Chapter 2

Weight and Balance Theory
and Documentation

Weight and Balance Theory

Two elements are vital in the weight and balance consid-
erationsof anaircraft:

e Thetotal weight of the aircraft must be no greater than
the maximum gross weight alowed by the FAA for the
particular make and model of the aircraft.

e The center of gravity, or the point at which all of the
weight of the aircraft is considered to be concentrated,
must be maintained within the alowable range for the
operational weight of theaircraft.

Aircraft Arms, Weights, and Moments

The term arm, usually measured in inches, refers to the
distance between the center of gravity of an item or object
and ther efer ence datum. Arms ahead of, or to the left of
the datum are negative (-), and those behind, or to theright
of the datum are positive (+). When the datum is ahead of
the aircraft, al of the arms are positive and computational
errors are minimized.

Weight is normally measured in pounds. When weight is
removed from an aircraft, it isnegative (-), and when added,
itispositive (+).

There are a number of weights that must be considered in
aircraft weight and balance. The following are terms for
various weights as used by the General Aviation Manu-
facturersAssociation (GAMA).

e The standard empty weight is the weight of the
airframe, engines and al items of operating weight that
havefixed locationsand are permanently installed inthe

aircraft. This weight must be recorded in the aircraft
weight and balance records. The basic empty weight
includes the standard empty weight plus any optional
equipment that has been installed.

»  Maximum allowable grossweight isthe maximum weight
authorized for the aircraft and all of its contents as
specifiedin the Type Certificate Data Sheets (TCDS) or
Aircraft Specificationsfor theaircraft.

* Maximum landing weightisthegreatest weight that an
aircraft normally isalowed to have when it lands.

 Maximum takeoff weight is the maximum allowable
weight at the start of the takeoff run.

« Maximum ramp weight isthetotal weight of aloaded
aircraft, and includes all fuel. It is greater than the
takeoff weight dueto the fuel that will be burned during
the taxi and runup operations. Ramp weight is also
called taxi weight.

The manufacturer establishesthe alowablegrossweight and
the range allowed for the CG, as measured ininchesfrom a
reference plane called thedatum. Inlargeaircraft, thisrange
is measured in percentage of the mean aerodynamic chord
(MAC), the leading edge of which is located a specified
distance from the datum.

The datum may be located anywhere the manufacturer
chooses; it is often the leading edge of the wing or some
specific distance from an easily identified location. One
popular locationfor thedatumisaspecified distanceforward
of the aircraft, measured ininchesfrom some point such as
the leading edge of thewing or the engine firewall.

Arm (GAMA): The horizontal
distance from the reference datum to

the center of gravity (CG) of an item.

Reference datum (GAMA): An
imaginary vertical plane from which
all horizontal distances are measured
for balance purposes.

Standard empty weight (GAMA):
Weight of a standard airplane
including unusable fuel, full
operating fluids and full ail.

Basic empty weight (GAMA):
Standard empty weight plus optional
equipment.

Maximum landing weight
(GAMA): Maximum weight

approved for the landing touchdown.

Maximum takeoff weight (GAMA):
Maximum weight approved for the
start of the takeoff run.

Maximum ramp weight (GAMA):
Maximum weight approved for
ground maneuver. (It includes weight
of start, taxi, and runup fuel.)



Thedatum of somehelicoptersisthecenter of therotor mast,
but thislocation causes some armsto be positive and others
negative. Tosimplify weight and balance computations, most
modern helicopters, likeairplanes, havethe datum located at
the nose of the aircraft or aspecified distance ahead of it.

A moment isaforce that triesto cause rotation, and isthe
product of the arm, in inches, and the weight, in pounds.
Momentsaregenerally expressedin pound-inches(lb-in) and
may beeither positive or negative. Figure 2-1 showstheway

Consider thesefactsabout thelever in Figure 2-2: The100-
pound weight A islocated 50 inchesto theleft of thefulcrum
(the datum, in this instance), and it has a moment of
100°250=-5,000|b-in. The 200-pound weight B islocated
25inchestotheright of thefulcrum, and its moment is200°
+25 = 45,000 Ib-in. The sum of the moments is —5,000
+5,000=0, and thelever isbalanced. [Figure 2-3] Theforces
that try to rotate it clockwise have the same magnitude as
thosethat try torotateit counterclockwise.

the algebraic sign of amoment isderived. Positive moments ltsm Waight Arm Moment
cause an airplane to nose up, while negative moments cause (i) {in} {lb-in}
it to nose down. Waight A 100 -50 —£.000
Yizinht B 200 +25 -5,000
Weight Arm Moment Raotation 300 0
i * % Nose up Figure 2-3. When a lever isin balance, the sum of the
+ - - Nesea dawn moments is zero.
- + - MNose down
- - + Mose up

Figure 2-1. Relationships between the algebraic signs of
weights, arms, and moments.

