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1. SCOPE

1.1 Purpose. The purpose of this handbook is to standardize the specification of gears and
splines on engineering drawings and related documents. In so doing, it will clarify interpretation
of these items making them more suitable for competitive procurement by both, the Government
and prime contractors responsible for the quality of gear products procured under subcontracts.

1.2 Scope. This handbook covers parallel, intersecting, and nonintersecting axes gears,
whose respective pitch surfaces of revolution are cylinders, cones and hyperboloida. It limits its
coverage of splines to involute, parallel sided and straight nonparallel sided tooth forms. It does
not attempt to cover either helical or tapered splines. Coverage of gear and spline types is,
however, broad enough to permit adequate specification of special gear and spline configurations
by supplementing or modifying comparable types within the scope of this handbook.

1.3 Application. This handbook is applicable to all non engineering drawings and related
documents utilized in the procurement of gears and splines. It is intended as a reference guide to
be used in bot,h the development of new engineering drawings and related documents, and in the
review and/or revision of those already .in existence. It is also applicable to any contract in
which it is specifically referenced.

1.4 General. Because this handbook will be. utilized in both the specification of new gears
and splines as well as updating of existing data. flexibility is sometimes required for the latter.
This flexibility is provided by permitting certain types of data to be considered as
non-mandatory in the updating of existing data. The type of data under discussion is data not
absolutely essential to the manufacture and inspection of the product. While this data may be
very helpful in the expansion or alteration of product application by the design engineer. it is
often difficult to obtain. Original design criteria and calculations required to establish this data
are frequently no longer available. Gear and spline design sheets, formulas. and tables were
included in this pamphlet primarily for new designs. However. the user will find them
convenient for reestablishing design criteria required for updating existing gear and spline
specifications.

1.5 Cost reduction techniques. The use of cost reduction techniques in engineering drawing
preparation maybe used when these techniques do not impair the reproducibility quality of
MIL-M-9868, clarity and design disclosure requirements for the kind(s) and levels of
engineering drawings being prepared. Specifically, techniques currently identified as
photographic drafting and use of permanently adhering, non-fading, front printed and mounted
decals and paste-ons for repetitive features should be used to the maximum extent practicable.
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p GEAR DESIGH SHEET 5G-1 DATE:
EXTERNAL SPUR GEAR TOOTH DIMEMSIONS
] STANDARD CENTER DISTANCE SHEET 1 OF 3
Pressure Angle » a inv @ cos @
0iametral Pitch i P sin @ tan @
Gear Backlash at O BE Circular Pitch| p == P
Finion Backlash at D Bp Base Pitch pp = T cos g=p

Addendum | a 1P Other cos {:Eﬂﬂmﬁ)
= o
Dedendum [b | 1.25 = P | Other cos (909/n, )
Clearance || E=b - a T (see note 3) =
AGMA Quality/Class Number Measuring Wire Diameter * q‘
Gear Major Diameter Runout qG Gear Major Diameter Tolerance ﬂ.ﬂuﬁ
Finion Major Oiameter Rumout QP Pinion Major Diameter Tolerance mup
TERMINOLDGY FORMULA SYMBOL GEAR (G} | PINION (P)
Part Humber > =
Drawing Mumber ¥ = Rev, Rev,
Humber of Teeth it N
Fitch Diameter * N =P 1]
Base Dfameter ¥ 0 cos @ Dt:
Center Distance " (NG + HP} - 2P C + .00
Tooth Thickness L _g
At Pitch Diameter % 2P min Max ¢
Round of f to 4} X _p Mi
Decimal Places * 2P "~ “max .
b 0+ 2a Max
Major Oiameter 0
2 * o, - L\Du Min a
ma
Minimum Tooth Tip Chamfer ar Radius Height -ﬂ-t‘-pﬂin
Maximum Tooth Tip Chamfer or Radius Height .ﬁ.tipmu
sec @ ] =D sBC
o Omax b ﬂu
inv B, Table of Functions inv Hu
. Tt .
Tookh Thickness at D b min " t
o nml( 5 + iny @ - inv E,:D a

95A
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P GEAR DESIGN SHEET 5G-1
EXTERNAL SPUR GEAR TOOTH DIMENSIONS
a STANDARD CENTER DISTANCE SHEET 2 OF 3
TERMINOLOGY FORMULA SYMBOL | GEAR (6} | PINION (P)
Top Land tﬂ -2 &tipm“
(should be greater than .0D0S)
- D - 2 Atip Max
Profile Major Omax min — |0y
0 ameter _
* unmn 2 Atipy,, Min
2 2
%= 2C sin @ ym= - F -
min Ong_ . = b6 .fuﬁpmu Dgp
2 2 2 2
%, = 2C s5in @ ¥y = - D Z, = |0 - D
1" Epax 17 e, " e 17 e, Dop

