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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

THE EFFECT OF VARIOUS SURFACE CONDITIONS ON PRESS FITS
OF STEEL BUSHINGS AND 17S-T ALUMINUM=-ALLOY FITTINGS

By BEe Ce Hartmann and Je Fe Reedy

STMMARY

Specimens of 178«T aluminumealloy fittings with pressed-in
steel bushings were tested for various surface conditionse The
maximum load required to insert the bushing into the fitting
was measured when both surfaces were bare, when the 17S-T was
anodically coated and the steel cadmium-plated, and when either
surface was treated and the other bare, boti without lubrication
and with Gredag Noe 83 as a lubricant. Coofficients of friction

£ for the various press fits were determined from these loads and
from the calculated pressures on the specimens, Use of anodioc
coating on the aluminumealloy fitting reduced the load required
for a press fit to less than one-half and use of cadmium plating
on the steel bushing, to less than ons-third the load required
when both surfaces were barge The use of the lubricant was very
beneficial when both surfaces were bare hut had little effect
for the other surface conditionss

-

INTRODUCTION

In aircraft construction it is common practice to use
aluminumealloy fittings with pressed-in steel bushings to make
connections between certain structural members and for parts of
the control systeme Such fittings have been under discussion
recently because of the possibilibty that the stresses set up by
pressing in the bushing might promote stress-corrosion cracking
in the fittings It has been concluded, however, that if the
interference between ths bushing and fitting is properly cone
trolled, the stresses set up by a press fit can be kept within
safe limits. (Interference is here used to mean the difference

» between the outside diameter of the bushing and the inside
diameter of the fitting before the press fit is mades)




It is recognized that, in order to accomplish the desired
control of stresses produced by press fits, it is necessary to
avoid galling between the bushing and fitting as the bushing is
being pressed into the fittings If such galling occurs, the
effective interference betweon the bushing and fitting is doubt-
less increased; and as a result the stresses will be higher tha
intendeds Because of the importence of avoiding galling, it was
deeided to compare the galling tendencies of press fits made
with various surface conditions as outlined herein.

TEST SPECILENS

The aluminumealloy samples for this investigation were not
actual eircraft fittings but were simply aigks cut from 2- by
3/4-inch— 7S=T rolled hare Each disk was 1§'inch in diameter
and 3/4 inch thick. The diske were pierced at the center with
a round hole carcfully bored to give the roquired interfcrence
for the 7/B-inch-diameter steel bushings, which were later
pressed into the diskse. Pigure 1 shows the finish on the inside i
surfacc of one of these diskse

The steel bushings were made from 7/@-inch—diameter drill ¢
rode Each bushing had & nominsl inside diameter of 5/8 inch
and a nominal outside diameter of 7/ inchs The length of each
bushing wes 13/16 inch, with a’ slightly rounded leading edge to
facilitate entrance of the bushing into the fittinge The stecl
drill rod was selected for roundness and size and, as a result,
no machining was required on the outsido surfacce

Eight disks and cight bushings were preparede One=half of
the bushings werc cadimium-plated by the Finishes Division at the
lew Kensington Workse The outside diameher of all pushings was
determined to thc ncarest 0.0001 inch by a Zeiss optimeter in
conjunetion with Hoke precision gage blocks. The holes in the
178-T disks wore bored to give an inside diamcter nominally 00025
inch lcss than the outside diameter of the stoel bushingse One-
half’ of the 178-T disks werc anodically coated by the Finishes
Division at the New Kensingbon Works using the chromic acid
process, th> coating being applied after the holes had been bored
to sizee

When all the disks had becn preparod, including the anodic
coating, their inside diameters wore carefully determined by use
of Hokc precision gage blockss Table I gives the measurements



of the inside diameters of thesc disks as well as thc measurce
ments of the outside diemeters of the steel bushings and tho
corresponding interferencess It will bo noted that the
interferences vary from 0.0021 to 040028 inchs

