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Technical Report

1. Introduction

 It has been necessary to further reduce the weight of 
continuously variable transmission (CVT) parts in recent 
years in order to improve fuel economy with respect to 
environmental performance. Because pulleys in particular 
are heavy CVT parts, reducing their weight is a key issue 
that should be resolved.
 The parking gear has been integrated with the fixed 
pulley half as a means of reducing the weight of existing 
products. This paper describes the details of the practical 
application of a forming technology for integrated forging 
of the parking gear with bottomless teeth and the fixed 
pulley half for the purpose of achieving further weight 
reductions.

2. Parking gear performance requirements and forging 
method

2.1 Parking gear functionality and structure
 Figure 1 shows the configuration of the integrated 
parking gear and fixed pulley half. When a vehicle is 
parked and the shift lever is moved to the P position, the 
parking gear functions to lock the transmission by engaging 
the tip of the parking pawl with the parking gear (Fig. 2). 
 Figure 3 illustrates the engagement of the parking gear 
and the pawl. In this locked position, the bottom of the 
parking gear teeth and the parking pawl are not in contact, 
so eliminating the tooth bottom can contribute to reducing 
the weight. 

2.2 Mechanism of closed-die forging
 Forging with burrs and closed-die forging are two types 
of forging methods (Fig. 4). Forging with burrs is a process 
in which excess material is pushed out to become burrs as 
forming of the part proceeds. Because this process provides 
excellent formability, underfill is not likely to occur and 
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Fig. 1 Integrated parking gear and fixed pulley half
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抄抄  録録   

 従来より, 無段変速機の固定側プーリでは, 部品重量削減のためパークギヤ一体鍛造プーリの採用を行ってきたが, 

さらなる重量削減のためパークギヤの歯底レス化に取り組んだ. 

本稿では鍛造シミュレーションを活用し, 変形抵抗をコントロールすることで歯底レスパークギヤ一体鍛造プーリを実

用化した技術内容について報告する. 

 

 

1．．ははじじめめにに  

  

近年, 無段変速機（以下 CVT）では環境面の視点か

ら燃費性能向上のため更なる部品重量の削減が求めら

れている. 特にプーリは CVT において重い部品である

ため, 重量削減が解決すべき重要な課題である. 

従来製品ではパークギヤは固定側プーリと一体形状

とすることで重量削減を行っているが, 今回はさらなる

重量削減を目的とした歯底レスパークギヤ一体鍛造プ

ーリを実用化したので, その内容について報告する. 

 

2．．パパーーククギギヤヤのの要要求求性性能能及及びび鍛鍛造造工工法法 
 

2．．1 パパーーククギギヤヤのの機機能能とと構構造造 
パークギヤ一体プーリの形状を Fig.1 に示す. 

パークギヤの機能は, シフトレバーを P レンジにするこ

とでパーキングポールの先端がパークギヤにかみ合い,

駐車時のロックがかかる仕組みとなっている（Fig.2）. 

Fig.3 はパークギヤとのパーキングポールのかみ合い

の図を示している. ロック時においてパークギヤの歯底

部とパーキングポールは接触していないため, 廃止す

ることで重量削減に寄与することができる. 

Fig.1 Integrated parking gear and fixed pulley half    
Fig.2 Pulley assembly   

Fig.3 Parking gear and pawl engagement 
2．．2 密密閉閉鍛鍛造造ののメメカカニニズズムム 
    鍛造の工法はバリ出し鍛造と密閉鍛造との２種類が

ある（Fig.4）. 

バリ出し鍛造は余肉部分であるバリを出しながら成形

する工法であり, 成形性が良好であるため欠肉が起こり

にくく,荷重が低く金型寿命が長い反面, バリの分歩留

まりが悪化するため投入重量が増えるというデメリットが

ある. 

一方, 密閉鍛造では上型と下型を噛み合わせ成形を

行うためバリが発生せず, 歩留まりが向上するメリットが

ある. その反面, 密閉状態で成形するため荷重が上が

りやすく, 金型の割れや摩耗のリスクが上がることや成

形性が低下することで品質不良である欠肉が発生しや

すいというデメリットがある. 一般的に密閉鍛造の方がよ

り難易度が高い工法である. 