NOTE: » and ¥y must be greater than y and ¥ and z and e respectively,
\Illlx—r.}?+ Z -0 Gear 7
Active Profile Dog p
[ ameter APD
o \IIE: - 3'}2 + BEP - QG Pinion /ﬂ
s
Hob Displacement B ST 2tan @ He /////
for Backlash max * /
» b -2b Hu D
Minor Diameter 3 D-2b-2A4e R
- Y
Form Ofameter + E_) ‘C_L
Max * tan @ DF
(‘D—D - &€ must be a )
X positive value
¥y # 2 - Ky = 2
Contact ratio ( 1 1 l} .F
To assure continuity of actionm,
value must be greater than
1.05, preferably 1.2 or
greater,
W. 3 M W = 1nv @ + d""' - W
G R 6 Oy I}é &
(may be positive
or negative values) . d, 2
H', = inv @ # 7. W HP
bP P

95B
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P GEAR DESIGN SHEET 56-1
EXTERNAL SPUR GEAR TOOTH DIMENSIONS
L STANDARD CENTER DISTANCE SHEET 3 OF 3
TERMINOLOGY FORMULA SYMBOL | GEAR (G) | PINION (P)
ax min
Involute at Vg + Og P Wp * Op X il
Wire Center L]
in min
"G + b H HP ¥ T Min
Max
sec Py Table of Functions Fﬂﬁ_ﬁ sec @,
tan B
- Table of Functions tan ﬂw
Wire Contact Z 2
01 ameter J(nt-ta" By - de' + O, 0,
Measurement over * D.sec @ + d HH"_M | M
Wires (Even Teeth) * b S i E
= L5/M -2d -
Wire Clearance dut i: Enin W P‘max) dﬂc
{value must be positive)
Measurement over ¥ O cos{90%N)sec @ + t M
Wires (Odd Teeth) * b w* F‘TE_ "
Face Width ® F
COARSE PITCH GEARS GEAR (G) (PINION (P)
Maximum Runout Tolerance of Pitch Diameter L
Lead Tolerance Across Face Width "
Pitch {Tooth-to-Tooth Spacing) Telerance "
Frofile Tolerance *

NOTES:

1. A1l values designated with an asterisk {*) shall be shown on drawing.
To insure accuracy, calculate to a minimum of seven decimal places.

2.
3. Use Wto a minimum of seven decimal places.
4

. These calculations were performed to decimal places.
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P GEAR DESIGN SHEET 5G-2 DATE:
EXTERNAL SPUR GEAR TOOTH DIMENSIONS
@ MOM-STANDARD CENTER DISTANCE SHEET 1 OF &
Pressure Angle * @ inv @ cos @
ofametral Pitch * P tan @
Gear Backlash at D B.a Circular Pitch at D 1 p, =D =+ N
Pinfon Backiash at I}':I': Bxl" Base Pitch Py = Mcos @ + P
Addendum | a 1+P Other cos (gnﬂmﬁ)
Dedendum | b | 1.25 = P Other cos [:BD':'IHP)
Clearance | € | T = b - a Measuring Wire Diameter "w
AGMA Quality/Class Number Operating Center Distance * Cx +. 00
Operating Pitch Diameter = E‘M'l:jll - {Hﬁ + HP) D:-:E an
- - o
sec H” Dn - D!; Operating Pressure Angle Hx
T [see note 3} = fnv 8, sin B,
Gear Major Diameter Runout qG Gear Major 0Ofameter Tolerance &IJBG
Pinion Major Diameter Runout QP Pinion Major Dfameter Tolerance ﬂﬂnp
TERMINOLOGY FORMULA SYMBOL | GEAR (G) | PINION (P)
Part Number * 5
Drawing Number n - Rev, Rev,
Number of Teeth * N
Hominal Pitch
0iameter * N—=—FP 1]
Base Diameter L D cos @ Dh
Actual Tooth Sp, - B 3 «5p, - B Max
A “Glin ’ X xpmin —_
Thickness at IJK L
.5p. - B i .Bp. - B Min
X xﬁ.“ L X meu
dctual Tooth
Thickness at D * 3 Max
Round of f to 4 * o +inv @, - inv i!) mnl t
Decimal Places b
Hob Displacement . Max
for Backlash G ) 3_'-.% = Ztan @ Min | al

95D
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P GEAR DESIGM SHEET 5G-2
EXTERNAL 5PUR GEAR TOOTH DIMENSIONS
a NOM-STANDARD CENTER DISTAMCE SHEET 2 0OF 4
TERMINOL OGY FORMULA SYMBOL | GEAR (G) | PINION (P)
» D+2a+2dbe Max
Hajor Dfameter o e Do
" 0, - ﬂ.uﬂ Min
Max
Minimum Tooth Tip Chamfer or Radius Height ﬂ.tipmi“
Maximum Tooth Tip Chamfer or Radius Height .ﬂ.t‘lpm“
sec B 1] =0 sec @
[+ Onax b a
inv B, Table of Functions inv @,
t
Tooth Thickness o min
at D, u-“<u e 9 = Iy ﬂ; t
Top Land ty - 2 Atipy,, Ly
(should be greater than .005)
Profile Major Dﬂ.“ - 2 Atipy, Max
0 ameter * — DH
nn-in -2 'ﬁhprlau Min

i _ Ind 2 2 2
%= 2C 5in @ ¥ = {0 - z=|| - D
Xnin A I""irna.:-: DhG D“Frntx bP

p 7 2 7 2
®y = 2C sin @ ¥, = 1D -0 2, = -0
1 Xax , § =i MGy, ~ bG 17y DHPmin bp

NOTE: x and %y must be greater tham y and 1 and z and L respectively.