It was recognized throughout this investigation that, since
metals with different coelficients of expansion were being used,
the interference would change with variations in temperaturcs
It is ostimated that the total change in temperaturc of the parts
during this investigation did not exceed 10° Fs Such a change in
temperature would not aporsciably affect the interforcncos

The nominal interference of 0.0025 inch, which was solected
for this investigation, is approximatcly equal to the maximum
interference rccommended on this size of bushing by some aircraft
manufacturerss All the aocbpal inberfercnces proved to be within
16 percent of the intended nominal valuce

The gencral proportions of tho specimens used in this investi-
gation, especially the wall thickncsses of the stecl bushings and
178-T fittings, are believed to be in sccordance with curront
aircraft practiceces

TBST PROCEDURE

The bushings and fittings were prepared for press fits by
cleaning all faying surfaces with acetonce Following this treat-
nent, somc of the surfaces were coated with Gredag Noe 83 as a
lubricante Tho press fits were then made with & 20,000=-pound
capacity Amsler testing machince Table I shows the conditions
of the surfaces of each fitting and bushing and the loads re-
quired to insert ths bushing, In all cases the bushings were
pushed through the fittings so that the loading edge of the
bushing projected approximately L/lé inch from the side of the
fitting opposite to which it entercds 1In all cascs the auto-
graphic load-dcformation diagrams indiested that the pressure
incrcased gradually as the bushing entered the fitting and
finally reached a maximum valuc when the press fit was nearly
completes It is this maximum load which is rccordod in tablo Je

The calculated pressurcs and stresses in the spcoeimens
produced by the press fits are shown in table II. Theso pressurcs
and stresscs were oalcoulated from the following formulis developed
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v Poisson's ratio for steol (0.25)
I,  Poisson's ratio for aluminum slloy (0.33)

St tangential stress, pounds per square inch

[

a7 maximum shear stress, pounds per squarc inch

The prcceding cquations arc anplicable only within the
clastic rangc and for the idsalized casc in which a cylindrical
stecl bushing of uniform well thickness is prossed into a
central circular hole in an aluminumenlloy disk of uniform depth
cqual to the length of the bushinge Because thesce conditions
arc not exactly met in those spocimens, the calculated valucs are
only aopproximately corruote

After the cight press fits had bason completcd, the specimens
were sawed in half across the dismstecr in order to release tho
bushing and cxpose the faying surfaces of the disks and bushingse
One=half of each disk and bushing, properly identified, was then
submitted to the Metallurgical Division for exominations

DISCUSSION OF RESULILS

Table I ind cates cloarly that the meximum load required
for a pres:z fit in this investigation occurreod in the casc of
specimen 1, in which both the stesl and the aluminumezlloy
surfaces were bare and no lubricant was applieds This load is
from 2% to 4% times as groat as thosse required for the other
press fitse It should be noted, howaver, that specimen 1 had
the greatest interferconce butwoen bushing and fittinge Tho
difference in interference between the various specimons impairs
the value of any dircct comparison of the loads required fer
the press fitse

In order to overcome the difficulty presented by the
variation in interference in the vqrzous cp;c nens in this
investigation, the diagram shown in figure 2 was proparcde The
basis of this diagram is a curve prenared from date from a
similar investigation which involvod press fits made with stoel
bushings in 145-T disks by use of & combact of barc steel to
aluminum 2lloy, lubricated with Gredag No. 83. These bushings
end disks werc the szme size as thoso used in this inw vestigation




oxcept for a slightly thicker wull on the bushings. Plotted
with this general curve in figurc 2 are the results of the eight
pross=fit tosts teken from tablo I. In ordor to adjust the loads
required for these eight various press fits so that cach would
repreosent the same value of interference, a curve was drawn
through cach data point and the origin, this curve in each oasc
being of the same genoral shape as the master curve taken from
the othcr investigntions Each of these curves is showm in

figure 2 from the data point up to tho vertical line reprcsenting
an interfercnce of 0,0028 inch. The interscction of these
various curves with this vertical linc gives the load that would
hove been oxpected if the interfercnce had been 0,0028 inch for
ecch press fite Because this common value of interforence

