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Turn-broaching gets a foothold in auto

Turn-broaching has proven effective in crankshaft machining and
more competitors are entering this specialized market

s smovomeo s anew .
ess and a new class of machine tools
designed in response 10 the needs of auto
‘manufacturers for an improved method
for the rough machining primarily of crank-
shat bearing joumnals but also of cam-
shafts, gear pinions, and stub axles. It
‘combines (1) rotating the crankshaft be-
tween chucks, as i it were 10 be tumed,
with (2) broaching the journals, under-
cuts, and cheeks of the crankshaft with
cither long straight broach tools or rotat
ing round broach tools, both of which are
fed perpendicular 1o the axis of the shaft
1t has begun to compete with tuming and
‘milling for machining crankshafts

“The iniial tum-broaching machines in-
stalled by European and US automakers,
some of which were retrofis or redesigns
of crankshaft tuming machines, partally
fulfilled thei early promises of machining
the undercuts in the same process, improv-
ing surface finishes over milling, and
faster production rates than tuming.

“This technology has passed out of its
infancy and into a development phase as
more machine builders enter the market
with 4 variety of new models and con-
cepis. Some indusiry sources, including
Karl Hertel, president of Hertel AG, have
suggested that the process may move ino
4 variely of high-production OD form-
tming operations. To date, the total vol-
ume of such machines sold worldwide
can probably be counted on your fingers
and toes. This is @ small market if you
‘consider that American GFM (Chesapeake,
Va), one builder of crankshaft-milling ma-
chines, has sold 75 such rotary milling
machines in the las six years.

The concept

In our time, the concept of tum-broach-
ing has been around since 1970, when it
was conceived by Pontiac Manufacturing
Engincer Howard L. Goodin. It was not
considered for production until 1950 and
became a production process at Pontiac in
1983 (AM—Dec’84,085).

A half-century-old version of the con-
cept dates (0 a 1936 patent (No. 204435)
by Edvard C. Bullard (at the time vice-
president and general manager of Bullard
Co and grandson of ts founder, Edward
Payson Bullard) for a tuming machine

with a broach. I holds a piece of barstock
in its chuck and uses  horizontal linear
broach holding rows of form tools fed in
‘askiving fashion beneath the rotating bar.
“The broaches in today’s machines con-
sist of roughing, semifinishing, finishing.
and (sometimes) undercutting indexable
carbide inserts. Single or multiple linear
or rotary broach assemblies are fed pe
pendicular to the axis of the crankshaf to
machine one or more joumnals at 4 time.
Because the tool i fed tangentially t0 the
periphery of the shaf, the process has
been compared with the skiving process
in which  form tool is fed tangentially 10
the workpiece o finish-to-size- tumed
parts, Each cutting edge removes metal
during 1,54 rotations of the shafi, the
number of rotations depending on feedrae.
E. Anschuetz and F. Tikal, in a paper
for Hertel, “Rotary Broaching, a new ad-
vanced machining operation,” explain the
gradual chip engagement: each insert cn-
ters the cut with a zero cut thickness; this
continuously rises during the first 0ol ro-
tation, stays almost constant, and then falls
during the last part of the shaft’s rotation.
Each insert or insert pair removes progres-
sively more material, s in any broaching
operation. This contrasts with traditional
crankshaft turing, in which each of a se-
ries of tools enters the work simultane-
ously and each cuts 10 the full depth.
Italso contrasts with cranksha milling

because,in milling, cach cutting edge en-
gages the work many times (with the
characterstic ltemating heating and cool-
ing) while,in um-broaching, cach cutting
edge engages each workpicce only once.

“The lower sress achieved with the tun-
broaching approach, particularly in the i
ishing cuts,results in bettr accuracy and
improved surface finish, with one_goal
being the climination of the trditional
inermediate rough-grinding of the tum-
broached journals. Surface finishes o 0.
08 jum Ra (or 2032 pin. i) have been
reported: hree o four times beter tha
vlles often obtained in crankshaft mi
ing. without the flats ofien characteristic
of milling. Roundness of +0.005 mm has
been reported on forged-steel crankshaft-
pin journals

profle emor, however, is unavoid-

ably generated by the proces, Hertel re-
ports, because each cuttng edge contin-
bes 10 cut even afer it passes the point at
which the required diameter is generated.
This out-of-round ermor s small: approxi-
mately 2 pm at 700-mmey feed on @
0-mm diamete routing at 1000 rp.

1t s desirble (o minimize chip loads
o minimize cuttng forces and maximize
ool ife. S0 a great many inserts are re-
quired, with dense tool layouts. Even so,
the linear broach assemblies and, conse-
quently, the machines themselves can be
quite large.