| 7 . 2 7/
Active Profile (e - 2)" + B - G Gear ////
biameter APD ::/ 4
"hix -y Pinion /////
U - )2 + 22, - /
Nominal Toath il e o t
Thickness at D LT nv e, =y nom
Hob Displacement -2t
at Eerg Backlash ( nom ~ 5p } il J:L'E“m:un
*| D-2b+ 2 He Max
Minor Diameter nem OR
| D-2b+2Ae, Hin

95E
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P GEAR DESIGM SHEET SG-2
EXTERNAL SPUR GEAR TOOTH DIMENSIONS
] MON-STANDARD CENTER DISTAMCE SHEET 3 OF 4
TERMINOL OGY FORMULA SYMBOL | GEAR (G) | PINION (P)
(E -0 - €
Form Diameter * j@km + Z%E P\na.h: )Z I:F
Max i mum X tan @
{D =D - ¥ must be a pnl:rs1t1\IE}
n-ma:: value
Contact Ratfo (11 + 21 - %)+ 2y m
To assure continuity of actionm,
value must be greater than 1.05
preferably 1.2 or greater
du
; W. = inv D + - W
- G B T G
may be a pnsit‘l v
( negative va1u; H = inv @ + -d-“- i HP
Dhp  Np
tﬁm tp
ax max
Involute at Vg + -EE_' P Mp + Dp
Wire Center Max_ |iny @
t tp n "
M4 Bmin M min
6 " "Dg ™
SB0 HH Table of Functions Ha: sec @,
tan @ Table of Functions tan @
"max - e
Wire Contact . Fd 2
Diameter (Optan 8, - )% + O D
Measurement Over = Max M
Wires (Even ” sec @ + E
Lol Oysec 9, + d, Min
Wire Clearance duc = 5 GE“H" i DHHD dwc
{value must be positive)
Mﬁ?g:?ﬁg: over * Dbcusiﬂt]“fﬂ}lsecil' +d, ::‘:—- M,
Teeth)
Face Width o F

95F
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NOTICE 1
P GEAR DESIGN SHEET 35G-2
EXTERNAL SPUR GEAR TOOTH DIMENSIONS
@ NON-STANDARD CENTER DISTANCE SHEET 4 OF 4
COARSE PITCH GEARS GEAR (G) | PINION (P}
Masimum Runout Telerance of Pitch Dfameter *
Lead Tolerance Across Face Width *
Pitch (Tooth-to-Tooth Spacing) Tolerance *
Profile Tolerance R

KROTES:

1. A1l values designated with an asterisk (*) shall be shown on drawing.
2. To insure accuracy, caleulate to a minimum of seven decimal places.
3. Use T to a minimwm of seven decimal places,

4. These calculations were performed to decimal places,

95G
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P GEAR DESIGN SHEET 5G-3 DATE :
EXTERNAL SPUR GEAR TOOTH DIMERSIONS

@ LONG ADDENDUM-SHORT ADDENDUM STANDARD CENTER DISTANCE SHEET 1 OF 4
Pressure Angle 8 inv @ cos @
Diametral Pitch *| P sin @ tan @
Gear Backlash at D Bg Circular Pitch [ p =7 &+ P
Pinion Backlash at D By Base Pitch | p, = M cos @ =+ P
Addendum | a| 1 4P Other €05 (_W-":'f"l'vla)
Dedendum | b|1.25 + P  [Other cos (309/N,)
Clearance| T|T=b - a -E N (see note 3) =
AGMA Quality/Class Number Heasuring Wire Diameter ™ { dw
Gear Major Di ameter Runout {}E Gear Major Diameter Tolerance &Dqﬁ
Pinion Major Diameter Runout | Qg Pinion Major Diameter Tolerance &Dﬂp

TERMINOLOGY FORMULA SYMBOL | GEAR (G) | PINION (P)
Part Number # -
Drawing Wumber * - Rev. Rev.
Number of Teeth * N
Pitch Diameter o D
Base Diameter * D cos @ D,
Center Distance ™ _[:!ﬁ + Ny + E'P) c +.00 "

E - a = i 2 -
Hob Displacement - “p i "EP'.;!m = +50g sin°P - 2
{Show Plus or 2 e
g, = @ i =4 = 50, sin"@
Minus) P Pan” Tain p
e Le, La
FIrtlin ¥ Fm&::

Hob Displacement Br-in +— 2 tan @ Min e
for Backlash Boax + 2 tan 0 Max
Total Hob e - fe .o Max
{{Hsnlacmnt F E
may be plus a - Min
or minus) “max

