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Sf,CTION 5

WEIGHT AND BALANCE

6.T GENERAL

ln order to achieve the performance and nying c haracre risrics whic h are
designed into the airplane, it must be flown with rhe w€ight and cent€r of
gravity (C.G.) position wnhin th€ approved operating range (envelope).
Although the airplane offers flexibility of loading, ir cannot be flown with
the maximum number oI adult passengers, full fuel tanks ard maximum
baggage. With the fl€xibilily com€s responsibility. The pilor musr ensure
that th€ airplane is load€d within the loading envelop€ before h€ makes a
takeofl

Misloading carries consequences for äny aircrafr. An overloaded
airplane will not lake ofl climb or cruise as well as a prop€rly loaded one.
The heavier the airplane is loaded. tbe less climb performance ir will have.

Center ofgravity is a determining factor in flight chara€rerisrics. If ihe
C.C. is too far forward in any airplane, it may be difficulr ro rotate for
takeoff or landing. If the C.G. is too far afl, lhe airplane may rolare
premarurely on takeoff or tend to pitch up during clinb. Longitudinal
stability wilt b€ reduced. This can lead to inadv€rtent sralls and even spins;
and spinrecov€ry becomes more difficult as the center ofgravity moves aft of
th€ approved limil.

A propefly loaded airylane, however, will perform as intended. Before
th€ airplane is licensed, a basic empty w€ighl and C.c. location is compured
(basic empty weight consisls of the standard empty weighr of the airplane
plus the optional equipment). Using the basic empty weighr and C.c.
location, rhe pilot can easily determine the w€ight and C.c. position for rhe
loaded airplane by computing rhe rotal weight and momenr and then
determining whether they are within thc approved envelope.
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The basic empty weight and C.c. location are recorded in rhe Weishl
and Balance Data lorm (Figure ö-5r dnd rhe weight and Balance Rec;rd
(Figur€ 6-7). Th€ current values should always b€ used. Whenever new
equipmenr is added or any nodificarion work is done, the mechanic
responsible for the work is required to compute a new basic empty weigh!
and C.G. position and to write these in rhe Aircraft Log Book and the
Weight and Balance Record. The own€r should make sure that it is done.

A weight and balance calculation is n€cessary ind€termining howmuch
fuel or baggage can be boarded so as to keep wirhin allowable limirs. Check
calculalions prior 10 adding fuel to insure against improper Ioading.

The following pages are forms used in weighing an airplane in
production and in computing basic empry weighr, C.c. posilion, and useful
load. Note that the useful load includes usable fuel, baggage, cargo and
passengers. Following this is the method for compuring takeoflweight and
c.c.

6,3 AIRPLANf, WEIGHING PROCf,DURE

A! the tim€ of licensing, Pip€r Aircraft Corporarion provides each
airplane with the basic cmpty weighr and cenrer of grävily locarion. This
data i! supplied by Figure 6-5.

The removal or addition of equipment or airplane modilLcations can
affect the bas;c €mply weight and cenler of graviiy. The following is a
weighing procedure to determine this basic empty weight and cenrer of
gavity locarlon:

(a) Preparation

( l) Be certa in r hat all items checked in rhe airptane equipme nr
list are installed in the proper location in rhe äirplane

(2) Remove excessive dirr, grease, moist ure, foreign ilems s uc h
as rags and tools lrom the airplane before weighing.

(3) Defuel airplane. Then open all luel drains unril al remain-
ing fu€l is drained. Operat€ engine on each tank untit alt
undrainable Iuel is used and engine slops. Then add rhe
unusable fu€l  (2.0 gal lons rotal .  1.0 gal lons each wing).
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CAUTION

Whenever the fucl system is completclydrained
and fuel is rcplcnished it will be necessary to
run thc enginc for a minimum of 3 minutcs at
1000 RPM on each lank ro ensure no air exists
in the fuel supply lines.

(4) Fill with oil to full capacity.

