR of m crowave attenuators and various ot her
conponent s.

b. The HP83630A's specifications are as foll ows:

(1) Range: 10MHz to 26.5GHz.



(2) Qutput power: max~ +13dbm @< 20GHz, +10dbm @
>20GHz m n~ -20dbm OPT001 -110dbm

(3) Frequency Resolution: 1KHz, OPT008 1Hz.
(4) Modul ati on:

(a) Pulse: mnimmPW- 1lus; search or ALC off
node 50us

(b) AM Bandwi dth — DC t 0100kHz Depth — -20dBmto
1dB bel ow max out put power; Deep and
Unl evel ed nodes — 50dB bel ow max out put
power .

(c) FM Max Deviation — +/ - 8MHz. Rates — 100kHz
to 8MHz.

The 83630A shoul d be connected to a power source for
at least 24 hours to ensure tinme base accuracy and
warmup for 30 mnutes after turning the instrunent
on. (The instructor wll denonstrate the follow ng
series of keystrokes)

SMEZF LED e START sTaP

(1) For CWoperation: press CWKkey, 12.345678 keys,
and then the GHz key. The 83630A shoul d di spl ay
—>cw. 12345.678000 MHz. You can alter this entry
with the rotary knob and arrow keys.

(2) For a Swept frequency: press Start key, 4.56
keys, GHz key, then press Stop key, 7.89 keys,
GHz key. The start and stop frequencies shoul d
be di spl ayed, and both may be altered in the
sane manner as a CWsignal.



(3) To adjust the Power Level: press Power Level Kkey,
-11 keys, and dBm key. -11 dBm shoul d be
di spl ayed. The power |evel may al so be altered
I n the sane manner as the frequency, utilizing
the arrow keys and rotary knob.

(4) Modulation: Al nodul ation paraneters are set
via soft key nenus.

These are just a few sinple operations, for nore
conpl ex operations, consult the user manual avail able
online at ww. agilent.com

The HP 8648B i s anot her exanple of a signal
generator. It is capable of generating CW and

nodul ated CWsignals. You can use this instrunment to
calibrate nodul ati on nmeters, power sensors, radio
test equi pnent, universal counters, etc.

The specifications of the HP 8648B are:

(1) Range: 9kHz to 2GHz.

(2) Qutput power: +13dBm max; -136dBm m n.
(3) Frequency resolution: .001 Hz

(4) Modul ati on:

(a) AM Bandwi dth — DC to 25kHz; Depth — 0
t 0100%

(b) FM Deviation — 0 to 400kHz; Rate — DCto
150kHz. (The instructor will now denobnstrate
the follow ng)



(5) Power Key: Toggl es power on/off

(6) Display: Interface between user and instrunent

(7) Function and Data Keys: Allows user to select
paraneters to be set

(8) Increnment Set Keys: Allows user to nodify an
active function

(9) Knobs: Wrk the sane as Increnent Set Keys

(10) Menory: Allows user to save a current setting

(11) Modul ation Source: Allows user to select a
nmodul ati on source

g. For correct use, consult the user manual avail able at
www. agi | ent. com

SUMMVARY:  Technici ans shoul d now have a better

under standi ng of the use of Signal Cenerators, and are
better prepared to utilize themduring calibration and
t r oubl eshooti ng procedures.

QUESTI ONS?
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LECTURE NUMBER  MOS 6492 B.1 (BB)
TIME: 30 Mnutes

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet

TI TTLE:  Precision Measuring Equi pnent

OBJECTIVES. Instruction the technician on the correct
procedures for the operation and use of torque devices.

| NSTRUCTI ONAL Al DS: 3695 Torque and Force Cali brat or

REFERENCES:. 3695 Torque and Force Calibrator Technical
Manual .

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY:
a. SPECI FI CATI ONS

(1) Model 3695 Torque and Force Calibrator is self
cont ai ned, sem -automated, nulti-functional
calibrator that provides a neans for rapid,
safe, and highly accurate calibration of torque
and force measuring instrunents.

(2) The Model 3695 has the capability to calibrate
vari ous wenches, torque nultipliers, force
gauges, cable tensioneters, and cable testers
t hroughout the standard ranges fromin-ozs to
20,000 ft-Ibs (torque) and 5,000 | bs force with
accuracies up to + 0.5%for torque and = 0.125%
for force.

(3) The Model 3695 has been tested and conplies with
the requirenents for shipboard equi pnment as
defined in M L-T-28800.



PHYSI CAL CHARACTERI STI CS
Di mensi ons

Wi ght
| nput

Vol t age
Current
Fuses

Power

Drai n (max)

Operating Tenperature Range
Non- Oper ati ng Tenperature
Range

Hum dity

FUNCTI ONAL FEATURES
Di spl ay

Printer

Operator I nput Device

Units of neasure

Interface Conpatibility
PERFORMANCE

Range

Torque Testing (Mt or
Driven)

Torque Testing (Test
Driven)

Force Gauge Testing
Cabl e Tensionmeter Testing
Cabl e Tester Testing
Accur acy

Torque Testing (Motor
Driven)

Torque Testing (Test
Driven)

Force Gauge Testing
Cabl e Tensi oneter Testing
Cabl e Tester Testing
Resol ution

0 to 10

10 to 100

100 to 1, 000

1,000 to 5,000

5,000 to 20, 000
Setahility

ltem

Item

44.2"L x 25"D x 54.5"H
760 | bs

115VAC, 50-60Hz

5 Amp

3AG style, 2 Amp, (Main power)
3AG style, 7 Anps (Stepper

not or)

10° Cto 40° C

-40° Cto 75° C

85% RH

40 Character, al phanureric,
vacuum f | uor escent

Dot matrix, in-line,

el ectrostatic

Keypad with 10 digits and 6
function keys

ft-1bs, in-Ibs, in-0z, N-m
kg-m Ibs, oz, kg, GM N
| EEE- 488 GPI B, RS-232

0-5000 ft-Ibs

5000- 20000 ft-1Ibs

0-500 | bs
0-2400 | bs
0-5000 | bs

(the greater
0.5% IV or #

of )
0.005 ft-1bs

I+

+

0.5% 1V or £ 5 ft-Ibs

I+

0.125% 1V or = 0.005 |bs
2.5% 1V or £ 0.75 I bs
0.75% 1V or = 2.1 |Ibs

+ + I+

. 001
. 005
.05
5

he greater of



Force + 0.03% IV or + 0.001 Ibs
Tensi on + 0.6% IV or £ 0.2 Ibs

Cabl e Tensi on + 0.2% 1V or £+ 0.52 | bs
Torque (bidirectional) + 0.1% 1V or £ 0.001 ft-1Ibs

b. OPERATI ON

(1) For torque wench calibration, select a
transducer that has a full-scale range equal to
or greater than the range of the test
I nstrunment .

(2) For dual range instrunents calibrate the | owest
range first.

(3) For torque multiplier calibration, select the
500ft-Ib, 5000ft-Ib, or the 20000ft-Ib
transducer as specified for the applicable test
i nstrunment :

(4) When calibrating force instrunents with units of
measure in pounds of force, the output value of
the transducer is automatically converted from
ft-lbs to Ibs (f) by the control consol e based
on the data entered during the progranm ng
procedures.

(5) For cable tensioneter calibration, select either
the 500ft-1b or the 5000ft-lb transducer as
specified for the applicable test instrunent.

(6) For force gage calibration, select the 50ft-Ib
transducer for ranges up to 50 | bs and 500ft-Ib
transducer the ranges up 500 | bs.

SUMMVARY: The 3695 will neasure several different types of
torque instrunents. The key to correct and proper
calibration is to use the correct transducers, and
attachnments. By follow ng procedures and adhering to
safety, the 3695 is a valuable calibration asset.

