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Critical Fasteners

If foot pounds of torque were poker chips...
Reuse, research, rethink critical fasteners

BY STEVE SCOTT

There are various criteria for inspection and/or replacement of
critical fasteners, and when it comes to cylinder head, connecting
rod, main cap, and injector hold down bolts,
it can be confusing. OF Manufacturers often
publish general guidelines for reusability,

and occasionally will reference a bolt length
specification to determine if the bolt is within
limits. However, those are only guidelines,

and the actual application may call for various
bolts to be replaced after each use, or after a
specific number of uses. Even more confusing
is that some manufacturers or suppliers
include critical bolts in their overhaul engine
kits or gasket kits, vet others do not. Whether
or not a bolt set is included (or not included)
in the kit is not a guarantee that a bolt is
reusable. Referring to the latest OF service
publications is the best resource. Researching this information

in advance will help to avoid any unexpected expenses and

delays during assembly. Crirical fasteners are not necessarily an
inexpensive item. A Cat 3500 series head bolt lists for around $24
cach. Considering there are cight primary bolts per cylinder head
($24 x 8 = $192), and depending on the design, there can be eight
to 24 heads on the engine.

(continued)
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The highest stress areas of the bolt are the first thread below the
shank, the first exposed thread outside of the casting or nut, and
the radius below the bolt head.

4 4/

Even if you are replacing the bolts with new ones, the inspection
guidelines are a wise precaution to follow. Damage to the shank,
threads, and under side of the bolt head can cause a stress riser,
and/or compromise the clamping (torque) force of the bolt.

Tightening a bolt creates a cone effect in the clamping force
between the two parting surfaces. This force reduces as it moves
further away from the bolt. If the bolt is tightened properly, it
should only experience a tension (stretching) load. Friction between
the two parting surfaces created by the clamping force would carry
the shear or bending loads.

Tension

l

=== Friction

Clamping
force

The amount of force that properly tightened bolt(s) apply is
amazing. Something as small and simple as a steel flange using four
8mm bolts and tightened to 18.5 |b-ft (24.97Nm) can create over
3500 pounds of tension (clamping) force per bolt.
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Given:
8mm (.315") bolt
18.5 ft-Ibf of tightening torque
0.2 coefficient of friction (steel on steel)
Where F=T/(c*D):
F= (18.5 ft-Ibf/(.2*.315in) *(12in/ft) = 3524 Ibf

Flange Force

Many of the critical fasteners are made from forged blanks with
rolled threads in order for the bolts to withstand the hundreds of
pounds of torque, and the operating forces of the engine. Forging
the head on the bolt optimizes the grain structure and increases
fatigue life to three times that of a machined bolt.

Rolling the threads, as opposed to cutting them, creates
continuous unbroken grain lines following the contours and
increases the tensile and shear strength.

Grain structure of cut theads

(continued)
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Two culprits that can have negative effects on the torque
values are:

1) Torque wrenches — Often neglected, but not likely to be
abused. Most technicians take diligent care of their torque

wrenches and keep them in a case or safe area in the shop to
protect them. But when was the last time you had your torque
wrench calibrated or certified? Most manufacturers recommend a
wrench to be certified on a yearly basis or after 5,000 clicks.

2) The type of lubricant, If any, that Is applied to the bolt -

Following the manufacturer’s guidelines is best to ensure the correct
load is applied. Not doing so can result in underload or overload of
the fastener.

For example: Using 220 (lb-ft) of torque on a 5/8" diameter
bolt M16(10.9)

¢ Installed dry applies 21,000 pounds of load {force)

* Installed with engine oil applies 26,000 pounds of load (force)

* Installed with typical anti-seize applies 32,000 pounds of

load (force)

Using the wrong lubricant could go beyond the bolt’s yield
limit.

The method for tightening (torque) bolts varies by OE
manufacturers and by application. Here are examples of the torque
value and sequence from three manufacturers for head bolts (for
reference only).

Detroit DD15 engine
The 38 head bolts are torqued in four stages:
a. Tighten bolts in sequence to 50 N-m (37 Ib-ft)
b. Then in sequence to 250 N-m (184 Ib-fr)
c. Next tighten them 90°
d. And finally, an additional 90°
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Cummins ISX engine
Tighten the head bolts in sequence:
a. The first torque is 150 Ib-ft
b. Then a second torque of 300 Ib-ft
c. Followed by 90° turn or angle

3500 series Cat engine

(One example for the main head bolts)

a. Tighten bolt (1) through bolt (8) in numerical sequence to a
torque of 30 £ 5§ N-m (22 = 4 |b-fr)

b. Tighten bolt (1) through bolt (8} in numerical sequence to a
torque of 270 = 35 N-m (200 = 26 Ib-ft)

<. Tighten bolt (1) through bolt (8) in numerical sequence to a
torque of 450 = 20 N-m (330 = 15 Ib-fr)