The Law of the Lever

All weight and balance problems are based on the physical
law of thelever. Thislaw statesthat alever isbalanced when
the weight on one side of thefulcrum multiplied by itsarm
isequal to theweight on the opposite side multiplied by its
arm. In other words, thelever isbalanced when thea gebraic
sum of the moments about the fulcrum is zero. [Figure
2-2] This isthe condition in which the positive moments
(thosethat try to rotatethelever clockwise) areequal to the
negative moments (those that try to rotate it counter-
clockwise).

CG = Total mm?lent
Total weight

_ 1,179,057
T 5862

= 201.1 inches behind the datum

Figure 2-2. Thelever isbalanced when the algebraic sum of the
momentsis zero.

Moment: A force that causes or tries
to cause an object to rotate.

Fulcrum: The point about which a
lever balances.

Determining the CG

One of the easiest ways to understand weight and balance
is to consider a board with weights placed at various
locations. We can determinethe CG of the board and observe
the way the CG changes as the weights are moved.

The CG of aboard like the onein Figure 2-4 may be deter-
mined by using thesefour steps:

1. Measurethearm of each weight ininchesfrom adatum.

2. Multiply each arm by itsweight in pounds to determine
the moment in pound-inches of each weight.

3. Determine the total of all the weights and of all the
moments. Disregard theweight of theboard.

4. Dividethetotal moment by thetotal weight to determine
the CG ininches from the datum.

The Physical Law of the Lever

A lever is balanced when the algebraic sum of the moments about its
fulcrum is equal to zero.
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Figure 2-4. Determining the center of gravity from a datum
located off the board.

In Figure 2-4, the board has three weights, and the datum i
located 50inchestotheleft of the CG of weight A. Determine
the CG by making achart likethe onein Figure 2-5.

Itemn Waight Arm Moment CG
Vieight A 100 g0 5.000
Weight B 100 =lv] 2.000
Visight © 200 150 30,000
400 44,000 110

Figure 2-5. Determining the CG of a board with three weights
and the datum located off the board.

As noted in Figure 2-5, “A” weighs 100 pounds and is
50inchesfromthe datum; “B” weighs 100 poundsandis90
inches from the datum; “C” weighs 200 pounds and is
150inchesfromthedatum. Thusthetota of thethreeweightsis
400 pounds, and thetotal moment is44,0001b-in.

Determine the CG by dividing the total moment by the
total weight.

Total moment
gg= Total weight
44000
T 400

= 110 inches [rom the dalum

To provethisisthecorrect CG, movethe datumto alocation
110inchesto theright of the original datum and determine
the arm of each weight from this new datum, as in Figure
2-6. Then make a new chart similar to the one in Figure 2-
7.1f the CGiscorrect, the sum of themomentswill be zero.

Criginal =
datum daturm
- _40 —_— -
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— 20— "
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Figure 2-6. Arms from the datum assigned to the CG.

Thenew arm of weight A is110—50= 60 inches, and since
thisweight isto theleft of the datum, itsarm isnegative, or
—60inches. Thenew arm of weight B is110—-90=20inches,
and it is also to the left of the datum, so it is—20; the new
arm of weight Cis150—110=40inches. Itistotheright of
the datum and is therefore positive.

Item Weight Arm Moment
Weight A 100 -0 —G, 000
Weight B 100 —20 —2,000
Weight & 200 +40 +8, 000

0

Figure 2-7. The board balancesat a point 110 inchesto the
right of the original datum. The board is balanced when the sum
of the momentsis zero.

Thelocation of the datum used for determining the arms of
the weightsis not important; it can be anywhere. But all of
the measurements must be made from the same datum
location.



Determining the CG of an airplaneis donein the same way
as determining the CG of the board in the example on the
previouspage. [Figure 2-8] Preparetheairplanefor weighing
(asexplained in Chapter 3) and placeit on three scales. All
tareweight, theweight of any chocksor devicesusedtohold
theaircraft onthescales, issubtracted from the scalereading,
and the net weight of the wheelsis entered into achart like
the onein Figure 2-9. The arms of the weighing points are
specified inthe TCDSfor the airplanein terms of stations,
which are distances in inches from the datum.
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Figure 2-8. Determining the CG of an airplane whose datum
isahead of the airplane.

Shifting the CG

One common weight and bal ance problem involves moving
passengers from one seat to another or shifting baggage or
cargo from one compartment to another to movethe CGtoa
desired location. Thisa so can bevisualized by using aboard
with three wei ghts and then working out the problem theway
itisactually done on an airplane.

Solution by Chart

The CG of aboard can be moved by shifting the weights as
demonstrated in Figure 2-10: As the board is loaded, it
balances at a point 72 inches from the CG of weight A.
[Figure2-11]
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Figure 2-10. Moving the CG of a board by shifting the
weights. Thisisthe original configuration.