QUESTI ONS?
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LECTURE NUMBER  MOS 6492 B.1 (FF)

TIME: 30 Mnutes

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE:  Precision Measuring Equi pment

OBJECTI VES. To instruct the technician on the correct
procedures for the operation and use of the 5700 Meter

Cal i br at or.

| NSTRUCTI ONAL Al DS: 5700A Meter Calibrator and digital
mul tinmeter

REFERENCES. 5700A Operators Instruction Manual

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY:

a. The 5700A is a precise instrument used to produce a
variety of outputs utilized to calibrate nultineters
and ot her precision neasuring instrunents. The 5700A
i s capabl e of nmmintaining high accuracy over a w de
anbi ent tenperature range, when conbined with its’
hi ghly variabl e nodes of output it is a very
versatile instrunment.

b. Features:
(1) Automatic nmeter error cal cul ation using an out put
adj ust knob with a display that shows linearity,

of fset, and scale errors.

(2) Functions that nultiply/divide the output val ue
by 10.

(3) Variable phase reference signal output and phase-
| ock input.



(4) I EEE-488 (GPIB) interface.

(5) Sel ectable normal renote node or emul ati on of the
Fl uke 5100B Series Calibrators.

(6) Automatic internal self-testing and di agnostics
of analog and digital functions.

Speci fications:

(1) DC Voltage to 1100 Volts:

Range Resol uti on
220 nv 10 nV
2.2V 100 nV

11 V 1 uv

22 V 1 uv

220 V 10 uV
1100 V 100 uV

(2) AC Voltage to 1100 Volts, with output avail able
from10 Hz to 1.2 Miz.

Range Resol uti on
2.2 nv 1 nVv

22 nv 10 nV

220 nVv 100 nV
2.2V 1 uv

22 V 10 uV

220 V 100 uV
1100 V 1 nv

(3) AC and DC current up to 2.2 Anps with an out put
frequency available from10 Hz to 10 kHz.

(a) DC Current

Range Resol uti on
220 uA .1 nA

2.2 mMA 1 nA

22 mMA 10 nA

220 mA .1 uA

2.2 A 1 uA

(b) AC Current




Range Resol uti on
220 uA 1 nA

2.2 mA 10 nA

22 M 100 nA
220 mA 1 uA

2.2 A 10 uA

(4) Resistance in values of 1x10n and 1.9x10n fromO
to 100 Mohns.

(5) Optional w deband AC voltage from 300 uV to 3.5 V
(-57 dBmto +24 dBm), 10 Hz to 30 MHz.

Range Resol uti on
Vol ts dBm

1.1nV -46 10nV

3nmv - 37 10nV

11nv -26 100nV
33nmv -17 100nV
110nv -6.2 luVv

330nmv +3. 4 luVv

1.1V +14 10uV

3.5V +24 10uVv

d. Operation:

WARNING

HIGH VOLTAGE

I's used in the operation of this equipnent.

LETHAL VOLTAGE

May be present on the termnals. Observe all safety precautions!

e. Warm up: A 5700A requires a 30-m nute warm up.

f. Setup Menu: Allows access to the Calibration nenu,
Self Test & Diagnostics, Instrunment Setup, |nstrunent



Configuration and Special Functions. Refer to the
Operators Instruction Manual for nore info.

Operate and Standby Mdes: Wien t he OPERATE
annunciator is lit the output value and function
shown on the Qutput Di splay are active at the
selected termnals. Wen the STANDBY annunci ator on
the Qutput Display is lit all 5700A binding posts
except GROUND are open-circuited.

Not e: using the arrow keys and vari abl e knob can vary
all functions described bel ow.

DC Vol t age CQut put:

(1) Make sure the 5700A is in STANDBY node.

(2) Connect the test instrunent.

(3) Set the test instrument to neasure DC voltage.
(4) Press up to eight nuneric keys to sel ect voltage.

(5) To change the polarity of the entry, press | +

(6) Press [u | ,|m| , or |k | if necessary.

(7) Press | vy

The Control Display now shows the anplitude of the
entry. If an error occurs, press C to clear the
di splay and re-enter the val ue.

Press | ENTER | and the entry noves fromthe Control

Display to the Qutput Display. No voltage is

avail able at the output term nals until pressing| OPR/STBY

Press | OPRISTBY |to activate the 5700A output.

AC Voltage Qutput: It is simlar to DC Vol tage
Qutput, with the addition of having to enter a
frequency after the voltage desired.

Note: When swi tchi ng between output termnals and
the Wdeband AC out put, keep in m nd that the val ue
will change. The reason for this is the out put



termnals are a 600-Ohm | oad and the W deband AC
output is 50 Chns.

Not e: The 5700A stays in the AC function after
entering a non-zero frequency. |f choosing to change
back to DC, sinply enter a frequency of O Hz or a

si gned vol t age.

m W deband AC Vol tage Qutput: This option provides a
hi gh- accuracy, | ow noise, extrenely flat AC voltage
source with a frequency range of 10 Hz to 30 MHz. It
is useful for the calibration of RF voltneters. The
output is provided through a Type "N' coaxi al
connector into a 50- Ohm | oad.

n. DC Current Qutput: Entry is sane as above, except for

pressing the| A | after entering the desired val ue.

0. AC Current Qutput: It is the sane as above, with the
addition of entering desired frequency.

p. Resistance Qutput: Use the numeric keys along with
appropriate function keys to enter desired val ue.
The “List Table Values” soft key can be used to
di spl ay avail abl e resi stance val ues.

SUMVARY: The 5700A is a vital standard to calibration

| aboratories. Its various functions enable technicians to
calibrate several different types of equi pnent at one
station. It is highly recomended that all technicians
beconme famliar with the 5700 Meter Cali brator.

QUESTI ONS?
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LECTURE NUMBER  MOS 6492 B.1 (GO
TIMEE 30 Mnutes

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet

TI TLE:  Precision Measuring Equi pment

OBJECTI VES: To instruct the technician on the correct

procedures for the operation and use of the Oscill oscope
Cal i brator.

| NSTRUCTI ONAL Al DS: 9500B Osci |l | oscope Cali brat or
REFERENCES:. 9500B I nstruction Manual

PRESENTATI ON:

1. | NTRODUCTION: Over the |ast several years due to
advancenents in technol ogy, oscilloscopes have gone from
two channels to four channels. The calibration of nore
conpl ex oscilloscopes denand the technician has the
proper equi pment to do the job. The Fl uke 9500B
Oscil | oscope Calibrator has the capability to calibrate
nost nodern-day oscill oscopes. It provides true, ful
aut omati on through the use of its active heads. From
t he mai nfrane, detachable heads produce all the signals
needed to calibrate an oscill oscope.