95H
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GEAR DESIGN SHEET 5G-3
EXTERNAL SPUR GEAR TOOTH DIMENSIONS

LONG ADDENDUM-SHORT ADDENDUM STAMDARD CENTER DISTANCE SHEET 2 OF 4
TERMINOLOGY FORMULA SYMBOL | GEAR (G) | PINION (P)
Tooth Thickness * 5p + 2E tan @ Max
at Pitch Diameter max —
(ﬂuund off to 4y = 5p + 2E, tan @ Min
Decimal Places o
Major Diameter D+ 2n+2e !Ef 0,
* 0, - mﬂ Min
max
Minimum Tooth Tip Chamfer or Radlus Height ﬂtipmi"
Maximum Tooth Tip Chamfer or Radius Height £1t1qh&:
sec @ 1] = D sec @
] Onax b o
iny Bn Table of Functions fnv B,
Tooth Thickness D Emin t
at n'u ©nax C—ﬂm- + inv @ = 1nv In a
t. - 2A¢tip
Top Land o ma Lr
{should be greater tham ,005)
Profile Major ﬂum - Zatipg, Max
ax S BH
QYmaater *| 0, -28tipgy Min
min
2 2 2 Fd
x = 2(C 5in @ _1.--\/ =D zZs= - 0
min Dmman hG DHPm“ bP
Ry = 20 zin @ ¥y " Df"“m - I=l||I:|E -0
1 max 1 \/ Nk DIZ:B 1 HFM" bP
NOTE :

x and x; must be greater than y and ¥y and z and z respectively.

Active Profile
b ameter

qu-zaz+ugﬁ - 0

o -2 e, - o

Gear

Pinion

APD

951
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NOTICE 1
P GEAR DESIGN SMEET SG-3
EXTERMAL SPUR GEAR TODTH DIMENSIONS
a LONG ADDENDUM=SHORT ADDENOUM STANDARD CENTER DISTANCE SHEET 3 OF §
TERMINOLOGY FORMUL A SYMBOL | GEAR (G) | PINION (P)
Hinor- Diameter e LB Max Dg
* D-2b+ 26, Min
. M-0p -2
Form Diameter * @ * Za "ma: I:'F
Max imum Rmax tan @
D-D, - 2 must be a pﬂﬂt.‘:ﬂ)
Rma: value
Contact Ratio (n 7 =% ) "
To assure continuity of action,
value must be greater than 1.05
preferably 1.2 or greater
wo: W HE=1n\rB+;.".—-1r W
e v M b6 Mg
may be a positi ve’] d'
{'I:I'r‘ negative value W, = inv B & - W
. P Dop  Np P
1’.‘5.1 tp
ax max
Invelute at %% ¢ Og P Wy * ﬁ Max
Wire Center inv @
W
t t '
Elﬂn I:‘Imin
H & + H1I1
sec @ Table of Functions Max =T H“
5 Min
tan Table of Functions tan @
ﬁ""'111&:-: "
Wire Contact N 2, pe
01 ameter \tDb“" ﬂw dw} * b nc
Measurement Over * Max HE
Wires (Even O sec @ + d i
Teeth) * A s
i d = .5 /M -2d - D d
Wire Clearance . { e in Hmax ) W,
(value must be positive)

95]
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NOTICE 1
P GEAR DESIGM SHEET 5G-3
EXTERNAL SPUR GEAR TOOTH DIMENSIONS
@ LONG ADDENDUM-SHORT ADDEWDUM STANDARD CENTER DISTANCE SHEET 4 OF 4
TERMINOLOGY FORMULA SYMBOL | GEAR (G)| PINION (P)
”;EEEE:'PE i : D,cos(909/N)secd, + d, m: M,
Face Width ' F
COARSE PITCH GEARS GEAR (G) | PINION (P)
Maximum Runout Tolerance of Pitch Diameter *
Lead Tolerance Across Face Width n
Pitch (Tooth-to-Tooth Spacing) Tolerance *
Profile Tolerance *
HOTES:

1. A1l values designated with an asterisk (*) shall be shown on drawing.
2. To insure accuracy, calculate to a minimum of seven decimal places.
3, UsePTto a minimum of seven decimal places,

4. These calculations were parformed to decimal places.

95K
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NOTICE 1

P GERR DESIGN SHEET HG-1 DATE -
EXTERMAL HEL ICAL GEAR TOOTH DIMENSIONS
@ STANDARD CEMTER DISTANCE SHEET ¥ OF 4
Normal Diametral Pitch  *| P_ Helix Angle * e
Hormal Pressure Angle *1 e, sin 4 cOs Ak
tan @ = tan @, <~ cos A4 sin @ tan @
Transverse Pressure Angle '] COSAD = sin Hn < s5in @
Hormal Backlash of Gear ﬂnG sin @ cos @
Mormal Backlash of Pinion BnF' inv @ N (see note 3) =
Addendum |a] 1 = Pn Other Normal Circular Pitch Pp = N = P"
Dedendwm | b | 1.256 <+ P“ Other Circular Pitch | p = T = :P“ :us.ﬂ,ﬁ
Clearance |E| T =b - a ! AGMA Quality/Class Number
Base Pitch Py P cos @ Measuring Wire Diameter * dw
Gear Major Diameter Runout 0 Gear Major Diameter Tolerance ":"Dnﬁ
Pinion Major Diameter Runout Oy Pinfon Major Dfameter Tolerance ﬂl:l'up
TERMINOLOGY FORMULA SYMBOL | GEAR (G) | PINION (P)
Part Number w -
Drawing Number * - Rev. Rev.
Humber of Teeth *
Pitch Diameter -+ N — P, cos A
Hase Diameter * 0 cos @ ”b
Center Distance * ("E # HP:} + 2p cos # C +.00
Normal Tooth _ . -
Thickness at E “r’pn BnG — *Epn EnF ’ Max ¢
Pitch Diameter " b L n
Round off to *| .6p_ - B ; 6p. - B Min
|(4 Decimal ) n "Gma.: f l"'Ilfnﬂ.:-:
Places
Transverse Arc t +— cosdg; t + cos 4 Max
Tooth "Crmax Lol " nax t
Thickness A
t -+ cosad; t = cos &6 Min
"Enin J""" "Pm-‘.r. ‘F
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NOTICE 1