(5) Plac. pilot and copilot sears in fourth (4th) norch, aft of
forward position. Put flaps in the fully rctracted position
and all control surfaces in the neutral position. Tow bar
should bc in thc prop€r location and all cntrancc and
baggagc doors closed.

(6) Weigh the airplane insid€ a closed building to prevenr
errors in scälc readings due to wind.

(b) trveling

(l) Wiih airplane on scales, block main gear olco pistons in
the fully extended posirion.

(2) l-evel airplane (refer to Figure 6-3) deflating tlose wheel
tire, to center bubble on lev€I.

(c) Weighing - Airplan€ Basic Empty Weight

(l) With the airplanc level and brakes released, record thc
weight shown on each scal€. D€duct the tare, ifany, from
each reading.

REPORT: VFll20
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Scale Position and Symbol
Scale

Reading
Net

Tare Wcight

Nosc Wheel (N)

Right Main Whccl (R)

l,eft Main Wheel (L)

Bssic Empty Weight, as Weighed (T)

WEIGHINC FORM
Figure Gl

(d) Basic Enpty Weighr Cenrer of cravity

(l) The following geomerry applies to the pA-28-l8l airplane
when it is level. Refer to L€veling paragraph 6.1 (b).

t l

*^-l
The datum is ?8.4 inches ahead of rl
wing leading edge at the intersection
of the stdiSht and tapeled section.

B

=  3 l . 0

= 109.1

LEVELING DIAGRAM
Figure 6-3
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(2)  lhc basic  empiy
inc luding opr ional
can be detern l ined

C C  A r m : N ( A )

$eighr cenler of gravirr  (as $ciShed
equipmenr. lu l l  o i l  and unusable fuel)
br rhc fol lowing formuhl

+ (R + L) (B) inchcs
T

w h e r e  T : N + R + L

6.5 Wtr IGHT AND BALANCE DATA AND RICORD

The Basic En1pr)  Weight .  Ccnrcr  ofCravi ty  Locatrcn and Usefu lLord
l isred in  F igure 6-5 are lor  rhe ä i rp lane as l icensed a l  thc lac ior ! .  Thesc
l i g L r . .  d p n l )  o n l t  r o  r h e . o e c | | r J  J I t  , r c  . e r , a l  r u m o .  . r r J  r . g : ' r r " . r o r

The basic  cmprr 'se ighr  oI  the a i rp lanc as hcenscd at  the iäc lor ,  ha\
been enlefed 1n the weighr  and Balance Rcco.d (F igu.e 6- l ) .  This  form is
p.o! rded lo present  the currenl  s ta lus o l  thc a i fp lane bäsic  empl f  weight  and
a complere hrsror !  o1 pre! ious nrodr f icat ion!  Anf .hanee to rhc
permanent l t  Innal led equipmenl  or  modi lc i l ion {h ich a i l lc ts  $eighl  or
momenl  must  be eDtcred in  rhc WeiSht  and Balance Rccofd

ISSUED: JULY 2, 1979
REVISEDT JUNE 29, 198' l
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6.7 WEIGIIT A\D BALANCE DETERMI \-ATIO\ FOR t 'LlcHT

(.r)  Add thc seight ol  al l  i tcms to be loadcd lo rhe basrc empr\ w€ighl.
1b) trse rhe Loading Graph (Figure 6- l l )  ro . letefmine !hc momen! ol

. 1  r r ( d  . n  r h .  -  t t  ! l
(c)  ^dd r ie  momenr o l  a l l  i tens to be loadcd to rhe ba\ ic  cmpr) .$erght

td)  Di \ idc rhc rota l  momenl  b\  thc tota l  weighr  lo  dcrcrmire Lhc C.C

(. )  ßv us ing the l rgures o l  r rem (a)  !Dd i t .m (d)(abo\e) .  locale a poinr
on the C.C.  range and xerght  graph ( l - igufe 6-  l5) .  I1  the poinr  l : l ls
r ( lh in thc C.C.  cn\  c lopc.  rhr  loading meers the wci8ht  and balanc.
fe! {u i f ' :mcnrs.