2. BODY:

a. The 9500B has a variety of features; for exanple,
its’ mainframe upgrades ability from 600MHz to
1.1GHz, 3.2GHz, or even 6GHz. The four active heads
9510, 9530, 9560, and 9550 al so have the 1.1, 3.2, 6CHz
ranges and an ultra-fast head with a pul se capability
of 25PS range respectively. Wth the active head
connected the technician is able to produce precise
DC voltage levels up to +/- 220V, square waves with
anpl i tudes of 210V pk-pk from 10Hz to 100KHz, and
| evel ed sine waves fromO0.1Hz to 6Giz dependi ng on
the active head attached. The 9500B has many



capabilities, such as the calibration of the verti cal
and horizontal deflection bandw dth. The fast return
to ground edges with anplitudes rangi ng between
4.44nmV to 3.1V and rise/fall tines of 70PS, 150PS or
500PS ensure the accuracy of the pul se response and
bandwi dth of an oscill oscope’s verti cal

defl ection/acquisition anplifiers. Also with the

hi gh | evel edges up to 210 V pk-pk, it checks the
performance of the input attenuators. The |eveled
sine wave of up to 600 MHz, 1.1, 3.2 or 6GH#z with an
anplitude ranging from4.44nV to 5.56 V pk-pk into 50
ohnms allows direct calibration of the oscilloscope
bandwi dth. Wth the 9560 active head the anplitude
range changes from8.88nV to 5.56 V pk-pk into 50
ohms. Also calibrated are the Z-axis and horizontal
defl ection bandwi dth. The dual sine outputs
calibrate the trigger sensitivity and other functions
that normally require the insertion of a splitter.
The calibration of the vertical deflection gain can
be done with the 9500B. Wth the dc |evels and 10Hz
to 100KHz square wave that is adjustable to 220V, it
is sufficient to calibrate the vertical deflection
ranges of 12 bit digitizing and 14 bit interpolation
oscil |l oscopes. Another useful feature of the 9500B
Is that it checks the oscilloscope’ s input inpedance
bef ore applying high voltages to protect the 50 ohm
i nput termnations. Wth the automatic sw tching
function, it provides the sane waveforns at
anplitudes up to 5.56V. The calibration of the tine
base accuracy is done with timng markers ranging
formO0.2ns to 50s per division. There are four
different styles of tinme marker to choose from sine,
square, pulse, or narrow triangle. The square and
pul se markers can be use to calibrate tine base
jitter as well.

The 9500B al so has auxiliary functions that may be
used when calibrating an oscilloscope. For exanple,
the DC and square wave currents up to 100mA calibrate
the current probes. The TV sync separator function
is tested by the conposite video signals. The high
current 5V to 20V pul ses test the 50-ohmtermn nator
protection. The resistance and capacitance functions
of the 9500B directly neasure the oscilloscope’s

I nput i npedance. The short/open circuit outputs
allow the testing of an oscilloscope’s input |eakage
current. Oher characteristics of the 9500B are the



general operating paraneters and physical dinmensions.
The operating tenperature is 5 to 40 degrees Cel sius.
The non-condensing humdity is <90%over 5 to 30
degrees Cel sius or <75% over 30 to 40 degrees

Cel sius. The power requirenents are 95V to 132V rns
with a frequency of 48 to 63Hz. It has a power
consunption of 400VA. The physical dinensions of the
9500B 5.24 x16.8 x 17.3 INs. It weights

approxi mately 27 pounds.

SUMVARY: The calibration of nore conplex oscilloscopes
demands that the technician has the proper equipnent. One
oscil |l oscope calibrator is the Fluke 9500B Gscill oscope
Calibrator. The 9500B oscill oscope calibrator provides
technicians with a nore precise way to calibrate. For the
correct settings and test equi pnment setup, follow the steps
in the I1CP and always be electrically safe.

QUESTI ONS?
1. How many active heads does the 9500B have?

2. \Wat is the maxi num frequency the 9500B can test?
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LECTURE NUMBER. MOS 6492 B.1 (HH)
TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet

TI TLE:  Precision Measuring Equi pment

OBJECTI VES: To instruct the technician on the correct

procedures of the operation and use of the 8902A Signal
Generator Calibrator.

| NSTRUCTI ONAL Al DS:  8902A0PT E04/ E41/ E51 Si gnal
Generator Calibrator and a signal generator.

REFERENCES: 8902A User’s Manual, 8902A Qui ck Reference
Gui de, Agilent 8902A Product Notes, Agilent.comLibrary

PRESENTATI ON:

1. I NTRODUCTION: Signal Generators produce signals over a
wi de range of frequencies. They also produce nodul at ed
signals. Today’'s technol ogi es require signal generators
to provide stable | eveled signals. Hew ett Packard
devel oped a sol ution, the 8902A Signal GCenerator
Calibrator, to test all characteristics of a signal.

2. BODyY:

a. The 8902A Signal Cenerator Calibrator is capable of
nmeasuring signals between 150 KHz and 1300 MHz. The
8902A is used to neasure signals up to 18 GHz. This
i's acconplished by using the 11793A M cr owave
Converter, 11792A Power Sensor Modul e, and one of
three oscillators.

b. The 8902A neasures RF power, AM FM FM RF
Frequency, Audio Distortion, and RVS Levels. The
power meter in the 8902A can acconmpdate any 8480
series power sensor. It uses thernocoupl e,
therm stor, or diode detector power sensors. Each
sensor has a 50 dB range with various high and | ow



limts. The 8902A uses |F Substitution to produce a
wi der range. When used with one of its two power
sensor nodul es, the 8902A can neasure power |evels
bet ween - 127 dBm and +30 dBm

The 11792A Power Sensor Modul e is an 8485A power
sensor, mcrowave switch, and 10 dB i nput attenuator
It has two paths by which the inconm ng signal
travels. The first path is used for nmaeking RF
frequency and nodul ati on neasurenents. |t bypasses
t he power sensor nodul e’ s power sensor and goes

undi sturbed into the 11793A M crowave Converter. The
down converted signal then enters the 8902A. The
second path goes directly through the power sensor
and a dc voltage goes into the 8902A. This two-in-
one system makes it possible to make all neasurenents
t hrough one connector.

The 11722A Power Sensor Module is an 8482A power
sensor, mcrowave switch, and 10 dB i nput attenuator.
When used, it is not connected to the 11793A

M crowave Converter. |Its N-type male connector is
attached to the 8902A's I NPUT 50W N-type fenal e
connect or.

The 11793A M crowave Converter down converts RF
signals to an I F that can be used by the 8902ASi gna
CGenerator Calibrator.

The LO (8672A, 8671B, 83711B) provides a +8dBm

| evel ed signal for the 11793A M crowave Converter to
mx with the incomng signal. It also provides a
stable 10 MHz tine base for the 8902A Si gnal
Generator Calibrator.

Setting up the 8902A0PT EO4/ E41/ E51

(1) Rear

(a) Connect the Local Oscillator (L.O) 10MHz OUT
to the TIME BASE 10MHz | NPUT of the 8902A.
The 11793A is connected to the 8902A by an
| EEE cable. The FREQ OFFSET | NPUT 10V MAX of
the 11793A is connected to the 8902A FREQ
OFFSET TTL QUT. The power cord fromthe wall
is connected to the 11793A Line Power in
connector. There is an identical connector



(2)

on the back of the 11793A that says LINE
QUTPUT TO 8902A. Do not apply line power to
this connector. This connector is an output
used to supply line power to the 8902A.

Fr ont

(a) The L.O is connected by its female N-type RF
OUT connector to the 11793A's LO | NPUT on the
| oner left (when |ooking at the front) side
of the m crowave converter. The | NPUT 50W
connector on the right side of the 8902A will
be connected to the | F QUTPUT connector on
the top right of the mcrowave converter.

The 11792A Power Sensor Mdule will be
connected to the 8902A’ s SENSOR connect or and
the 11793A's RF | NPUT.

h. Entering Calibration Factors

(1)

(2)

(3)

To make an RF neasurenment one nust enter the
Calibration Factors fromthe Power Sensor Nbdul e
into the 8902’s non-volatile calibration factor
tables. The 8902A has two internal non-volatile
calibration factor tables.

Table #1 (primary table) holds up to 16 pairs of
calibration factors plus the Reference
Calibration Factor Table #2(frequency offset):
22 pairs plus the Reference Calibration Factor

Performthe following to enter calibration
factors:

(a) 37.9 SPCL (clears all calibration factor
st orage tabl es)
(b) RF POAER (Error 15 displayed indicating no
calibration Factors are stored)
(c) 37.3 SPCL
(d) Enter the reference calibration factor val ue.
(e) BLUE MHz (The reference calibration factor is
now set)
37.3 SPCL.
Ent er Frequency of first calibration factor
in VHz.
(h) MHZ key.
(i) Enter value of calibration factor.

f

N
«Q
N N



(j) BLUE MHZ (first pair is now stored.