Linear tum-broaching process has been used for the past four years fo machine the main
Jourals on C.p.c Pontiac Engine Plant's 2 -ier four-cylinder cranksnatt
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rotary broach assemblies having cut-
ting segments around their periphery
represent one atack on the machine-
size problem, Infeed is accomplished
ither by moving the axis of the tool
toward the axis of the shalt as the tool
rotates or by the incremental stepping-
outof the position of the insers around
the cutte periphery.

These smaller machines ske up less
‘space and are also less expensive. Be-
cause of the lower stresses on both
crankshaft and tools, relaively high
feeds and speeds can be used. Spindle:
speeds reported range up 0 1200 rpm;
cutting speeds of 300-340 meters/min
have been reported.

There s some flexibilty as vari-
ations in bearing widths can be accom-
modated by varying the spacing of the
inserts in the broach assembly. Some
tools provide screw-adjustable spacing
for small final-sizing variations.

‘The market grows

At least ten machine-tool builders.
or teams have built or will soon build
tum-broaching machines, and there
may well be others. It is questionable
‘whether the market can support that
many builders of this specialized equip-
ment, however.

“The tooling has been supplied either
by the builders themselves or by cut-
fing-tool manufacturers that have been
working with the machine builders dur-
ing the past four years, chiefly Ingersoll
(Rockford, 1), the Widia-Heinlein divi-
sion of Krupp-Widia (Deerfield, ).
Sandvik (Fair Lawn, NJ), and Hertel,
which just announced its purchase of
‘Adamas Carbide Corp (Kenilworth, NJ).

Lumco Mig Co (Lum, Mich), beaded
by former G employee Pat Gleason, was
one of the pioneers. The company worked
with Pontiac engineers o design and build
two_machines in 1983 (AM—Dec
"84,p85) 10 tum-broach the main journals
of the crankshaft for the 2.-lter, four-
cylinder engine. The linear broaches
passed under the rotating workpieces
Two_other machines were buil for the
GM engine plant at Ramos Arizpe, Mex-
ico, to tum-broach the main journals of
the crankshat for the 2.8-lter V.6 engine.

Crankshaft Machine Co (Jackson,
ation linear, vertical-
g machines 1o_pro-
duce crankshafts for the 2.8-fiter -6 Chev-
rolet engine at General Motors Canada
(St_Catharines, Ontario) (AM—Sep
*§7,107). This design drives the chucked
workpiece from both ends with dual dc
synchronous motors in the first two sta-
tions and a single spindle drive in the
second two stations. AL the second two
stations, the crankshaft s clamped on the

Linear-turm-broaching concept (1op) and newer rotary-
tum-broaching concept are lusirated by these two ac-
tual Hertel broach assembes

‘main bearing foradlitional support to
ain tolerances, The initial tooling was
supplied by Ingersoll. Crankshaft Machine
has shipped another linear broaching ma-
chine 1o Poland and is developing a rotary
turn-broaching machine for Hyundai
(South Korea).

oM Systems (Midiand, Mich), which
also builds crankshaft uming and milling
‘machines and at one ime served as 4
sales force for Crankshafl Machine Co,
began buikling its own prototype tum:
broaching machines in 198S. It now has
orders for seven rotary-type machines,
e delivered this year: four 0 Atlas Crank-
shaft Corp, a subsidiary of Cummins En-
gine Cor two to Chrysler’s Trenton En-
gine plant; and one fo Austin Rover
(Birmingham, England). lts machines are
cither single-or double-drive and are
tooled mainly by Ingersol,

Cross Co (Fraser, Mich) converted a
single-point wming ‘system o a tm-
broaching system at GM's BO-C Flint En-
gine plant. It went into the production of
crankshafis for the 38-lier V-6 engine in
1987, machining the main journals. The
English unit of Cross Co recently sold
new rotary turn-broaching system (o
Bejing Jeep (People’s Republic of China),
‘with Hertel supplying tooling.
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Saginaw Machine Systems (Troy,
Mich) s in the final-engincering phasc
or a double-end-drive, rotary-broach
machine, wiizh the company expects
1o be able 10 show by mid-1585.
tary broaches will machine two pi
Journals or three main joumals simula-
neously.

Allert & Nietz (FRG), represented
in the US by Detroit Broach Machine
Tool Co (Aubum Hill, Michy, built
dual-drive linear wm-broaching ma-
chines with the broaching slide at a
45" angle and  broach stroke of 1 m
for Volkswagen (FRG). They machine
four-cylinder-engine forged crankshaft
‘main and pin journals. Allert uses the.
term Roto-broach, but, in this case,
the term refers only 1o the rotating
crankshaft, not to the broach assem-
bly. Hertel supplied the iitial tooling:
today Hertel and Sandvik are involved
in the tooling.

