SneAerospace  AEROSPACE SAE ARP496L
An SAE International Group R ECO M M E N D E D

Issued 1995-05
PRACTICE Reaffirmed 2013-01

Weights, Tube Fitting, Estimating, Weighing and Maintaining, Procedure for

RATIONALE

ARP4961 has been reaffirmed to comply with the SAE five-year review policy.

TABLE OF CONTENTS
1. SCOPE ... e e e O 2
T PUIPOSE ..ot e et e s e e e e e e eaessensnsensseeeeesseess fIate e ereerensenrann i e eeeereeaas 2
2. REFERENCES ... ..ottt r e eer e nr e nn e ee s annanannerreneerenere oo 2
2.1 ASM International PUBliCatioNS .. ..o e S et e ee e e e ee e e e e e 2
2.2 U.S. Government PUblications. ..........coooovooie e S e e 2
3. PROCEDURE FQR ANALYTICAL CALCULATIONS ... .0 oo 3
3.1 GeNEral RUIES .| e e et 3
3.2 Section Volume|Estimate........cooooveiiieie 3 e e 4
3.3 Computer Threg Dimensional CAD Volume, and/or Weight Estimates.................... foeeoien, 5
3.4 Data Storage and CONMrol ..........oouuei i ettt e e e e eae e e 5
4. PROCEDURE FQR OBTAINING ACTUAL WEIGHTS BY WEIGHING ..o e 6
4.1 ProCedures ...l S e e 6
4.2 Data ACCUMUIA Y ON. ... e ettt e e e et e e s e e e e e e e s e eearaneeeenee e et r e 7
D NOTES .o e T e ettt ettt r e e n e e e r e e 7
LT B B 10 1= o P o o P (e TP TP T TP T T PT TP T T TP PTTTPTTTTTTTTPTTTUTTTY RO 7
I (N YA o] (o £~ SRR 4

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and

suggestions.

Copyright © 2013 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical,

photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada) SAE values your input. To provide feedback
Tel:  +1724-776-4970 (outside USA) on this Technical Report, please visit

Fax: = 724-776-0790 http://www.sae.org/technical/standards/ARP4961
Email: CustomerService@sae.org

SAE WEB ADDRESS: http://www.sae.org



https://saenorm.com/api/?name=a7045a3e00d887bc5dd0da9b8d059ea8

SAE ARP4961 Page 2 of 21
TABLE OF CONTENTS (Continued)

APPENDIX A EXAMPLE OF FITTING END VOLUME CALCULATIONS ... 8
APPENDIX B DERIVATION OF FORMULA OF TEE CENTER BLOCK SECTION VOLUME ................ 9
APPENDIX C DERIVATION OF FORMULA OF 90° ELBOW CENTER BLOCK

SECTION VOLUME ... e 1
APPENDIX D DERIVATION OF FORMULA OF 45° ELBOW CENTER BLOCK

SECTION VOLUME ... e 13
APPENDIX E DERIVATION OF FORMULA OF CROSS CENTER BLOCK SECTION VOLUME ........ 15
APPENDIX F DERIVATION OF FORMULA OF UNION/STRAIGHT ADAPTER

CENTER HERNMOLUMNE s oo s s o s o e 16
APPENDIX G CALCULATION OF TRANSITIONAL YOLUME, SHAPE FITTINGS ..o 1#
APPENDIX H CAJCUTLATION OF TRANSITIONAL VOLUME, SCEEVE ] 19
APPENDIX J CAUCULATION OF VOLUME, NUT ... 20

1.

1

A

SCOPE:

This SAE Aerosgace Recommended Practice (ARP) establishes procedures for esti
of parts, weighing actual parts at time of manufacture and maintaining and collecting

Purpose:
establishes the basic rules to estimate:the weights of the parts by ¢

ometry of the part(s) with consistent.degree of accuracy; to obtain
fl to store, transfer, and update thesinformation pertinent to the weig

This document
volume from gg
of the parts; an

REFERENCES:

2.1

2.2

The following pu
issue of SAE pul
references cited

however, superse¢des applicable'\laws and regulations unless a specific exemption h

ASM Internatio

Available from

blications form a part of this specification to the extent specified her
lications shall apply.tln the event of conflict between the text of this
herein, the text of(this document takes precedence. Nothing in this

hal Publications:

ASM International, Metals Park, OH 44073.

mating the weight
the weight data.

etermining the
he actual weight
hts.

ein. The latest
document and
document,

1s been obtained.