(k) Repeat this sequence for every calibration
factor up to 1300 MHz on the | abel of the
power sensor nodule (The primary table does
not have space to hold the 22 cal factor
pairs on the 11792A | abel).

(I') 27.3 SPCL (this enables the Frequency O fset
node and opens the second table for
calibration factors).

(m RF POAER (Error 15 displ ayed).

(n) 37.3 SPCL.

(o) Enter reference calibration factor val ue.

(p) BLUE MHz (The reference calibration factor is
now set).

(q) 37.3 SPCL.

r

(r) Enter Frequency of calibration factor in Mz
key.

(s) MHz key.

(t) Enter value of calibration factor.

(u) BLUE MHz.

(4) Repeat the previous step for each follow ng
Frequency and related calibration factor shown
on the sensor head.

i. Verification of the calibration factor tables

(1) Performthe followng to verify calibration
factors:

(a) BLUE AUTOVATI C OPERATI ON (presets
i nstrument).

(b) RF PONER (If Error 15 appears cal factors
will have to be re-entered).

(c) 37.5 SPCL (starts table from begi nning).

(d) BLUE MHz (displays reference calibration
factor).

(e) 37.6 SPCL (to go to the next calibration
factor).

(f) BLUE ?kHz (to display next frequency).

(g) BLUE MHz (to display related calibration
factor).

(2) Repeat the previous step to view all entered
frequenci es.



(3)

j . Zeroi

To correct any calibration factor %error,
performthe calibration factor entry

i nstructions only for the frequency and
calibration factor in error. |If a frequency is
entered incorrectly, performcalibration factor
entry instructions and enter the frequency in
error with a calibration factor of zero (0).
This will erase the frequency fromthe table.

ng and Cali brating Power Sensor Modul e

(1)

The power sensor needs to be re-calibrated when
envi ronnental conditions change or every 8
hours. To zero and calibrate the sensor nodul e
performthe follow ng:

(a) Connect the sensor to the RF PONER

CALI BRATI ON connector on the 8902A.

(b) Press ZERO (after a few seconds 0.00Wis

di spl ayed).

(c) Press CALIBRATE (this turns on the reference

oscillator).

(d) Press the BLUE key then CALI BRATE (1.000 mwW

is displayed).

(e) Press CALIBRATE (this turns off the ref.

oscillator).

k. Tuning the 8902A to a test freqgquency

(1)
(2)

(3)

(4)

(5)

Preset the 8902A.

If the signal is <1300 MHz the 8902A wi ||
automatically tune to the frequency with the
| argest anplitude. To |lock on to a frequency
enter the frequency and then press MHz.

If the signal to be neasured is >1300 MHz, an IF
frequency nust be supplied to the 8902A.

It is recoomended to set the LOto a frequency
that is 120.53 MHz higher than the input signal
120.53 is the ideal |IF frequency for neasurenent
accuracy.

For exanple, if the input signal to be neasured
is 3000 MHz, set the LOto 3120.53 MHz.



(6) |If the external LO cannot be set 120.53 MHz
hi gher than the input signal due to a m ninumLO
frequency range of 2000 MHz, add one of the
followi ng frequencies to the test frequency for
opti mum performance: 240.53, 480.53, 600.53, or
680. 53 MHz. Choose the | owest frequency from
this list for optimum performance. Any IF
frequency between 10 MHz and 700 MHz can be
used.

(7) The 11793A requires the LOto be set for a +8
dBm level. Turn the LO RF on

(8) On the 8902A, press 27.3 SPCL to enabl e the
frequency of fset node.

(9) Enter the frequency as it appears on the LO

(10) MHz key (the test frequency shoul d appear on the
8902A) .

Maki ng Low Level RF Power Measurenents

(1) Make sure that calibration factors have been
entered and the sensor nodul e has been zeroed
and calibrated. Turn OFF all nodul ation (Low-
| evel power neasurenents can only be done with
an unnodul ated CWsignal).

(2) Set the TI to the desired test frequency and set
the anplitude to at |east -5dBm

(3) Tune the 8902A to the test frequency as listed
above.

(4) Performthe followng to nmake | ow | evel RF power
measur ement s:

(a) Press GOLD.

(b) TUNED RF LEVEL.

(c) (Press BLUE ?kHz to view the TIs frequency at
any tinme).

(d) LOG LIN (to display either dBmor watts).

(e) 1.9 SPCL (to inprove m smatch uncertainty by
insuring that 10 dB of attenuation is always
i nserted).

(f) 39.9 SPCL (this clears cal factors for the 3



tuned RF ranges)

(5) The display should show a power reading, the
RECAL and UNCAL annunci ators should be lit. If
the UNCAL cones on but not the RECAL increase
the test instrunment’s (Tl's) anplitude until
RECAL appears. The UNCAL annunci ator |ight
i ndicates that the current tuned RF |evel
absol ute power neasurenent is uncalibrated. The
RECAL |ight pronpts the user to calibrate.

(6) Press the CALIBRATE key. DO NOT continue until
a reading is displayed and the RECAL |light is
of f.

(7) Reduce the TI’'s signal level in 10 dB steps.
Each tine wait for a reading. |If the RECAL and
UNCAL annunci ators |ight press CALI BRATE. Keep
reduci ng the signal until you reach about -100
dBm There are 3 ranges so the RECAL |ight
shoul d conme on about 3 tines.

(8) You can now take a calibrated nmeasurenent at
that frequency between 0 dBm and -100 dBm
SUMVARY: The Basic Setup and Operation of the 8902A Signa
Generator Calibrator have been covered. The technician
shoul d now be able to performthe initial setup and nake
tuned RF and frequency neasurenents with the 8902A.

QUESTI ONS?
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LECTURE NUMBER. MOS 6492 B.1 (11)

TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004

DATE REVI EWED. On separate sheet

TI TLE:  Precision Measuring Equi pment

OBJECTI VES. To provide training on the use of frequency

counter calibrator nodel 9390-6000 ExacTinme GPS ti ne code
and frequency generator.

| NSTRUCTI ONAL Al DS:  9390- 6000 publication and gear,
osci | | oscope

REFERENCES:. 9390-6000 Users guide revision B

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY:

a. The GPS timng unit operates on the civilian L-band
(1575.42 MHZ) utilizing C A (Course Acquisition) code
transm ssions to nonitor tinme and frequency data from
the NAVstar Satellite constellation. Tinme and
frequency is determned fromsatellite transm ssions
and cal cul ations referenced to USNO (United States
Naval Qbservatory) through the GPS Master C ock
System This |inkage provides traceability to USNO
and all international tinme scales through the use of
publications fromthe National Institute of Standards
and Technol ogy, USNO and BIPMin Servres. France.

b. The unit automatically acquires and tracks satellites
based on health status and el evation angle. Tinme and
Frequency nonitoring requires only 1 satellite, once
accurate position data has been acquired or entered.
In auto node, the 4-SV requires 4 satellites for the
GPS timng unit to do 3D position fixes. 1In the 3-SV



node, only 3 satellites are required to do 2D
position fixes.