P GEAR DESIGN SHEET HG-1
EXTERMAL HELICAL GEAR TOOTH DIMENSIONS
n STANDARD CENTER DISTANCE SHEET 2 OF 4
TERMINDL DGY FORMULA SYMBOL | GEAR (G) | PINION (P)
Major Diameter D D + ?ED E;‘:— Du
Oax =
Minimum Tooth Tip Chamfer or Radius Height ﬂt‘lpm“
Maximum Tooth Tip Chamfer or Radius Height .ﬂtipm“
sec @ D = 0 sec @
[+ Omax b a
inw BD Table of Functions inv Ii!l':I
t
Tooth Thickness min
1] ( + inv @ - inv @ ) t
at IZF‘:I Onax \ D a a
Top Land to = 24 tipg,, Ly
(should be greater than .010)
. 1] - 285 tip_, Max
Profile Major ] min
Diameter W DH
i o - 24 tip Min
Omin W
. . . | . ne I _nt
x = 2':.“1‘.-, sin @ y = Dﬁﬁmu ub{; z = DHPIHHK th
: 2 2 2 2
X, = 20 5in @ ¥, =10 -D 2, = =0
17 Hnax 1% e, " Toe 17d M " Pop
MOTE: x and Xy must be greater than y and y, and z and z, respectively.
2
Active Profile J(x - %« 0fp - Gear
Diameter APD
& 2
(x - ¥)° +Dep -0 Pinion
Hob Displacement B £ Ztan @ : -
for Backlash ne Hn"BnFm“ - 2tan @ He
* D=-2b Max D
Minor Diemeter D-2-2Ae e R

95M




Downloaded from http://www.everyspec.com

MIL-HDBK-400
NOTICE 1

Pr GEAR DESIGN SHEET _HG-1
EXTERNAL HELICAL GEAR TOOTH DIMENSIONS :
@ STAMDARD CENTER DISTANCE SHEET 3 OF 4
TERMINOL 0GY FORMULA SYMBOL | GEAR (G) | PINION (P)
)
2 (‘D - D“m -
Form Diameter = (n + EE) F ol D
Y
Max nn;; tan B L F
(D - Dﬂ - &€ must be a pusitiv&)
M, value 1
Face Width * F
Total Contact = = F sin 4
Ratio E-‘rl bt | J':'I:’ . Eplﬂ k Pn Mo
du secgﬁ
b
W 5 Y RRIL P a2 SR R
bG
(may be "
positive or SEC
negative Wo = inv @+ ._...n_._fj - H_']I_ Wp
values bp P
t T
Gmax pmax
Involute at wﬁ_ g £ TR Wy % Dp X
Hire Center — 1] Hw
tﬁm tP
in min Min
We + 3 W, +
6 0g " P Dp
M
e ﬂ“ Table of Functions I?E_ ot Hw
tan @ :
L Table of Functions tan Elw
Hire Contact 2 2 1]
D ameter J{:“ht"'“ By - dgcosaf ) "+ 0p €
Heasurement Max M
Over Wires D sec B, + D, Win | -
{Even Teeth)
d, = .5 (M -2d. -0 d
Wire Clearance W, [ B W um} We

{value must be positive)
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MIL-HDBK-400

NOTICE 1
P GEAR DESIGN SMEET HG-1
EXTERNAL HELICAL GEAR TOOTH DIMENSIONS
@n STANDARD CENTER DISTANCE SHEET 4 OF 4
TERMINOLOGY FORMULA .STIE-'EL GEAR (G} | PINION (P}
Measurement . 1 Max M
(0dd Teazn) © * 7 " | °
Lead * LR Fu_sin a}l L
COARSE PITCH GEARS GEAR (G) | PINION (P)
Maximum Runout Tolerance of Pitch Diameter *
Lead Tolerance Across Face Width *
Pitch (Tooth-To-Tooth Spacing) Tolerance *
Profile Talerance *
WNOTES:

1. A1l values designated with an asterisk (*) shall be shown on drawing.
Z. To insure accuracy, calculate to a minimum of seven decimal places.
3. Use T to a minimum of seven decimal places.