0.0028 inch was used, no ad justmont was required for the load on
specimcn ls The adjusted loeds for an. interferonce of 0,0028
ineh arc shown in the last column of %table I and will be used in
all the following comparisonsa

In making comparisons of the various loads required for the
press fits, it is rccognized tlgt small differcnces in thesc
loads cre probably rot significifte ~It can be scen in figure 2
fron the date from the othor investigetion that the scatter in
duplicato tests in the range of interforcnces undor consideration
may casily be as much as 400 poundss It will be assumed, thore- s
fore, throughout this diseussion that difforcnces less than 400
pounds arc probably of no significances

2

It is clenr from a comparison of spceimens 1 and § that the
usc of Gredag Noo 83 as a lubricant on otherwisc bare steel and
178-T surfacos rcduced the load rcquired for a press fit to about
one=half the lood required for an unlubricated contact of baro
stecl to aluminum alloye A ‘comparison of Specimens 1 and 3
indicatos that an anodic conting on the aluminum surface do-
creased the load to e little less than oneehalf the load rcquired
for the unlubricated contact of barc steel to aluminume . A
comparison of specimons 3 with 7 and 2 with 6 indicotes that the
usc of a lubricant in addition to an ancdic coating or in
addition to cadmium plating wns not bencficianle

It will be noted in table I that the four spccimens in :
which the bushing was codmium-pluted (spocimens 2, 4, 6, and 8)
gave lowor loads for press fite than cven the lowest of the
otherss This reduction in load is attributed to the fact, /
bornc out by obscrvations during the prcss=fit opcration, that A
at least a portion of the cadmiun plating was removed from the
bushing during the press fit, which roduced thc initial
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interference between bushing and fittinge The actual reduction
in interference caused by the removal of a portion of thc cadmium
plating is not known; but, as thc original thickness of the
cadmium plating is estimated to be approximately 040004 inch,

the maximum change in interferonce was probably less than 00008
inche. Becnuse of this probable change in interforcnce, it is
difficult to arrive at any definite conclusions concerning the
effcet of the cadmium platinge It can be stated, howcver, that
for a given initial interforence the cadmium plating reduces

the load required for a press fit to less than one=third the

load required for the unlubricatud contact of bare stecl and
aluminume A comparison of the results on specimens 2, 4, 6, and
8 indicates that tho use of anscdic coatings and lubrication in
addition to cadmium plating does not decrease the pressure
requircd for pross fita beyend that for cadmium plating alonoce

The microscopic exgminmation made by the Motallurgical
Division rcvenled no evidones of ectual galling of the metal
surfaccs in any of the eight spccimens submitteds A continuous
layer of scverely worked metal, which appeared to huve been
dragged along by the bushing, was found on thc inside of tho disk
in the casc of spccimon le This condition suggests that, with
slightly greatcr interfercencs, galling probably would have boen

neountered and indicates that an unlubricated contact of bare
stecl and aluminum is undcsirable in the press-fit operations

The microscopic examination also indicnted that the anodically
coated surfaces suffcred considerably in the pross-fit operation;
but, from the pressures required for anodically coated samples,
this treatment of the surface sorved a useful purpose in spite
of this fact,

It was noted during the microscopic ecxamination that some
of the cadmium plating had becn deposited on the aluminune-alloy
surfaces on the inside of the aluninum=olloy diske This devosit
indicates that the cadmium plating was probably not entirely
scraped off the steel bushing as it onterod tho hole in the disk
and that the interferencc was, therefore, not altorcd quite as
much as the 040008 inch mentioncd as a possibile maximum in a
previous paragraphs

Figurc 3 shows photogrophs of the inside cdges of three of
the disks after the press fits were madee These photographs
illustrate some of tho conditions previously describede