The basic GPS timng unit includes the GPS main
nodul e, and antennal/ pre-anp and a coaxial cable for
I nterconnection. A corrected 1lpps output signal and
a 10 MHz sine wave are provided in the basic GPS
timng unit configuration. An RS-232 |/0O port is

al so provided in the basic configuration, which can
be used to control the unit as well as to get data
fromthe unit. The basic unit has an LCD display and
keyboard. It generates IRIG B serial tinme code and
has the capability of nmeasuring tinme interval

di fference between the GPS 1lpps and externally input
lpps. Optional features such as additional out put
codes and/or frequencies, RS-232 printer port, and
external frequency input or signal or triple event

| og are available to neet specific requirenents.

GPS SUBSYSTEM

(1) Tinme accuracy - better than 100ns relative to
UTC with 6 or nore satellite averaging with 95%
confi dence.

(2) Position accuracy - less than a 100 feet
| atitude, 100 feet |ongitude, and 250 feet
altitude with current SA. Accuracy inproved to
better than 30 feet after 24 hr of automatic
position averaging in static position.

(3) Maxinmumvel ocity - 400 neters/second.

(4) Tracking Channels - 6 parallel.

(5) Receiver frequency - L1 1.575GHZ, C/ A code.

(6) Acquisitiontine - Time to first fix is |ess
than 2 mnutes with outputs operational |ess
than 5 mnutes with tinme and accuracy better
than 2 m croseconds and frequency accuracy
better than 1 E-8. Full system accuracy (100ns)
provi ded within one hour.

(7) GPS Solution Modes - The user may sel ect one of
t hree nodes for position solutions.




(8) The 3-SV node, which is two-di nensional
(latitude and | ongitude).

(9) The AUTO node, which is three-di nensiona
(latitude, |ongitude, and altitude).

(10) The 4-SV node, which is three-di nensional)
| atitude, longitude, and altitude). The AUTO
node, used when the unit is initially turned on,
uses the three-dinensional solution. A fourth
node is also available for single satellite
tracki ng, which does no position solutions and
I's used for time-keeping and frequency
measur ement s.

3. DEMONSTRATI ON

a. Student receives denonstration of the nodes of
operation and nmethod to change between t hese nodes.

b. Student receives denonstration of the frequency
outputs utilizing an oscill oscope to view the
si gnal s.

4. PRACTI CAL APPLI CATI ON

a. Student denonstrates of the nodes of operation and
nmet hod to change between these nodes.

b. Student Denpnstrates use of the frequency outputs
utilizing an oscilloscope to view the signals.

SUMVARY: The nodel 9390- 6000 ExacTi ne GPS Ti ne Code and

Frequency Cenerator operates on the civilian L-band
(1575.42) utilizing C A code transm ssions to nonitor tine
and frequency data fromthe Navstar satellite constellation.
Time and Frequency is determned fromsatellite

transm ssions and cal cul ati ons referenced to USNO t hr ough
the GPS Master Clock System The unit automatically
acquires and tracks satellites based on health status and

el evation angle. Tine and freq nonitoring requires only one
satellite, once accurate position data has been acquired or
ent er ed.

QUESTI ONS?
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LECTURE NUMBER. MOS 6492 B. 1 (JJ)
TIMEE 30 Mnutes

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet

TI TLE:  Precision Measuring Equi pment

OBJECTI VES: To instruct the technician on correct

procedures of the operation and use of the 3712 Portable
Pressure Gage Cali brator.

| NSTRUCTI ONAL Al DS: 3712 with Master Gages
REFERENCES: 3712 Instruction Manual

PRESENTATI ON:

1. I NTRODUCTION: The King Nutronics Mdel 3712 is a
portabl e, self-contained pressure gage calibrator that
cal i brates pneumatic pressure gages by conparison to
ref erence master gages. The pressure is manual ly
generated t hrough the use of a hand punp. Hydraulic oi
is used as the pressure nmedium Test gages, which are
filled with oil, can be installed directly onto the
calibrator. For applications where the test gage
contains a different type of fluid, such as water, a
fluid separator is installed to act as a physi cal
barrier between the two fl uids.

2. BODY:
a. Hand Punp Case Assenbly:

(1) Arrange the conponents of the hand punp case
assenbly on a stable, |level surface so they are
easily accessible. Set up the hand punp case
assenbly for operation in accordance with the
fol |l ow ng procedures.

(2) Unlatch the eight I atches and renove case |id.
Renove the reservoir fill port plug. Place the



(3)

(4)

(5)

hand punp case assenbly in a vertical position
with the fill port up. Fill the punp reservoir
with hydraulic oil, (ML-H5606). After filling
the reservoir, install and tighten the plug.
Renmove the dust plugs from qui ck-di sconnect
couplings on punp manifold assenbly. Fill and
bl eed the punp manifold assenbly as foll ows:

(a) Install any two-test gage adapters in the
punp mani f ol d qui ck- di sconnect coupli ngs.

(b) Set the range selector to high-volune, |ow-
pressure position (pulled out).

(c) Operate the hand punp until oil flows out of
the adapters.

(d) Renmpbve the test gage adapters.

(e) Select and install the appropriate naster
gage in one of the punp manifold quick-
di sconnect couplings.

) Exercise the master gage | AW Section 2. A 1-8.
g) Fill the test gage with appropriate fluid
(water or hydraulic oil) in accordance with
gui del i nes above.

The full-scale value of the naster gage nust be
equal to or greater than the full-scale val ue of
the test gage. Use of a master gage with a full -
scal e value less than that of the test gage could
result in over-pressurization, which could cause
a calibration shift or permanent damage to the
mast er gage.

If a water systemgage is to be cali brated,
install the fluid separator and open vent val ve.
Renove the fill plug fromgage end of separator.
Usi ng WATER liquid charger filled with distilled
wat er, force the diaphragm inside the separator
to the punp end by filling gage end with
distilled water. Keep the spout of |iquid charger
firmy pressed in port to prevent spillage. After
filling, install and tighten the fill plug.

| f a panel nounted gage is to be calibrated,
install the appropriate test gage adapter on test
gage inlet port and connect the fluid separator,
if required, to test gage adapter. Connect the

hi gh- pressure test hose assenbly to nmanifold

qui ck-di sconnect coupling and bl eed the air by



punpi ng hydraulic oil through the hose. Connect
the test hose to fluid separator or the test gage
adapter, as appropriate.

(6) Install the test gage in the punp mani fold qui ck-
di sconnect coupling or the fluid separator, as
appropriate. Operate the hand punp assenbly as
descri bed above.

(7) Note: The sel ected master gage nust be exercised
prior to connecting test gage to manifold.

b. Master Gage Exerci sing:

(1) Exercise the master gage in accordance with the
fol | owi ng:

(a) Set the pointer of master gage to zero.

(b) Screw and vent the plug two turns to vent the
punp.

(c) Set the selector valve to high-volune, |ow-
pressure position (pulled out).

(d) Cose the vent valve by rotating handle fully
cl ockw se.

(e) Turn the displacenent valve handle to
position valve m dway between extrenes of
travel .

(f) Operate the punp handle until pressure
indicate on nmaster gage is 1000 pound- per-
squar e-inch. Then push in the selector valve
to the | owvol unme, high-pressure position.

(g) Operate the punp until pointer is just bel ow
the full-scale pressure point.

(h) Rotate the vent valve fully counter
cl ockwi se, allowi ng naster gage to vent to O
psi g.

(i) Repeat steps 1 through 8 two nore tines for a
total of three exercise cycles.

c. Test Gage Calibration:

(1) To performgage calibration tests, operate the
hand punp assenbly as fol |l ows:

(a) Performthe pre-operating procedures
described in 3.5.2. of the operators manual.
(b) Set the master gage needle to zero.



(c) Unscrew the fill and vent plugs two turns to
vent the punp.

(d) Set the selector valve to high-volune, |ow-
pressure position (pulled out).

(e) Cose the vent valve by rotating handle fully
cl ockw se.

(f) Turn the displacenent valve handle to
position the valve m dway between extrenes of
travel .