4, These calculations were performed to decimal places.
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MIL-HDBK-400

NOTICE 1
Py GEAR DESIGN SHEET HG-2 DATE:
EXTERNAL HEL [CAL GEAR TOOTH DIMENSIONS
B, NON-STANDARD CEMTER DISTANCE SHEET 1 OF 4
Hormal Diametral Pitch * P‘nl Helix Angle * 2%
Hormal Pressure Angle ¥ ﬂn sin 4 cos A6
sin i}n tan Eﬂ tan @ = tan En + Co0s 46
cos H'n Transverse Pressure Angle |@ cos @
inv @ sin B CosS My = sin En—:-i'inﬂ
Normal Gear Backlash at O H'nrﬁ Addendum a 1+ F'ﬂ tther
Mormal Pinion Backlash at O BnP Dedendum 1.25 %= Pn Othar
fperating Center Distance #* C! +.00 Clearance | © b -a
Operating Pitch Diameter *|2NC - ("G + HP) D D.p
Citcular Pitch | p =W = Pn cos A Base Pitch P, = P cos a
Normal Circular Pitch | p, =T P, T({see note 3) =
Circular Pitch at IJF_ P 'HD: = N cos Hx = I:Ib - Dx
Oparating Pressure Angle * i!lt sin Ex inv ﬂx
AGMA Quality/Class Number Measuring Wire Diameter * dH
Gear Major Diameter Runout ﬂﬁ Gear Major Diameter Tolerance .ﬁ[}uq
Pinion Major Diameter Runout Q% Pinion Major Diameter Tolerance ﬁﬂﬁp
TERMINOLOGY FORMULA SYMBOL | GEAR (G) | PINION (F)
Part Number N -
Drawing Mumber i = Ravy., Rew,
Humber of Teath * L]
Pitch Diameter * N = P, COS o D
Base Diameter L D cos @ Dy,
By cos @
B 2 min
Backlash In min  cos @ cos 45 cos @
Transverse Plane n % X Min B,
at IJx B | Max
8 __ max
“nax  cos Eln cosAlCos g,
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MIL-HDBK-400

NOTICE 1
Pn GEAR DESIGN SHEET HG-2
EXTERMAL HEL ICAL GEAR TOOTH DIMENSIONS
Bn KON-STANDARD CENTER DISTANCE SHEET 2 OF 4
TERMINOL 0GY FORMULA SYMBOL | GEAR (P) | PINION (P)
Actual Transverse ‘EP: B B"min Hax
Tooth Thickness —_— tx
at D
X .5p. - B Min
* X max
Normal Tooth » s Max
Thickness at D D — + inv Bx = inv @ CoSAd t,
(Round off to  * D, Min
4 Decipal
Places?a
Total Hob G“ - I Y= ztan a, Max |,
Displacement 2P, Min
" 0D+ 2a + 250 Max
Major Diameter % Dﬂ
* 0, - ﬂ.L‘ID Min
max
Minimum Tooth Tip Chamfer or Radius Height an Prin
HMaximum Tooth Tip Chamfer or Radius Height Py
sec @ 1] - [ sec @
o . — b i}
iny ﬂu Table of Functions iny Hﬂ
Tooth Thickness t"min
at D 1] e + v @ - inv @ t
o Omax D cos 4 i 0
t. -2 Atip L
Top Land » Ak T
(should be greater than .010)
profile major | Do "% Atipg, pl] £
0f ameter M
* v
[‘.lume 2 ﬁ'“p{nau Min
2 2 2
x = 2C sin @ y = =D z =0 =D
:rlin X Dﬁﬂmx bG HF‘mx b
2 z . 2
%, = 2C sin @ ¥, =0 - B Z; = -0
e L. 17 e, 7 Pbe 15 B " Dbp

NOTC: = and %) wusl be grealer Lhan y and yy and 2 and £, respectively.
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MIL-HDBK-400
NOTICE 1

Pn GEAR DESIGN SHEET HG-2
EXTERNAL HELICAL GEAR TOOTH DIMENSIONS
By HON-STANDARD CENTER DISTANCE SHEET 3 OF 4
TERMINGL OGY FORMULA SYMBOL | GEAR (G)|PINION (P)
2 2 7
Active Profile Unm)s & DIJG = O bt /
Diameter APD v Z
* "“" - 3}2 * DEF Finion /%
Hormal Nominal Sp t
Tooth Thickness D( + inv H' = inv ﬂ)':‘.‘lﬁ- # L]
at D
Hob Displacement = Ztan B He
at Zero Backlash (nﬂ 2Py " i
* D=-2b + 2 He Maux
Hinor Dfameter ow Dp
D-2b + 2 ﬂemm Min
j b - D
+ r) <
Form Diameter . (Rma:n tan @ D
Max
D-0D = 2€ must be a pﬂsitiv%
P'n‘lax value
Face Width * F
Total Contact ¥ F sinﬁ
Ratio Eﬁ e e ”*1} - Eph:I * P, My
tlM
w iyl — - W
Wi N s X Dyg cos4bn  Ng &
{may be positive d
or negative HP n ( f # e e = AL II"ll?"
values) X Dppcossp Np
t“:-cF'
[ 'I t t H PES. . .. ) :‘Eﬂlil : “ * mak Hﬂl
nvolute a G Dq p Dep 1ﬂ'HL
Wire Center
r'xl."-. t':-s:F'
W + __min W+ ™0 Mg
E n. " P D-
X6 xP
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MIL-HDBK-400
NOTICE 1