Fig.4 Forging with burrs and closed-die forging 

Fixed pulley half 

Parking pawl 

PPaarrkkiinngg  ppaawwll  
Parking gear  
with bottomless teeth 

Fig. 2 Pulley assembly
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 The product is formed in a total of four processes, 
three hot forging processes and one cold forging process 
(Fig. 6). The hot forging processes form the shafts of the 
fixed pulley half, which have a high rate of cross-sectional 
area reduction, and the parking gear with its difficult-
to-form shape. Ironing of the parking gear is done in the 
cold forging process to form the tooth profile with high 
accuracy.

low loading contributes to long die life. On the negative 
side, the input material weight increases because yield 
worsens to the extent that burrs occur.
 In contrast, in closed-die forging the part is formed 
with the top and bottom dies engaged. This process has the 
advantage that yield improves because burrs do not occur. 
On the other hand, because forming is done in a closed-die 
state, it has the disadvantages that the load tends to increase, 
heightening the risk that the dies may crack or wear. In 
addition, because productivity declines, underfill is apt to 
occur, resulting in quality defects. Generally, the closed-die 
forging method entails a greater degree of difficulty.

2.3 Method of producing integrated parking gear and fixed 
pulley half
 The production processes of the integrated parking gear 
and fixed pulley half are shown in Fig. 5. As mentioned 
in the preceding subsection, closed-die forging has been 
adopted for this product. It is formed through a combination 
of hot forging and cold forging. 
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material temperature, die temperature and the force and 
speed applied by the press in the compression direction 
were defined as the parameters for conducting the forging 
simulation. 
 The forming load, forming flow and die stress are 
among the principal judgment criteria for determining the 
die geometry in each process for a forged part. A more 
excellent part shape can be expected as the forming load in 
the simulation decreases.
 An ideal material flow is to fill the long and short shafts 
of the fixed pulley half, the parking gear and the outer 
diameter of the part in that order. A simulation is therefore 
conducted to determine the optimal die geometry. If the 
die geometry is unsuitable, the forming timing can differ, 
resulting in cases where the parking gear is underfilled 
or reverse material flow occurs. Reverse flow can cause 
marks or depressions in the product that become quality 
defects. This means that the die geometry is an extremely 
critical factor in the forging process. It is also necessary 
to determine the die geometry so that stress is below the 
threshold level because high stress can damage the die. 

3.2 Issues in developing a parking gear with bottomless 
teeth
 The first step toward developing a parking gear with 
bottomless teeth was to conduct a simulation of part 
forming in the forging process. Eliminating the tooth 
bottom would reduce the volume of the parking gear, 
thus quickening the filling timing of the outer diameter. 
Consequently, using the previous die geometry could 
worsen the underfill defect of the parking gear mentioned 
above or cause depressions in the back side of the sheave. 
These potential problems were revealed in a pr ior 
simulation.

2.4 Degree of difficulty in forming integrated parking gear 
and fixed pulley half
 Figure 7 shows the degree of difficulty involved in 
forming the integrated parking gear and fixed pulley half. 
The horizontal axis shows the ratio of the parking gear 
outer diameter d to the part outer diameter D (d/D). The 
vertical axis shows the volume ratio of the parking gear (V1/
(V1+V2)) as indicated in Fig. 8. It is seen that the parking 
gear is positioned more to the outside as the diameter ratio 
d/D becomes larger. That makes it necessary to apportion 
more material volume to the outer side, which complicates 
the forming of the parking gear. In addition, as V1 becomes 
larger, it signifies a bigger difference in the convex and 
concave portions of the parking gear, making the gear more 
difficult to form.
 The integrated parking gear with bottomless teeth and 
the fixed pulley half adopted in this project is shown in 
Fig. 9. Because this part shape is a top-level benchmark 
in the automotive industry, it was expected to be highly 
difficult to form and that problems like underfill, seizure 
and shortening of die life, among other things, might occur.
 The following sections describe the closed-die forging 
methodology proposed for the difficult-to-form shape of 
this integrated parking gear with bottomless teeth and fixed 
pulley half.