(g) Operate the punp handl e until the pressure
i ndi cated on nmaster gage is 1,000 PSI. Then
push in the selector valve to | owvol une,
hi gh- pressure position.

(h) Operate the hand punp until pointer on test
gage is just below the first calibration
poi nt .

Note: |If the gage dial pointer goes beyond the calibration
point, slowy rotate the vent val e handl e countercl ockw se
until the pointer is significantly below the calibration
point, then rotate the vent valve handle fully cl ockw se and
reapply hand punp pressure.

(i) Slowmy rotate the displacenent val ve
cl ockwi se until the pointer on the test gage
is exactly on first calibration point.

(j) Lightly tap the test gage and readj ust
di spl acenent valve, if required.

(k) Record the master gage pressure indication
and fluid head correction factor, if
appl i cabl e.

(I') Repeat steps 1 through 11 for all increasing
pressure calibration points, including the
full -scal e point.

(m For decreasing pressure calibration, slowy
rotate the vent valve handl e countercl ockw se
until the test gage pointer is slightly above
the calibration point. Then rotate the vent
val ve handl e fully cl ockw se.

(n) Slowy rotate the displacenent val ve
countercl ockwi se until the pointer on test
gage is directly on the calibration point.
Lightly tap the test gage and readj ust the
di spl acenent val ve, if required.

(o) Record the master gage pressure indication
and fluid head correction factor, if
appl i cabl e.



(p)
(a)

Repeat steps 13, 14 and 15 for all renmining
down scal e calibration points.

Perform the post-operating procedures

descri bed bel ow

d. Post operating procedures:

(1) After conpletion of the calibration, performthe
fol |l owi ng post - operating procedures:

(a)

(b)

(c)

(d)

(e)

(f)
(9)

(h)
(i)

J. SUMMARY
K. QUESTI ONS?

After the last calibration point has been
verified, rotate the vent valve handle fully
countercl ockwi se. Verify that the naster gage
i ndi cates 0 psig.

Renove the nmaster gage fromthe punp nmanifold
assenbl y qui ck-di sconnect coupling, instal

t he dust cover, and place in the master gage
case assenbly.

Renove the test gage fromthe punp manifold
assenbl y qui ck-di sconnect coupling or fluid
separator, as applicable.

Drain all water or hydraulic systemgages in
accordance with 3.4.3.1.H in the manufacturer
publ i cati on.

Flush and dry the pneumatic system gages in
accordance with 3.4.3.2 in the manufacturer
publ i cati on.

Install the dust covers on the punp manifold
assenbly qui ck-di sconnect couplings.

If used, clean the fluid separator and store
in the accessory case assenbly.

Tighten the fill and drain plug.

Install the lid and latch it in place.
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LECTURE NUMBER.  MOS 6492 B. 1 (LL)
TIMEE 30 Mnutes

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet
TI TLE:  Precision Measuring Equi pment

OBJECTI VES. To teach the technician the principles of
operation and proper use of a pul se generator.

| NSTRUCTI ONAL AI DS: 33120A
REFERENCES: HP 33120A Users Cui de

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY:

a. The HP 33120A is a high performance, 15 Mz,
synt hesi zed function generator with built-in
arbitrary waveform capability. Its conbination of
bench-top and system features makes this function
generator a versatile solution for testing
requi renents during calibration.

b. The 33120A has many convenient features; it cones
with 10 standard waveforns readily accessible by the
mean, built-in 12-bit 40 Ms/s arbitrary waveform
capabilities, and an easy-to-use knob input.

c. Specifications for the 33120A can be found in Chapter
8 of the HP 33120A nanuf actures nanual .
Specifications that allow the 33120A to stand out are
as follows:

(1) Waveforns such as sine, square, triangle, ranp,
noi se, dc volts, sine x/x, negative ranp,
exponential rise, exponential fall, and cardiac.



(2) Frequency range of 100 MHz to 15 MHz with a 10
MHz resolution with an accuracy of 10 parts-per-
mllion in 90 days and 20 ppmin a year.

(3) Qutput characteristics such as anplitude of 50
nvpp-10 vpp with a 50ohm term nation are
avai |l abl e.

SUVWARY: The 33120A is a reliable calibration standard
that is easy-to-use and has versatile specifications.
Techni ci ans shoul d becone famliar with this calibration

st andar d.

QUESTI ONS?
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LECTURE NUMBER. MOS 6492 B. 1 (SS)
TIMEE 60 Mnutes

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet

TI TLE:  Precision Measuring Equi pment

OBJECTI VES: To instruct technicians on the correct

procedures during operation and use of power
nmet er s/ sensors.

| NSTRUCTI ONAL Al DS:  436A or 438A, any 8480 series
sensor, and the 83630A.

REFERENCES: 436A, 438A, and 8480 series sensor
manual s

PRESENTATI ON:

1. | NTRODUCTION: Power neters and sensors play a
vital role in calibration. The power neter and
sensor are versatile calibration standards due to
their ability to offer high accuracy and high
resol ution through the switching of power sensors
for different power ranges. In fact a technician
has the ability to nonitor power from a signal
sources’ output on the front panel or, if
necessary, in circuit tracing power through a TI
with the help of adapters. This instrunment can al so
be an effective tool for troubl eshooting.

2. BODY:

a. The power neter has a frequency range of 100kHz
to 33GHz and a power range of —-70dBm to +44dBm
Thi s range span is achieved through changi ng out
the sensors fir a particular frequency range and
power range. This allows for greater resolution
and accuracy. The power neter can conpensate for
the different frequencies through the use of a
calibration factor table | ocated on each sensor.



These cal factors can be anywhere along a
percent age scal e, but generally are between 80
and 100 percent.

Prior to using a power sensor, verify the
sensors’ frequency and power ranges. First, zero
and calibrate the sensor to the neter allow ng
each to conpensate for the others electrical
conponents, as well as the power sensor cable.
This is acconplished by attaching the sensor to
the neter input via a power sensor cable, and
then attaching the sensor to the “N' type output
on the front panel. Adjust the calibration
factor selector to the value designated by the
sensor and then depress the zero button and wait
for the display to zero out. After this is
acconpl i shed, depress the calibration reference
button and wait for a stable indication. Proceed
to adjust the calibration adjust screw for a 1lnmw
di splay on the front panel neter display. Once
this is acconplished, disconnect the power
sensor fromthe “N type output. The power neter
is now ready to measure power.

It is very inportant that the correct
calibration factor is selected and all external
power sources are set to their m ni num power
settings. Power |evels below -20dBmw || ensure
sensors are not damaged. So al ways set the
signal source to mnimumor RF off and then
doubl e check the power sensor to nake sure it is
capabl e of handling the power |evel for the next
setting in the ICP. Taking this extra step

bef ore each new power |evel reading wll prevent
over - poweri ng the sensors.

Unl ess a technician has a 100 percent air
dielectric set-up he or she will not be able to
measure power above 18GHz. Vari ous Test

I nstruments have out put frequency ranges above
18 GHz, but without air dielectric connectors a
t echni ci an cannot neasure above 18GHz.

SUMVARY: A power neter, used in conjunction with

di fferent power sensors, gives |laboratories the ability
to make power neasurenents with high accuracy and
increased resolution. It is inperative to have a



general knowl edge of the intended neasurenent theory
and use of power neters/sensors because of their
extreme sensitivity to power and to avoid danmage to the
power meter.

