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CHIi 47D WEIGHT AND BALANCE

STUDENT HANDOUT

TERMINAL LEARNING OBJECTIVE (TLO):

Action: Compute Weight and Balance information.

Conditions: In a classroom, given a Department of Defense (DD) Form 3651 4, basic aircraft weight,
pertinent mission information, and a student handout.

Standards: Correctly answer in writing, without reference, five of six questions pertaining to CHi 47D
Weight and Balance computations, Limitations, and related load configuration limits, In Accordance With
(IAW) Technical Manual (TM) 11 15201 2401 10 and the student handout.

Safety Requirements: None.

Risk Assessment Level: Low.

Environmental Considerations: None.

Evaluation: Each student will be evaluated on this block of instruction during the third written

examination. This will be a criterion type examination requiring a GO on each scored unit. You will have
90 minutes for the exam.

1. Learning Step/Activity 17 Review AR 95-1, TM 55-1500-342-23 and CH47D Operators Manual
Requirements.




a. Army Regulation (AR) 951 1 requirements.
(1) Provides a weight and balance control system for operation of all Army aircraft.
(2) Classes of Aircraft

(a) Class 1 aircraft are those whose weight or center-of-gravity limits can sometimes be
exceeded by loading arrangements normally used in tactical operations. Therefore,
limited loading control is needed.

(b) Class 2 aircraft are those whose weight or center-of-gravity limits can readily be
exceeded by loading arrangements normally used in tactical operations or those aircraft
designed primarily for transporting troops and other passengers. Therefore, a high
degree of loading control is needed. Also, all aircraft whose weight and balance class is
not stated in the operatordés manual will be con

NOTE: The CH147D is classified as class 1 type aircraft.

(3) Aircraft weighing will be done when:
(&) Overhaul or major airframe repairs are accomplished
(b) Modi fications of 1% or greater of aircraftédés ba

(c) Any modifications or component replacements (including painting) have been made for
which the weight and center of gravity cannot be accurately computed.

(d) Weight and Center of Gravity (C.G.) data records are suspected to be in error.

(e) A Class 1 aircraft must be weighed every 36 months. The last day of the month is the
final day for weighing. (Example, if an aircraft was last weighed on 5th Jan 90; it must be
weighed by 31st Jan 93).

NOTE: If these weighing requirements are not met, the aircraft status will change to red 0Xf until they
are met.

b. List of duties and responsibilities.
(1) Units and their personnel:

(a) U.S Army Material Command (AMCOM) supervises the direction of overall command
activities involving aviation weight and balance.

(b) Training and Doctrine (TRADOC) will monitor the overall training of aviation weight and
balance.

1. Train operation unit W&B Technicians.
2. Train Army aviators and Flight Engineers in computing W&B.
3. Train personnel to provide W&B services at support facilities.

(c) AMCOM is the technical proponent for all U.S Army aviation weight and balance.

(d) Commanders of aviation units will ensure effective application of these policies and
procedures met.



(€)

1. Ensure effective application of and develop command directives to implement these
policies and procedures.

2. Appoint in writing W&B technicians.
Pilot-In-Command (PC) responsibilities (AR 95-1, chapter 5.):
1. The accuracy of computations on DD Form 365-4

2. Ensure a completed DD Form 365-4 is aboard the aircraft to verify that the weight
and center of gravity will remain within allowable limits for the entire flight

(2) Weight and Balance Technicians.

(@)

(b)
(©)
(d)

Must complete the 15 series Career Management Field (CMF), Basic Non-Commissioned
Officer Course (BNCOC), or a course approved by TRADOC.

Assure that each aircraft is weighed IAW AR 95T 1.
Provide training and assistance in the use of weight and balance data.

Prepare and maintain up-to-date and accurate individual aircraft weight and balance files
for all aircraft under their jurisdiction.

(3) Aircraft Weight and Balance File.

