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Yankee Dryer Corrosion

Webster’s dictionary defines

rust as “the reddish brittle

coating formed on iron, especially

when chemically attacked by moist

air and composed essentially of fer-

ric oxide.” Rust is typically a liabil-

ity to design integrity. Companies

constantly attempt to inhibit rust

generation resulting from the corro-

sive attack of component surfaces.

The paper industry routinely faces

machinery degradation due to cor-

rosion that causes reduced compo-

nent life and, at times, failures.

Yankee dryers have not been im-

mune to the initiation and develop-

ment of corrosion buildup.

Specifically, severe corrosion

buildup in the head-to-shell juncture

was first identified in 1985. This ini-

tial case study led to the discovery

of the head being cracked. Subse-

quent instances of head-to-shell joint

corrosion buildup alerted the indus-

try to better understand the rea-

sons for corrosion’s occurrence and

severity. The problem was exposed

through paper presentations and

extensive roundtable discussions at

TAPPI’s Yankee Dryer Safety Sub-

committee meetings. Concurrently,

one Yankee dryer builder initiated

extensive analytical and experimen-

tal studies to understand the gen-

eral behavior of the head-to-shell

juncture. These studies culminated

in design changes that theoretically

eliminated one possibility for crev-

ice corrosion in the joint. During this

period, work also focused on under-

standing the failure mode being ex-

perienced in the field.

The following discussion outlines

the mode of failure commonly expe-

rienced in the field. Detailed nonlin-

ear finite element analysis has shown

how and where the failure will occur

when significant corrosion-jacking

stresses are present in the head-to-

shell juncture. Additional discussion

describes how these computer mod-

els were used in formulating a viable

repair of Yankee dryers in the field;

this can enhance head-to-shell joint

functionality and extend dryer life

while minimizing machine downtime.

Reasons for crevice corrosion

Yankee dryers are the major com-

ponent of the creping process. Typi-

cally, a Yankee is used to transport,

press, and dry the wet web and pro-

vide the necessary product attributes

with the creping blade. These func-

tions account for loadings on the ves-

sel from the pressure roll, internal

steam pressure, shell thermal gra-

dients, and shell surface wear from

doctoring. As part of the Yankee dry-
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1. Head-to-shell joint gapping 2. Head tilt 3. Head-to-shell spigot fit
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ing process, special chemicals are

used for sheet release and adhesion,
and in some cases, edge sprays are

used to control sheet edge dryness,

all of which can accelerate corrosion
in the joint.

The relatively recent problem with

corrosion in the head-to-shell joint
has caused speculation as to how and

why it so suddenly emerged and sub-

sequently became a safety issue in
Yankee dryer operation. Reviewing

the applied loads, no dramatic

changes were identified to explain
the problem. Preliminary investiga-

tions focused on design integrity and

understanding possible failure
modes. These evaluations provided

valuable insights on how the head-

to-shell juncture behaves under dif-
ferent loading conditions. Extensive

computer analysis of through-bolted

Yankee designs revealed that, under
operating conditions, a crevice can

exist at the head-to-shell juncture,

as shown in Fig. 1.
The magnitude of this crevice was

typically 0.002–0.004 in. (0.051–0.102

mm), depending on certain geometri-
cal relationships, design character-

istics, and bolt preload. A gap is a

requirement for crevice corrosion;
theoretically eliminating a crevice

should stop corrosion growth.

During the TAPPI 1991 Engineer-
ing Conference, Gerry Schreiner of

James River presented his practical

findings to the Yankee Dryer Safety
Subcommittee about the head crack-

ing resulting from crevice corrosion.

His presentation emphasized the fol-
lowing points:

• It is a worldwide problem on both
old and new dryers.

• Machine glaze and wet-crepe pro-

cesses rarely exhibit the problem.

• Dry-crepe processes are most sus-

ceptible to the problem.

• Closed-water systems, resulting

from the energy crisis of the 1970s,

contain corrosion-supporting ele-
ments.

• The gapping effect at a joint pe-

riphery fosters crevice corrosion.

• Corrosion initiation is from the

outside inward.

