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Deformation Problem of Large Gear Caused by Heat Treatment
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High speed gearbox

Carburizing and quenching of gears may lead to
unexpected dimensional changes, and it is important
to be able to accurately predict these changes
prior to manufacturing in order to estimate the
finishing allowance. Without the capability to predict
dimensional changes in-house, we have mostly
relied on heat-treating companies to predict the
dimensional changes. Occasionally, however, the
actual deformation results differed from the prediction,
and the need for a more accurate prediction method
was recognized. After three years of collecting in-
house data on tooth tip diameter changes in gears
before and after carburizing and quenching processes,
and applying the equivalent diameter index, we were
able to establish a correlation between the tooth tip
diameter changes and the equivalent diameter. This
provided the basis for predicting the dimensional
changes in-house. However, the actual deviation
from the predicted the dimensional changes with the
current method was large and needed to be minimized
to further improve the prediction accuracy. In this
paper, we investigated the factors influencing the
deviation, verified the deviation mechanism by heat
treatment simulations. By optimizing the intermediate
air cooling process prior to quenching, a reduction
in the deviation of the dimensional changes was
achieved, leading to a further improvement in the
dimensional change prediction accuracy.
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Carburizing and quenching treatment methods and their respective processes
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Relationship between dimensional changes of tooth tip diameter and equivalent diameter
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Specimen and fixture during air cooling process
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Development of Tooth Contact Analysis and Optimal Design Method for Tooth
Flank Shape Considering Entire Structure of Reducer
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Model of tooth contact analysis and optimization of tooth flank shape
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The misalignment between tooth flanks due to the

clearance between parts, manufacturing errors or
assembly errors causes an increase in tooth contact
stress, which may lead to tooth flank failure.The tooth
flank modification is generally applied to reduce
the influence of the misalignment, but it is difficult
to design appropriate amount of the modification in
more complicated reducers. Therefore, the method of
the design validation and the optimal design method
of the tooth flank shape are needed. In this paper,
the simulation model of the tooth contact analysis
considering the entire structure of the reducer was built
for a reducer which had undergone an endurance test
in-house. The tooth contact distributions of analysis
result were confirmed to be in good agreement with
the gear tooth after the endurance test. Optimization of
the tooth flank shape was performed by combining the
analysis model of the reducer and two step design in
quality engineering. The results were confirmed that the
optimization method can decrease contact stress against
misalignment and load torque condition.
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Misalignment and tooth flank modification
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Simulation model considering entire structure

of reducer
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System chart and factors
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Result of tooth contact analysis with optimal tooth flank
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Development of Automated Dimensional Inspection Device for Groove Diameter Machined on Circumference
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Automated dimensional inspection device for groove diameter

machined on circumference
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To manufacture high precision gearboxes, not
only high-precision processing technology, but also
high accuracy inspection technology is important.
Dimensional inspection of some special shapes has
been performed by skilled workers on a personal basis,
and in order to deal with future labor shortages, it
is necessary to break away from manufacturing that
depends on skilled workers. Therefore, we worked
on the development of an automated dimensional
inspection device for the groove diameter machined
on the circumference, which is one of the dimensional
inspections that has relied on skilled workers. First
of all, in order to incorporate the skills of workers into
automatic measurement, we investigated the current
manual measurement method and found that high
skill is required to adjust the measurement position. In
order to automate the adjustment, we developed a new
positioning mechanism. By adopting this mechanism,
we were able to achieve highly accurate measurement.
In order to apply it to the mass production line, the
automatic inspection system equipped with the
developed mechanism was designed and manufactured
with ease of use. This system will be used in the mass
production line.
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@ I kK &7

Masami MOCHIDA

st

Iy
=2
=

SREEEBOH-WEXHFR
Rotor-bearing-support system of high speed gearbox

1 ([3UC&IC

FERERE VAR 7 ZRASHO TR MO —DOTH 5
ek LG E I, D[RR R A i KFY60 000 v/ min, BRI
HE A R AN160m/sTd 1, MO MK HFIEIZ A THE
HEROMEE CHH X h T3, EEllid, oA kD)
BUSTWGEE CHEEE X NS Z &S0y, MEEERERE I
2 il oD [l A7 FAIRTIE D B R D 2 &, FIRIC & > Tl & il
%, rF=Y v rOlEGES XSRS D B, Thabb,
FEROS & IEAEICHR T 2 Z e NEETH 5, TDIT LD
B O TLRAFERCHFH SIS U TR TRt 4 & 4 U
U, T T AR U CEREI AT & 92064 5 BEEA
BB, £z, 7V TINAGEE RS B8 0 R TR
SR PRI 22 R8T b B 558y, W HIAR T R iz A ERAH &
nB07T, §i-fliZRORELEOFLE Z OF XD fizoE
REIMHEEZE L THEET2XELND 5. Zh b ORHHEE
KEBWE YRy 2 TR LT o s 5 4% WTT
STWBN, BEIIREELNHELVWT -2 h>Tn 5,