Cat C10 and C12 engines

a. Tighten bolt (1) through bolt (26) in a numerical sequence to
a torque of 160 = 15 N-m (120 = 11 Ib-ft)

b. Tighten bolt (1) through bolt (26) again in a numerical
sequence to a torque of 160 = 15 Nom (120 = 11 Ib-fr)

¢, Place an index mark on each bolt head. Turn bolt (1)
through bolt (26} in a numerical sequence for an additional 90
degrees (1/4 turn)

d. Loosen bolt (1) through bolt (26) until the washers are loose
under the bolt heads

e. Tighten bolt (1) through bolt (26) in a numerical sequence to
a torque of 160 = 15 N'm (120 = 11 Ib-ft)

f. Tighten bolt (1) through bolt (26) again in a numerical
sequence to a torque of 160 = 15 N-m (120 = 11 lb-ft)

g. Place an index mark on each bolt head. Turn bolt (1)
through bolt (26} in a numerical sequence for an additional 90
degrees (1/4 turn)

(continued)
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© Points 0-A represent the tension zone

Ultimate that torque applies to the bolt.
Yeild Stress Tensile 5 .
Limit Strength © Points A-B would be tension added

by additional turn or angle (for

Deformation
example, 1/4 turn or 90° degrees).

‘:fdg_:ll_lnon /\“v Point of Up to this point there has been no
or angle Failure permanent change, and the bolt can
be reused.

© Cis the point at which the bolt
material begins to permanently
deform. It will not return to its
previous state. The bolt cannot be
reused.,

Clamping Force (tension)

© D is the bolt’s point of ultimate
tensile strength. Any additional
load beyond this point can result in

//Wmu Value

Torque-to-Yield (ft-lb) (stress) Haicrae;e fallite,

The science and mathematical calculations that go into the forces it must withstand, determines if it can be used multiple
determining the torque sequence, value, material, load, and times, or only once. The torque-to—turn, or torque-to angle
processes are incredibly involved. Altering these values and procedures help dial in the stress force applied to the bolt. The
procedures can have negative effects. Bolts function like a spring graph shown above helps illustrate the proportional limit and yield
(tension) that maintains a constant clamping (crush) force between point for a bolt.
two surfaces. How the bolt is designed, and consideration for (continued)

NO ONE KNOWS ENGINES
BETTER THAN IPD

IPD specializes in manufacturing and distributing engine kits and parts
for an-highway, construction, power generation, drilling,

marine, oil and gas and industrial markets. Reach

out to our knowledgeable team with any question

and we will help you find what you need.

* Engine rebuild kits

* Piston kits

* Bearings, gasket sets and ring sets
* Head bolt kits

= Lower-end gasket kit

IPD Products for On-Highway Engines

Caterpillar 3116, 3126, 3208, 3306, 3406, C7, C9,
C10,C12,C13,C15

IPD HEADQUARTERS Cummins:  ISX and ISX15
23231 Normandie Ave.

1S09001: 2015 Certified

Torrance, CA 90501 310.530.1900 Detroit 00 Series and:DD13,0D1%

sales@ipdparts.com
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Once a bolt passes its yield stress limit, it is permanently

compromised and will not return to its previous state. Some

technicians are tempted to add additional foot pounds of torque, or

degrees of turn (angle), beyond the manufacturer’s specifications.
Although added torque may not stretch the bolt past the yield
stress limit or ultimate yield point, it may have negative effects
on other components (head gaskets, liner flanges, castings, ctc.).
Once stretched past these critical points, any resulting failure is not
the fault of the bolt. Unfortunately, unless the bolt shows signs of
damage there is no visible way to tell if it has been compromised.
I'he engineering and manufacturing specifications for a specific
bolt can identify the elastic imit and yield points, but to illustrate
the pll}:\iu\] effects of dllcring the torque values, we measured the
length of six new head bolts for 60 Series Detroit engine, and then
applied various torque and torque turn values. The graph shown
below displays our findings. After the 1st torque at 220 Ib-ft, the
bolts measure identical to their beginning length. We repeated this
exercise again on these bolts at the same 220 Ib-ft and found only
a slight change in the length for two of the six bolts. For the third
test, we increased the torque to 250 Ib-ft and added a 45° turn
to one bolt, a 90° turn to two of the other bolts. This is the point
where we began to find permanent deformation. The bolt with the
250 Ib-ft plus the 45° turn was able to return to its original length,
but both bolts with the 250 Ib-ft plus the 90° turn have reached
their point of no return. At some point the addition of the 45° to
90° turn cumprumisud the integrity of these two bolts, rcsulring
in permanent deformation. It is also important to note that there
wasn’t visible damage to the bolts.
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1ST 2ND
Beginning torque torque 3RD torque @250FP
Bolt length @220fP @. FP
plus 90
7.487" 7.487" | 7.487" turn 7.495"
B 7.489" 7.489" 7.489" 7.489"
plus 45°
C 7.485" 7.485" 7.487" turn 7.487"
D 7.482" 7482" | 7.482" 7.482"
plus 90°
E 7.492" 7.492" 7.495" turn 7.500"
F 7.485" 7.485" 7.485" 7.485"

Altll(»ugh the added foot p()unds of torque and additional
degrees of turn used in our experiment may be higher than
most technicians would add to a given assembly specification,
an important point to consider is that the exact limitations for
any bolt are seldom known at the time of assembly, and visible
inspection may not reveal its structural condition.