P GEAR DESIGN SHEET HG-2

EXTERWAL HELTCAL GEAR TOOTH DIMEMSIONS
Bn NON-STAMDARD CENTER DISTAMCE SHEET 4 OF 4

TERMIMNOLOGY FORMULA SYMBOL | GEAR (G) | PINION (P)
Max
sec B Table of Functions Wi 5e< 0,
tan I' Table of Functions tan B“
max
Wire Contact _ 2 2
Diameter Jknb ton B, - d, cosy b} + Dy De
Measurement QOver * Max
Wires (Even 5 Oy, sec 8, +d, — e
Teath)
= (5 M -2d -D ‘)
Wire Clearance d"c Emin d" Rmax qwc
{value must be positive)
Measurement Over * Max
One Wire [(0dd 1 N Ha
Teath) il 7 Min
Lead | N T Py ocip s L
COARSE PITCH GEARS GEAR (G) | PINION (P)

Hﬂximuﬁ Runout Tolerance of Pitch Diameter w
Lead Tolerance Across Face Width o
Pitch (Tooth-to-Tooth Spacing) Tolerance .
Profile Tolerance *

NOTES:

1. A1l values designated with an asterisk (*) shall be shown on drawing.
To insure accuracy, calculate to a minimum of seven decimal places,

i
3. Usedr to a minimum of seven decimal places,
4. These calculations were performed to

decimal places.
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MIL-HDBK-400
NOTICE 1

Py GEAR DESIGN SHEET HG-3 DATE:
D EXTERMAL HELICAL GEAR TOOTH DIMENSIONS
n LONG ADDENDUM-SHORT ADDENDUM STAMDARD CENTER DISTANCE SHEET 1 OF 4
Normal Diametral Pitch = P" Helix Angle * &
Wormal Pressure Angle * ln s5in & cos A
tan @ = tan Bﬂ T Cos A sin B“ tan ﬁ“
Transverse Pressure Angle a COSAS p = sin Hn = s5in @
Wormal Gear Backlash at O BnE sin @ cos B
Normal Pinion Backlash at D| B inv B T isee note 3) =
Addendum a N Other Kormal Circular Pitch Pph= M+ P,
Dedendum bh|1.,26 = Pn Other Circular Pitch p=MTM< P COSAS
Clearance | T (T =Db - a Measuring Wire Dfameter = d'
Base Pitch Py = P cOS '] AGMA Quality/Class Number
Gear Major Diameter Runout O Gear Major Diameter Tolerance ﬁDﬂG
Pinion Major Diameter Runout 'El'p Pinion Major Diameter Tolerance .ﬂ,ﬂqp
TERMINOL OGY FORMULA SYMBOL | GEAR (G) | PINION (P)
Part Number g 5
Drawing Humber . - Rev, Rev,
Nusber of Teeth * H
Pitch Diameter "' N+ Fn cos a}# 1]
Baze [iameter L 0 cos @ Dh
Center Distance * (HG ¥ "P] < 2P cos Ao C +.00
Haob Displacement € = “Bp i eprnu 2 *55'1:.5*"2“.1 - a
[Show plus or < — -]
e, =@ - = a=.50,51n
minus ) P e e P n
Hob Displacement B = 2tan@ ;B - 2tanl_  Min
"Grnin n* "P-in n As
for Backlash ’ 5 . ”
B + 2tand_;B = Ztan Max
"Gna: n P in "
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MIL-HDBK-400

NOTICE 1
Pa GEAR DESIGN SHEET HG-3
EXTERMAL HELICAL GEAR TOOTH DIMENSIONS
En LONG ADDENDUM=-SHORT ADDENDUM STANDARD CENTER DISTANCE SHEET 2 OF 4
TERMINOLOGY | FORMLLA SYMBOL |GEAR (G) | PINTON (P)
Total Hob e -Ne in Max
Dizplacement " E
{may be plus B - &Ema Min
ar minus) .
Hormal Tooth " Sp + 2E tan @ Max
Thickness at D L max f ts
(Round off to = .5p_ + 2E_. tan @ Min
4 Decipal nomin n
P'Ia-:es'g
Transverse Arc t, = cos 4 Max
max t
Teoth Thickness
t = cos Min
Mmin 7
* b+ 2a + 2a Max 0
Major Ddameter uu & ﬂ'ﬂn i 1 o
max
Minimum Tooth Tip Chamfer or Radius Height ﬂtipm_ln
Maximum Tooth Tip Chamfer or Radius Height “pmm-c
sec @ 1] = sec @
o Cmax % 0
iny ﬁu Table of Functions iny ﬂ-ﬂ
Tooth Thickness (t )
o min
(y + inv @ = dnv @ t
at Dn max o i) o
Top Land Lo - 28 g, Lt
{should be greater than .010)
*| D - 2 &tip Max
Profile Major Omax L i
M
Diameter " n':':lin 2 ﬂith}ml Min
2 2 2 2
=2 sin B ¥ = =0 z= | -0
win I]Mc‘rlma bG r'mma: he
2 2 £ 2
%y = 20 sin B ¥y = - Z, = 2
1 * Cax 1 e~ Dbe 1 5% Do