(@)

(b)

This file will contain ALL of Noimaly etanedinaft 6s we
the Quality Control Office when an aircraft is operated in close proximity to its home

station. When operated away from home station may be placed onboard the aircraft for

transient purposes only. It may be removed from Q.C. provided the following conditions

are met:

1. The file must be readily available for update.

2. Duplicate copies of all DD Forms 3651 4 are carried aboard the aircraft.

3. Duplicate DD Forms 36571 4 carried aboard the aircraft are updated and remain valid.

The file will contain the following forms and charts, which will be completed IAW TM

551 15001 3421 23:

1. DD Form 365 (Record of Weight and Balance Personnel).

2. DD Form 3651 1 (Chart AT Basic Weight Checklist Record).

3. DD Form 3651 2 (Form B 1 Aircraft Weighing Record).

4. DD Form 3651 3 (Chart C 1 Basic Weight and Balance Record).

5. DD Form 36571 4. ( Wei gnhcte aFnodr nB aH ain cTer aOnl sepaorrat / T a

a Sufficient completed DD Forms 36574 enabl e

aircraft loading for any normal anticipated missions and verify that the weight and
center of gravity will remain within allowable limits for the entire flight.

t



b. Al I DD Forms 3651714 (including duplicates)

every 90 days.

6. Chart E (Loading Data and Special Weighing Instructions).

DD Form 3651 4

WEIGHT AND BALANCE CLEARANCE FORM F - TRANSPORT FOR USE WITH T.0. 1-1840, NAVAIR | Form Approved

({Use reverse for tactical missions) 01.18.40, AND TM.55.1500.342.23 | OME No. 0704.0188

The public reperting burdsn for this cdllection of information i sstimatsd to average 10 minutss per responss, neluding the time for reviewing instructions, ssarching sxisting data
zoures, gathering and maintaining the data needad. and compisting and reviewing the collsction of informaton,  Send comments. rjarding thiz burden sstimate or sy other
aspect of this collection of information, including suggestion= ucing, the burden, to Department of Deferss, Wazhingten Headquarters Services. Dirsctorats for Information
Operations and Peports (0704.0180), 1218 Jefferson Davis Highway, Stits 1204, Ardngton, VA 22202.4302. Respordents shoul b= aware that notwithstanding anmy other
prizion of lawr 1o perzan shall be subiec to any penalcy for faling t comply with @ callection f information f it does nat deplay a cumently valid OMB coatrel number.

LEASE DO NOT RETURN ¥OUR FORM TO THE AEOVE ADDRESS.

DATE (¥ ¥ YMMOD) | AIRCRAFT TYPE FROM HOME STATION
MISSION | SERIAL NO. T0 PILCT
REMARKS REF ITEM WEGHT ﬂnf_ﬂ‘ o
1 | BASIC AIRCRAFT (From Chart C)
2
3| cREwW Moy
4 | cREw's BAGGAGE
5 | sTEwaARD'S EQUIPMENT
8 | EMERGENCY EQUIPMENT
7 | ExTRA EQUIPMENT
2
9 | OPERATING WEIGHT
10 | TAKEOFF FUEL ¢ Gal)
11 | WATER INJ.
LOAD ADJUSTER NUMRER 12 | TOTAL AIRCRAFT WEIGHT
CORRECTIONMOST FWDIMOST AFT 13 DISTRIBUTION OF ALLOWABLE LOAD (BAVLOAD) 14 ZERO FUEL WT
COMPT CHANGES (+ or o PASSENGERS COMPT COMPT %%ExFHERLM“'T
oR ITEM o oR CARGD CARGD oR =
AR WEIGHT [paon WO, WEGHT AR AR ZERD FUEL %o M.ALC.
TTAL WETGHT
REMOVED
TOTAL WETGHT,
ADDED,
MET DIFFERENGE
LIMITATIONS 15
CONDITION TAKEOFF | LANDING 7 FLUEL
ALLOWABLE GROSS WEIGHT 16 | TAKEOFF CONDITION (Uncorrected)
TOTAL AIRCRAFT WT. (Ref. 12 17 | TAKEOFF ©.G. IN %6 MA.C. ORIN
(Ref. §) + (Ref. 23) 18 | CORRECTIONS i required) | | | | | | | | | | |
OPERATING WT. Ref. 8 15 | TAKEOFF CONDITION (Corrected) | | | | | | | | | | |
T ] A ) — - ~
fuse smallest figure) 20 | TAKEOFF C.G. IN % MA.C. OR IN
1 Zero Fued or Limiting Wing Fuel 21 | ZERD FUEL WT (Ref i4)
[ PERATESIOE C.6. [ FORWARD AT
TAKEOFF 22 | LESS AIR DROP LOAD
TG | FORWARD AT
LANDING
T | FORWARD AT
ZERO FUEL W
COMPLUTED BY
SIGNATURE -
WEIGHT AND BALANGE 22 | ESTIMATED LANDING FUEL
| AUTHORITY SIGNATURE 24 | ESTIMATED LANDING CONDITION
PILOT SIGNATURE
25 | ESTIMATED LANDING C.G. IN % MA.C. OR IN
DD FORM 365-4, AUG 96 (EG) PREVIOUS EDITION MAY BE USED.
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c. Aircraft Weight and Balance Manual (TM 551 15001 3421 23) covers the basic principles of weight
and balance, and the instructions to prepare a DD Form 3651 4. Some of the more pertinent
weight definitions are as follows:

(1) Basic Weight.

(a) Basic weight of an aircraft is that weight which includes all filled hydraulic and oil
systems, trapped and unusable fuel, and fixed equipment (from 3651 3 Chart C) to which
it is only necessary to add the crew, fuel, cargo, and ammunition (if carried) to determine
the gross weight for the aircraft.

(b) The basic weight varies with structural modifications and changes of fixed aircraft
equipment.

(2) Operating weight.

(@ Operating weight includes the basic weight plus
emergency and other equipment that may be required.

(b) Operating weight does not include the weight of fuel, ammunition, bombs, cargo, or
external auxiliary fuel tanks if such tanks are to be disposed of during flight.

(3) Total aircraft weight.
Total aircraft weight is operating weight plus takeoff fuel and its contents.
(4) Takeoff condition (Gross weight).

Takeoff gross weight includes the operating weight plus fuel, cargo, ammunition, bombs,
auxiliary fuel tanks, etc.

(5) Zero fuel weight.

This is the operating weight plus the distribution of allowable load or takeoff condition minus
( 7takeoff fuel.

(6) Landing condition (Gross weight).

Landing condition is the takeoff gross weight minus items expended during flight (Fuel, cargo,
and/or passenger (PAX) etc.).

(7) Reference datum.
(a) Reference datum is an imaginary plane perpendicular to the longitudinal axis of the
aircraft and is usually located at or near the nose of the aircraft to eliminate arms with a
minus value.

(b) If a negative arm is encountered, the corresponding moment will also be negative.

(c) The Reference Datum for the CH-47D is located 21.5 inches forward of the nose, which
places it just forward of the end of the Pitot Tubes.

(8) Arm.

(&) Arm is the distance from the reference datum to the C.G of an item placed in the aircraft.
This may also be called a:



1. Station (Sta.).
2. Fuselage Station (FS).
(b) The number designation of this station signifies its distance from the reference datum.
1. A station forward of the .reference datum i s
2. A station aft of the reference datum is positive (+).
(9) Moment.
(&) Moment is the product of force or weight times a distance (Arm) (W x A = Moment).

(b) The distance used in calculating a moment or moment index is referred to as the arm or
moment arm.

(c) Simplified moment is one which has been reduced in magnitude through division by a
constant.

(d The CHT1 4 7azonstantos1,000.

(e) For example, a moment of 3,200,893 will be simplified by dividing the total moment by
1000 and rounded off to the nearest whole number giving you a simplified moment of
3201.

(f) The advantage of simplification will be seen in application when a column of moments is
added.

(10) C.G.
(a) C.G is the point at which, if lifted, the aircraft would be balanced.

(b) It can be found by dividing the total moment by the total gross weight, or by the C.G chart
intheoperat or 6 s manual

Total Moment
C.G= e
Total Weight

(c) The C.G (henceforth, reference to C.G will mean the longitudinal center of gravity) is not
necessarily a fixed point; its location depends on the distribution of items loaded in the
aircraft, and as variable load items are shifted or expended, there is a resultant shift in
C.G location.