• Felts, traditionally too wide for

the sheet width, compound high

moisture levels at the joint.

• All types of joint designs and di-

ameter sizes are at risk.

This presentation emphasized a

proactive approach to monitor vari-

ous aspects of the shell and heads to
detect the existence of crevice corro-

sion.

Identification
and measurement
of crevice corrosion

Growth of Yankee dryer head-to-
shell crevice corrosion does not ex-

hibit immediate operational

instabilities. During the corrosion
growth process, shell deformation

changes caused by the corrosion are

masked by:

• Natural shell wear from creping

and cleaning doctors

• Regular grinds of the shell sur-
face to maintain production effi-

ciency and product quality.

These two compensating factors

eliminate measurement of shell ra-

dial runout as a means to quantify
cumulative growth of crevice corro-

sion. Proven indicators of cumula-

tive crevice corrosion growth are:

• Head tilt (Fig. 2)

• Head-to-shell spigot fit loss (Fig.
3)

• Gapping between the head and

shell flanges, as measured in the
bolt holes (Fig. 4).

Special gauges are used to measure
head tilt and establish crevice corro-

sion severity. A typical gauge is

shown in Fig. 5.
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7. Finite element model used to analyze head-to-shell joint behavior
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These gauges must be able to ob-

tain an accurate plumb to the dryer
head surface, span a significant por-

tion of the head flange outside face,

and incorporate an accurate means
to measure the out-of-vertical posi-

tion of the head flange. Final head

tilt magnitudes are not absolute un-
less reference tilt readings were re-

corded at Yankee manufacture.

A good assessment can generally
be made regarding corrosion sever-

ity and growth rate, but a specific

value of head tilt that causes crevice
corrosion cracking is less predict-

able. A valuable reference is estab-

lished with initial head tilt
measurements. This provides for a

means to monitor head tilt changes

and ascertain crevice corrosion
growth. These measurements re-

quire consistency of the measuring

procedure with regard to vessel tem-
perature and internal pressure.

Spigot gapping, a separation of

radial interference fit between the
head and shell, is another common

indicator of excessive corrosion
buildup. This measurement requires

the dryer be cooled for entry. Loss

of fit between the head and shell is
evaluated by inserting feeler gauges

into the interface. Correlating loss

of fit to an area of high head tilt is
another measure of corrosion sever-

ity.

Bolt hole gapping is the best as-
sessment of absolute head tilt sever-

ity due to corrosion jacking. This

procedure also requires that the
dryer be cooled. A bolt is removed,

and right-angle feelers are inserted

around the bolt hole at various posi-
tions. With these gapping measure-

ments, a similar-triangle calculation

is made to determine head deflec-
tion away from the shell, as shown in

Fig. 6. A drawback to performing

this measurement is the presence of
sealant, which can inhibit accessibil-

ity.
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8. Finite element results showing clamping distribution in joint
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Considering these three ways to

monitor crevice corrosion severity,

measuring head tilt is the preferred
method.

Determining the severity
of crevice corrosion

The discovery of crevice corrosion

in Yankee head-to-shell joints
prompted detailed computer analy-

sis to scrutinize design behavior in

this region. Nonlinear finite element
models were initially used to under-

stand specific deflection responses.

These models accounted for design
characteristics, bolt preload, and all

the major static loads to which the

vessel is subject during service. Fig-
ure 7 shows a typical computer

model used to examine joint behav-

ior.
The initial results revealed that a

crevice could exist in the joint. It

was determined that during paper-
making conditions, this crevice would

have an extreme magnitude gap of

approximately 0.004 in. (0.102 mm).
This depended on specific geometri-

cal relationships and joint clamping

forces. The relationship between the
generated clamping cone in the joint,

the radial distance from the head

outside surface, and the bolt pitch
circle diameter, as shown in Fig. 8,

was determined to be a major factor

in eliminating gapping.
These studies also revealed that

traditional design methods used to

calculate bolt working stresses were
inappropriate. Traditional calcula-

tion procedures do not account for

bolt prestress or for the joint’s capa-
bility to absorb applied loads. The

computer analysis revealed a joint,

with sufficient bolt prestress, had
bolt working stresses typically less

than 2000 psi. Subsequent experi-

mental work, using strain gauges,
verified the theoretical calculations.