3. Forging process design

3.1 Forging simulation
 The finite element method was used to conduct a 
forming simulation in order to predict the material flow and 
forming timing in the forming process for this forged part. 
In the simulation, the dies were treated as rigid bodies and 
the material as an elastic body. The coefficient of friction, 

Fig. 9 Integrated parking gear with bottomless teeth and 
fixed pulley half

Fig. 10 Results of defect analysis by simulation
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 The results of a forming simulation of the parking gear 
portion in the third forging process are shown in Fig. 10. It 
was predicted that underfill would likely occur because the 
upper part of the die was not fully filled.
 The arrows show the direction in which forming 
proceeds. Generally, forming in the forging process 
ordinarily proceeds from the inside toward the outside. 
However, the results in Fig. 10 indicate that some of the 
arrows on the back side of the parking gear were in the 
opposite direction. This indicates reverse flow of material 
during forming. Because it is known that reverse material 
flow can cause marks or depressions, some measure had to 
be taken to prevent it.
 As a corrective measure against underfill defects and 
depressions on the sheave back side, the die geometry in 
the second forging process was changed and a forming 
simulation was performed again. As a result, it was 
confirmed that underfill and depressions on the sheave 
back side did not occur.
 Figure 11 compares the simulation results before and 
after the corrective measure was taken. A time history of 
the material flow begins from the left side. The yellow 
color indicates places that were not fully filled. Figure 11(a) 
shows that the corners of the parking gear portion were not 
fully filled before the die geometry was changed, and 
Fig. 11(b) shows that even the corners were filled after the 
die geometry was changed. 

4.1 Exper imenta l  result s  and forging simulat ion 
improvement
 A forging trial was performed using the die modified 
on the basis of the simulation results in subsection 3.2. It 
was found that an underfill defect occurred in the parking 
gear portion of the die (Fig. 12), indicating that there was a 
significant difference in formability between the actual die 
and the simulation.
 The following reason is presumed to account for the 
difference in the results between the simulation and the 
actual die. The adoption of bottomless gear teeth thinned 
the geometry of the parking gear portion, causing a decline 
in thermal energy. In addition, because the surface area 
of the parking gear was increased, it tended to cool more 
easily so the material temperature dropped. The decrease in 
the material temperature increased deformation resistance 
of the workpiece, which presumably caused more material 
flow defects than was predicted by the simulation.
 Accordingly, the friction coefficient used in the 
simulation between the die and the workpiece was revised 
and a forging simulation was performed again. As a 

固定側プーリでは短軸, 長軸, パークギヤ, 部品外

径の順に充満していくのが理想な肉流れであるため, 

シミュレーションを行い最適な金型形状を決定する. 不

適切な金型形状では前述の成形タイミングが異なること

で, パークギヤの欠肉や成形フローの逆流が発生する

場合がある. 逆流が発生すると製品に傷や凹みが発生

し, 品質不良となるため金型形状は鍛造において非常

に重要なポイントである. また応力が高いと金型の破損

につながるため, 応力は閾値以下になるように形状を

決定する必要がある. 

  
3．．2 パパーーククギギヤヤ歯歯底底レレスス化化のの課課題題 

パークギヤの歯底レス化に伴い, はじめに鍛造成形

シミュレーションを行った. 歯底レス化によりパークギヤ

のボリュームが減少することで外径の充満タイミングが

早まるため, 従来の金型形状では前項で述べた欠肉

不良の悪化とシーブ背面のへこみが発生することが事

前のシミュレーションで判明した. 

鍛造 3 工程目のパークギヤ部の成形シミュレーション

の結果が Fig.10 であるが, 上部に充満していなく, 欠

肉が発生しやすいことが予想される. 

なお矢印は成形の流れの向きを示しており, 通常の

鍛造の成形の向きは, 内側から外側に向かうのが一般

的である. しかし Fig.10(a)ではパークギヤの背面側に

矢印の向きが逆の部分があることが分かった. これは成

形時に肉が逆流していることを示し, 肉の逆流が発生

すると, 傷やへこみになることが知られているため, 対

策を行う必要がある. 

欠肉不良と背面のへこみの対策のため, 鍛造の 2 工

程目の金型形状を変更し, 再度成形解析を行った. そ

の結果, 欠肉及び背面の凹みは発生しないことを確認

することができた. 

対策前後のシミュレーション結果の比較を Fig.11 に

示す. 左から時系列順になっており, 黄色い部位は充

満していない部位を示している. 対策前の Fig.11(a)で
はパークギヤ部の角部が充満していないが, 対策後の

Fig.11(ｂ)では角部まで充満していることが分かる. 