Itam Waight Arm Moment GG
Wain wheels | 3,540 24E.5 BES,070 Item Weight Arm Moment ca
Mose whasl 2522 134.5 30%, 987 Weight A 100 0 0
Total 5,652 1,178,057 201.1 Wieight B 200 80 18,000
. . . Viight G 200 100 20.000
Figure 2-9. Chart for determining the CG of an airplane =
whose datumis ahead of the airplane. 500 38.000 2

The empty weight of this aircraft is 5,862 pounds. Its
EWCG, determined by dividing the total moment by the
total weight, is located at fuselage station 201.1. Thisis
201.1 inches behind the datum.

CG= I'?tul mCll:ﬂﬂnt
lotal weight

1,179,057
= 5,862

201.1 inches behind the datum

Tareweight: The weight of any
chocks or devices used to hold the
aircraft on the scales. Tare weight is
subtracted from the scale reading, to
get the net weight of the aircraft.

Station (GAMA): A location along
the airplane fuselage usualy given
in terms of distance from the
reference datum.

Figure 2-11. Shifting the CG of a board by moving one of the
weights. Thisisthe original condition of the board.

To shift weight B so the board will balance about its center,
50inchesfromthe CG of weight A, first determinethearm
of weight B that will produce amoment that causesthetotal
moment of all threeweightsaround thisdesired balance point
to be zero. The combined moment of weights A and C around
thisnew balance point is5,0001b-in, sothemoment of weight
B will have to be —5,000 Ib-in in order for the board to
balance. [Figure 2-12]

Item Weight Arm Moment
Weight A 100 50 —5, 000
Weight B
Weight C 200 +50 +10,000

-5,000

Figure 2-12. Determining the combined moment of weights A
andC.



Determine the arm of weight B by dividing its moment,
—5,0001b-in, by itsweight of 200 pounds. Itsarmis—25inches.

Moment

A s Mome
B = Weight

_ =5,000
200

=-23

To baance the board at its center, weight B will haveto be
placed soits CG is 25 inchesto theleft of the center of the
board, asin Figure 2-13.

Datum

CG

Figure 2-13. Placement of weight B to cause the board to
balance about its center.

A Basic Weight and Balance Equation

Weight to be shifted
Total weight

MG
Distance weight ia shifted

This equation can be rearranged to find the distance a weight must
be shifted to give a desired change in the CG location:

Distance weight is shifted = 1otal weight = ACG
Weight shifted

The equation can also be rearranged to find the amount of weight to
shift to move the CG to a desired location:

Total weight < ACG
Distance weight iz shiftad
It can also be rearranged to find the amount the CG is moved when
a given amount of weight is shifted:

A00 = Vielght shifted = Distance welght Is shifted
Total weight

Wit shifped =

Finally, this equation can be rearranged to find the total weight that

would allow shifting a given amount of weight to move the CG a given

distance:

Wieight shifted x Distance weight is shifted
AR

Total waight =

?: This symbol, Delta, means a
change in something. BCG means a
change in the center of gravity
location.

Solution by Formula
This same problem can aso be solved by using this basic
equation:
Weight 1o be shified ACG
Total weight ~ Distance weight is shifted
Rearrange this formulato determine the distance weight B
must be shifted:

Tolal weight x ACG
Weight shilted

Distance weight B is shifted =

500 x-22
T200

= —53 inches

The CG of theboard in Figure 2-10 was 72 inches from the
datum. This CG can be shifted to the center of the board as
in Figure 2-13 by moving weight B. If the 200-pound weight
B ismoved 55 inchesto the left, the CG will shift from 72
inchesto 50 inches, adistance of 22 inches. The sum of the
moments about the new CG will be zero. [Figure 2-14]

Itam Yfaight Arm Moment
Waight A 100 —50 —5,000
Weight B 200 —25 —2,000
Weight © 200 +£0 +10,000

4]

Figure 2-14. Proof that the board balances at its center. The
board is balanced when the sum of the momentsiis zero.

When the distance the weight isto be shifted is known, the
amount of weight to be shifted to movethe CG to any loca-
tion can be determined by another arrangement of thebasic
eguation. Use the following arrangement of the formulato
determine the amount of weight that will have to be shifted
from station 80 to station 25, to move the CG from station
72 to station 50.

Total weight X ACG
Distonce weight is shifted

Weight shifted =

Snx 22
35

200 pounds

If the 200-pound weight B is shifted from station 80 to
station 25, the CG will move from station 72 to station 50.



A third arrangement of this basic equation may be used to
determine theamount the CG is shifted when agiven amount
of weight is moved for a specified distance (asit was done
in Figure 2-10). Use this formulato determine the amount
the CG will be shifted when 200-pound weight B is moved
from+80to +25.