QUESTI ONS?
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LECTURE NUMBER. MOS 6492 B.1 (TT)
TIME: 1 Hour

DATE PREPARED. 14 Septenber 04
DATE REVI EWED. On separate sheet
TI TLE:  Precision Measuring Equi pment

OBJECTI VES. To instruct the technician in nmaking nore

accur ate peak power neasurenents and on the correct
procedures for the operation and use of the 8991.

| NSTRUCTI ONAL Al DS:  8991A

REFERENCE: HP 8991 QUI CK START GUI DE & OPERATI NG MANUAL

PRESENTATI ON:

1. | NTRODUCTI ON:

2. BODY:

a. Although there are various nodel s of peak power
anal yzers, nost calibration activities have 8991As.
This nodel will be used as an exanpl e throughout this
| esson. One might ask, “Wat is peak power, and what
is a peak power anal yzer?” Peak power is defined as
foll ows: Qutput power averaged over a cycle of an
el ectromagneti c wave having the maxi nrum peak val ue
that can occur during transm ssion. At RF and
m crowave frequencies, the paraneters of voltage and
current becone difficult to neasure. Power
measurenents are the fundanental paraneter for
characterizing conponents and signals at RF or
m crowave frequencies. A peak power analyzer is an
el ectroni ¢ neasuring device that provides conplete
and accurate characterization of conplex pul sed
signals. The 8991A provi des conpl ete pul se
characterization ranging from50 MHZ to 40 GHZ,
dependi ng upon which sensor is utilized.



b. As with any neasurenent, there are errors involved,
But there are certain things a technician nust
understand in order to nmake accurate measurenents,
such as:

(1) Understanding the characteristics of the signal
under test and how the signal interacts with the
power sensing process.

(2) Understandi ng power measurenment uncertainties
and traceability to a primary power standard at
a national |aboratory such as N ST.

(3) Understanding characteristics and performance of
avai |l abl e sensor technol ogi es and operati ng
features of various power neters.

(4) Making the performance conparison and sel ecting
the right product for the application.

c. Pulse paraneters are: peak power, average peak power,
rise-time, fall-tinme, frequency (pulse repetition
rate), pulse period (pulse repetition interval),
pul se wdth, pulse off-tinme, duty cycle, delay,
statistically defined pulse top and bottom
overshoot, and average power. The 8991A can neasure
and display these paraneters with no cal cul ati ons
required fromthe technician. For the nost accurate
results when using the 8991A, neasurenents shoul d be
made at the fastest possible sweep tine. Below are
tips for maki ng nore accurate nmeasurenents:

(1) At least one conplete cycle nust be displayed
for PRI (Pul se Repetition) or PRF (Pulse
Repetition Frequency) neasurenents.

(2) The rising edge followed by the negative edge
nmust be di splayed for pul se wi dth nmeasurenents.

(3) The falling edge followed by the rising edge
nmust be displayed for off-tinme neasurenents.

(4) The | eading edge of the waveform and enough of
the pulse to define the top and the base nust be
di spl ayed for rise-time and all other edge
measur ement s.



(5) The trailing edge of the waveform nust be
di spl ayed for fall-tinme neasurenents and al
ot her edge neasurenents.

(6) The top, base, and peak of waveform nust be
di spl ayed for overshoot neasurenents.

(7) If nore than one waveform edge, or pulse is
di spl ayed, the neasurenents are nmade on the
first (leftnost) portion of the displayed
wavef ormthat can be used. If there are not
enough data points, the analyzer will display <
wi th the neasurenent results. This annotates
that the results nmay not be as accurate as
possible. It is recommended that the technician
re-scal es the displayed wavef orm and perforns
t he neasurenent again.

(8) Wen any of the standard neasurenents are
request ed, the Peak Power Analyzer first
determ nes the top anplitude level. Fromthis
information, it can determ ne the other
i nportant anplitude threshold val ues (I ower,
upper, and m d) needed to performthe
measurenents. For exanple, the 10%threshold
value is found by neasuring 10 DB down fromthe
top of the pulse. The 10% 50% and 90%
anplitude values are used in the rise-tine and
fall -time neasurenents as well as all other edge
measur ement s.

(9) Automatic Top-Base: top is the heart of nost
automati c neasurenents. It is used to determ ne
Vt op and Vbase. The top or base of the waveform
is not necessarily the nmaxi mum or mininmumlinear
anplitude present on the waveform Consider a
pul se that has a slight overshoot. It would be
i ncorrect to select the highest point of the
waveform as the top since the waveform normally
rests bel ow the perturbation



SUMVARY: Peak Power Meters are extrenely versatile and

accurate nmeasurenent devices. It is inportant to fully
under stand what type of signal is being neasured as well as
how to nost accurately performthe neasurenent with a given
power neter. Refer to the manufacture’s manual for
addi ti onal gui dance.

QUESTI ONS?
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LECTURE NUMBER. MOS 6492 B. 1 (XX)
TIME: 1 Hour

DATE PREPARED. 14 Septenber 2004
DATE REVI EWED. On separate sheet

TI TLE:  Precision Measuring Equi pment

OBJECTI VES: To instruct the technician on the correct

procedures for the operation and use of the 680 Calibration
System

| NSTRUCTI ONAL Al DS: 680 Calibration System
REFERENCES:

680 Manuf actures nmanual
NAVAI R 17- 50A346
NAVAI R 17- 50A347
NAVAI R 17- 50A348
NAVAI R 17- 50A349
NAVAI R 17- 50A350
NAVAI R 17- 50A351

NohkwhE

PRESENTATI ON:

1. | NTRODUCTI ON:

a. The UDWN Transducer Calibration System provides an
i ntegral collection of conponents necessary to
provi de a qui ck and accurate calibration of
accel eroneters and velocity transducers over a w de
range of frequency and vibration anplitudes. The
UDVW N/ C Cal i bration Systens contain the follow ng
component s:

(1) UD nodel 8B6 Laboratory Standard Accel eroneter.

(2) UD nodel 8B6 Working Standard Accel eroneter.

(3) UD nodel TSC-3 Calibration Signal Conditioner.

(4) UD nodel VGN-4 (or VGN-8) Variable Gain Amplifier
Car d.



(5) UD nodel DSP-4 (or VGN-8) Digital Signa
Processor Card.

(6) Host conputer with Wndows 98, NT Ver4, or
W ndows 2000.

(7) Operating Systens (The VGN-4 and DSP-4 are
nounted in the host conputer).

(8) Power Anplifier.

(9) Vibration Exciter with Accel eroneter Bridge and
Ceram c Insert for Base-to-Base nounting of
Wor ki ng St andard Accel eroneter and the Device
Under Test (DUT).

For the UD nodel 660 System the UD nodel TA30 Power
Amplifier and nodel 5PM Shaker is supplied. The
nodel 680 System provides the nodel TA100CL Power
Amplifier and nodel S032-C Shaker. The nodel S032
Shaker noving elenent is designed to provide a recess
for integral nmounting of the ceramc insert and the
Wor ki ng Standard Accel eronmeter. Both shaker systens
are conpletely air-cool ed.

Exi sting UD transducer calibration systens prior to
t he nodel 660 or 680 may be upgraded by adding the
control conponents |isted above. M nor changes to
power anplifier control circuits may be needed to be
conpati ble with the nodel UDVW N C system

A custoner’s general vibration test system may al so
be used for calibration purposes by adding the
control conponents |isted above together with the
Accel eroneter Bridge and ceranmic insert. However,
the frequency and anplitude testing range nmay be
limted by the specifications for the test system

2. BODY:

a.

For specifications, refer to the manufactures
publication or |ICP

The information contained herein discusses the use of
the Keithley 2000 nmultineter, which is a part of the
680 Vibration Calibration System Sone accel eroneters
and velocity transducers require a resistance check
before calibration. The Keithley 2000 will al ways be
used.



