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1. Scope—This SAE Recommended Practice outlines basic nomenclature in common use for truck and bus
drive axle designs. Over a period of years there have been many different designs introduced; however, for
this report, only the most common have been selected and only their general construction is illustrated to show
the nomenclature of the various parts.

2. References—There are no referenced publications specified herein.
3. Unitized Carrier-Housing Construction—In this construction, the housing that supports the ring gear,

bearings, and differential case, also supports the vehicle loads. This construction is also known as a
“Salisbury axle.” (See Figure 1.)

4.  Separable Garrier-Housing-Gonstruction—This—censtruction—is—one—r-which—the—earrierthat supports the
ring gear, beéarings, and differential case, is separable from the housing that supports the vghicle loads. (See
Figure 2.)

5. Pinion Mounting Options—This construction defines the manner in which the pinien drive gear is supported.
There are two types: overhung mounted or straddle mounted.

a. Ovdrhung Mounted Pinion: This construction is one in which the pinion drive gear is supported in a
canfilever fashion by a pair of bearings. (See Figures 1 and 2.)
b. Strgddle Mounted Pinion: In this construction, the pinion drive gear is supported by|a pair of bearings
on ¢ne side and a spigot bearing on the ring gear side. {(Seé Figure 3.)

6. Single Speed Carrier—This construction is one in which thére is a single, fixed reduction rdtio.

a. Single-Speed Single Reduction Carrier: In this ¢onstruction, the entire axle reductioh is accomplished
with a single gear set. See Figures 1, 2, and 3 for examples of ring and pinion gear sets. (Worm or
heligal gear sets are also used.)

b. Single-Speed Double Reduction Carriér? In this construction, two gear sets are used(to accomplish the

totaj‘ reduction. See Figures 4A~and 4B for examples of single-speed double Jeduction gearing.

Frequently, this construction is-a\two-speed carrier (see Section 7) in which the shifting device has

beep eliminated.
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FIGURE 4A—DOUBLE-REDUCTION PLANETARY.DIFFERENTIAL GEARING
FIGURE 4B—HYPOIDHELICAL SINGLE-SPEED DOUBLE-REDUCTION GEAR TRAIN
FIGURE 4—TYRICAL SINGLE-SPEED DOUBLE-REDUCTION CONSTRUCTION
7. Two-Speed| Carriers—This construction is one in which two reductions are available and|selectable by the

operator.

a.

Planetary Carrier: In this construction, the first reduction is through the ring and pin

on drive gear set.

The ring and pinion reduction is combined with a planetary gear set to provide the second reduction.

The ratio is selected by a slidable sun gear/clutching member. (See Figure 5A).
Nose Box Construction: In this construction, the first reduction is through a shiftable
in a case attached to the carrier ahead of the ring and pinion. The secon
accomplished with the ring and pinion. (See Figure 5B).

gear set mounted
dary reduction is

Double Reduction Carrier: This construction is one in which the first reduction is through a ring and
pinion gear set. The second reduction is through one of two sets of helical gears and pinions. Both

low and high speed ratios are obtained by two sets of gear reductions. (See Figure

5C).
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8. Tandem Axle Construction—This construction is one in which drive power is provided to a pair of axles
connected with an interaxle propshaft. The forward axle usually contains an interaxle differential and through
shaft to split input power between the tandem set. If the interaxle differential is not required, a forward axle
through shaft is still incorporated to drive the rear axle. The rear can be of any construction but should be

matched in

ratio to the forward axle. Three alternate designs for the forward axle of th

described as follows:

e tandem set are

a. Front Mounted Two-Gear Drop Construction: This construction uses a two gear drop to drive the
forward axle pinion. This causes opposite pinion rotation requiring both left and right hand gearing for
the two rear axles (unless a two-gear drop carrier construction is used in both of the tandem axles).
(See Figure 6A). (The rear axle of the tandem set is usually a single speed-single reduction carrier.)

b. Front Mounted Three-Gear Drop Construction: This construction uses a three gear train to drive the

forwa he two rear axles.
(See F ction carrier.)

c. Top bn above the axle
houging and a second helical gear set to develop the total axle reduction. (See Figlire 6C). (The rear
axld of this tandem set is nearly identical to the forward axle.)

9 Interaxle Differential—This device divides the drive power between the (two axles of[a tandem, while
permitting d|fferential rotation capability. Its construction can be either a.spider driven configuration as shown
in Figure 7A, or a case driven construction as shown in Figure 7B. Jtisousually provided wjth a sliding clutch
mechanism [to lock out the differential during poor traction conditions. The interaxle differgntial is frequently
referred to gs the “power divider.”