(d) It should be realized that if mass center of an aircraft is displaced too far forward on the
longitudinal axis, a nose heavy condition will result.

(e) Conversely, if the mass center is displaced too far aft on the longitudinal axis, a tail heavy
condition will result. It is possible that an unfavorable location of the C.G could produce
such an unstable condition that the pilot could lose control of the aircraft.

NOTE: If you are using the T 10 charts to determine C.G, they may not be accurate enough to use near
the forward or aft limits. In this instance, use the mathematical formula.

(11) Weight versus aircraft performance.



(a) An aircraft is designed for specific weight limitations which cannot be exceeded without
compromising safety.

(b) Overloading an aircraft may cause structural failure.

(c) An increase in gross weight will have the following effects on aircraft performance such

as:

1

(SR N S S i S

|©

10.

1l

Reduced maneuverability.

Stability.

Reduced hover performance.

Increased takeoff distance.

Increased landing distance.

Reduced rate of climb.

Reduced ceiling.

Reduced cruising speed.

Reduced range.

Excessive stress on the structure and components.

Possible loss of aircraft control!

(12) The effects of increased gross weights, is that the forward C.G limit will move aft and the aft
C.G limit will move forward.

(a) The C.G will move aft as fuel is expended, because the aircraft is naturally Aft heavy,
with the aft pylon, aft vertical shaft and the aft rotor system.

(b) ApproximateC.G6s f or t he ai.Gmaoviagfas wetaddahe crevramdviuel C

1.
2.

3.

Basic weight of the aircraft, the C.G is 341.
Operating weight of the aircraft with a crew of four (4), the C.G is 338.

Total aircraft weight including a full fuel load, the C.G is 332.

d Operatorés Manual

(1) Chapter 5 contains some weight limits for the CH-47D aircraft.

(8) Maximum allowable gross weight is 50,000 Ibs.

(b) Water operations:

1.

2.

Normal operations 1 36,000 Ibs.

Emergency rescue missions i 46,000 Ibs.



(2) Chapter 6 contains the charts for computing moments, C.G, and C.G limits.

(3) Chapter 8 mentions a restriction for combination internal and external loads on the same
flight. When the external load exceeds 12,000 pounds, position the internal load forward of
the utility hatch (Sta.320). This will preclude encountering an excessively aft C.G.

NOTE: Electronic computer data sheets may be used instead of any of the DD Form 365 series when
information is identical to that required on the DD 365-series. Any computer data sheets which meet this
requirement may be used. The Army standard automated system (Automated Weight and Balance
System (AWBS)) fulfills these requirements.

NOTE: The following pages contain two weight and balance problems. The instructor will cover each
problem during the scheduled block of instruction.

10



WEIGHT AND BALANCE CLEARANCE FORM F - TRANSPORT

(Use reverse for tactical missions)

FOR USE WITH T.0. 1-1B-40, NAVAIR
01-1B-40, AND TM-55-1500-342-23

Form Approved
OMB No. 0704-0188

BOVE ADDRESS.

Send comments regardin

The public reporting burden for this collection of information is estimated to average 10 minutes per response, including the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.
aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters
Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other
Browsion of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number,