(1) To turn on the 2000, press the POAER button in
the lower left hand side of the digita
multinmeter. Next, press the OHVMS2 key. Make
sure that when connecting the test |l eads with the
TlI's pins, good contact is nmade w t hout touching
any other surface of the TI, inside or out.
Grounding the signal to the systemis casing could
produce i naccurate calibration results. Connect
only to a pin and casing when designated by the
calibration procedure. |If either of the
resistance tests fails, the Tl nust be rejected.
When finished, press the PONER button once again
to turn off the Keithley and di sconnect the test
| eads.

(2) Disregard the statenent above for Tls that do not
requi re a resistance check.

The vi bration system paraneters are entered or edited
by using the keyboard and nouse. Nornal test setups
will include the type of transducer; sensitivity,
frequency response, and the vibration test |evel as a
function of frequency, sweep direction, and sweep
tinme.

NOTE: Before starting the system ensure single-phase
power and three-phase power to the power cabinet is
turned on and the power switch on the front of the
anplifier is turned on. (These two switches are

| ocated in the front on the 680 beneath the
osci |l | oscopes and left of the vent).

(1) Turn the Anp Gain rotary pot to full CCW
position (reset); you will feel a click that
confirms the required reset position. (If you do
not turn it to reset, when you try to start
anot her Tl and press the OPERATE button, nothing
wi || happen, no signal will start, and the
OPERATE key will not |ight up).

(2) Press the ON key on the power cabinet and wait
approxi mately 30 seconds for the STANDBY key to
light. (The STAND BY key usually takes about 5
seconds to light and the systemis ready).

(3) Press the BLONER key and ensure it is toggled to
the in position and the key lights up. This



sel ects the bl ower node of operation allow ng
maxi mum shaker output. (The BLOAER key shoul d
never be set to off or unlighted for use at
MCCs) .

(4) Press ROCKER switch on the 120-volt power strip
on the necessary cabinet to power on the TSG 3
signal conditioner and VWN Controller. (The
ROCKER swi tch shoul d never be turned off, always
| eave in the ready position).

(5) Turn the conmputer on and the VWN software w ||
| oad and display the VWN CONTROLLER HOVE wi ndow.
If the VWN software did not automatically
execute, find the VWN HOMVE icon on the desktop
of the conputer and double-click on the icon.

(6) Set the controls of both the oscill oscopes as

fol | ows:

OCSI LLOSCOPE CONTROL SETTI NG

POVER but t on ON

Vol t s/ Div knob 0.5

Time/ Di v knob 10ns

Tri gger Mode knob X-y

TRI GGER SOURCE Butt on EXT (pushed in)
AC Button ouT

GND Button ouT

Trigger Level Cent er ed
Vertical Var. knob Cl ockwi se Max
Vertical Position knob Adj ust Necessary
Hori zontal Position knob Adj ust as Necessary
SWP. VAR knob Cl ockwi se Max

(7) (The oscilloscope settings should never be
changed after setting themthe first tinme; so
don’t touch or nove them just check to see if
they are in the correct positions, as they
shoul d be al ready.

In order to nmount the TI, you will need to determ ne
the correct nounting adapter needed to nount the TI
to the shaker table. Refer to the Test Specification
Sheet. You will be able to find out what cables and
screws, along with the anmount of torque the is
required to safely secure the Tl on the Test
Specification Sheets. [If the correct nounting



adapter is installed then leave as is. |If the correct
adapter is not installed then replace it with the
correct nounting adapter:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Renove the socket head cap screws fromthe
installed nounting adapter and |lift the nounting
adapter and wor ki ng standard accel eroneter out of
t he shaker.

Di sconnect the mcrodot cable fromthe working
standard accel eroneter; renove the working
standard accel eroneter and nounting stud fromthe
bottom of the nounting adapter.

Install the mounting stud on the bottom of the
repl acement - nounti ng adapter.

Apply petrolatumto both of the nmounting surfaces
of the working standard accel eroneter and the
nount i ng adapt er.

Screw t he worki ng standard accel eroneter into the
bottom of the repl acenent -nmounti ng adapter.
Torque the working standard to 18in-1b.

Connect the mcrodot cable fromthe working
standard accel eroneter to the REFERENCE CHARGE
| NPUT connector on the TSG 3 signal conditioner.

Install the working standard accel eroneter,

m crodot cable, and nmounting adapter assenbly in
t he shaker armature. Route the m crodot cable

t hrough the indentation with the same bend as it
had before. This will keep the cable in better
condition and | esson the chances of the bending
back and forth to wear and break it down. Torque
t he nounti ng adapter screws to 9in-1b.

Taping the cable to the shaker to m nimze cable
nmovenent during calibration is the m ni num t hat
you can do. You can al so use a foam pad and pl ace
it underneath the cable to even further nullify
movenent. Al so, the threaded holes on the shaker
are a perfect match with the tenperature stands.
Use a rod fromthe tenperature stand and screw it
into the hole on the front of the shaker. Then,
use the clanp that is nmade for the thernoneters



(9)

(10)

(11)

(12)

(13)

and place it on the rod. This clanp can be
tightened to hold the cable in the air so that it
never touches the shaker. The foam may still be
used to aid in mnimzing any further cable
novenent .

NOTE: The ECU of the van in which calibration is
bei ng perforned, can al so be turned off during
calibration to reduce the vibration that it makes
and once again further mnimze external
vibrations. Be sure to turn the ECU back on
after calibration and in between Tl's so the van
w Il not go out of tolerance. Also, take
precautions to not |et anyone in or out of the
van when calibrating so that pounding of the feet
does not shake the TI.

Be sure to | eave sufficient slack in the m crodot
cable to allow for the 3% inch travel of the
shaker table and accel eroneter.

If the nmounting adapter was renoved or repl ace
in any way be sure to performa Transfer

St andard Test in accordance with Appendi x A of
t he manufacture’s manual .

Apply petroleumto both the nmounting surfaces of
the TI and the nounting adapter to inprove the
coupling and the preserve the nounting
integrity. (Errors may occur from i nproper
coupling if the petroleumis not applied prior
to every test).

Mount the Tl to the shaker adapter using the
appropriate nounting hardware for the TI; refer
to the Test Specification Sheet of the TlI. Use
the torque wench to torque the transducer down
to the proper torque; refer to the Test Spec.
Sheet of the TI.

Ensure that the CURR (Constant Current Power
Source) button on the TSC-3 signal conditioner
is in the out, or off position. There are only
a select few Tls that will ever need the CURR
on. Pay close attention to ensuring this switch
in the correct position, or the TlI and/or 680
Cal i bration System may be damaged.



(14) Fromthis point on, the procedure will dictate
the required procedures depending on the type of
Tl you are using.

WARNI NG

When placing any TI on the nounting surface or renoving and
repl acing an adapter or TI, follow required procedures. Do not
attenpt to perform calibrations wthout the correct torque
anounts, screws, cables, etc. Danmage to the plate, ceramc
insert, cables, or TI may occur fromfailure to properly follow
spec. sheets. Requi renents for proper operation of system are
| ocated on the Test Spec. Sheets.

J. SUWMARY: The 680 Calibration Systemis a highly accurate
vi bration systemthat can neasure frequency from 2- 10000Hz,
at 0.1 to 5000pc/g or nv/g and 0.2 to 5000mv-s/in. It is
very sensitive to placenent of adapter, tightness of screws,
and novenent outside of the system Take precautions to
l[imt all outside interference and damages. Follow the
calibration procedure.

K. QUESTI ONS?

1. \Where do you look to find what cables are needed, al ong
wi th nmounting adapter, screw, and how many?
a. Answer: Test Specification Sheet.

2. \Wat would be a reason that the OPERATE key when pushed
woul d not |ight up?
a. Answer: Failing to turn the Anp Gain rotary pot to

full CCW
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