ASM Metals Handbook, 9th Edition

U.S. Government Publications:

Available frorn DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.

MIL-STD-45662

Calibration Systems Requirements
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3. PROCEDURE FOR ANALYTICAL CALCULATIONS:

3.1

3.1.1

3.1.2

General Rules:

This section describes basic rules to use when estimating the volume of the part and provides some
densities of common materials to be used in calculating the weights.

The portions of the part shall be calculated separately (see 3.2). For each portion of the fitting, the
outside shaped solid volume shall be calculated first; the volume of the removed (at the inner
diameter(s)) material shall be calculated separately and then subtracted from the outside volume.
The summation of these component volumes is the basic volume of the part. A 10% allowance for
maximum mdterial condition shall be added 1o the basic volume value to obtain the final estimated
volume value!.

The calculatipns shall be performed using nominal values of the dimensiens. The diameter of the
threaded section(s) is considered to be the pitch diameter of the thread” The digmeters are
calculated as| such; the radii larger than .120 in are considered as radii in the calgulations. The
.062 to .120 in radii shall be approximated by two straight line segments (see Figure 1). Full radii,
.031 to .062 in shall be considered 45° chamfers, the line being tangent to the radius at a 45°
angle. The radii and chamfers less than .031 in are not to ©e considered in the galculations.

The final volyme value shall be multiplied by the density of the fitting material. The density values
for common gerospace materials are given in Tablev1. For different materials, thie conversion
factor from one to the other may be calculated using these values.

FIGURE 1 - Approximation of Radius
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TABLE 1 - Density of Common Aerospace Materials )

Material Density, Ib/in”
Aluminum alloy 2014 101
Aluminum alloy 2024 .100
Aluminum alloy 7075 101
Copper base alloy, brass alloy 360 307
Corrosion resistant steel, type 304, 316, 321, 347 .29
Corrosion resistant steel, type 17-5PH, 15-5PH .28
Inconel 718 .296
Titanium alloy, 6AI4V 160
Low carbon steel 1008 1024 284

1)

From ASM Metals Handbook, 9th Edition except Inconel 718 from
supplier catalog.

3.1.4 |Initial calculations shall utilize four significant figures; the final estimate value of the part volume
shall be rounfled off to three significant figures.

3.2 Section Volume Estimate:

This section prpvides the detailed rules to calculate the actual volume of the part ffom the geometry
in order to estimate the weight.

3.2.1 Fitting End Vplume: The fitting end volume, shall be defined by each fitting end gonfiguration; the
geometry shall be divided into cylindrical @r.conical sections, as applicable, and the width of each
section shall pe restricted by the diameter or by a combiation of diameters for a ¢onical section
configuration| An example is given in-Appendix A.
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3.2.2 Center Block Section Volume: The center block section shall be defined for elbows, tees, and
crosses and unions as illustrated in Appendix B through F. The formulae are as follows:

923

3.2.4

325

3.3

3.4

Tee center volume = .8927V° - 1.178A%V + 3927A>
90° Elbow center volume = .7736V° - .7854A°%V

45° Elbow center volume = 32533 x (V3 -A2V)

Cross center volume = V3 - 1.571A2V + .?’854A3

Union/straight adapter center hex volume = .8660H2W - .7854A2VV

where:
A = |nside hole diameter
H = phex size
V = fhcross wrench pad dimension and leg diameter
W = Width of hex

(Eq. 1)
(Eq. 2)
(Eq. 3)
(Eq. 4)

(Eq. 5)

Volume of Pdrtion Between Center Block Section and(Fitting End of Shape Fittings: The portion
between the genter block section and the fitting end.is usually cylinder-shaped. [The guidelines to

calculate the volume are given in Appendix G.