\ \e 'ght  Datum Moment
( l  bs)  ( lnchc\)  ( ln- t_bs)

Ba\ lc  Empr\  Weight 1 5 9 0  0 r -  5  l ] r ]  | ]5
Pi lor  änd F.onl  I 'assenScl 140.0 8 0 5 lt  l . r0

P J \ \ ,  n ! i ß  l R ( . r r  S c . , t \ l l l:10.1) t 0 t 5 ll | | I

f :u . l  ( .18 Cal lon l t l rx in lunr) : E t . 0 9 i . 0 I r'l6l)

Baggage (100 l .bs \ {a{ imum)+ r l t  s
Ramp $ ci !ht  {255t i  I  bs \ornr,r l .

:  I l8 L-br.  l l r i l i l !  Ma{Lmum) l )  5 t 9 1 5 2-1.1009

For l lngrn.  Sta. t .  l_rx i  and Run l .p ,ti 9 5 0 t6t)

IakeolJ \ \ 'e ight (2550 t-bs. \ormal.
:  l l 0  L b s .  L r i l i t !  N { a x i m u n r l

- l  
he ccnler  o1 gra\r !  {C.G.)  of  r  h i r  samDle loadiDg pfoblenr  i \  r r  9 l .5  i rch. \

x l t  o l  r h e  d x t u n r  l i n e .  L o c r t  r h i s  p o i n t  ( 9 1 5 )  o n  r h c  C ( i  . a n g c  r n d
\r . i !hr  grath Sincc th i i  po int  ia lLs q i rh i  the seighr  C.(1.  enre lope.  rh i r
loadLng meel !  Ih .  s , ]ghl  and br lance requi rem.nt \ .

I  I  IS I  H I - ]  RFSPO\SIBI I  I  I  \  LJ i .  I  HE PILOT \ \D AIRCRAFI O\ \  \ER
l O  t r \ S l l R E  I H A  I  I H F  A I I t P L A N E  I S  I O { l ) E D  P R O P I I R L \ .

* t r t i l i t \  Cdtcgor \  Operatron No baggage or  rear  pus\ .ngers r l los id

SANIPLT LOADI\C PROBLIN{ ( \ORN{T\ I ,  CATEGOR\ )
l i r L r . . 6 - 9

:550  n 9 t 5 t l t : 1 9

I S S L f D :  J U L Y  2 ,  1 9 7 9
REYISEDT JULY 20! l98l
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SECTION 6 PITER AIRCRAFT CORPORATION
WEIGHT AND BALANCE PA.28-181. ARCHER II

Bdsic Empty weighr

Pilot and Front Passenger

Passengers (Rear Seäß)*

Fuel (48 Cällon Maximum)

Baggage (200 Lbs. Maximurn)*

Wcigbt Datum Momcnl
0-bt (Inches) (In-Lbs)

ISSUED: JULY 2, 1979
REVISED: FEBRUARY 2, 1990

Touls musr be within approved weight and C.c. limits. i1 is rhe responsi
bilily of the airplane owner and üc pilot to insure that the airplane is loaded
properly. The Basic Empry Weighr C.G. is noted on the Wcight änd Balance
Datä Forrn (Figure 6-5). If the airplane has been älrered, refer to üe Weight
andBalance Re.ord for this informalion.

*Ulilily Catcgory Opcrätion - No baggage or rcar passengers allowed.

Ramp weighr (2558 Lbs. Normal,
2138 Lbs. Ulility Maximum)

Fuel Allowancc
ForEngine SDn, Taxi and Run Up

Takmff Weight (2550 Lbs- Normal,
2130 Lbs. Uliliry llIaximurn)

REPORTT VI}-U20
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WEIGH'I' AND ßALANCE LOADING FORM
Figure 6, t I
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2;50 LrS, rrar(, Ghoss wf,. r .  o^  91  02  93
Noi ^Lc^EGoiY a.-/--+-

5
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]
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a2 a3 Ba a6 aa 37 aa a9 90 9t 92 93
c.G. LOCAllOfl ITNCHES Afr OAtUMI

C.G. RANGE AND WEIGHT
Figurc 6- 15
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SECTION 6
WEIGHT AND BALANCE

6.9 INSTRUCTIONS FOR USING THE WEIGHT AND BALANCE
PLOTTER

This plouer is provided 1o enable ü€ pilot quickly and conveniendy to:
(a) Determinc thc total weighr and C.C. posirion.
(b) Decide how !o change his lmd if his first loading is not within rhe

allowable ervelope.
Hcat can warp or ruin rhe plorter if it is lefr in the sunlight. Repläce-

menl plotteß may b€ purchased from Piper dcalers and distribulors.