Z 2T, TR ORECHHHTE, SE O REK
DHA 7 EICFRICHIE T & % & 51252 - SRENEN 7 1
77 LDOPHERERD TE ., AWTIE, ZTOHMEIZONT
i s %,

2 EEEEREOHRETOEAOXERN

9, HEOEREHPMHASME S &1, HlPTY 2
—I)Lie EOWHEFEIT, W, W2, iR & a2 Rk

[ERiL \

D sz

RN

IEHER k IREERREL

br—v vy (52 R)

B, EREENT RO 2 FKT 2, WIS, BhoE
RHED P BBV SZAELZFN T2 (®1), Zh
bOFMEZRL Tllid TFALL, REICEHEITE S0 E
5 2 aHili <, §RD SRR I & OEHIRED T &

s =

1725

3 PNV ERRFERER

212, FRDEMZFEOR T o —%/Rd, Mt W
ZRRM, Az, ENEAOREE, o & &S
FA—&ELT, WIZBEANOMOWN & ARE DL T <
TSI LEHMELZ, ZhERE, SIZNOROERRE)
B OB I 2 2 N AR OMIET )1 5546, Bfda
WS, v A, WAL ERD S, KIS, ITREKE R
REER L, ZOMEE LRGN U RBIEITIZ D 20F
%.

4 EiREIENR

41 FEREEBITOZGEER

fERERE R ORI Th 2 Z &2 b, ATETIR
A AL U, MRl ¥ v 4 o e 5 L 72
HfAAEE, FRERETHRLS 7075 A% FHEL -,
X312, I REEA105~1010(N/m) i2 k13 % & dido 1
~ 3XDIEREE & FAIREE — F 254, M cHEAT 5
EEES, a2 S EDFREDORBEG L TS0, Hil
ORIEIZ N U TS5 252 013 5hs & DOFLEE 6 E A 75
E, RENEZIRTT - FI2OWTHERT 3,

HEREEWY VA Y 7 IS

FRE#MIEIR No.211 2023



E5 30}

e SEEEREO#MST - MEHHET IO 7 LOBEE

R R l
PR LRI
RO
» lmwm 1me)1 10%(N/m) lme 11wwm
o
&/ 0 0 0 0 0
2
=
7 > —1 -1 -1 -1 -1
- ~ =1 1 1 1 1
D il SR ¥ 0 0 0 0
LSS
-1 -1 -1 -1 -1
- Il = 1 1 1 1 1
Seabgusck I i 7 BT o 0 0 0 0 0
Uy A uAR 2
i X -1 -1 -1 -1 -1
Tl
10°
T VNG Y RSB 'é
fill - 2 ROl T & < 10°
LR P
=2 1 KAt bdg
20 2 WEkE
\ W - RO 7 e - ) = 3 WG
! 103
( BRIk OPsE ) 10° 107 10° 10° 10"
F e (N/m)
1 5 - SREEROE A7 0— =3 O ERREEFR
Main flow of journal bearing and rotor dynamics analysis Rotor critical speed analysis
[ wzmimar |— Eare | e s[5 A A s [ T =Thahnrmg
N e R R
"QE\/ 0.3 3 WA fi iR
o ¥
N2 0.2
EN
{sa 0 4 il i -___'_,_.—'—'—'_'_‘
10° 107 108 10° 10 10" 10 ®
1 AE B (N/m) (A )
2 TN O E O 4 —BNESCS T IRERLH 70T L0BEARBROESOILE
Calculation flow of bearing characteristics Difference ratio of natural frequency between exact solution and
new program
4.2 FEEDIKEE R M HRE S & 5T, D Gl B2 AT O R B A 3

W7 ar 5 LDOMERHENS LEORIEE LT, WER
(AT & BlE 7 0 & — BRIl & U< 5 A7z [ A RE)
Bl U7z, Rkl & X (L) #120mm, W% D) %
30mm (& & OEFIL/D=0.25), m%fhiﬁabf%%?
287007 AOBRFEBUII2NEE Lz, 2 ORER,
h%ﬂmhdqumﬂhiUﬁﬁiﬁ%®%ﬁuf,ﬁ&%
L DESFDOHFITRAT0.16 % LN (3 wkEA Mk & B
W—HEARsN(H4),

5 ®HbUWIC

(1) TR EZRERRNT CHIIE D IE ) 73 A Fs & O AR R
AR, W20 L WEREESIIL 7-,

(2) FHRBIENT T IERORE RRNT 2170, BB & b RT
WEO B VRERAE S N,

(3) TR MM T & h 72 iR & Rk
N7 VST v ZAERA 7 a s 5 A TE Ak &
Loz,

PRIGiTH 22, BITOTas T LIBEMRETH A LWV
T—ABRTHEILns, HITas T LANEEHA 5L
R AT 5 72, SHE, TROMZOWRE S LT 2 -
WA, HHREIENTIC I U B INE A SRR L 2 REN E T
ITABEIIZL, RRRAGICIZHR Rl RIE 75 % & 7-—
HEORET 7T v 7 LOEHMEE HIEY,