Fig.10 Results of defect analysis by simulation 
 

 

 

Fig.11(a) Simulation results before corrective measure 

Fig.11(b) Simulation results after corrective measure 
 

4．．鍛鍛造造シシミミュュレレーーシショョンンのの改改良良 
 

4．．1 実実験験結結果果とと鍛鍛造造シシミミュュレレーーシショョンンのの改改良良 
3.2 のシミュレーションに基づき変更した金型にて試

作を実施したところ, パークギヤ部の欠肉不良が発生し

(Fig.12), 実機とシミュレーションの成形性に有意差があ

ることが分かった. 

シミュレーションと実機による結果が異なった理由とし

て, 歯底レス化に伴いパークギヤ部の形状が薄くなり熱

エネルギーが低下し, さらにパークギヤ表面積が増加

したため冷却されやすくなり材料温度が低下する. この

材料温度の低下により, ワークの変形抵抗が上がり, シ

ミュレーションの予測より肉流れ不良が発生したと考え

られる. 

そこでシミュレーションで用いる金型とワーク間の摩

擦係数を見直し, 再度解析を実施した. その結果, 現

物とシミュレーションが一致し, 本歯底レスパーク一体

プーリでも鍛造シミュレーションによる鍛造不良の予測

が可能となった. 

 

Fig.12 Parking gear underfill defect 
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示す. 左から時系列順になっており, 黄色い部位は充

満していない部位を示している. 対策前の Fig.11(a)で
はパークギヤ部の角部が充満していないが, 対策後の

Fig.11(ｂ)では角部まで充満していることが分かる. 

Fig.10 Results of defect analysis by simulation 
 

 

 

Fig.11(a) Simulation results before corrective measure 

Fig.11(b) Simulation results after corrective measure 
 

4．．鍛鍛造造シシミミュュレレーーシショョンンのの改改良良 
 

4．．1 実実験験結結果果とと鍛鍛造造シシミミュュレレーーシショョンンのの改改良良 
3.2 のシミュレーションに基づき変更した金型にて試

作を実施したところ, パークギヤ部の欠肉不良が発生し

(Fig.12), 実機とシミュレーションの成形性に有意差があ

ることが分かった. 

シミュレーションと実機による結果が異なった理由とし

て, 歯底レス化に伴いパークギヤ部の形状が薄くなり熱

エネルギーが低下し, さらにパークギヤ表面積が増加

したため冷却されやすくなり材料温度が低下する. この

材料温度の低下により, ワークの変形抵抗が上がり, シ

ミュレーションの予測より肉流れ不良が発生したと考え

られる. 

そこでシミュレーションで用いる金型とワーク間の摩

擦係数を見直し, 再度解析を実施した. その結果, 現

物とシミュレーションが一致し, 本歯底レスパーク一体

プーリでも鍛造シミュレーションによる鍛造不良の予測

が可能となった. 

 

Fig.12 Parking gear underfill defect 
 

4．．2 凸凸形形状状追追加加金金型型にによよるる肉肉流流れれのの改改善善 
3.1 で前述した通り, 固定側プーリでは短軸, 長軸,

Underfill 

Fig. 11(b) Simulation results after corrective measure

パークギヤ, 部品外径の順に充満していくのが理想な

肉流れである. 一方, 4.1 にて実施した試作ではパーク

ギヤ部が冷却されやすくなったことによる変形抵抗の上

昇により, パークギヤより先に部品外径が充満した結果,

欠肉不良が発生したと考えられる. 

そのため, 部品外径方向の変形抵抗を高めることで,

部品外径の充満タイミングを遅らせ, パークギヤ部への

肉流れ性を向上させる方案を検討した. 

部品外径の成形タイミングを遅らせることを目的とし

て, Fig.13 に示すように金型に凸形状を設ける金型形

状を考案した. 本対策形状にて再度シミュレーションを

実施した結果を 

Fig.14 に示すが, 欠肉不良につながる鍛造フローの

不良は見られず, 良好な結果となった. 