_ Weight shifted x Distance it is shifted

AL Total weight

_ 200x 35
T 500

22 inches

Moving weight B from +80 to +25 will move the CG 22
inches, fromitsoriginal location at +72toitsnew location at
+50asseeninFigure2-13.

Shifting the Airplane CG

Thesame proceduresfor shifting the CG by moving weights
can be used to change the CG of an airplane by rearranging
passengers or baggage.

Consider thisairplane:

Airplane empty weight and EWCG ....... 1,340lbs@+37.0

Maximum grossweight .........ccccceeveererereneerenennes 2,3001bs
(O € 1T 01 £ +35.6t0 +43.2
Front SEaLS(2) ...ccveeereverreererereereresesereseseeesesessesenesenees +35
REAN SEALS (2) ...vvvvrvrerererirrereeeseeeesssssssssssssssssssnnas +72
FUEL oo 40 ga @ +48
Baggage (Maximum) ........cccccceeuneueueinnnnninns 60 |bs@ +92
S 433
i
Tlar e
fi1] I
Fr'i Jf / |,"
[ [
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Figure 2-15. Loading diagramfor a typical single-engine
airplane.

CG limits (GAMA): The extreme
center of gravity locations within
which the airplane must be operated
at a given weight.

The pilot has prepared a chart, Figure 2-16, with certain
permanent data filled in and blanks | eft to be filled in with
information onthis particular flight:

ltam Waight Arm | Mement CG
2,300 max +35.5 o +43.2
Airplane 1.5340 37 49580
Front Seats 35
MNear Saats T2
Fuel 43
Baggoge a2

Figure 2-16. Blankloading chart.

For this flight, the 140-pound pilot and a 115-pound
passenger areto occupy thefront seats, and a212-pound and
a97-pound passenger arein therear seats. Therewill be 50
pounds of baggage, and theflight isto have maximum range,
so maximum fuel is carried. The loading chart, Figure 2-
17, isfilled in using the information from Figure 2-15:

Hem Weoight Arm Moment e}
2,300 max +30.6 to +43.2
Airplane 1.340 37 43 580
Front Seals PL5 s 0,925
Rear Seats 309 TZ 22,245
Fuel 240 48 11.520
Baggage 30 a2 4,600
2,184 95,873 441

Figure 2-17. This completed loading chart shows the weight is
within limits, but the CG istoo far aft.



Withthisloading, thetotal weight islessthan the maximum
of 2,300 pounds and iswithin limits, but the CGis0.9inch
toofar aft.

One possible solution would beto trade places between the
212-pound rear-seat passenger and the 115-pound front-seat
passenger. Use a modification of the basic weight and
balance equation to determine the amount the CG will
change when the passengers swap seats:

Weight shifted % Distance it is shifted

A Total Weight

(212115 % (72 - 33)
- 2,194

Y7 x 37
2,154

1.6 inches

The two passengers changing seats moved the CG forward
1.6 inches, which placesit within the operating range. This
can be proven correct by making anew chart incorporating
the changes. [Figure 2-18]

Rem Weight Arm | Moment cG
2,300 max +35.6 10 +43.2
Airplans 1.340 7 48,580
[ront Seats g2 a3 12,020
Hear Seats 212 7e 15.264
Fuel 240 42 11,520
Bangage a0 a2 4,600
2,194 93.284 42,5

Figure 2-18. Thisloading chart, made after the seat changes,
shows both the weight and balance are within allowable limits.

Type Certificate Data Sheets
(TCDS): The officia specifications
issued by the FAA for an aircraft,
engine, or propeller.

Weight and Balance Documentation

FAA-Furnished Information

Before an aircraft can be properly weighed and its empty-
weight center of gravity computed, certain information must
beknown. Thisinformationisfurnished by theFAA for every
certificated aircraft in the Type Certificate Data Sheets
(TCDS) or Aircraft Specifications avalabletodl AMTsand
can be accessed viatheinternet: http://av-info.govi/tc.

When the design of an aircraft is approved by the FAA, an
Approved Type Certificateand TCDSareissued. The TCDS
includeall of the pertinent specificationsfor theaircraft, and
at each annual or 100-hour inspection, itistheresponsibility
of theinspecting AMT to ensurethat the aircraft adheresto
them. SeePages2-8through 2-10, Figure2-19, for anexample
TCDSexcerpt.

Theweight and balanceinformation onaTCDSincludesthe
followingitems.

Data Pertinent to Individual Models

This type of information is determined in the sections
pertinent to each individual model:

CG Range

Normal Category
(+82.0) to (+93.0) at 2,050 pounds
(+87.4) to (+93.0) at 2,450 pounds

Utility Category
(+82.0) to (86.5) at 1,950 pounds
Straight line variations between points given.