I\ l]‘nnll"ﬂ(‘r"l'ing‘ l‘V'l)C(‘QQ "\2‘[ iﬂ I"l‘(‘()l]]iﬂz“ more l‘()l"llinl' mn t]l(‘

industrial and heavy-duty diesel industries is cryogenically freezing

bolts. This is a process of taking the bolt down to -310°F (-190°C),

keeping them at that temperarure in liquid nitrogen to remove
residual stresses, and then ramping temperature back to room
temperature, followed by a mild heat treatment process. The result
is up to a 20% increase in yield, longer bolt life, less internal stress
and optimized tensile strength.
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Specializing in Rebuilding Natural Gas and
Landfill Gas Engine Components

ENGINE BLOCKS CONNECTING RODS CYLINDER HEADS
We have the largest and most modern & ACCESSORIES Our cylinder head repair service makes use
engine block rebuild departments in We have the most up to date of the latest, state-of-the-art machines,
the industry. We have (10) CNC boring connecting rod department in specifically designed to produce the finest
machines and have the capacity of the industry. We have developed quality of work. All heads are built with the
machining 3600 Caterpillar and AT processes to rebuild nearly all highest quality parts available, matched to
Waukesha engine blocks. We also have a types of high speed connecting exact specifications for both landfill and
robotic metal spraying system to reclaim rods including many with natural gas applications. All heads are built
damaged main bores and worn top decks. serrated caps. with new parts, not refurbished or reused

and salvage guidelines.

Complete reconditioning Specializing in these engines: Three locations:
service available: « Waukesha 7042, 7044, 1179, 817, + Our Tulsa plant at 55,000 sq. t.
Water pumps, oil pumps, rocker arm AT-25, AT-27 is one of the largest, most modern
assemblies, fuel valves and many other * White Superior 6G-825, 8G-825, in the industry.
accessories for high speed engines. 12G-825,16G-825 « Two additioral locations in'Oklahoma

= Caterpillar 379, 398, 399; 3508, 3512,

3516, 3520; 3606, 3608, 3612, 3616 City and Bloomfield, New Mexico.

www.memorialmachine.com

6303 S. 40th W. Ave. Tulsa, OK 74132 | Toll-free 800-437-7986 | Phone 918-446-1828 | Fax 918-446-1504
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Another option you may want to consider, depending on
the application or component, is studs in place of bolts.

A bolt is subjected to a torsional (twisting) load, a
stretching load, as well as frictional loads from under the
bolt head and the longer thread engagement. Studs, however,
pruvide for more accurate torque values since they are subject
to axial (stretching) load and less friction from the short
thread length of the nut. Studs also offer less wear to the
threads in the castings (cylinder blocks, housing, etc.) than
bolts. Studs are typically made from high grade materials,
finer manufacturing processes and may or may not be cryo-
treated.

Following the OE manufacturer’s guidelines when it
comes to qualifying, assembling, or replacing fasteners is best
practice. The cost of the bolts can be substantially less than
the cost of the puterltia] damage and second repair due to bolt
failure. Is it really worth it?

Gambling without leaving the comfort of your home...
Reuse, research, rethink critical fasteners. M

Steve Scott joined the service department
at IPD in 1982, working with parts, service
and sales for a variety of equipment, diesel,
and natural gas engines. Since 2004, he has
been the director of product development
and technical support for IPD. For more
information, email sscott@ipdparts.com.
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SEAL-LOCK

Available from
Silver Seal!

p: 800-521-2936 f: 800-521-0580
silver-seal.com
Silver Seal Products | 19224 Allen Rd. | Trenton, MI 48183

» AMERICAN MADE » INDUSTRIAL
» CUSTOM SLEEVE PROGRAM » COMPRESSORS
» NO MINIMUMS REQUIRED  » HYDRAULICS

» FASTTURNAROUND » NATURAL GAS

» WET SLEEVE LINERS » TRACTORS
» DRY TYPE LINERS » TRUCKS
» CASTIRON & DUCTILE ~ » CARS

» STEEL AND CGl » RACING

» HEAVY DUTY

12051 Rivera Road, Santa Fe Springs, CA 90670

562-945-7578

www.lasleeve.com + info@lasleeve.com
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