LEASE DO NOT RETURN YOUR FORM TO THE

this burden estimate or any other
ervices, Directorate for Information

DATE (YYYYMMDD) AIRCRAFT TYPE CH-47D) FROM HOME STATION Ft. Rucker. Al
MISSION SERIAL NO. 83-24125 TO PILOT
REMARKS REF ITEM WEIGHT Mory % 1000
FE Seat 24 1 | BASIC AIRCRAFT (From Chart C)
CE Seat 25 2
3 | CREW (No.) 5
EXTRA EQUIPMENT 200 LBS STA 130 4 | CREW'S BAGGAGE
5 | STEWARD'S EQUIPMENT
FUEL 6 | EMERGENCY EQUIPMENT
.
FWD jJ‘UX 1600 LB% 7 | EXTRA EQUIPMENT
MAIN 3600 LBS s
AFTAUX 1600 LBS 9 | OPERATING WEIGHT
- . . , 10 | TAKEOFF FUEL ( 1028  Gal)
EXTERNAL CARGO 18,000 LBS
11 | WATER INJ.
LOAD ADJUSTER NUMBER 12 | TOTAL AIRCRAFT WEIGHT
CORRECTION/MOST FWD/MOST AFT 13 DISTRIBUTION OF ALLOWABLE LOAD (PAYLOAD) 14 ZERO FUEL WT
[cOMPT CHANGES (+ or -) PASSENGERS  |COMPT compTl 2ERE O oM
OR ITEM NDEX O OR CARGO CARGO OR
ARM WEIGHT |mont “tooo | wo. WEIGHT ARM ARM ZERO FUEL % M.A.C.
1 200 151
400 171
CARGO 18.000
TOTAL WEIGHT
REMOVED
EIGHT
ADDED
NET DIFFERENCE
LIMITATIONS 15
CONDITION TAKEOFF | LANDING 7 FUEL
ALLOWABLE GROSS WEIGHT 16 | TAKEOFF CONDITION (Uncorrected)
TOTAL AIRCRAFT WT. (Ref. 12) 17 | TAKEOFF C.G. IN % M.A.C. ORIN
(Ref. 9) + (Ref. 23) 18 CORRECTIONS (/f required)
OPERATING WT. (Ref. 9) 19 | TAKEOFF CONDITION (Corrected)
[ ALLOWAELE LOAD (Ref. 73]
(use smalest figure) 20 | TAKEOFF C.G. IN % M.A.C. ORIN
1 Zero Fuel or Limiting Wing Fuel 21 ZERO FUEL WT (Ref. 14)
RO oG- | FORWARD AFT 22 | LESS AIR DROP LOAD
PERMISSIBLE C.G. | FORWARD AFT
LANDING
PERMISSIBLE C.G. | FORWARD AFT
ZERO FUEL WT.
COMPUTED BY
SIGNATURE
WEIGHT AND BALANCE 23 | ESTIMATED LANDING FUEL
| AUTHORITY SIGNATURE 24 | ESTIMATED LANDING CONDITION
PILOT SIGNATURE
25 | ESTIMATED LANDING C.G. IN % M.A.C. OR IN

DD FORM 365-4, AUG 96 (EG)

PREVIOUS EDITION MAY BE USED.
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CREW

Weig ht Station

Moment

Pilot

Co-Pilot

Troop Cmdr

Flight Engineer

Crew Chief

TOTALS

FUEL

Weig ht Station

Moment

Fwd Aux Tanks

Main Tanks

AFT Aux Tanks

TOTALS

CARGO ADJUSTMENT

Desired CG

A/C Weight (Takeoff Condition)

Desired Moment
Current Moment * 1000

Moment Change (Make Positive)
Weight of Cargo to be Moved

Movement in Inches

Multiply

Subtract

Divide

13
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2. Learning St ep/ APBractioaliEkeycis@ (PE)isTohdlassroom purposes only.
Complete Weight and Balance computations and enter all information onto DD Form 3657 4.

NOTE: The instructor will have the student& complete situation 1 in the student handout. Use all
applicable chart(s) for all solution as follows:

a. Given information instructions for completing the DD Form 3651 4. All reference block will be
referred to as REF and the number of that block, i.e.: REF 25.

(1) Identifying information at the top of the weight and balanc e ¢ | e ar a n cTRANSROR™
side of the form.

(a) Date. Enter the DATE for that mission day in the space provided with the year, month
and day, i.e. 051025

(b) Aircraft type. Enter CH-47D in the AIRCRAFT TYPE space.

(c) Serial number. Enter the aircraft SERIAL number of the aircraft your about to fly.

(d) Home station. Enter your HOME STATION in the space provided i.e.: Camp Humphreys.

(2) Ensure the heading is accurate and complete.

b. Enter the following information in the appropriate REF number open BLOCK.