(Continued on Page 2-11)

About the TCDS

Aircraft certificated before January 1, 1958, were issued Aircraft
Specifications under the Civil Air Regulations (CARs), but when the
Civil Aeronautics Administration (CAA) was replaced by the FAA,
Specifications were replaced by TCDS. TCDS and Aircraft
Specifications are available from the Superintendent of Documents
in six volumes in both paper and Microfiche format. Description of the
volume contents, price, and ordering instructions are found in Advisory
Circular (AC) 00-2, Advisory Circular Checklist.

Aircraft Specifications:
Documentation containing the
pertinent specifications for aircraft
certificated under the CARs.

Approved Type Certificate:
A certificate of approval issued by
the FAA for the design of an
airplane, engine, or propeller.



DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

2A13

Revision 41

PIPER

PA-28-140 PA-28-151
PA-28-150 PA-28-181
PA-28-160 PA-28-161
PA-28-180 PA-28R-201
PA-28-235 PA-28R-201T
PA-285-160 PA-28-236
PA-285-180 PA-28RT-201
PA-28R-180 PA-28RT-201T
PA-28R-200 PA-28-201T
May 12, 1987

TYPE CERTIFICATE DATA SHEET NO. 2A13

This data sheet, which is a part of Type Certificate 2A13, prescribes conditions and limitations under which
the product for which the type certificate was issued meets the airworthiness requirements of the Civil Air
Regulations.

Type Certificate Holder

Piper Aircraft Corporation
2926 Piper Drive

Vero Beach, Florida 32960
Model PA-28-160, Cherokee, 4 PCLM (Normal Category), Approved October 31, 1960.

Engine

Fuel

Engine Limits

Propeller and

Propeller Limits

Propeller Spinner

Lycoming 0-320-B2B or 0-320-D2a with Carburetor setting 10-3678-32
91/96 minimum grade aviation gasoline.
For all operations, 2700 r.p.m. (160 h.p.)

Sensenich M74DM or 74DM6 on S/N 1 through 1760 1760A;
Sensenich M74DMS or 74D6S5 on S/N 1761 and up. Static r.p.m. at
maximum permission throttle setting: Not over 2425, not under 2325.
No additional tolerance permitted.

Diameter: Not over 74", not under 72.5".

See Note 10.

Piper P/N 14422-00 on S/N 1 through 1760A;
Piper P/IN 63760-04 or 65805 on S/N 1761 and up.
See Note 11.
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Figure 2-19. Excerptsfroma Type Certificate Data Sheet.
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2A13
Revision37

Airspeed Limits

Center of Gravity
Range

Empty Wt. C.G. Range
Maximum Weight

No. of Seats

Maximum Baggage

Fuel Capacity

Oil Capacity

Control Surface
M ovements

Nose Wheedl Travel

Manufacturer’s
Serial Nos.

—2— March 3, 1981

Never exceed 171 m.p.h. (148 knots) CAS
Maximum Structural 140 m.p.h. (121 knots) CAS

cruising 140 m.p.h. (121 knots) CAS
Maneuvering 129 m.p.h. (112 knots) CAS
Flaps extended 115 m.p.h. (100 knots) CAS

(+84.0) to (+95.9) at 1650 Ib. or less
(+85.9) to (+95.9) at 1975 Ib.

(+88.2) to (+95.9) at 2200 Ib.

Straight line variation between points given

None

2200 Ib.

4 (2 at +85.5,2 at +118.1)

125 Ibs. (+142.8) (S/N 28-1 through 28-1760A)
See NOTE 8.

200 Ibs. (+142.8) (S/N 28-1761 and up)

50 gal. (2 wing tanks) (+95)
See NOTE 1 for data on system fuel.

8 gts. (+32.5), 6 gts. useable
See NOTE 1 for data on system oil.

Wing flaps  (x2°) Up 0° Down 40°
Ailerons (x2°) Up 30° Down 15°
Rudder (x2°) Left 27° Right 27°
Stabilator (x2°) Up 18° Down 2°
Stabilator tab (x1°) Up  3° Down 12°

(+1°) Left 30° Right 30°
(Effective on S/N 1 through 3377)
Left 22° Right 22°
(Effective on S/N 3378 and up)

28-03, 28-1 and up.

II. Model PA-28-150, Cherokee, 4 PCLM (Normal Category), Approved June 2, 1961

Engine
Fuel
Engine Limits

Propeller and
Propeller Limits

Lycoming 0-320-A2B or 0-320-E2A with carburetor setting 10-3678-32
80/87 minimum grade aviation gasoline
For al operations, 2700 r.p.m. (150 h.p.)

Sensenich M74DM or 74DM6 on S/N 1 through 1760A;

Sensenich M74DMS or 74DM6S5 on S/N 1761 and up
Static r.p.m. at maximum permissible throttle setting not over 2375,
not under 2275.

No additional tolerance permitted.