The "Basic Empty Weight and Cenlcr of Gravity" locarion is taken from
the Weight and Balance Form (Figure 6-5), thc Weight and Bataoce Record
(Figure 6-7) or üe latest FAA major repair or allcrärion form.

The plotter enables rhe user to add weights and corrcsp,onding momentl
graphically. The effect of adding or disposing of useful load can easily b€
sccn. The ploller does nor cover the siruarion where cargo is loaded in
locations othcr lhan on the seats or in lhc baggage compartmenF.

Brief instructions a.re given on thc plotrer ilself. To usc ii, first plot a
poin! on the grid to locatc the basic weight and C.G. Iocarion. This can bc
put on morc or less p€rmanenlly be.ause ir will nor change until airplane
is modified. Nert, posiliofl rhe zero wcighr end ofany one ofrhe loading stols
ovcr üis point. Using a pcncil, draw a line along üe slot ro lhe weight which
will be carried in that locarion. Then posirion the zcro wcigh! end of thc ncil
slot ovcr the end of üüs linc and draw anorher linc rcprcscnring rhe weight
which will bc locabd in this seaond posilion. When all the loads havc been
drawn in üis manner, tlc findl end of the segmentcd line locatcs the tolal
load and the C.C. posilion of rhe airplanc for rakeoff. If this poinr is not
within the allowable envelopc it will b€ nccessäry to remove fuel, baggage, or
passcngqs and /or to rcarrange baggagc and passengers 1o gc! the final poinl
ro fdll within the envelopo

Fucl bum-off does not significanlly allect üe ccnlcr of gravily.

ISSUED: I{AY 29, 1980
REYISED: JULY 21, 1982
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SECfiON 6 PIPER AIRCRAfT CORPORATION
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SAMPLE PROBLEM

A sanple problem will demonstralc thc use of the weight and bälance
plo!1er

Assume a basic weighr änd C.G. location of 1300 pounds al85.00 inches
respectively. We wish to carry a pilot and 3 passengers. Two mcn wcighing
180 and 200 pounds will occupy the fronr sea1s, and lwo children weighing
80 and 100 pounds will ridc in the rcär. Two suitcases weighing 25 pounds
and 20 pounds respeclively, will be canicd in the reäJ comparfinent- We
wish !o carry:18 gällons of fuel. Wi[ we be wirhin üe safc cnvelope?

r (ä) Place a dot on the plotrcr grid ar 1300 pounds and 85.00 inches to

I represent the basic airpiane. (See illustrarion Figure 6-17.)
(b) Slidc üe slotted plastic into posidon so that üe dot is under rhe slor

for Lhe forwärd seäts, at zero weigh!.
(c) Draw a line up lhe slot to the 380 pound posirion (180 + 2m) aid pu!

a do!.
(d) Conl inuc moving the plast ic and plol l ing poinrs to account for

weight in lhc rcar seaß (80 + i00), baggage comparrmenr (15), and
fuel lanks (288).

(e) As can bc scen from rhe illustrarion, lhc l-rnal dor shows the roral
weighr 1o be 2193 pounds wirh rhe C.c. a! 89.4,1. This is weil wirhin
oe envclope.

As fuel is bumed off,lhe weigh! and C.c. will follow down the fuel line
and stay wilhin the covclope for landing.

REPORT: VB-1120
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SAMPLE PROBLEM
Figule 6-17

ISSUED: MAY 29, 1980
REVISED: FEBRUARY 2, 1990
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