10. Traction Enhancing Differential Types—Many design coricepts have addressed the problem of differential
spinout under unequal traction situations. Four examples’ of the more common concepts|are discussed as
follows:

a. Limjted Slip Differential: This construction*controls wheel slip by a series of discs and friction plates.
The|design in Figure 8A shows discs.and plates which are loaded by the differential side gears as they
sepprate from the differential pinions due to the forces generated in the gear [mesh. The bias
increases as axle torque is increased. A second type incorporates springs to load the discs and plates
and|maintains constant bias independent of the torque through the differential.

b. Autpmatic Locking Differential: In this construction, a device is mounted within the djfferential cases in
plage of the gears and pinions. It provides positive drive to both wheels until rotatiognal bias is sensed
(which is speed sensitive). This construction is also known as the “No-Spin.” An example of an
autgmatic positive locking differential is shown in Figure 8B.

c. Pogjtive Differeqtial Lock: This construction provides a slidable clutch mechanism t¢ permit locking of
the \wheel differential during poor traction situations. The construction shown in [Figure 8C uses a
sliding clutch collar with internal splines which engage mating external splines on the differential case.
Figure 8D-shows a sliding dog clutch arrangement.

d. Torque)Sensitive, Limited Slip Differential Utilizing Parallel Axis Helical Gears: In|this construction,
parallel axis planetary helical gears provide automatic splitting of torque between each axle shaft. This
construction provides continuous, uninterrupted torque output with torque biasing between axle shafts
to match ground conditions. An example of this differential is shown in Figure 8E.

11. Hub Reduction Axles—An additional ratio reduction is attainable by placing a gear set in the wheel end. This

is frequently done to increase ground clearance since the wheel end reduction permits a smaller carrier
assembly or to increase overall axle ratio. Two types of wheel and hub reduction mechanisms are discussed
as follows:
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a. Planetary Wheel Hub Reduction: This construction uses a sun-gear-driven planetary gear set mounted
in each wheel hub to provide a second reduction for the axle. (See Figure 9A.)

b. Bevel Gear Wheel Hub Reduction: This construction uses a side-gear-driven bevel gear set mounted
in each wheel hub to provide a second reduction for the axle. This system provides a 2:1 ratio. (See
Figure 9B.)

SHIFT UMIT ASSEMBLY -
INTER-AXLL GIFFERENTIAL
LOCKoUT

SHIFT FORK

SHAFT — THRU ®©®

SCIEW — THRUST \ @

wm“ P3 SEAL
QKQD cf \HEARING - THRO\SHAFT

DTFFERENTIAL
SHAFT - INPUT  ASSEMELY -y

\ g ( ARRIER ~ DIFFERENTIAL

CAGE - INPUT BEARING ’ PINION - ORIVE

HIBR GVERHUNG MOUNTED

VUM ARING -
ASSE T PIRION TNMER
TLUTOR o \
W inrsRoaxes Al - ~ GEAR -
NIFFERENT A \ i riufoNeEarING  HELICAL

nerOuUT : DRIVEN

CEAR - dkICAL ORTVE
TNPUT SHAFT

STAL - TNPUT

FIGURE 6A—TANDEM FORWARD/REAR AXLE—TWO GEAR TRANSFER TRA|N

HIFT UNIT ASSEMBLY - SHIFT . FORE

“TER-AXLE DIFFERENTIAL

. SHAFT - IDLER GEAR
~ ARRIER - DTFFYRENTIAL

[ nCkouT \\
AR~ HFLICAH IRLER w
) TARUST
HEARTNG - Z
SINTON [NNBR ~_ TN - aRTVE
TRADULE MOUNTED BEARING - 1DLER

REARING — @@
THON (1S . ADAPTER

CAGE  PIHION REARING
AR - UPPER
REARING HELICAL DRIVE

HELTIAL ORIVEN @
')v
@0

PTFFERENT IAL
ASSEMBLY - INTERAXLE
PFPARTHG -
THPUT SHAFT

WER JMIERAXLE

Rk DIFFFRENTIAL

EMPLT SEAFT

FIGURE 6B—TANDEM FORWARD/REAR AXLE—THREE GEAR TRANSFER TRAIN


https://saenorm.com/api/?name=fd9b8c2555dd2f1c005610a19e9dae59

Page 10 of 18

J923 Stabilized JUL2012

SAE

UOL3INUISUOD S|XY BALLQ UCLIINPaY 3|gnog paiunol-dol paemtod wapue] - 39 JYNOI4

INANT — FONV1I/DI0A

P9 ®
@@ NIAT YU
@\@@@ y

Vis
WIHS

ONTAV AL
UNTIVIH NOINIJ

AATHA — 39V

IATHU LNdANT — N

1IXV — ONTSNON

-3

-]

MVIINIEI 4414
FI0ddiL

!

4

dv

"/’ﬁ\' > HNT VAR

WEINTEA S L
- ORAvY ) o ONDRIVI
. .
WEINTY I ST Z TR
S NI .
IV IH - uvay hod % HERRYAINIM A
LINIYAIILO pyq ingud s d1G

wimayasiia %
A q
,f@.«m«fﬁs_u SSO)
. o] @ ‘ IN LUV 4
3 LAVNSZSS O o
=l @ - TR

DT T IR VAVEHS

na Ss0u) Nt
NYRL ~ §ivis () @Q
IVIENIYIIATO — d31Hav) N/ ONLUV 3y (7))
® ?
UNTY IATHG ~ VI L0 1o Q
E - oniavia

dO1 - diAD ) 1V 1Y

FIGURE 6C—TANDEM FORWARD TOP-MOUNTED DOUBLE REDUCTION

RRVNAC _ANL T AARAICTLIATI AR
UV AN UVUINO TINOUTTUIY

INdIN0 = JONVTIL/ TAOA \

FIGURE 6—TANDEM AXLE CONSTRUCTION


https://saenorm.com/api/?name=fd9b8c2555dd2f1c005610a19e9dae59

Page 11 of 18

J923 Stabilized JUL2012

SAE

RVBISEL!