“This system is capable of maintai
ing a concentricity of 0.002 in. on pin
and main diameters and undercuts. Us-
ing one machine for mains and two
for pns, all connected by gantry load-
ers. the tum-broaching production rate
is said, by the builder, 10 be about §7
shashour. The tooling of this
tem, unlike most others, is capable of
‘machining steel as well as castiron
crankshafts. Tool fife on the stcel
shalts is 1100 pieces in roughing and
300 pieces in finishing, reports
Sandvik.

Boehringer GmbH__(Goeppingen,
FRG), which built machines for the tum-
ing of crankshafs, has buit tum-broach-
ing machines for Mercedes and is now in
the final-assembly stage of building two
tum-broaching machines 1o go 1o Ford
(Cologne, FRG). Chucks at both ends of
the Ford slant-bed-Jathe-like machine arc
driven by a synchronous drive, and the
broaching unit s the otary style.

Hegenscheidt (Troy, Mich), which also
manufactures decp-rolling machines for
crankshafis, showed its first machine for
tumn-broaching of crankshaft main and pin
journals at the 7.EMO in Milan, Ialy. It o0
uses the rotary-broachingconcept. The
twin drive motors are on frames separate
from the machine o isolate vibration. De-
pending on the machine. model, one ©
five bearing diameters can be machined
ataime.

For those crankshafts requiring
automatic steadyrest can be supplied. In
this case, the diameter (o be supported is
first machined by a leading tool segment
from the rotary broach assembly before
the steadyrest is actuated, and the rest of
bearing surfaces are tum-broached.

“The machine is equipped with an auto-
matic tool-changing system, which can
exchange tool segments at preselected in-
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With four different tum-broaching systems in
use, the oldest now with four years of experi-
ence, General Motors’ manufacturing engieers
have learmed  couple of things about tum-
broaching and the tooling challenges involved
init

“The four systems:

Buiider Plant  Engine
LumcoMig  Ponlac  25Ukyl
lumcoMg  GMMexico 281Vs.
Crarkshaht St Catharines 284Vs.
"Machine Co

CrossCo soc(Fin)  384vs.

‘The following comments are taken from ir-
terviews with and represent the opinions of Brian
Kaminski, manufacturing engincer at the ChC:
Advanced Manufcturing Engincering Technical
Center (Warren, Mich), and Glenn Clever,
manfactoring engineer at CFC Pontiac plant No.
si:

are very positive on this technology. But
any program must be evaluated, examining,
‘among other factors, the number of journal,the
amount of checking. what s 10 be done with the
counterweights and pin journals. What is best
depends on the numbers tha the process people
‘come up with for that case. And & lot depends
on the plant layout.

““The main advantage of tum-broaching is in
quality, which is_generally superior 1o that
achieved by tuming o milling, Comparing the
crankshafts for the 2.5-litr engine, we find that
thase that are tum-broached are definitly betier
in the rough-machining stage than those that
aren't. So far, however, only the St Catharines
plant has been able 10 reach a sufficient level of
qual inate the green-grinding process.

Reliability s high since the machine design
ple, with one rotating workpicce and one
fieed axis for the broach. Unlike turning or mill-

“Tool life per broach now approdches two,
shifts, on an average. Tool-change times are
reasonable: at Pontiac, a large broach block can

be replaced in 5-10 min.
*“The main dissdvantage is that, so fur, the
tooling is more expensive than that for tuming
or milling and the operation requires more sup-
pont from the tooling areas. But the quality
improvement more than compensates for this
““The tooling technology is not up to what we
would like (o, ‘see. GM has built 2 lot of the
tooling on its own, using in-house-developed
software to model the cuting process and mod-
ify.the vendor-supplied tools accordingly. The
insert-breakage problem is being attacked by
balancing the inserts in the broach better. The
tool-wear problem is being attacked by selecting
the right carbide grade and insert coating. Tn
addition, G has simplified its toling by using
catalog inserts as much as possible and by divid-
ing up large broach blocks into smaller modules
50 that segments can be replaced as needed.”