Diameter: Not over 74", not under 72.5."

See NOTE 10.

Figure 2-19. Excerptsfroma Type Certificate Data Sheet (continued).




March 3, 1981

—39- 2A13
Revision38

Data Pertinent to All Models:

Datum

Leveling Means

Certification Basis

78.4" forward of wing leading edge (straight wing only). 78.4" forward of
inboard intersection of straight and tapered sections (semi-tapered wings).

Two screws left side fuselage below window.

Type Certificate No. 2A13 issued October 31, 1960. Date of Application for
Type Certificate, February 14, 1965.

Delegation Option Authorization granted per FAR 21, Subpart J. July 17, 1968.

PA-28-140 and PA-28-151: CAR 3, effective May 15, 1956, including
Amendments 3-1, 3-2, 3-4, and paragraphs 3.304 and 3.705 of Amendment 3-7.

PA-28-150, PA-28-160, PA-28-180, PA-28-235, PA-285-160, PA-285-180, PA-
28R-180, PA-28R-200; CAR 3, effective May 15, 1956, including
Amendments 3-1, 3-2 and paragraphs 3.304 and 3.705.

PA-28-161: CAR 3 effective May 15, 1956, through Amendment 3-2;
paragraph 3.387(d) of Amendment 3-4; paragraphs 3.304 and 3.705 of
Amendment 3-7; FAR 23.959 of Amendment 23-7; FAR 36 effective
December 1, 1969, through Amendment 36-4.

PA-28-181: CAR 3 effective May 15, 1956, through Amendment 3-2,
Amendment 3-4 and paragraphs 3.304 and 3.705 of Amendment 3-7.
Also, FAR 23.207, 23.221 and 23.959 of Amendment 23-7.

PA-28R-201: CAR 3 effective May 15, 1956, through Amendment 3-2; para-
graphs 3.304 and 3.705 of Amendment 3-7; paragraphs 23.221, 23.959, 23.965,
23.967(e)(2), 23.1091 and 23.1093 of FAR 23 Amendment 23-16;

FAR 36 effective December 1, 1969, through Amendment 36-4 (no

acoustical change).

PA-28R-201T: CAR 3 effective May 15, 1956, through Amendment 3-2
including paragraphs 3.304 and 3.705 of Amendment 3-7; FAR 23.221, 23.901,
23.909, 23.959, 23.965, 23.967(€)(2), 23.1041, 23.1043, 23.1047, 23.1143,
23.1305, 23.1441 and 23.1527 of Amendment 23-16; FAR 36 effective
December 1, 1969, through Amendment 36-4.

PA-28-236: CAR 3 effective May 15, 1956, through Amendment 3-2, and
paragraphs 3.304 and 3.705 of Amendment 3-7 effective May 3, 1962. FAR
23.221, 23.959, 23.1091, and 23.1093 of FAR Part 23, Amendment 23-17
effective February 1, 1977; FAR 23.1581(b)(2) of FAR 23 Amendment 23-21
effective March 1, 1978; and applicable portions of FAR 36, as amended up to
Amendment 36-9 effective April 3, 1978.

Figure 2-19. Excerptsfroma Type Certificate Data Sheet (continued).




If thisinformationisgiven, theremay beachart onthe TCDS
similar totheonein Figure2-20. Thischart hel psvisualizethe
CGrange. Draw alinehorizontdly fromtheaircraft weight and
alinevertically fromthefuse age station onwhichthe CGis
located. If theselinescrossinsdetheenclosed area, theCGis
withinthedlowablerangefor theweight.

Notethat there aretwo enclosed areas; thelarger isthe CG
range when operating the Normal category only, and the
smaller rangeisfor operationin boththeNormal andUtility
categories. When operating with theweight and CG limita-
tionsshown for the Utility category, theaircraftisapproved
for limited acrobatics such asspins, lazy eights, chandelles,
and steep turnsin which the bank angle exceeds 60°. When
operating outside of the smaller enclosure but within the
larger, theaircraft isrestricted from these maneuvers.
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Figure 2-20.CG rangechart.

If the aircraft has retractable landing gear, a note may be
added, for example:

“Moment dueto retracting of landing gear (+819 |b-in)”

Normal category: A category of
aircraft certificated under 14 CFR,
Part 23 and CAR, Part 3 that allows
the maximum weight and CG range
while restricting the maneuvers that
are permitted.

Utility category: A category of
aircraft certificated under 14 CFR,
Part 23 and CAR, Part 3 that permits
limited acrobatic maneuvers but
restricts the weight and the

CG range.

Empty Weight CG Range

When all of the seats and baggage compartments arelocated
close together, it is not possible, as long as the EWCG is
located within the EWCG range, to legally load the aircraft
sothat itsoperational CG fallsoutsidethisallowablerange.
If the seats and baggage areas extend over awide range, the
EWCG range will belisted as“None.”