NOTE: x and %y must be greater than y and ¥ and z and 3 respectively,
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MIL-HDBK-400
NOTICE 1

Py GEAR DESIGN SHEET HG-3
@ EXTERMAL HELICAL GEAR TOOTH DIMENSIONS
n LOMG ADDENOUM-SHORT ADDEMDUM STAMOARD CENTER DISTANCE SHEET 3 OF 4
TERMINOLOGY FORMULA SYMBOL | GEAR (G) | PINION (P)
2 2
Active Profile x-z)" + D =G aiiilt [N
Diameter |
- Jix - ,1.|':|E + Dgp - Q Pinion
Minor Diameter D= 20+ 20 Max Dg
D-2b+ 2E .. Min
D=0 - g€
Je, -3 25
Fﬁ;’: D1 ameter & p*man tan @ r"'F
(IZI -0 - 2T must be a W5'|t1'|"E}
value
Face Width » F
Total Contact Ey.l +z - “1) - E'ph] yE3ing m,
Ratio Pn
dhy
W.=1mwh + —-ouverereeoe—e— = W
“E H “F' G Dh{.‘. COS AL | i}é G
{may be positive q,
or negaltive IR o 4 W
values) P 0y, cos M P
by Sl o
t t
W + “max | 1M 'l".’f Max
Involute at Ug Ty
inv @
Wire Center ¢ ¢ W
1:’h'rl' FIrlill
in ;
W, + ' N+ Min
6 g Py
Max
580 Ew Table of Functions Win 580 @”
tan @ Table of Functions tan @
max W
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MIL-HDBK-400

NOTICE 1

GEAR DESIGN SHEET HG-3
EXTERMAL HMELICAL GEAR TOOTH DIMENSIONS

n LONG ADDEMDUM-SHORT ACDEMDUM STAMODARD CENTER DISTAMCE SHEET 4 OF 4

TERMINOLOGY FORMUL A SYMBOL | GEAR (G} | PINION (P)
o e S L
"?:ﬂi.”rrﬂ"ﬁ'ﬁ ’ D, sec B + d oo G
(Even Teeth) b iy " Nin E
Wire Clearance duc * .3 (H':mn - ad, - DR"“:} dwc

(value must be positive)
Measurement Over 1 " Max M
One Wire (0Odd s E o
Teath) * Min

Lead by TN +PE sin 46 L

COARSE PITCH GEARS GEAR (G) | PINION (P)
Maximum Runout Tolerance of Pitch Diameter *
Lead Tolerance Across Face Width *
Pitch (Tooth-to-Teoth Spacing) Tolerance i
Profile Tolerance *

NOTES:

T. A1l values designated with an asterisk {*) shall be shown on drawing.
To insure -accuracy, calculate to a minimum of seven decimal places.

2.
3. Use T to a minimum of seven decimal places.
4.

These caleulations were performed to

decimal places.
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NOTICE 1

6. NOTES

6.1 Supersession data. This handbook supersedes USA TACOM Pamphlet No. 11-46,
31 August 1973.

6.2 Subject term (key word) listing.

Engineering drawings, gear and spline
Gear and spline, preparation of engineering drawings
Spline and gear, preparation of engineering drawings

Custodian: Preparing activity:
Army - AT Army - AT
Air Force - 99
(Project 3020-0109)
Review activities:
Army - ME
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NOTICE 1

APPENDIX

10.1 General. For convenience, the appendix contains tables, examples, formulas, etc.,
frequently used by the designer in the preparation of gear and spline drawings.

a. It is recommended that designers familiarize themselves with the instructions outlined
in the text prior to the use of the tables and formulas.

b. To assist the designer in the interpretation of the requirements of this handbook,
several examples of drawings are included in the appendix. These sample drawings
shall be construed as informational only and are complete to the degree necessary to
illustrate a condition. Actual drawings shall comply with the instructions set forth in
the handbook.

c. Specification of measuring wire or ball sizes on drawings shall be to sizes listed in the
table and/or according to the instructions contained in the appendix.

d. Involute profile controls require the specification of roll angles, as in profile charts.
A table of roll angles is listed here for the convenience of the user.

e. Specific instructions for the use of all tables and formulas are outlined in the text.

10.2 Wire size policy. Recent practice has shown that measurement of gears, splines, and
serrations is frequently accomplished through the use of two or three identical sized wires or
pins. This method necessitates the use of proper diameter of measuring wire or pin in order to
obtain reliable readings. The reasons for using this method are cost and procurement
considerations, especially for small quantities. It is sometimes used in the early production of
large orders.

a. It is desirable to use wires that contact the profile at or near the pitch diameters and/or
reference diameter. With such wires the measurement at or near the pitch diameter is
least affected by profile deviations. To illustrate this, consider figure 116 which shows
a full line depicting a true outline and a dotted line showing a profile of the same pitch
diameter but with a profile deviation. The same conditions would affect circular gears,
splines, and serrations. The wire (B) contacts both outlines at or near the pitch
diameter, and the measurement will be affected very little by profile deviations. It is
evident from the same figure that a maximum wire (M) will give false results unless
the profile deviation is considered in the computation.
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