Sleeve Transjtional Area Volume Estimate; The transitional area which connects the sections of

sleeve ends is usually cylinder-shaped..The guidelines to calculate this volume
Appendix H.

Retained Nut{and Tube Nut Volume Estimates: The configuration is different for
part and it is advised to calculate them separately for each particular case. The

Are given in

each particular
geometry usually

consists of hexagonal and.cylindrically shaped portions. An example to calculate the volume is

given in Appendix J.

Computer Three Difmensional CAD (Computer Assisted Design) Volume and/or VW

bight Estimates:

The technique toobtainthe volume and/orthe weight of the part shattbedetermin
the particular computer software, in which case the compliance with 3.1 through 3.

d by the user of
2.5 is optional

except Table 1 shall be used. The degree of accuracy may vary due to the limitations of computer

capabilities.

Data Storage and Control:

The following suggestions are to avoid duplicating the same calculations, to prevent the usage of

obsolete data and to maintain and use the data.
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3.4.1 The volume values for the most frequently encountered fitting ends may be calculated once,
stored, and reused for future weight estimates. It is advised to record the revision level of the
standard from which the volume has been calculated. In case the fitting end is dimensionally
changed, the difference in volume should be added or subtracted. YWhen the fitting end is modified
for special applications, the difference in volume shall be taken into account when the basic volume

of the part is computed.

3.4.2 The volume value for the standard center body section may also be reused provided that the

difference made by the material removed or not removed at inner diameters will
account when the basic volume of the part is computed.

be taken into

3.4.3 The volumes of portions between the center body section and the fitting end or the transitional area

of the sleeve§ Will vary for each part configuration; It IS advised to recalculate the
volumes for dach particular fitting. It is also advised to calculate the hex portion Y
adapters/unigns for each configuration individually.

se component
olume for straight

3.4.4 The estimatefl weights may be included on the part standards provided4hat the drawing states so.

The estimateg values shall not be used after actual weight has beern’obtained.

3.4.5 The list of thg estimated final weights shall be maintained andthe source (analytical calculations,

computer program, or unknown) shall be noted. The list willbe updated as more
available; at the time of the revision, it shall be checked.if the actual weight of ths
determined, ¢gompared to the estimated, and noted s¢.in the document.

4. PROCEDURE FOR OBTAINING ACTUAL WEIGHTS BY WEIGHING:
41 Procedure:

The following procedure is intended to ensure the accuracy and consistency of actl
well as to maintain a periodically updated list of the actual weights.

4.1.1 The parts shall be weighed usihg well maintained equipment calibrated per MIL-
Fittings or their assembly,'components shall be weighed before packaging. Asseg
modified partg, and semifinished parts shall not be weighed. A random sample ¢

ing lot will-be selected to be weighed as a weight lot. The total weig

divided by the number of parts in the weight lot to obtain an average weight of th

The minimunp amount of pieces in the lot should be as follows:

data becomes
e part has been

hal weight data as

5TD-45662.
mblies, special
fthe parts ina
t will then be
part in the lot.

a. 5 pieces for tube size 16 and larger
b. 10 pieces for tube size 08 through 14
¢. 20 pieces for tube size 06 and smaller

If there are fewer pieces than the minimum, weigh them all. More pieces than th
be weighed if desired.

e minimum may
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4.2 Data Accumulation:
Two separate documents shall be maintained:

a. One for continuous accumulation of weighing data (see 4.2.1)
b. Another for finalized data (see 4.2.2)

4.2.1 The continuous record of weights should include the following information:

Arnount of pieces in each weight lot
VWeight of the lot

Average J:alculated welght of one part
Drawing fevision level

o0 o

The weight shall be recorded to four significant figures in pound-mass forstandard parts and

grams for metric parts. VWhen necessary, the conversion factor of 453.6 g/Ib will [be used. The
continuous weight record will be reviewed for three separate lot values within 5% of each other.
See 4.2.2.