@

Crankshaft Machine tumbroach Station 2 with Ingersol tools at G St Catharines
chesks countorweights down to main boarings and fough-broaches tWo bearings

Linearbroachooiing asserbly with moduiar segments for the 25-iter 4-cyinder
crankshaft machined at the G Pontiac Engine plant
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angle and, thus, on the negative take angle

tervls. Demonstrated at 7EM0, machin-
ing & cast-iron crankshaft with five mains
and four pins requires one machine to
tum-broach five main bearing diameters
and two machines o tum-broach two pin
bearing diameters apiece. Hertel is in-
volved with the oolin

Heller (EIk Grove Village, Tl is just
finishing building its first iwo machines.
It has introduced, in addition 1o otary
broaching tools, a second method for at-
tacking the large size of linear-tum-
broach machines. lts concept combines
rotary tum-broaching with  preliminary
plunge-grooving-type operation.

“The plunging mode uses standard non-
precision inserts on the periphery of the
cutter body to make a number of rough-
ing cuts by the infeed of the tool slide.
Each plunging insert is indexed into posi-
tion after the toolslide is backed off. The
rotary-broaching mode uses precision-
ground inserts fed by continuous rotation
of the cuter body into the cut, with the
ool slide stationary. Heller claims that
ihis combines the rapid stock removal of
plunging with the fine-finishing of tum-
broaching yet requires fewer tools. Be-
cause fewer total tools make up a set for
‘machining a journal, from four o six sets
of tols can be amanged on the periphery.
of a 440-mm-dia disk.

Komatsu America Industries (Wood
Dale, 11 is building not crankshafi-tum.-
broaching equipment. but milling cquip-
ment, according 10 a representative. How-
ever, auto-industry sources report having
seen tum-broaching-machine concepls pre-
sented by Komatsu, with the tooling sup-
plied by Sumitom Elecric Carbide. Sumi-
tomo also declined 0 comment.

American GPM, a builder of crankshaft-

milling machines, plans 10 stay out of
wn-broaching: “Afte research here as
well a5 by GFM in Steyn, Austria,” says a
spokesman, “we feel that the successes
of wm-broaching with medium-to-heavy
cheeking in the past four years have not
been impressive. None of the tm-broach-
ing lines can be called highly successful
compared with millng in production, tool
life. or tool cost. No broach builder has
been successful enough to sell a second
insallation o one cusiomer.

Besides, we will stay with what we
Know well, crankshaft milling. which has
really become successful since the carly
1980

“The main technical drawback (o crank-
shaft wm-broaching, the AGFM spokes-
man says, s “trying (0 gencrate speed by
 combination of part rotation and broach
feed, yet the unbalanced mass of crank-
shafis Timits the speed at which they can
be rotated.” Tooling concepts have been
solved for milling but are currently “a
major problem for tum-broaching because
of constantly changing tool_geometries
during infeed, chater and 100l fuilure.”
Furthermore, auto trends, he says, “are
going towaud front-wheel drive with frans-
verse-mount engines and short_crank-
shafts, These will require checking be-
cause the right draft angles for the cranks
can't be cast. And, for heavy checking.
tum-broaching has not yet proved cost
effective against milling.

Took-design troubles
‘Tooling a wm-broaching system can

‘be more complex than the machine con-
cept itself. Among the many design is-

sues, we look at only a few.
Heller Machine Tool describes the prob-
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e of high negative rake as follows: “De-
pending on the cutting diameter and the
incremental rise per tooth, the negtive
rake angle can be 35" or more, In rough-
ing. an incremental rise per tooth of 0.5
mm in combination with the high nega-
tive rake produces considerable bending
forces on the workpiece, which has a ten-
dency to chatier.”

To meet the challenge

Exling Gunnerson, milling-product man-
ager at Sandvik, noies that this challenge
is attacked in three ways. Firs, insert ar-
rangement is optimized using computer-
aided design and modeling. A great num-
ber of inserts with relaively short cutting-
edge lengihs are evenly disuibuted along
the brosch body. This will result in less
impact and more-even load on the part
and on the machine. Second, the roughing
inserts are designed with a 16" high-
positive-rake chipbreaker 10 reduce the
negaive rake at the start of the cut. Fi-
nally, the finishing inserts can be set in
the broach at a high shear angle, up 1o
45, 1o minimize the insert-workpiece con-
tact and, thercby. the cutting force.

“The combined effect of this insert ar-
rangement s to reduce the effective nega-
tive rake down 10 a range of 10°-12
during the critcal checking cuts, as well
as 1o achieve good chip control and
economical tool life, even in the machin-
ing of forged-steel crankshafts.

Both coated and uncoated carbide ools
can be used at cutting speeds up 1o 250
‘mmin, with much faster speeds obti
able from ceramics, according fo An-
schuetz and Tikal. Hertel cxpects that, in
the future, ceramics will be viable for
fnishing inserts, #—FM