MaximumWeight

The maximum alowable takeoff and landing weight and the
maximum allowable ramp weight are given. This basic
information may be altered by anote such asthefollowing:

“NOTEDS. A landing weight of 6,435 [bsmust be observed if
10 PR tires are installed on aircraft not equipped with 60-
810012-15 (L H) or 60-810012-16 (RH) shock struts.”

Number of Seats
Thenumber of seatsand their armsaregiveninsuchtermsas:

“4(2at+141,2at +173)"

Maximum Baggage (Structural Limit)
Thisisgivenas:

“500Ibsat +75 (nose compartment)
655 Ibsat +212 (aft area of cabin)”

Fuel Capacity
Thisimportant informationisgiveninsuchtermsas:

“142 ga (+138) comprising twointerconnected cellsin each
wing”

—or,

“204 gal (+139) comprising three cellsin eachwing and one
cell ineach nacelle (four cellsinterconnected) See NOTE 1
for dataon fuel system.”

“NOTE 1” will read similar to thisexample:

“NOTE 1. Current weight and balance data, including list of
equipment included in standard empty weight and loading
instructions when necessary, must be provided for each
aircraft at thetimeof original certification.

The standard empty weight and corresponding center of
gravity locations must include unusable fuel of 24 Ibs at
(+135)”



Oil Capacity (Wet Sump)

The quantity of the full oil supply and its arm are given in
suchtermsas:

“26qt (+88)”
Data Pertinent to All Models

Datum
Thelocation of the datum may bedescribed, for example, as:

“Front face of firewall”

—or,

“78.4" forward of wing leading edge (straight wing only).
78.4" forward of inboard i ntersection of straight and tapered
sections(semi-tapered wings).”

Leveling Means
A typical methodis:

“Upper door sill.”

This meansthat aspirit level isheld against the upper door
sill and the aircraft is level when the bubble is centered.
Other methods require a spirit level to be placed across
leveling screws or leveling lugs in the primary aircraft
structure or dropping a plumb line between specified
leveling points.

TCDSareissued for aircraft that have been certificated since
January 1, 1958, whenthe FAA cameinto being. For aircraft
certificated before this date, basically the same data is
includedin Aircraft, Engine, or Propeller Specificationsthat
wereissued by the Civil Aeronautics Administration.

Thebook, Aircraft Listings, VolumeV1 of theType Certificate
Data Sheets Specificationsand Listings, includesweight and
balanceinformation on aircraft of which therearefewer than
50listed asbeing certificated.

Manufacturer-Furnished Information
Whenanaircraftisinitialy certificated, itsempty weight and
EWCG are determined and recorded in the weight and
balancerecord such astheonein Figure2-21. Noticeinthis
figure that the moment is expressed as “Moment (Ib-in/
1000).” This is a moment index which means that the
moment, avery large number, has been divided by 1,000 to
make it more manageable. Chapter 4 discusses moment
indexesin more detail.

Weight and Balance Data

Aircraft Serial No. 18259080 FA.A. Registration No. N42565 Date: 4-22-95
[tem Weight {lbs) X C.G AM (in) = Moment {Ib-in)

Standard empty weight 1,876 36.1 67,7986
Uptional equipment 1.2 138 16.7
Special installation 6.2 415 2573
Paint — — —
Unusablea fual 300 46.0 1,380
Basic empty weight 1.913.4 694526

Figure 2-21. Typical weight and balance data for a 14 CFR, Part 23 airplane.



Anequipment listisfurnished with theaircraft which speci-
fiesall therequired equipment, and all equipment approved
for installation in the aircraft. The weight and arm of each
itemisincluded onthelist, and all equipment installed when
the aircraft |eft the factory is checked.

When an AMT adds or removes any item on the equipment
list, he or she must change the weight and balance record to
indicate the new empty weight and EWCG, and the
equipment list isrevised to show which equipment isactualy
installed. Figure 2-22 is an excerpt from a comprehensive

equipment list which includesall of theitems of equipment
approved for this particular model of aircraft. The POH for
each individual aircraft includes an aircraft specific equip-
ment list of theitemsfrom thismaster list. When any itemis
added to or removed from the aircraft, itsweight and arm are
determined in the equipment list and used to update the
weight and balance record.

The POH/AFM also contains CG moment envel opes and
loading graphs. Examples of the use of these handy graphs
aregivenin Chapter 4.

opfional item. Suffix letters are as follows:

—H = required iterns or agquipment for FAA cartificalion
—5 = standard equipment items

separate FAA approval.

equipment item.

the complete assembly installatian.