The coefficients of friction for the wvarious press=-fit
conditions werc calculated from informotion in tables I and II




and arc given in table IIT. These values range from 0,33 for
specoimen 1 to Ce0? for specimen 2o The average cocfficiont of
friction, oxcluding specimen 1 (unlubricated contact of bare
stcel and aluminum), is 0412,

CONCLUSIONS

The following conclusions seem warranted as a rosult of the
invostigation dosceribed herein on sight differcnt 17S8-T aluminume
alloy fittings with pre ssed=in steel bushingss

la  An unlubricated conbuct of bare stecl and aluminum
should bc avoided in ng press fits of steel bushings and
aluninum=alloy fittings bocause rclatively high loads are
required to make such gs fits and morc damage is donc to the
aluminum surfoce than & lubricant is uscde

2¢ Although no actual galling was encountersd in any of
the prcss fits in this 11"vs+15 tion, the surface layor of the
aluninum=slloy fitting, in the¢ cass of the press fit made with
an unlubrieated contact of bure steel and aluminum, was severcly
worked and anpe urwd to have heen dregged along by the bushinge

3« The usc of Gredag No. 83 as a lubricant in making a
press it wag found to be very beneficial when applicd to other-
wisc bore stecl ond aluminumealloy surfaces. The pressurc
required for such s lubricatcd press fit, adjusted for the
difference in intorfercncc, wes foupﬁ to bc only orc-half as
great as the pressure requircd ¢ the unlubricated contact of
bare stecel and alunminume

4e The usc of anodic coating on the aluminun-alloy surfaces,
even when unlubrica J‘d, doercased the pressure required for a
pross £it Yo less than onc-half the pressurc roquired for an
unlubricated contact of bare steel and alumirume The anodic
coating itself vms broken up and almost entirely rcnoved by the
precs={'it opcration, but the distortion of the surface layers
of the aluminum wns only slight coupoared with the distortion
that occurred in the easc of the unlubricated centoct of bare
stoel ond aluminume

S5¢ The usc of ecadmiunm plating on the stocl bushing, oven
though unlubricated, decrcasod the pressurc reguired for a pross

.



hird the pressurc required for unlubricated

t to less o=t
a t: 1 nd sluminume A considerable portion of

i S
ontact of barc

( S
the cadmium plating wes removed during the press fit, howcver,
with the rosult that some of this reduction in load must be
attributed to a decreasc in sffective interferences

6. Although lubrication with Credag No. 83 proved highly
berneficial when a olﬁed to othervisc bare steel and aluminum
snriﬂueu the data in this investigation indicatec no definite
bonefits for the cascs in which lubrication was added in
addition to the anodio coating or ondaniun plating.

Te The coleulated cocfficicnts of friction for the various

press fits for this investigatinon rensed from 0e33 for the
unlubricated contact of bare stoel and o luminum to O. 09 for the

1 with the unlubricatsd cadmiunmeplstod bushinge The
ficiont of frietion for all spccimens, excluding

the unlubricated contact of bare stecl a 16 aluminun, vms found
to be 0.12. Beonuse these cocfficients of friction are bascd
cutircly on caloulated radial pressures and becausc the
caleoulations orc based on idealized conditions nob stric tlf
attoined in thesc teste, they should he considared as be ing only
approximately corrccte :
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TABLE I