4.2.2 The weight of the part shall be the average of three values;ebtained from differeht weight lots and
not more tham 5% different from each other. If the difference is due to bar stock yersus forging
configuration| it should be noted and parts separatediinto different weight lots and noted so in the
records. Thig final weight values shall be rounded:off to three significant figures| For assemblies,
the weight of [the components shall be added together. The separate weight dodument shall be
maintained tq record the final weight data. The copy of weight documents shall be available for
Subcommitteg G-3B and others.

5. NOTES:

5.1 Dimensions:
Dimensions in [nches.

5.2 Key Words:

Weights, estimating, tube fitting

PREPARED BY SAE SUBCOMMITEE G-3B, AEROSPACE FITTINGS OF
COMMITTEE G-3, AEROSPACE COUPLINGS, FITTINGS, HOSE AND TUBING ASSEMBLIES
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APPENDIX A

EXAMPLE OF FITTING END VOLUME CALCULATIONS

A.1 FITTING ENDS:

Equation A1 may be used to calculate the volume of the fitting end as shown in Figure A1.

— e f————

T THREAD
‘s —

i

@0

N——— VOLUME™3
(CONICALSECTION)

VOLUME" 1

VOEUME 2

VOLUME 4

7

| UME S
AL SECTION)

Vélome 1=n/4 x(¢T pitch)* xB

FIGURE A1 - Example of Fitting Ends

Volume 2 =t/ 4 x(¢J)* x (A -B)

Volume 3 = /12 x[(¢T pitch)® +(¢T pitch) x (¢F) + (oF)*] xH

Volume 4 =t/ 4 x(0E)* x (A +H-G)

Volume 5 = 1t /12 x [(0D)? + (0D) x (9E) + (0E)*]x G

Total Volume = Volume 1+ Volume 2 + Volume 3 —Volume 4 —Volume 5

(Eq. A1)
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APPENDIX B
DERIVATION OF FORMULA OF TEE CENTER BLOCK SECTION VOLUME

B.1 TEE CENTER BLOCK:

Equation B1 may be used to obtain the volume of a tee center block section as shown in Figures B1
and B2.

v — VOLUME | — gV
— 3
2
A
N
VOLME 2

FIGURE B1 - Tee, Center Bloek Section Volume, Outside Shaped Vojume
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v
/—V(LUES
!
2 A
i
s
VOLLME 4
F-G‘-I

FIGURE B2 - Tee, Center Block Section \lelume, Inner Volume

B.1 (Continued):

Volumefl=V x (n/4)xVZx(1/2)=(n / 8)x&/>
VolumeR=VxV(V/2)=(1/2)V?

VolumeB =V x (n/4)x A2 =(rn / 4) A%V
Volume WY =(n/4)x A2 x(V/2-A/2)—(n/8)x A%V —(n /8) x A® (Eq. B1)
Center Block Section Volume= Volume 1+ Volume 2 — Volume 3 — Volume #i =

V3 x(m]8)x V3 — (rn / 4 A%V — (n /8)x A®V + (n / 8) x A® =
(m/18+1/2)xV? —A3718)x A%V + (n /8)x A® =

8927V3[- 1178A%V+.3927A°
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APPENDIX C
DERIVATION OF FORMULA OF 90° ELBOW CENTER BLOCK SECTION VOLUME

C.1 ELBOW CENTER BLOCK SECTION:

Equation C.1 may be used to obtain the volume of a 90° elbow center block section as indicated by
Figures C1 and C2.

~— VOLUME 2 —

Y | t

VO
7 - -
N4z

b o

VOLUME 3

\

FIGURE C1 - 90° Elbow; Center Block Section Volume, Outside Shaped Volume
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!
+

N>

jA 7 \J =
VOLUME 4—/ - tg%

VOLUME 5

S

FIGURE C2 - 90° Elbow, Center Block Section Volume, Inner Volume

C.1 (Continued):