W5z - BHREIT 7 0 2T L OIS Y=, BEKY
BRI S —IK, TCHEARITZEAT ML RIS Z R

FefznziE A, BRI OSAER & >/ Z & EERIL, D
LOEHERL TS,

FRE#MIEIR No.211 2023

16



I9=N5Y22yyay IV bO-IE B

17

RHRORY FORIEEIMNET 277 F 1T —2/8Ny 75— TUAKA

R ok ORI AT A 70 F22- 4% =Y TUAKA

TUAKA -Actuator Packages to Accelerate Creation of Next-generation Robots -

@ Sebastian MARKERT *

1 BACKGROUND OF THE DEVELOPMENT - ISSUE

There is a consolidated market for industrial robots and
cobots -the customer can choose between multiple vendors.
But still we can see many new robot companies rising in
the start up world as well as the big players to follow the
innovation level of these companies. The innovations are
now mostly happening in software development (PLC) and
usage of new and advance sensors. Two main directions
can be observed:

(1) ease of use (nontechnical people must be able to use

robotics for any issue)

(2) dedicated robots (for a specific issue that can not be

solved with “of the shelf” 6 or7-Axis Robot)

The new makers must start up with limited knowledge
about mechanics of a robot joint. Anyway, they need to
develop hardware to offer a product -so they will go this hard
way. In a perfect world they'd rather prefer to focus on
development of their software.

2  TUAKA PRODUCT PORTFOLIO - SOLUTION

With our TUAKA product portfolio we present a solution
that enables fast development to our customers. It is not
a single product-it is a configurable portfolio that offers
everything needed to achieve targets in both mentioned
trend directions. Particular highlight for this is our gearbox
integrated torque sensor. The torque signal will not only be
provided to the customers PLC, in fact it is used directly
inside the driver and fine tuned for the fully integrated
robot joint. This very high-quality force feedback e.g. is an

enabler for “ease of use” robotics. The robot will be very
responsive and sensitive in case a hand guidance mode
is enabled. Next to this many other force feedback-based
features can be implemented.

It is not only interesting to the mentioned start up
companies -the very high performance -density does offer
benefits to well established big makers as well. We are
confident that we can offer the hardware on a budget level
where a ‘make or buy’ decision for a fully integrated robot
joint can be decided for us.

Finally, due to the configurable options, our customers can
find the perfect combination of component as they need
it. It highly depends on the customers system architecture
which solution will give them the biggest benefit. In case
they use drivers that they are familiar and happy with they
might not be able to order our DRIVE solution. = They can
go for a SERVO solution and choose the encoder protocol
that is mating their existing drivers. In case they do not
need a closed loop control or they need to use a very
special sensor that shall be merged with out TUAKA unit
they will select the ACTIVE solution.

Independent to each of the base structure parts they can
order as an option e.g an integrated brake, IPxx protection
housings, different connectors, ..

Our most inflexible and expansive part will always be the
same to profit by economy of scale while customization
is happening on optional or cheaper parts. Due to this we
hope to be able to maintain attractive price levels towards
our customers.

* Sumitomo Cyclo Drive Germany GmbH (SCG)
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run any application

- Special integrations are
easily possible

Why? :

+ The overall system at
customer can be even more
compact and tailor made
than they expected

« . »
classic servo

“kit type” 1P “all in” solution
- Gear +Motor kit - plug & play
+ the two minimum items to v 48V (power)

customer

+ decentralized drive (power electronics /
servo controller)

- “robotic like joint”

Why? :

- The overall system at the customer
can be more powerful and
simple at the same time.

Figure 1 Package solution

Figure 2 TUAKA vs Classical servo actuator

3 TECHNOLOGY INSIDE

ECY -Gearbox (introduced in SHI report No.200 -Dec.
2019) does give the basis to each unit. In first step only
Framesize 103 & 107 are developed. To achieve high
level compactness some parts are slightly modified.
Motorhousing does provide input side bearing support of
the gearbox at the same time as supporting the motor,
brake and encoder or driver. There is only a single shaft
that we call “backbone” of TUAKA. By this we can make
sure of very low tolerance issues on all the rotating parts.
Additionally, it increases the overall stiffness (compliance)
from motor to output of gear. All components are designed
to match perfectly together while maintaining good thermal
management. In comparison to traditional solutions TUAKA
can be significantly more compact :

4 SUCCESS STORIES

We hope to file this section by next report as TUAKA is

not yet officially introduced to the market -it is scheduled
for November 2023. However, we are discussing highly
interesting projects with potential customers and our
pipeline for very attractive opportunities is well filled.

Keep your fingers crossed together with us for a great
success stories next year !

S5 CONCLUSION

TUAKA is a precision gearbox portfolio which comprises
gearbox, motor, brake, driver, encoder(s), torque sensor and
many other features. It is configurable by our customers
while machined parts themselves are not meant to be
customized. It is mandatory to offer competitive prices in a
challenging environment but still put customer in # 1 priority.
We are confident that the integrated solutions will enable
many new developments / projects by our customers and
take away efforts that they don't want to waste time with.

% TUAKA is a registered trade mark of Sumitomo Heavy Industries, Ltd.
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Development of smartris for AGV Drive Unit

K B i Mi”

Yuki NAGAO

KA =T & smartris (FYE—2BLPRTAN)

smartris (gear motor and driver) with wheel
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