Comprehensive Equipment List

Tha following figura (Figure §-3) ig a comprehangive list of all Cessna equipment which is available for the Model 1325
airplane. It should not be confused with the airplane-specific equipment list. An airplane-specific list is provided with each
individual airplane at delivery, and is typically inserted at the rear of thia Pilot's Operating Handboolk. The following
comprehensive equipment list ana the airplane-specific [ist have a similar order of listing.
The comprehensive equiprent list provides the following infermaticn in column form:
In the kem No column, each item is assigned a coded number. The first two digits of the code represent the assignment of
itam within the ATA Spacification 100 braakdown {Chapter 11 for Placarda, Chaptar 21 for Air Conditioning, Chapter 77 for
Engine Indicating, etc...). These assignmenis also comespond to the Maintenance Manual chapter breakdown for the

airplane. After the firet twe digits (and hyphen), itarma receive a unigue saguence numbar {01, 02, 03, ekc. ). After the
sequence number (and hyphen), a suffix |etter is assigned to idantify equipment as a reguired tem, & standard iter or &n

—C = optional aquipmant itams replacing reguired or standard items
—A = pptional equipment items which are in addition to reguired or standard items

In the Equipment Liat Description column, each item is assigned a deseriptive name to help identify its function.
In the Ref Drawing column, a drawing number is provided which comesponds to the item.
Nate

It additional equipment is to be installed, il must be done in accordance with the relerence drawing, service bulletin of a

In the Wt Lbs ang Arm Ins columns, infermation is provided an the weight {in pounds) and amm (in inghes) of the
Notes

Unless otherwise indicated, true values (not net change values) for the weight and amm are shown_ Positive arms. are
distances aft of the airplane detum; negative arms are distances forward of the datum.

Asterisks (*) in the weight and arm colurnn indicate complete assembly installations. Some major components of the
assembly are listed gn the lines immedialely following. The sum of these major comporents does not necessarily equal

Figure 2-22. Excerpt froma typical comprehensive equipment list (continued on next page).

Equipment list: A list of items
approved by the FAA for installation
in a particular aircraft. The list
includes the name, part number,
weight, and arm of the component.
Installation of an item in the
equipment list is considered to be a
minor alteration.

Dealing with Large Moments

Moments are the product of the arm in inches and the weight in
pounds, and for large aircraft this produces very large numbers. To
reduce the likelihood of mathematical errors, the manufacturers often
divide these large numbers by a reduction factor of 100 or 1,000 to
get a moment index which is easier to handle. To change a moment
index to a moment, just multiply it by the reduction factor.



ltem : z s Ref wit Arm
No Equipment List Description Drawing (Ibs.) (ins.)
24-04-5 Basic Avienics Kit Installation 4.3 555
- Bupport 3traps Installaion Q1 10.0
- Avionics Coeling Fan Installation 186 3.0
- Avionics Ground Installations a1 41.0
- Gircuit Eresker Panal Inatallation 1.5 185
- Micrephone Installation a.:z 18.5
- b Antening Installation 05 2521
- Dmini Antanna Cabls Asssmbly Installation 0.3 2430
Chapter 25 — Equipment/Furnishinga
25-1-R Seat, Pilot, Adjustable 338 M5
25-02-5 Seat, Copilot, Adjustrnant 338 M5
25-03-5 Seat, Raar, Two Fiece Back Cushion 53.0 B20
2R-04-R Seat Belt and Shoulder Harness, Inertia Reel, Pilot and Copilot 52 0.3
25-05-5 Seat Belt and Shoulder Harnese, Inertia Reel, Rear S=at 52 B7 A
25-06-5 Sun Visors (Satof 2) 1.2 330
25-07-5 Baggage Rataining Net 0.5 108.0
25-08-5 Cargo Tie Down Rings (10Tie Downs: 0.4 105.0
25-09-5 Pilot's Cparating Checklist (Stowed in Instrument Panel 0.3 150
Map Gase)
25-10-R Pilot's Cparating Handbook and FAA Approved Airplans 1.2 B1.5
Flight Manual {Stowed in Pilot's Seat Back!
25-11-5 Fusl Zampling Cup 1 143
25-12-5 Tow Bar, Nose Gear (Stowed) 1.7 1058.0
25-13-5 Emergency Locater Transmitter Installation 2" 134 .87
- ELT Transmitter 1.7 1350
- Antznna and Cable Assembly 0.4 133.0
- Hardware 0.1 1380
Chapter 26 — Fire Pratection
26-01-5 Fira Extinguisher Inztallation 5.3° 2807
- Fire Extinguisher 4.8 220
- Mounting Glamp & Hardware 0.s 2.0
Chapter 27 — Flight Contiols
27-01-5 Dual Contrels Installation, Right Saat 6.3" 12.9°
- Gonlrel Wheeal, Copilot 2.0 28.0
- Rudder and Brake Pedal Installation Copilat 4.3 6.8

Figure 2-22. Excerpt fromatypical comprehensive equipment list (continued).