Volume 1= (1] 4) x (t/6) x V> = (n/ 24) x V>

Volume 2=(1)/2) x (t/ 4) x V* = (n/16) x V>

Volume 3=(\[/2)x(V/2)xV=(1/4) V>

Volume 4 = (4/4) x A2 x(V/2+A/2)=(r [8)yx A’V +(n/8)x A®
Volume 5= (1 /4)x A% x(V/2-A/2)=((n/8) x A’V - (r/8) x A (Eq. C1)
Center Block Bection Volume = Volume-1+ 2 x (Volume 2) + Volume 3 — Volume 4 — Vollime 5 =

(m/24) x V3 42 x(n/16) x V> +{A/4) x V> —(n/8) x A? x V
~(n/8)x A%} (n/8) x A’V #(78) x A® =
(n/24)+ (/@) +(1/ 4)x\=(n/4)x A%V =

7736V -T7854A°V
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APPENDIX D
DERIVATION OF FORMULA OF 45° ELBOW CENTER BLOCK SECTION VOLUME

D.1 ELBOW CENTER BLOCK SECTION:

Equation D1 may be used to obtain the volume of 45° elbow center block section as indicated by
Figures D1 and D2.

VOLUME 2 — == V X TAN 22.5°

N

VOLUME |

FIGURE D1 - 45° Elbow, €enter Block Section Volume, Outside Shaped Volume
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TAN 22.5° X A—> |e=—o
VOLUME 3

VOLUME 4
AN

VOLUME 5

TAN 22.5° X (g-;l—s-l

FIGURE D2 - 45° Elbow, Center Block Sectiondolume, Inner Volume
D.1 (Continued):

Volume 1=|Volume 2 =(1/2) x (r / 4) x V* x V x%an 22.5°= (x / 8) x V° x tan22.5°
Volume 3 3 (n/ 4) x A* x tan 22.5° x A x (1/ 2)= (r / 8) x tan 22.5°xA°
Volume 4 3 (n/4) x A> xtan225° x (V/2<A/2)=(rn/ 8) x A* x tan 225° x (\f — A)
Volume 5 3 Volume 3 + Volume 4
Center Blogk Section Volume = 2 x (Volume 1- Volume 5) = (Eq. D1)
2x(n/8)qtan225° x V° — 2x{r / 8) x tan 22.5° x A® —
2x(n/8)qA*xtan225° xV +2 x (n /8) x tan225° x A® =
(n / 4) x tar) 22.5° V° «(m"/ 4) x tan 225° x A* x V =

3253 (V° 4A%V)
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DERIVATION OF FORMULA OF CROSS CENTER BLOCK SECTION VOLUME

APPENDIX E

E.1 CROSS, CENTER BLOCK SECTION VOLUME:

Equation E1 may be used to obtain the volume of a cross center block section as indicated by Figure

E1.

Volu
Volu
Volu
Cen

FIGURE-E1 - Cross, Center Block Section Volume

me 1=\°
me 2 =(r74)x A®> xV

meB=(rn/4)x A2x(V/2-A/2)

VP —(m/4)x A>xV — (n/ 4)x A2 XV + (u / 4) x A® =
VP —(m/2)x A2 XV +(n/4)xA® =

Ve —

1571A°V+.7854A°

(Eq. E1)
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APPENDIX F
DERIVATION OF FORMULA OF UNION/STRAIGHT ADAPTER CENTER HEX VOLUME

F.1  UNION/STRAIGHT ADAPTER, CENTER HEX VOLUME:

Equation F1 may be used to obtain the center hex volume as indicated by Figure F1.

FIGURE F1 - Union/Straight Adapter, Center Hex Volume

Y =(H/ 2) x tan) 807
Hexarea=(1/2)x(H/2)xY x12=(1/2)x(H/2)x (H/2) x tan 30° x 12 = (3 / 2) x tan 30° x H*

Hex Volume = (3 /2) x tan 30° x H* x W

Inner Dia Volume = (rt / 4) x ()A x W =(r / 4) x A* x W (Eq. F1)
Union / Straight Adapter, Center Hex Volume = Hex Volume — Inner Dia Volume =

(3/2)xtan30°xH* x W —(rt/ 4) x A> x W =

8660 H*W-.7854 A*W
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