A

HIAG)

4V #
WA — dIAD)

3| XR433UT UBALJAQ d¥SeD - QL JUNDIS

YNTHY

FIXV-Y1IN]
JATHO — ¥V

N IHVIH

@

WHINWH I )

LAVHS  1ndNL
= UN1AV 1Y

LIVHS

\ 10N
. 1N
O g

WTUINIA T Ity
ERDAAR-E T ORI N

V)
m ONIdv3IH
= ONTHSIH

_> I

ONTUY B

- NS

LOON 1Y
WTINIIT T
1IXv=d iINL
A0S J i

\__/

INOX M
VU LENG
LR R R

LNdNT L IVHS 104101

IVETNIS
1IXV-Y 1IN
RPN

9{X0ABIUT UsALAg 8prdg -

IVITNTIE 1)
11XV 4N dLv

(IR
[ IR ER RN
Tidy giint

o A

fnidy
WS /W L n
v Iy

Adthivov m

W Id i1l
FELAARRNT)

N1
JVNS

IVIINJd 1314
11XV 1INy
19V )

LAVIS (1R
AV adrs

LAVHS Andul
FONVTI/ PAGA

144v)

PSS Nkl
T OUNTAV

FIGURE 7—INTERAXLE DIFFERENTIAL CONSTRUCTION


https://saenorm.com/api/?name=fd9b8c2555dd2f1c005610a19e9dae59

SAE

J923 Stabilized JUL2012

Page 12 of 18

DISC - FRICTION

PIN -

DIFFERENTIAL @

PLATE - FRICTION

SIDE PINION _/'@

DIFFERENTIAL
|

SPRING

B0

SPIDER

SIDE GEAR -
DIFFERENTIAL

FIGURE 8A—LIMITED SLIP DIFFERENTIAL

GLUTCH - DRIVEN

SPRING

FIGURE 8B—AUTOMATIC POSITIVE LOCKING DIFFERENTIAL

Mo

CASE - DIFFERENTIAL

RETAINER

i

GEAR - SIDE



https://saenorm.com/api/?name=fd9b8c2555dd2f1c005610a19e9dae59

SAE J923 Stabilized JUL2012 Page 13 of 18

NUT  YOKE/FLANGE 0-RINGS
SHLFT FOuk  PUSH ROD 1 -
BEARING - ADJUSTER - } TUBE 37 COVER
PINION OUTER DIFFERENTIAL I R
SPRING A COLLAR - SLIDING

BEARING

SPLINED CLUTCH

CAGE ~ PINION_*

1Y £
o
BEARING am &r;
BEARING — okt ‘
FINION -
INNER , 5’
PINION - DRIVE AP -
5TRAUDLE @ DLFFERENTIAL
MOUNTED BEARING
BEARING \Amusrgn - °/ CASE - SPLINED PLANE
SOt SCREW — ™ cFrRENTIAL/ Qo HALF DIFFERENTIAL

THRUST  BEARING

WHEEL DIFFERENTIAL

/ .
/ .
y— :’\ assEMBLY
: ~
! 9 Qf_f/ GEAR - DRIVE
& o \ RING
& CASE — FLANGED

BLARING -
NIFFERENTIAL

{1ALF DIFFERENTIAU

FIGURE BC—POSITIVE DIFFERENTIAL LOCK—SLIDING SPLINED COLLAR CONSTRUCTION

SCREW

‘/ WASHER
% / TUBE ;
Q@j MISH ROD : :‘
@ / SHIFT
FORK
106 ~ SLIDING e~
) %.,spawa

i

%”.l

006 ~ SHIFT

CASE -

‘//,UIFFERENTIAL

FIGURE 8D—POSITIVE DIFFERENTIAL LOCK—SLIDING DOG CLUTCH CONSTRUCTION


https://saenorm.com/api/?name=fd9b8c2555dd2f1c005610a19e9dae59

SAE J923 Stabilized JUL2012 Page 14 of 18

_-SPACER

-FLANGED BQDY

. ] m
l'i E
L (1

S o

o ‘.' , P (]
. e

o) 5 ) H
- O % ' E

\ Ny
-

iy
ey

i

\
B
S & 5

FIGURE 8E—LIMITED SLIP DIFFERENTIAL UTILIZING PARALLEL HELICAL GEARS

FIGURE 8—TRACTION ENHANCING DIFFERENTIAL TYPES


https://saenorm.com/api/?name=fd9b8c2555dd2f1c005610a19e9dae59


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColorForImages
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