 

Fig.13 Material flow with addition of small protrusion to 
modify finishing die geometry 
 

Fig.14 Simulation results following addition of 
protrusion to finishing die 
 
4．．3 改改良良ししたた鍛鍛造造シシミミュュレレーーシショョンンのの検検証証結結果果 

1 回目の試作では欠肉が発生していたが, 2 回目の

試作では前回と同等の成形荷重において欠肉発生率

0 を達成することができ, その他の欠肉や傷等の品質

不具合の発生も見られなかった. 

また量産後の不良率においても 0.2％以下と低い値

を継続して維持できており, 良好な結果を確認できた. 

Fig.15 Parking gear after addition of small protrusion 
 

5．．ままととめめ 
 

密閉鍛造にて業界トップレベルの成形難易度となる

歯底レスパークギヤ一体鍛造プーリの成形技術につい

て以下の知見を得た. 

 

（１） 歯底レスパークギヤ一体鍛造プーリの解析では

パーク部が冷えやすいため, 金型との摩擦係数

を大きくする必要があることが分かった. 

（２） 金型に凸形状をつけることで外周方向の変形抵

抗を高め, パークギヤ部への肉流れを向上させ

ることができた. 
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Protrusion shape 

「「ししたた結結果果をを

～～」」とと「「FFiigg..1144
～～」」をを繋繋げげててくく

だだささいい。。  

FFiigg..1155のの図図ととタタ
イイトトルルをを同同じじ段段

にに入入れれてて下下ささ

いい。。  

Fig. 13 Material flow with addition of small protrusion to 
modify finishing die geometry

Fig. 14 Simulation results following addition of protrusion to 
finishing die

Fig. 12 Parking gear underfill defect
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results are shown in Fig. 14. Good results were obtained, 
and no forging flow defect was observed that would lead to 
an underfill defect in the parking gear.

4.3 Validation results for improved forging simulation
 Underfill occurred in the first prototype trial, but in the 
second prototype trial an underfill occurrence rate of 0% 
was obtained for the same forming load as in the first trial. 
No other quality problems were observed, including other 
underfill locations and marks (Fig. 15).
 The defect rate following the production launch has 
continued to remain at a low level of no more than 0.2%, 
thereby confirming that good results were obtained with 
the improved forging simulation.

5. Conclusion

 A forming technology was developed for integrated 
forging of the parking gear with bottomless teeth and the 
fixed pulley half in a closed-die forging process. This 
part has one of the most difficult shapes to form in the 
automotive industry. The following knowledge was gained 
in this project.
(1) A forming simulation was conducted for integrated 
forging of the parking gear portion with bottomless teeth 
and the fixed pulley half. It was found that the friction 
coefficient between the die and the material had to be 
increased because the parking gear portion tended to cool 
easily. 
(2) Material flow to the parking gear portion was improved 
by providing a small protrusion in the die to increase 
workpiece deformation resistance in the direction toward 
the outer circumference.

6. References

Shunsuke OHSHIMA and Knwon YOUNGJO, Forging 
Dies, Japanese Unexamined Patent Application Publication 
No. 2019-76943 (filing date: October 26, 2017)

result, the actual forging and the simulation showed good 
agreement. This confirmed that forging defects could be 
predicted by simulation even for this integrated parking 
gear with bottomless teeth and fixed pulley half. 

4.2 Improvement of material flow by adding a protrusion in 
the finishing die
 As mentioned in subsection 3.1, the ideal material flow 
is in the order of the short and long shafts of the fixed 
pulley half, parking gear and the part outer diameter. On 
the other hand, in the prototype forging trial explained in 
subsection 4.1, it was found that the parking gear portion 
tended to cool more easily, causing an increase in the 
deformation resistance of the workpiece. That gave rise to 
underfill defects as a result of the part outer diameter filling 
with material before the parking gear portion. 
 Therefore, a study was undertaken of a proposed 
measure for improving material flowability to the parking 
gear portion by increasing deformation resistance in the 
direction of the part outer diameter so as to delay the timing 
for filling with material.
 A die geometry was devised with a small protrusion 
provided as shown in Fig. 13 for the purpose of delaying the 
forming timing of the part outer diameter. A simulation was 
conducted again using a die with this protrusion and the 

Shunsuke OHSHIMA Yasuhiko YOSHIMIZURyosuke ONO Knwon YOUNGJO

■　Authors　■

Fig. 15 Parking gear after addition of small protrusion