(1) REF 171 Enter the BASIC AIRCRAFT WEIGHT.

(a) Basic aircraft weight and moment is taken from the aircraft CHART C inventory form.

(b) Enter the basic weight and moment of the aircraft in REF block 1.

(2) REF 3, CREW T Use Personnel Moment Chart. The EXAMPLE shown on the chart provides
instruction of chart usage in the upper left hand corner of thechart. Pg: .61 9

(a) Use the selected chart with the graphic interpolator and enter at the appropriate weight.

(b) Enter the weight, station (seat number), and moment of flight crew (Pilot, co-pilot and
crewmembers) on the sheet provided pg 13 of handout.

1.

2.

|0

|~

|

To find the moment of each personnel enter the moment chart at the weight of
personnel.

With a graphic interpolator enter on the weight line of the chart and move horizontally
until you intersect the seat position line for each personnel, or use weight of each
individual multiplied by the individual seat moment.

Leave the graph interpolator at the intersect point of the seat position line.

Deflect downwards on the graph interpolator line and read the scale at the bottom of
the chart and record the moment in the moment block for each personnel.

Total up weight and moment and enter on DD Form 365-4 REF 3.

NOTE: Crewmembers weight will be estimated at 200 Ibs each for planning purposes even though the

1 1 6n Pg: 6-6 say that Crew and passengers with no equipment 1 compute weight according to each

individual 6s esti mat e.

15
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NOTE: The chart shown at the bottom of the Personnel Moment chart is an exploded view.

Personnel Moment Chart

EXAMPLE
WANTED METHOD PERSONNEL MOMENTS
PERSONMEL MOMENT \
ENTER WEIGHT
PERSONNEL WEIGHT FOSITION HERE. Al
=240 POUNDS MOVE RIGHT TOSEAT POSITION
SEAT POSITION IS MONE DOWN READ
éEO_(I;)P COMMANDER ~ MOMENT =25
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Figure 6-3. Personnel Moments

(3) REF 6, EMERGENCY EQUIPMENT.

(a) Use the litter moment chart figure 6-4 in the -10 for medical evacuation (Litter) mission for
patient moment.

(b) Additional, figure 6-5 in the 7 10, shows seat and litter installation, para 6-10, pg 6-6 of -10
shows weight for medical attendants and litter patients.

16



(c) Total up all individuals weights and moments and enter the weight and moment into REF

6.

(4) REF 7, EXTRA EQUIPMENT 7 Use Internal Cargo Moment Chart.

(a) Enter weight and moment of any extra equipment not included in the basic weight.

1

o

|

4.

To find the moment of the extra equipment enter the moment chart at the weight of
the equipment or weight of extra equipment X moment.

With a graphic interpolator enter on the weight line of the chart until you intersect the
FS line.

Leave the graphic interpolator at the intersection of the FS line.

Deflect downwards on the graphic interpolator line and read the scale at the bottom
of the chart and record the moment in REF block 7.

(b) Record the total sum of weights and moments into REF block 7.

(5) REF 9, OPERATING WEIGHT.

Enter the sum of weights and moments for REF 1, 3 and 7 to obtain the OPERATING
WEIGHT.

(6) REF10, TAKEOFF FUEL 1 Use Fuel Moment Chart
left hand corner of the chart.

17
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(a) List under REMARKS all the fuel tanks involved and the amount of fuel in each tank (as

(b)

(©)

required).

Enter the number of gallons, weight and moment of the fuel on board at takeoff.

1. To find the moment of the fuel enter the fuel moment chart at the specified weight of
the fuel, under the specific type of fuel,ie.J T 4, JT15, or J71 8

2. With a graphic interpolator enter on the weight line of the chart move right to the fuel
tank Sta. line.

3. Leave the graphic interpolator in place at the intersection of the Sta. line.

4. Deflect downwards on the graph interpolator line and read the scale at the bottom of
the chart and record the moment enter in the REMARKS block for each tank.

Remember you can also use the formula: W X A =M. (Weight times (X) the Arm =

Moment)

18