DATA FROM PRESS FITS OF STEEL BUSHINGS IN 17S-T FITTINGS

Max. load Adjusted
required load for
Spec~| Inside |Outside to insert an inter-
imen | diam. of |[diam. of (Inter- |Condition |Condition|Lubricant bushing into|ference of
fittings |bushings |ference|of 17S-T of steel fitting 0.0028 in.
(in.) (in.) (in.) surface surface (1v) (1v)
(a) (v) (c)
1 0.8728 | 0.8756 [0.0028 Barse Bare None 7160 7160
2 .8737 .8764 | .0027 Bare Cadmium- None 1860 1950
plated
3 8733 .8756 | .0023 |Anodically Bare None 2330 3000
coatedd
4 8743 8764 | .0021 |Anodically|Cadmium- None 1600 2300
coated plated
5 .8733 8756 | .0023 Bare Bare | Gredag No. 83 2820 3600
6 A5 .8764 .0027 Bare Cadmium- | Gredag No. 83 2500 2600
plated
7 8733 8757 | .0024 | Anodically Bare | Gredag No. 83 2560 3100
coatedd
8 8742 -8764 | .0022 | Anodically| Cadmium- | Gredag No. 83 1790 2450
coatedd plated

®see fig. 2.

YChromic acid, AN-QQ-A-696.

3Determined with Hoke precision gage blocks.

bDetermined with Zeiss optimeter and Hoke precision gage Dblocks.
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TABLE II

COMPUTED PRESSURES AND STRESSES IN SPECIMENS OF

17S~T FITTINGS WITH PRESSED-IN STEEL BUSHINGS

[ Values are only approximately correct because
of limited applicability of formulas used]

Radial
pressure Max. stresses in Max. stresses in
Spec— between bushing fittings
imen | Inter—| fitting (1b/sq in.) (1b/sq in.)
ference and Circumferential|{ Shear |Circumferential| Shear
bushing compression tension
(in.) |(1b/sq in.)
1 0.0022| 10,600 43,300 21,600 19,200 19,900
2 .0027| 10,200 41,600 20,800 18,500 19,100
3 .0023% 8,700 35,500 17,800 15,800 16,300
4 .0021 7,900 32,300 16,200 14,400 14,900
5 .0023 8,700 35,500 17,800 15,800 16,300
6 0027 10,200 41,600 20,800 18,500 19,100
T o024 9,100 36,700 18,500 16,500 17,000
8 .0022 8,300 33,900 16,900 15,100 15,600







TABLE III

CALCULATED COEFFICIENTS OF FRICTION FOR THE VARIOQUS PRESS FITS

[Computed radial pressures are approximate]

Computed
radial Max.
pressure pressure
between required Comput ed
Specimen Interference | fitting for press coefficient
and fit of friction
bushing (1b/sq in.)
(in.) (lb/sq in.) (a)
1 0.0028 10,600 3Ug80 0.33
2 .0027 10,200 900 .09
5 .0023 g,700 1130 52k5S
4 .0021 7,900 780 .10
5 .0023 8,700 1370 .16
6 .0027 10,200 1210 .12
7 .0024 9,100 1240 Al
.0022 &,300 870 SIHO,

SMhese pressures were calculated by dividing the max. load
required to insert bushing into fitting (from table I) by
2.06 sq in., which is the final area of contact between
the steel bushing and the aluminum-alloy fitting.

(Al







NACA Pig. 1

Figure 1.- Photograph showing finish on inside of hole bored
in a 17S-T disk typical of the disks used in this
investigation. 10X







NACA Fig. 2
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Figure 2.- Diagram for correcting loads to represent the same value of
interference.







Fig. 3

(a) Bushing, bare;

without lubrica-
tion. Note severely
worked surface layer,
which appears to have
been dragged along by
the bushing. 500X

(b) Bushing, bare; o KN o .:, 'f.,'l :
lubricated with ~ °° . o R p
Gredag No. 83. 100X PRel et e CERE N s
) .'.. l‘ p .a. % ‘ i :
3 ! X » i 5 S 2
. W ’ ,
“ i ; Pt “l. ¥ « g
- . .
vl \ . 4 b
3 v ' ‘3 s "‘ ;"# i "’ ¥y e

(¢) Bushing, cadmium-
plated; without
lubrication. Note
v ; - cadmium picked up
from bushing. 100X

Figure 3.~ Longitudinal section through a bare 17S8-T fitting
in which steel bushing had been pressed.