Analysis also focused on predict-

ing the predominate failure mode.
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9. Finite element model used to analyze corrosion jackingFEARNSIDE/JULY FIG 9 X 27 Picas

"A"

CIRCLE "A" DETAILS

Preliminary objectives were to ob-

tain the stress levels resulting from

corrosion jacking in the head-to-shell
joint. This work involved modeling

the jacking phenomenon associated

with the buildup of corrosion in the
joint, as depicted in Figs. 9 and 10.

The amount of jacking imposed

was correlated with field measure-
ments of bolt hole gapping to create

the imposed head tilt. Results veri-

fied the existence of substantial ten-
sile stresses in the head spigot

corner, as illustrated in Fig. 11.

It was determined that an abso-
lute tilt magnitude of 0.025 in. (0.635

mm) was needed across the refer-

ence point for a span of 3.5 in. (88.9
mm) to cause stresses that ap-

proached the tensile strength of the

material. The general stress magni-
tudes could vary with design geom-

etry and parameters, but it is

important to realize that the stress
levels would be large. Ultimately,

when the vessel user discovers crev-

ice corrosion, it is important to con-
sistently and accurately monitor the

joint as previously outlined. Addi-

tionally, repairing the vessel can re-
lieve the corrosion-jacking stresses

and restore head-to-shell joint func-

tionality.

Removal of crevice corrosion

Removal of crevice corrosion is pos-

sible by implementing a substantial

cutback of the head outside diam-
eter. Figure 12 illustrates the dis-

tance to tool metal off and remove

corrosion-jacking forces that concen-
trate stresses at the head spigot cor-

ner.

It may also be necessary to re-
establish any lost head-to-shell fit

and to upgrade the bolt size for in-

creased clamping forces, necessary
to overcome permanent flange de-

formation from crevice corrosion

jacking.
Various considerations must be

addressed to proceed with corrosion

removal:
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10. Finite element mesh of head spigot corner jacking corrosion studyFEARNSIDE/JULY FIG 10 X 27 Picas
• Safety. Does the dryer have ex-

tensive corrosion that requires

immediate attention? This is a

major determining factor in rela-
tion to the following two issues.

• Remaining dryer life. Is there

sufficient shell thickness to war-
rant repair, i.e., replacement of

the Yankee vs. rework?

• Extent of repair. Should the re-

pair include a bolt upgrade or will

limited service life dictate a cut-
back with replacement of similar-

size bolts?

Additionally, the Yankee builder

should provide calculations justify-

ing the repair. This allows the vessel
owner to involve local code jurisdic-

tions and obtain appropriate autho-

rizations.
To date, nine repairs and up-

grades have been completed, remov-

ing all the crevice corrosion and
increasing bolt size. These repairs

also eliminated the steam leaks as-

sociated with some of the corroded
joints.

Summary

The following items summarize the

items presented:

• Yankee dryer head-to-shell cor-

rosion is a safety issue. The paper

industry has recognized this and
issued guidelines for assess-

ment1,2. Instances of severe crev-

ice corrosion have caused
noncatastrophic failure of the

Yankee head flange.

• The majority of cracking failures

have initiated from the head

spigot corner.

• Prudent and consistent methods

are needed to identify and mea-

sure crevice corrosion. The most
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FEARNSIDE/JULY FIG 8 X 27 Picas
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11. Maximum stress in head spigot corner due to corrosion jacking 12. Corrosion removal via head cutbackFEARNSIDE/JULY FIG 12 X 13 Picas
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convenient and reliable method is

to periodically measure head tilt.
Additional checks are to evaluate

the spigot fit and to remove bolts

for assessment of absolute tilt-
ing.

• Options exist to repair severely
corroded head-to-shell junctures.

Nine repairs have currently been

completed by substantially reduc-
ing the head outside diameter to

remove crevice corrosion depos-

its. Additionally, functionality can
be addressed by stabilizing the

joint; this eliminates steam leak-

age through an upgrade in the

clamping forces. TJ
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